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Abstract

Introduction and purpose: Insufficient efficacy and adverse effects of classical therapies for
inflammatory bowel disease (IBD), such as ulcerative colitis and Crohn's disease, have
prompted the search for new, more targeted treatment methods. Janus kinase (JAK) inhibitors
are a new group of oral drugs that modulate the proinflammatory cytokine signaling pathway.
The aim of this review is to present the state of knowledge on the efficacy and safety of
currently registered JAK inhibitors in the treatment of IBD.
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Review Methods: A systematic search of the PubMed database was conducted, focusing on
publications from the last five years as well as selected key earlier studies. The search strategy
included relevant keywords related to Janus kinase (JAK) inhibitors and inflammatory bowel
disease (IBD). The most pertinent articles aligned with the study objective were reviewed and
included.

State of knowledge: JAK inhibitors, such as tofacitinib, upadacitinib, and filgotinib, have
shown high efficacy in the treatment of moderate to severe UC and CD, especially in patients
with insufficient biological therapy response. Clinical studies confirm their efficacy in
inducing and maintaining remission and improving endoscopic findings. The most common
adverse events are infections (including herpes zoster), and elevation of creatine kinase and
lipids. The safety profile remains acceptable, although it requires monitoring, especially at
higher doses, and further investigation.

Summary: JAK inhibitors are an effective and promising therapeutic option for IBD, offering
a rapid onset of action and good symptom control. Despite the favorable clinical effects, an
individual approach to treatment and monitoring for adverse effects are necessary, especially
with long-term use.

Key words: Janus kinase inhibitors, Crohn’s disease, ulcerative colitis

1. Introduction

Inflammatory bowel disease (IBD), which includes Crohn's disease (CD) and ulcerative
colitis (UC), is a group of chronic inflammatory diseases of the digestive system. It is
characterized by symptoms such as abdominal pain, chronic diarrhea with blood, mucus, pus,
rectal bleeding, weight loss, fatigue, and sometimes fever, and if left untreated, can lead to
serious complications, including gastrointestinal haemorrhage, narrowing of the lumen due to
the formation of post-inflammatory fibrous scar tissue, abscesses, fistulas, peritonitis, and
even cancer. [1] These diseases cause a decrease in the quality of life and an economic burden
on health systems. [2]

Epidemiological data indicate that due to the increasing incidence of IBD in
developing countries (primarily in East Asian countries), the global number of patients will
continue to increase. [3]

The exact cause of these diseases has not been confirmed yet, but they are associated
with genetic mutations, environmental factors along with a disturbed intestinal microbiome
and an abnormal immune response [4]. Inflammatory bowel disease has been included in the
group of Immune Mediated Inflammatory Diseases, which also includes rheumatoid arthritis,
juvenile idiopathic arthritis, psoriatic arthritis, axial spondylarthritis, atopic dermatitis,

alopecia areata. Although different in terms of pathophysiology, all these diseases are



characterized by inadequate synthesis of proinflammatory cytokines. The common ones for
CD and UC are: TNF-a, IL-1pB, IL-6. [5,6,7] In turn, it has been shown that in the case of
Crohn’s disease, there is an increased activity of T helper cells: Thl and Th17 and increased
production of IL-12, IL-23, IFN-y and IL-17. At the same time, ulcerative colitis is usually
associated with Th2 and Th9 activity with an overproduction of IL-13, IL-5 and IL-9. [2,8]
The knowledge of these inflammatory mediators has allowed the development of medications
that neutralize these molecules, thereby reducing inflammation, which includes biological
therapy. [5]

At the end of the 20th century, the introduction of anti-TNF-a drugs to the market
revolutionized the treatment of inflammatory bowel disease. These drugs proved to be much
more effective in achieving clinical remission than aminosalicylates, corticosteroids, or
immunomodulators. [9] However, over time, it was observed that some patients lost the
expected response to treatment due to the development of antibodies against the administered
drug, or patients began to experience side effects which lead to the discontinuation of the
implemented treatment. [10,11,12] To avoid immunogenicity, immunomodulatory drugs can
be used, but such a choice of therapy is burdened with the risk of developing serious infection
or even malignancy. [9] In the treatment of IBD, drugs targeting the interleukin 12/23 axis
(ustekinumab) and lymphocyte tracking (vedolizumab) are also available. Despite lower
immunogenicity in relation to TNF-o antagonists [13], these drugs are administered
parenterally, which additionally burdens the healthcare system and patients. [9] The goal of an
effective IBD treatment is long-term clinical remission, prevention of complications and
achieving mucosal healing in the endoscopic image, which is associated with less frequent
disease relapse. [11] Considering the unsatisfactory results of IBD treatment in some patients,
a new type of drug, Janus kinase (JAK) inhibitors, was included in the therapy. They were
first used in rheumatology, and in 2018 the European Medicines Agency approved their use in
the treatment of IBD. [14] Small Molecule Drugs (SMD), which include JAK inhibitors, are
low molecular weight drugs that easily diffuse through cell membranes and are quickly
absorbed into the circulatory system. The main advantages of these drugs are oral
administration, rapid onset of action, short half-life, which is helpful in the event of infection
or surgery and the need to temporarily discontinue the drug, as well as the lack of specific
antibody formation. [9] JAK inhibitors act by blocking the signalling pathway, as opposed to
most biological therapies which work by binding to a single cytokine receptor or the cytokine
itself. [15] JAK inhibitors are a novel, promising group of drugs in the treatment of IBD,

especially in patients who have not achieved or stopped having clinical improvement with



biological therapy. The aim of this review is to present the state of knowledge on the efficacy

and safety of currently registered JAK inhibitors in the treatment of IBD.

Methods

A systematic search of the PubMed database was conducted, focusing on publications
from the last five years as well as selected key earlier studies. The search strategy included
relevant keywords related to Janus kinase (JAK) inhibitors and inflammatory bowel disease
(IBD). Clinical trials, systematic reviews, and meta-analyses that provided relevant
information on the efficacy and safety of tofacitinib, upadacitinib, and filgotinib in the
treatment of ulcerative colitis and Crohn's disease were included in the analysis. The most

relevant articles in line with the aim of the study were selected.

2. State of knowledge

2.1 JAK and JAK/STAT pathway

To understand how JAK inhibitors work, it is necessary first to learn what Janus kinases
are and the pathway they participate in. The JAK family includes JAK1, JAK2, JAK3 and
TYK2 (tyrosine kinase 2) [11]. These are tyrosine kinases associated with intracellular regions
of class I and II cytokine receptors. The name of these kinases is derived from the property of
JAKSs, which is the presence of two kinase domains, one of which has enzymatic properties
and the other controls the action of the first one by negative feedback. They have, therefore,
been compared to the Roman god of duality - Janus, with two faces [16]. Three members of
the Janus kinase family, JAK1, JAK2, and TYK?2, are found in all cell types, while JAK3 is
found in hematopoietic cells. [11]

The JAK/STAT pathway is composed of three main elements: a cell surface receptor,
at least two Janus kinases, and Signal Transducer and Activator of Transcription (STAT)
proteins. [16] The STAT family consists of seven proteins: STAT1, STAT2, STAT3, STAT4,
STATSA, STAT5B and STAT6. [17] The binding of a cytokine to the receptor causes
conformational changes in the receptor, which results in the phosphorylation of JAK tyrosine
residues, which allows the recruitment and phosphorylation of STAT proteins. Then, the
phosphorylated STATs undergo dimerization and, in this form, move to the cell nucleus to

activate transcription of the cytokine-encoding gene. [5]



It has been confirmed that more than 50 cytokines can activate the JAK/STAT pathway,
influencing various regulatory and metabolic functions and participating in haematopoiesis
and immune response. [17]

JAK inhibitors block the JAK/STAT pathway by competitively binding to JAK at the
ATP binding site, preventing JAK phosphorylation, STAT recruitment, and gene transcription
with cytokine synthesis. The ATP binding site on JAK is type-specific, allowing for selective
JAK inhibitor binding. [18]

Depending on the type of Janus kinases inhibited, there are selective inhibitors and
those that block all types of Janus kinases (pan-JAK inhibitors). The advantage of selective
JAK inhibitors is the possibility of achieving symptom relief, and reducing inflammation,
using lower doses of the medication with reduced side effects, as opposed to pan-JAK

inhibitors. [9]

2.2 Tofacitinib

Tofacitinib was the first JAK inhibitor approved for the treatment of ulcerative colitis,
introduced in 2018. [19] It is classified as a pan-JAK inhibitor but preferentially inhibits
JAK1 and JAK3 [11] and is mainly used in patients with an unsatisfactory response to
biological therapy. [20] Due to previously reported adverse events with tofacitinib in treating
rheumatoid diseases, a number of studies were conducted to establish the safety of this
medication in patients with IBD.

Phase III clinical trial OCTAVE evaluated the efficacy of tofacitinib treatment in
patients with moderate-to-severe ulcerative colitis. A total of 1139 patients were enrolled in
the induction phase (OCTAVE Induction 1 and 2), receiving tofacitinib at a dose of 10 mg
twice daily or placebo. The first end point was clinical remission after 8 weeks of therapy.
Maintenance treatment (OCTAVE Sustain) included 593 patients who received tofacitinib at a
dose of 5 mg or 10 mg twice daily or placebo for 52 weeks. The results of the study were
satisfactory. In the OCTAVE Induction 1 study, remission after 8 weeks occurred in 18.5% of
patients compared to 8.2% of patients in the placebo group (p=0.007). In the OCTAVE
Induction 2 study, remission was achieved in 16.6% of patients compared to 3.6% of patients
in the placebo group (p<0.001), while in the OCTAVE Sustain study, remission at 52 weeks
was observed in 34.3% of patients in the tofacitinib 5 mg group and in 40.6% of patients in
the tofacitinib 10 mg group compared to 11.1% of patients in the placebo group (p<0.001). In

addition, at week 52 mucosal healing was achieved in 37.4% of patients in the tofacitinib 5



mg maintenance dose group, 45.7% of patients in the tofacitinib 10 mg group compared to
13.1% of patients in the placebo group (p<0.001). Adverse events reported more frequently in
the study group than in the placebo group included general infections, herpes zoster virus
infection, cardiovascular events, and increased lipid and creatine kinase levels. [21]

The next step was a study assessing the safety and tolerability of long-term (up to 7
years) tofacitinib in patients with moderate or severe ulcerative colitis (OCTAVE Open). A
total of 944 patients were qualified for the study, 175 of whom received tofacitinib at a dose
of 5 mg and 769 patients receiving 10 mg tofacitinib, both twice daily. Comparing other
medications used to treat UC, including biological drugs, tofacitinib showed a similar safety
profile. This study confirmed that the risk of herpes zoster infection is higher, but as many as
90.4% of infected patients had a mild course of this disease. In addition, in the 36th month of
the study, the effectiveness of UC therapy was assessed in the endoscopic image. It was noted
that in the group of patients receiving tofacitinib at a dose of 5 mg and in the group of patients
receiving tofacitinib 10 mg, endoscopic improvement was achieved in 93% and 86.3% of
patients, respectively. [22]

Ollech et al., in the pragmatic prospective real-world study published in 2024,
assessed the efficacy and safety of tofacitinib during an 8-week induction phase in patients
with UC. Disease activity was evaluated at the baseline and after 8 weeks of tofacitinib
treatment by the Mayo Score, faecal calprotectin, endoscopic Mayo sub-score, and sigmoidal
bowel wall through intestinal ultrasound. Thirty patients were included in the study, of whom
27 completed the entire trial. One patient developed localized herpes zoster which resolved
spontaneously. Tofacitinib induction for 8 weeks in patients with UC was shown to be
associated with improvement in all aspects of the disease and no new side effects were noted,
which is consistent with previous studies. The study authors emphasize the role of prospective
studies of tofacitinib in real-world conditions to better evaluate tofacitinib therapy. [23]

Patients with UC may develop Acute Severe Ulcerative Colitis (ASUC). This form of
UC can affect up to 25% of patients, who may progress to toxic megacolon, colectomy, or
even death. Unfortunately, many patients do not respond to standard corticosteroid or
biological therapies, so there is still a need to find effective drugs that will protect patients
with ASUC from dangerous complications. [31]** The multicenter, prospective TRIUMPH
study, involving five Canadian hospitals, evaluated the efficacy of tofacitinib in patients with
ASUC. The study included 24 adult patients with new or previously diagnosed UC who had
disease progression and developed ASUC. All participants of the study underwent

sigmoidoscopy for endoscopic evaluation and got a minimum score of 10 according to



Modified Trulove-Witts Severity Index (MTWSI) despite receiving intravenous
corticosteroids at a dose of 50 mg prednisone daily for at least three days. One-third of
patients were noted to have been nonresponsive to prior anti-TNF therapy. Patients were then
given 10 mg tofacitinib twice daily and were assessed using the MTWSI, partial Mayo scores,
and serum C-reactive protein daily during their hospitalization. On day seven, 14 out of 24
patients (58.3%) achieved a clinical response. The median time to significant clinical
improvement was also shown to be approximately 2.43 days. During the entire study, 5
participants (21%) reported adverse events such as headache, tachycardia, nausea, or
decreased appetite, but all were mild. [25]

In a phase II clinical trial, tofacitinib was administered to patients with Crohn's disease
twice daily at a dose of 10 mg or 5 mg twice daily. Remission was achieved in 43% and
43.5% of patients, respectively, compared with a placebo group with a remission rate of
36.7%. The study showed that tofacitinib was ineffective in treating Crohn’s disease. [26]

There is a need for more prospective studies on the efficacy and safety of tofacitinib in
moderate to severe UC. According to the updated American Gastroenterological Association
(AGA) guidelines, tofacitinib should only be used in patients who have failed or lost clinical
response to anti-TNFs. In turn, the American College of Gastroenterology and ECCO
guidelines from 2022 recommend the inclusion of tofacitinib as a first-line drug in patients
with UC after a thorough analysis of the patient's exposure to adverse events. Due to the low
availability of biological therapy in India, studies on the use of tofacitinib in biological
therapy-naive patients suffering from UC are being conducted, which may help in better

evaluation of tofacitinib as a first-line drug. [27]

2.3 Filgotinib

Filgotinib is another drug from the group of JAK inhibitors blocking JAK1. In contrast to
tofacitinib, filgotinib is used once daily. The phase 2b/3, double-blind, randomised, placebo-
controlled trial (SELECTION) was the first study to assess the efficacy and safety of
filgotinib in adult patients with UC. The study included induction phases A and B and the
maintenance study, which included a total of 2040 patients with UC. Data was collected from
341 centers from forty countries. Induction study A included 659 patients, who were divided
into three groups receiving filgotinib at a dose of 100 mg, 200 mg, or a placebo, respectively.
Induction phase B included 689 patients who were divided the same way as in induction

phase A. Clinical remission was assessed using Mayo endoscopic, rectal bleeding and stool



frequency subscores. At week 10 of the study, clinical improvement with filgotinib treatment
in induction phase A was demonstrated in 26.1% of patients receiving filgotinib at a dose of
200 mg compared to 15.3% in the control group (absolute difference 10.8%, 95% CI 2.1-19.5,
p=0.0157), and in induction phase B in 11.5% of patients receiving 200 mg of the drug
compared to 4.2% in the placebo group (absolute difference 7.2%, 95% CI 1.6-12.8,
p=0.0103). Patients in both induction phases receiving filgotinib at a dose of 100 mg did not
achieve statistically significant differences in clinical remission compared to the placebo
group. The maintenance study included 391 patients from induction phase A and 273 from
induction phase B, and 93 remained in the placebo group. The treatment's efficacy was
assessed at week 58 of the study. Clinical remission was demonstrated in 37.2% of patients in
the filgotinib 200 mg group compared to 11.2% in the placebo group (absolute difference
26.0%, 95% CI 16.0-35.9, p<0.0001) and in 23.8% of patients in the filgotinib 100 mg group
compared to 13.5% in the placebo group (absolute difference 10.4%, 95% CI 0.0-20.7,
p=0.0420). Additionally, in both induction and maintenance studies, patients in the filgotinib
100 mg and 200 mg groups achieved endoscopic improvement. The incidence of adverse
events in the induction and maintenance studies was similar in all groups. The most common
adverse events were nasopharyngitis, headache and worsening of UC in both Induction and
Maintenance Phase trials. Most adverse events were mild or moderate. Elevation in blood
lipid levels and creatine kinase were observed in the filgotinib groups, but no cases of
rhabdomyolysis were reported. [28]

Subsequently, the ongoing SELECTION long-term extension (LTE) study was
initiated to evaluate the long-term efficacy and safety of treatment with filgotinib in patients
with UC. In the published interim analysis, 86 patients were enrolled in the study who
received either filgotinib 100 mg or filgotinib 200 mg during the induction phase. Patients
discontinued treatment until clinical deterioration and then received filgotinib 200 mg.
Efficacy was assessed at week 48 of the study and showed that 45.1% of patients receiving
filgotinib 200 mg and 51.4% of patients receiving filgotinib 100 mg achieved clinical
remission. Additionally, no new adverse events were reported during the study. [29]

In the cohort study by Gros et al., the first real-world experience on the use of
filgotinib in patients with UC in clinical practice was presented. The study included 91
patients, 89 of whom received filgotinib at a dose of 200 mg and 2 patients received filgotinib
at a dose of 100 mg. During the study, clinical, biochemical and faecal parameters were
assessed with significant improvement of these parameters at weeks 12 and 24. Adverse

events were reported by 15 (16.5%) patients, including headache, fatigue, mild nausea and



arthralgia in 5 patients, while 8 (8.8%) patients had to temporarily discontinue treatment due
to 5 respiratory tract infections, one facial Herpes Zoster and two mild COVID-19 infections.
In 2 patients, treatment was discontinued completely for reasons most likely unrelated to
filgotinib treatment. No increase in lipid levels was observed in this study, but this may have
been due to the fact that 15.4% of patients had low lipid levels prior to the study. [30]

A randomized, double-blind, placebo-controlled phase II study to evaluate the efficacy
and safety of filgotinib in the treatment of moderate-to-severe Crohn’s disease (FITZROY)
was conducted in 2014 and 2015. The study included 172 patients with active Crohn’s disease
and the intention-to-treat, of whom 128 received filgotinib 200 mg and the remaining 44
received placebo. At week 10 of the study, clinical remission was observed in 60 (47%)
patients compared with 10 (23%) in the placebo group (absolute difference 24%, 95% CI 9-39,
p=0.0077). Patients were then assigned to one of three groups: filgotinib 200 mg, filgotinib
100 mg, or placebo. Adverse events were reported by 114 (75%) patients in the filgotinib
group and 45 (67%) patients in the placebo group, and serious adverse events were reported
by 14 (9%) patients in the fligotinib group and 3 (4%) patients in the placebo group.
Filgotinib therapy was observed to be associated with an increase in HDL and LDL levels
between weeks 0 and 20 of filgotinib treatment. The study demonstrated that filgotinib is an
effective and safe treatment for patients with active CD. [31]

A recently published phase III, double-blind, randomized, placebo-controlled trial
(DIVERSITY) evaluated the efficacy and safety of induction and maintenance therapy with
filgotinib in patients with moderate-to-severe CD. The study enrolled 1,372 adult patients
who were assigned to induction study A (biologic-naive and later biologic-experienced
patients) or B (biologic-experienced patients) and received oral filgotinib 200 mg, filgotinib
100 mg, or placebo for 11 weeks. Patients receiving filgotinib who had a two-item patient-
reported outcome (PRO2) clinical remission or endoscopic remission were then assigned to
receive the induction dose during the maintanance study in the week 10 of the study. Further
clinical and endoscopic were assessed at week 58. Clinical remission was evaluated using the
EU-specific (PRO2) and non-EU-specific (CDAI) scales. Induction study A did not
demonstrate significant PRO2 clinical remission in patients receiving filgotinib 200 mg versus
placebo (absolute difference 6.9%, 95% CI 1.4-15.2, p=0.0963), however induction study B
demonstrated statistically significant clinical improvement in patients receiving filgotinib 200
mg versus placebo (absolute difference 11.9%, 95% CI 3.7-20.2, p=0.0039). In both induction
studies, endoscopic response was not achieved. In turn, significant PRO2 clinical remission

(absolute difference 16.8%, 95% CI 2.0-31.6, p=0.0382) and endoscopic remission (absolute
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difference 20.6%, 95% CI 8.2-33.1, p=0.0038) were achieved in filgotinib group compared to
the placebo in the maintenance study at week 58. The study did not demonstrate significant
clinical or endoscopic improvement with the 100 mg dose of filgotinib in any study. The most
common adverse events reported by patients in the induction study included: abdominal pain,
arthralgia, an exacerbation, flare or worsening of CD, headache, nasopharyngitis nausea and
pyrexia, while in the maintenance study, in addition to those reported in the induction study
(except for the headache), abdominal distension, upper abdominal pain, anaemia and
flatulence were also noted as the most common adverse events. In the induction studies, a few
serious treatment-emergent adverse events (TEAEs) were reported in patients receiving
filgotinib: Herpes Zoster infection, major adverse cardiovascular event, and gastrointestinal
perforation (unrelated to treatment). In the maintenance study, the following serious TEAEs
were reported: exacerbation, flare or worsening of CD, Herpes Zoster infection, malignancy
of unknown origin (lung metastases), non-melanoma skin cancer, deep vein thrombosis, and
gastrointestinal perforation. Despite not meeting the PRO2 clinical and endoscopic remission
in the induction studies (EU specific analyses), the DIVERSITY study demonstrated the
efficacy of filgotinib 200 mg in the maintenance studies. Filgotinib treatment was well
tolerated by patients and the safety of filgotinib in patients with CD was comparable to the
safety profile in different indications. [32]

2.4 Upadacitinib

Upadacitinib is a once daily JAK inhibitor with the strongest selectivity towards JAKI.
[20] In March 2022, the US Food and Drug Administration approved upadacitinib as a
medication for the treatment of moderate-to-severe UC in patients with an inadequate or poor
tolerance of TNF inhibitors. [33] Sandborn et al. in the multicenter, double-blind, phase 2b
trial evaluated the safety and efficacy of upadacitinib as an induction therapy for patients with
moderate to severe active UC (U-ACHIEVE). Participants received upadacitinib at a dose of
7.5 mg, 15 mg, 30 mg, 45 mg, or placebo. Clinical assessment took place at week 8 of the
study, which demonstrated statistically significant clinical and endoscopic improvement
among patients in each upadacitinib-receiving group compared with placebo. During the study,
a moderate Herpes Zoster infection and a case of pulmonary embolism (severe adverse event)
and deep venous thrombosis (mild adverse event) were reported in patients receiving 45 mg

of upadacitinib. Significantly increased lipid levels and creatine kinase were also observed in
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patients receiving upadacitinib compared to placebo. No cases of gastrointestinal perforation
or death were reported. [34]

To well evaluate the efficacy and safety of upadacitinib in patients with moderate to
severe UC over the long term, a phase 3, multicentre, randomised, double-blind, placebo-
controlled study was conducted. The trial was divided into two induction studies (U-
ACHIEVE substudy 2 [UC1] and U-ACCOMPLISH [UC2]) and a maintenance study (U-
ACHIEVE substudy 3 [UC3]). Patients who achieved a clinical response with upadacitinib 45
mg at week 8 or 16 of the induction study (UC1 or UC2) and patients with clinical remission
from phase 2b (U-ACHIEVE substudy 1) were eligible for the maintenance study. In the
maintenance study, patients received upadacitinib 15 mg, 30 mg or placebo once daily for 52
weeks. At week 8 of the induction studies, clinical remission was achieved by statistically
more patients receiving upadacitinib compared with placebo (absolute difference 21.6%, 95%
CI 15.8-27.4, p<0.0001 for UC1; absolute difference 29%, 95% CI 23.2-34.7, p<0.0001 for
UC2). Additionally, in the upadacitinib, 45 mg once daily group, all secondary endpoints were
met in both UC1 and UC2, such as improvement in disease activity, symptoms, endoscopic
and histological response, QOL, faecal calprotectin, and serum C-reactive protein. Adverse
event reporting was comparable in the upadacitinib 45 mg group versus placebo in UCI but it
was more common in patients in the upadacitinib 45 mg group in UC2. The most frequently
reported side effects were nasopharyngitis, creatine kinase elevation (UC1) and acne (UC1
and UC2). Cases of Herpes Zoster infection (1 case in UC1 and 2 cases in UC2) occurred in
both induction studies. Additionally, mild-to-moderate neutropenia and lymphopenia were
reported significantly more often in patients receiving upadacitinib compared to placebo.
Clinical assessment at week 52 of the maintenance study showed a higher percentage of
patients with clinical remission in the upadacitinib 15 mg group (absolute difference 30.7%,
95% CI 21.7-39.8, p<0.0001) and upadacitinib 30 mg group (absolute difference 39%, 95%
CI 29.7-48.2, p<0.0001) compared to placebo. In addition, the upadacitinib groups showed a
durable effect of clinical remission, clinical and endoscopic response compared to placebo. In
the UC3 study, the frequency of reported adverse events was comparable in all groups, and
the most frequently reported were: worsening of UC, nasopharyngitis, creatine kinase
elevation, arthralgia and upper respiratory tract infection. In both upadacitinib groups, there
were a total of 6 events of Herpes Zoster infections (non-serious), invasive breast cancer both
in placebo and 15 mg upadacitinib groups and two non-melanoma skin cancers in
upadacitinib 30 mg patients. There were also several cases of vein thrombosis, hepatic events

and elevated levels of alanine transaminase, aspartate transaminase, creatine kinase and
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cholesterol in patients receiving upadacitinib. The study demonstrated the efficacy in
achieving clinical remission and the safety of upadacitinib in patients with moderate-to-severe
UC with no new serious adverse events. [35]

The aim of a recently published real-world observational study was to assess the safety
and efficacy of upadacitinib in biological-naive and biological-exposed patients with
moderate-to-severe UC along with examining the correlation between an intestinal ultrasound
(IUS) and Total Mayo Score (TMS), fecal calprotectin (FC) and endoscopic remission. The
study included 76 adult patients with the diagnosis of UC who had received upadacitinib 45
mg daily for 8 weeks. In the final week of the study, no statistically significant differences
were found in clinical, endoscopic and biochemical response between biological-naive and
biological-exposed patients. Clinical remission was achieved by 78.9% of naive patients
versus 71.4% of exposed patients (p=0.053) which confirmed the efficacy of upadacitinib in
inducing remission in both biological-naive and biological-exposed patients. There was no
serious or new adverse events reported during the study. Additionally, it was confirmed that
the intestinal ultrasound is effective in the assessment of UC activity. [36]

Systematic review and meta-analysis by Taxonera et al. collected data from twenty-
four studies, including 1388 patients with active UC, to evaluate the real-world effectiveness
and safety of upadacitinib. The study showed that clinical response and remission were
observed respectively in 78.7% and 68.4% patients at week 8. Mean faecal calprotectin and
the mean C-reactive protein decreased significantly. Additionally, previous use of biological
therapy or other JAK inhibitors did not affect the clinical response after upadacitinib
treatment. The review confirms the compatibility in the safety profile of the medication
including the long-term data from the phase 3 open-label extension study (U-ACTIVATE).
[37]

Upadacitinib was evaluated for efficacy and safety in the treatment of patients with
moderate-to-severe CD with poor response or intolerance to immunosuppressants or TNF
antagonists in a double-blind, phase 2 trial (CELEST). Patients were divided into six groups
receiving twice daily (bid) placebo, upadacitinib at the dose of: 3 mg, 6 mg, 12 mg, 24 mg or
24 mg once daily. Clinical assessment was performed at week 12 or 16. Clinical remission
was observed in 13%, 27% (p<0.1), 22% and 14% of patients receiving upadacitinib 3 mg, 6
mg, 12 mg, 24 mg bid and 24 mg once daily respectively, versus 11% of patients in the
placebo group. Endoscopic remission was achieved in 10% (p<0.1), 8%, 8% (p<0.1), 22%
(p<0.01), 14% (p<0.05) and 0% of patients from groups receiving upadacitinib 3 mg, 6 mg,

12 mg, 24 mg bid and 24 mg once daily and placebo, respectively. Adverse events were more
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frequently observed in patients receiving higher doses of upadacitinib, but most of them were
classified as mild or moderate. The most commonly reported AEs included headache,
worsening of CD, fatigue, upper respiratory tract infection, urinary tract infection, nausea
vomiting and acne. During the induction and maintenance study, several cases of serious
infections and nonserious Herpes Zoster infection events were observed. This study showed
the efficacy and safety of upadacitinib in the induction study. [38]

A phase 3, double-blinded, randomized, placebo-controlled trial was conducted to
assess the efficacy and safety of upadacitinib as induction and maintenance therapy in patients
with moderate to severe CD. The study involved two 12-week-long induction trials (U-
EXCEL and U-EXCEED) and one 52-week-long maintenance study (U-ENDURE). The
induction phase could have been prolonged up to 12 extra weeks to achieve clinical response
in patients and qualify them for the maintenance phase of study. In U-EXCEL and U-
EXCEED trials, patients received upadacitinib 45 mg once daily or placebo, whereas, in the
maintenance phase, the patients received upadacitinib 15 mg, 30 mg, or placebo. Through
week 12 both induction studies showed a significantly higher percentage of patients with
clinical response and clinical remission in upadacitinib group compared to placebo (U-
EXCEL clinical remission 49.5% vs. 29.1%, p<0.001; U-EXCEED 38.9% vs. 21.1%, p<0.001)
as well as endoscopic response (U-EXCEL 45.5% vs. 13.1%, p<0.001; U-EXCEED 34.6% vs.
3.5%, p<0.001), respectively. Additionally, in both induction trials, significantly more patients
receiving upadacitinib 45 mg achieved rapid symptom relief at week 2 and CDAI clinical
remission at week 4 than placebo. In the maintenance study, the rate of clinical prescription in
patients receiving upadacitinib 15 mg, 30 mg and placebo was 37.3%, 47.6% and 15.1%,
respectively (p<0.001 for both comparisons of upadacitinib groups with placebo). At week 52,
both CDAI clinical and endoscopic remission remained at a higher percentage of patients
receiving upadacitinb 15 mg or 30 mg compared to placebo. In the induction studies, the most
frequently reported adverse events in patients receiving 45 mg upadacitinib were acne and
anaemia in U-EXCEL and nasopharyngitis, headache, worsening of CD, and upper respiratory
infections in U-EXCEED. There were a few cases of serious infections (1.1% and 2.8% of
patients receiving upadacitinib 45 mg compared to 1.7% and 1.8% of placebo in U-EXCEL
and U-EXCEED, respectively). A total of 15 cases of nonserious herpes zoster infection was
observed in upadacitinib-receiving patients compared with 0 cases in the placebo group in
both induction studies. A higher percentage of patients receiving 45 mg of upadacitinib had
neutropenia and creatine kinase elevation compared with placebo. In the maintenance study,

the exacerbation of CD was the most frequently reported adverse event among all the groups.
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Serious infections were noted at similar rates in upadacitinib groups and placebo. However,
herpes zoster infections happened more frequently in patients receiving upadacitinib 30 mg
than in those who received upadacitinib 15 mg. There were several cases of gastrointestinal
perforation, hepatic vein thrombosis, metastatic ovarian, colon, and invasive lobular breath
cancer in patients receiving upadacitinib. Neutropenia and creatine kinase elevation were
observed more frequently in patients receiving upadacitinib 30 mg. This study showed that
upadacitinib is effective in achieving and maintaining clinical remission and endoscopic
response in patients with moderate to severe CD. A study evaluating the long-term safety of
upadacitinib is still ongoing. [39]

In the meta-analysis by Niu et al., which included eight studies and collected 2818
patients with CD or UC treated with upadacitinib, significant efficacy in achieving clinical
remission and response in both groups of patients with moderate to severe CD and UC was

demonstrated. The safety profile was assessed as favourable for the treatment of both diseases.

[40]

Conclusions

Janus kinase inhibitors represent a novel and promising class of drugs in the treatment
of inflammatory bowel disease, particularly in patients who have not responded or have lost
response to biological therapies. The big advantage of these drugs is their oral administration,
quick onset of action and low immunogenicity.

This manuscript provides an overview of clinical trials and meta-analyses, ranging
from the earliest studies to the most recent data. JAK inhibitors have demonstrated high
efficacy in both inducing and maintaining clinical and endoscopic remission in patients with
moderate to severe ulcerative colitis and Crohn's disease. The safety profile of JAK inhibitors,
however, raises some concerns. The most common adverse events include infections and
increased levels of creatine kinase and lipids. Less frequently reported are venous thrombosis,
skin cancer, and cardiovascular complications. The incidence of side effects is dose-dependent,
and most of them were mild to moderate. Meta-analyses and real-world evidence further
confirm their effectiveness and acceptable safety profile, irrespective of prior biological
exposure. Nevertheless, due to their relatively recent introduction into clinical practice in the

treatment of IBD, long-term safety data are still needed.
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