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Abstract: Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative
colitis (UC), is a chronic and often debilitating condition requiring complex and individualized
management. Over the past few decades, advancements in understanding IBD pathophysiology
have led to a transformative shift in therapeutic approaches. This article provides a comprehensive
overview of the evolution of IBD treatments, from early symptom-focused therapies to modern
biologics, small molecule agents, and emerging treatment strategies. We discuss therapeutic goals
centered on achieving clinical remission, endoscopic/mucosal healing, and enhancing patient quality
of life. Additionally, we explore the rationale for the early and personalized use of biologic therapies
in moderate-to-severe cases, review the current FDA-approved agents as of 2024, and highlight the
advantages and limitations of these treatments. Special attention is given to the evolving role of novel
oral therapies, including Janus kinase inhibitors and sphingosine-1-phosphate receptor modulators,
and future new directions. This paper aims to guide clinicians in navigating the expanding therapeutic
landscape of IBD, emphasizing patient-centered decision-making and addressing ongoing challenges
in achieving optimal disease control.

Keywords: inflammatory bowel disease; biologic therapies; immunomodulators; dulators Janus
kinase (JAK) inhibitors

1. Introduction

Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcera-
tive colitis (UC), represents a chronic and challenging condition that necessitates intricate
and tailored treatment strategies. Advances in our understanding of IBD pathophysiology
over recent decades have profoundly altered therapeutic paradigms. This paper examines
the progression of IBD treatment approaches, tracing the shift from symptom-based thera-
pies to modern options, such as biologics, small molecules, and other emerging strategies.
We discuss key therapeutic objectives, such as achieving clinical remission, promoting
endoscopic/mucosal healing, and improving quality of life for patients. The article also ad-
dresses the importance of the timely, individualized use of biologics in moderate-to-severe
cases, reviews FDA-approved therapies available in 2024, and considers their respective
benefits and drawbacks. Particular focus is placed on the growing role of innovative oral
therapies, including Janus kinase inhibitors and sphingosine-1-phosphate receptor modula-
tors, while future new possibilities are also considered. This article aims to support clini-
cians as they navigate the evolving landscape of IBD treatment, promoting patient-centered
choices and addressing persistent obstacles in achieving optimal disease management.

1.1. Historical Evolution and Advancements in IBD Treatment

Inflammatory bowel disease (IBD), which encompasses both Crohn’s disease (CD) and
ulcerative colitis (UC), has a lengthy and complex history of treatment. Table 1 presents a
chronological overview of the most significant developments in the history of IBD treatment,
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including the introduction of pivotal drugs and therapeutic approaches over time. The
initial therapeutic options were primarily directed towards symptom management rather
than disease modification. Corticosteroids, such as prednisone, were primarily utilized
due to their potent anti-inflammatory effects [1]. However, the long-term use of steroids
was associated with adverse effects, including osteoporosis, steroid-induced diabetes, and
an increased risk of infection. In addition to steroids, 5-aminosalicylic acids (5-ASAs),
including sulfasalazine and mesalamine, constituted the primary means of managing
mild-to-moderate UC. However, they proved ineffective in maintaining CD.

Table 1. Historical timeline of IBD treatments.

Year Treatment

1979 Steroids, Sulfasalazine
1980 Antibiotics, Azathioprine, 6-MP
1993 5-ASA

1994 Budesonide

1995 Methotrexate

1998 Infliximab

2007 Second-generation anti-TNF agents
2014 New biologic agents

2015 Biosimilars

2019 Oral immunomodulators

In the 1980s, purine analogs, initially developed for the prevention of organ transplant
rejection, were identified as a potential treatment for IBD. Drugs such as azathioprine and
6-mercaptopurine (6-MP) were subsequently employed extensively in maintenance therapy,
particularly in the case of CD. They proved effective in preventing relapses and reducing
the necessity for steroids. However, the most significant concern regarding these drugs is
their adverse effects, particularly the development of lymphoma [2].

Another notable advancement was the introduction of methotrexate, an immunomod-
ulatory agent that functions by inhibiting dihydrofolate reductase, thereby suppressing the
immune system. Methotrexate was identified as a potential alternative for patients who
did not respond to or could not tolerate azathioprine or 6-MP [3].

The late 1990s saw a significant advancement in the treatment of IBD with the advent
of biologic therapies. In 1998, infliximab became the first biologic agent to be approved
for the treatment of IBD. It targets tumor necrosis factor-alpha (TNF-«x), a cytokine in-
volved in systemic inflammation, and provides a more targeted approach, significantly
improving outcomes for some patients with moderate-to-severe CD and UC who were
refractory to conventional therapies. Subsequently, other anti-TNF agents, including adal-
imumab, certolizumab pegol, and golimumab, were incorporated into the therapeutic
armamentarium [4].

As knowledge of the immune pathways involved in IBD expanded, new biologics
targeting different molecules were developed. These included vedolizumab, an integrin
inhibitor that selectively blocks lymphocyte trafficking to the gut, and ustekinumab, which
inhibits interleukin -IL-12 and IL-23, cytokines involved in the inflammatory process. The
advent of biosimilars—biologic products that are highly similar to existing biologics—has
resulted in a reduction in treatment costs due to their lower price point. Biosimilars such
as infliximab-dyyb and adalimumab-atto have been approved for use in IBD, offering
cost-effective alternatives that do not compromise efficacy [5].

In recent years, small molecule therapies, such as Janus kinase (JAK) inhibitors and
sphingosine-1-phosphate ( S1P) receptor modulators, have emerged as important options
for patients who are intolerant to or have failed biologic therapies. These agents offer the
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convenience of oral administration and expand the therapeutic options for managing IBD.
This evolution in treatment reflects a deeper understanding of IBD pathophysiology, which
has led to the development of more targeted, effective, and less costly therapies. As a result,
what was once a debilitating condition has become a manageable disease with a range of
therapeutic options [6].

1.2. Therapeutic Goals in IBD

The management of IBD has undergone a notable evolution, shifting from a primary
focus on symptom control to a more comprehensive strategy aimed at achieving deep and
sustained clinical remission and even histologic healing. The primary therapeutic goals
now encompass both clinical and endoscopic outcomes, with the objective of improving
long-term disease control and patient quality of life [7-9].

The primary objective in the management of inflammatory bowel disease (IBD) is to
achieve clinical remission, which is defined as the absence of symptoms such as abdom-
inal pain, diarrhea, and rectal bleeding. Achieving remission frequently necessitates the
administration of induction therapy with corticosteroids, biologics, or small molecules,
depending on the severity of the disease. In cases of mild disease, 5-ASA agents may prove
sufficient; however, in instances of moderate-to-severe disease, biologics or small molecule
immunomodulators are often required.

Once remission is achieved, it is of the utmost importance to prioritize proper and long-
term maintenance management. The objective of maintenance therapy is to prevent the
occurrence of flare-ups and disease progression, thereby reducing the risk of complications
such as strictures, fistulas, the necessity for surgical intervention, and dysplastic changes.

Based on an extensive review of the existing literature, our extensive experience, and
despite extensive research with the development of various agents for the treatment of
IBD, the overall clinical response and mucosal/histologic healing rates remain modest.
Approximately 50-60% of patients achieve a clinical response, while clinical remission is
attained in only about 30-35% of cases. These figures underscore the ongoing challenges in
IBD management, emphasizing the necessity for continued research and the development
of more efficacious therapies [10].

1.3. Management of Moderate-to-Severe IBD Patients

Moderate UC and CD present with more frequent symptoms and moderate inflamma-
tion but generally lack severe systemic impact. Patients with moderate UC may have up to
six bloody stools per day with mild abdominal pain, while moderate CD often involves
intermittent pain, diarrhea, and minimal weight loss, with only mild elevation in inflam-
matory markers. Severe UC and CD are characterized by frequent, intense symptoms and
significant systemic involvement. In severe UC, patients experience more than six bloody
stools daily, intense abdominal pain, and often deep ulcerations throughout the colon.
Severe CD is marked by intense abdominal pain, significant weight loss, and complications
such as strictures or fistulas, reflecting deep ulcerations, widespread inflammation often
involving multiple GI segments. Severe cases in both conditions typically present with
markedly elevated inflammatory markers and profound fatigue, anemia, and hypoalbu-
minemia. The specific scores or criteria used to stratify patients are beyond the scope of
this review; however, patients are generally categorized based on these clinical, endoscopic,
and biochemical characteristics [11,12].

The management of patients with moderate-to-severe IBD necessitates a more as-
sertive and personalized approach, given the complexity and severity of the disease. A
principal objective of treatment strategies is to control inflammation, prevent complica-
tions, and improve long-term positive outcomes through early and intensive therapy. For
patients with moderate-to-severe IBD, the early introduction of biologics, such as anti-TNF
agents, vedolizumab, ustekinumab or IL-23 inhibitors are often recommended [12-14]. A
substantial body of evidence, derived from extensive experience and rigorous scientific
studies, has demonstrated that the early introduction of biologics, particularly in patients
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with poor prognostic factors, can result in superior outcomes, including higher rates of
remission, mucosal healing, and a reduced need for surgical intervention.

The top-down approach entails initiating biologic therapy as the primary treatment
option, rather than reserving it for patients who have not responded to conventional
therapies. This strategy is particularly advantageous for patients with aggressive disease
phenotypes, such as young patients with extensive CD or those with severe UC. Specific
patient characteristics render the top-down approach an especially suitable course of action.
Table 2 provides a summary of these criteria. The following table enumerates specific
criteria that suggest a more aggressive approach to IBD treatment, thereby elucidating the
rationale for early intervention in these patient groups [15].

Table 2. Criteria for the top-down approach in IBD.

Criteria Rationale

Younger patients often have a more aggressive
Younger patients (<30 years) and early disease disease course and may benefit from early
intensive therapy.

Hypoalbuminemia and anemia are markers of
severe inflammation and poor prognosis,
warranting more aggressive treatment.

Significant hypoalbuminemia and
persistent anemia

Patients with extensive disease (e.g., pancolitis
in UC or ileocolonic involvement in CD) are at

Extensive anatomic involvement . . . .
higher risk for complications and may require

early biologic therapy.
EIMs such as arthritis, uveitis, or pyoderma
Significant extraintestinal manifestations gangrenosum may indicate a more systemic
(EIMs) inflammatory response, justifying early

biologic use.

Patients with severe anorectal CD, including
Severe anorectal disease fistulas, abscesses, or strictures, often require
aggressive treatment to prevent complications.

Endoscopic findings of deep and extensive
Deep and extensive ulcerations ulcerations are indicative of severe disease and
warrant early biologic therapy.

Patients with stricturing or penetrating disease
are at high risk for complications, including
obstruction and fistula formation, and may

benefit from early intervention.

Stricturing and/or penetrating CD

Patients who have already undergone surgery
for IBD are at risk for recurrence and may
benefit from early biologic therapy to prevent
further complications.

Prior surgical interventions

A family history of severe CD may suggest a
Family history of severe CD more aggressive disease course, prompting
earlier intervention.

Smoking is a well-known risk factor for more
Heavy smokers severe CD, and smokers may benefit from
more aggressive treatment.

In cases where a patient does not respond to or loses response to a specific biologic,
switching to a different biologic with a distinct mechanism of action (e.g., from an anti-
TNF to an integrin inhibitor, IL-12 /23 inhibitor, or IL-23 inhibitor) may prove an effective
course of action. Small molecule immunomodulator therapies, such as JAK inhibitors
or S1P modulators, provide additional options for younger patients with IBD who have
not responded to biologics. These agents provide a distinct mechanism of action and
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may prove efficacious in patients with refractory disease. In certain instances, surgical
intervention may be imperative and should not be postponed for patients with intractable
disease, particularly those with complications such as strictures, fistulas, or abscesses. It
should be noted that surgical intervention is not a curative measure; however, it can be an
integral component of a comprehensive management strategy for select patients with CD,
particularly those with Crohn’s ileitis.

1.4. FDA-Approved Agents in 2024

As of 2024, the landscape of treatments for IBD has expanded significantly, with
a wide range of drugs approved by the Food and Drug Administration (FDA) offering
targeted, individualized treatment options for patients with varying disease phenotypes
and severities. Table 3 presents a list of medications that have been approved by the FDA
for the treatment of IBD.

Table 3. FDA-approved IBD therapeutic options in 2024.

Category Agents

Infliximab for UC and CD, Adalimumab for UC
and CD, Certolizumab for CD, Golimumab for UC

Anti-TNF Agents

Biosimilars Biosimilars for UC and CD
Integrin Inhibitors Vedolizumab for UC and CD, Natalizumab for CD
Anti-IL 12/23 Agents Ustekinumab for UC and CD

Risankizumab for CD and UC, Mirikizumab for
UC, Guselkumab for UC

Tofacitinib for UC, Ozanimod for UC,
Upadacitinib for UC and CD, Etrasimod for UC

Anti-IL-23 Agents

Oral Immunomodulators

2. Biologic Therapies
2.1. Anti-TNF Agents

Infliximab is a chimeric monoclonal antibody targeting TNF-« that has been approved
for both CD and UC. This has been a transformative treatment for patients with moderate-
to-severe disease [16].

Infliximab was the inaugural biologic therapy to be approved for the treatment of
CD. It is a chimeric antibody, derived from mice, administered intravenously over a
period of 2-3 h. The initial treatment regimen comprises three infusions over a six-week
period, followed by maintenance doses every two months in the event of significant
improvement [16,17].

Although infliximab is generally well tolerated, infusion reactions have been docu-
mented on rare occasions. Given the pivotal role of tumor necrosis factor (TNF) in the
immune system, the use of infliximab and analogous biologics may elevate the risk of
infections such as tuberculosis and hepatitis B. Consequently, patients must undergo screen-
ing for these infections prior to initiating treatment, and live vaccines should be avoided
throughout the course of therapy [17].

Adalimumab is a fully human monoclonal antibody against TNF-« which has also been
approved for both CD and UC. Adalimumab provides the advantage of subcutaneous
administration, which is more convenient for patients than intravenous infliximab [18].

Following an initial loading dose, administered in two injections over a period of two
weeks, the maintenance dose is administered every other week [19]. This medication is
generally well tolerated, with the most frequent adverse effect being localized cutaneous
reactions at the injection site, such as pruritus, erythema, or edema. Adalimumab may
also be an effective alternative for individuals who have not responded to or are unable to
tolerate infliximab [10].
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The secondary loss of response with both infliximab and adalimumab is very impor-
tant due to immunogenicity that varies between 35 to 70% depemdent on the length of
maintenance therapy.

Certolizumab pegol is a subcutaneous and pegylated humanized anti-TNF antibody
fragment that has been approved for the treatment of CD. Pegylation serves to diminish
the immunogenicity of the drug and extend its half-life [20].

In 2008, the United States Food and Drug Administration (FDA) approved the use
of this medication for the treatment of moderate-to-severe CD in patients who have not
responded adequately to conventional therapies. Certolizumab is administered via sub-
cutaneous injection, with two doses administered over a two-week period, followed by
monthly injections for maintenance. It has been demonstrated to be an efficacious treatment
for inducing and maintaining remission in CD, with a comparable safety profile to that of
infliximab and adalimumab. In some patients who are unable to tolerate other TNF alpha
agents, this medication can be effective [10].

Golimumab is approved for UC; golimumab is another subcutaneous anti-TNF agent
that offers flexibility in treatment regimens [21].

The main side effects include nasopharyngitis, pharyngitis, laryngitis, rhinitis, and
tuberculosis reactivation [22].

2.2. Biosimilars

The advent of biosimilars for infliximab (e.g., infliximab-dyyb and infliximab-abda)
and adalimumab (e.g., adalimumab-atto) has facilitated broader access to biologic therapies,
offering cost-effective alternatives that do not compromise efficacy or safety. The availability
of these agents is contributing to a reduction in healthcare costs and an increase in treatment
accessibility for a broader patient population.

These FDA-approved agents provide clinicians with a toolkit that allows them to
customize treatment plans to the specific needs and circumstances of each patient. Biosimi-
lars are supported by the majority of insurance companies in Europe and, recently, in the
United States. The Biologic Price Competition and Innovation Act was enacted as part of
the Affordable Care Actin 2010 [23-25].

2.3. Integrin Inhibitors

Natalizumab, an «4 integrin inhibitor, was initially approved by the FDA for the
treatment of CD. Subsequently, this very effective drug was withdrawn from the market
due to an increased risk of progressive multifocal leukoencephalopathy [26]. The half-life
of natalizumab is prolonged, with the maximum concentration achieved one to two hours
following intravenous administration. The terminal half-life is between 10 and 11 days,
necessitating administration every four weeks [22].

Vedolizumab is an o4p7 integrin inhibitor that selectively targets the gut, reducing
inflammation without the adverse effects associated with systemic immunosuppression.
This relatively most safest biologic agent has been approved for both CD and UC and has
been shown to be particularly beneficial for patients at high risk of infection. Although
there is a theoretical risk of progressive multifocal leukoencephalopathy (PML) due to its
potential effect on lymphocyte trafficking to the brain, there have been no reported cases of
PML associated with its use at this time [27].

Although vedolizumab is slower to take effect than natalizumab, peak levels are
reached within 1-2 h after infusion. The terminal half-life is considerably longer, at approx-
imately 25 days, thereby enabling administration at 8-week intervals [13,28].

2.4. Interleukin Inhibitors

Ustekinumab targets interleukin-12 and interleukin-23, which are cytokines that are in-
volved in the immune response. It has been approved for both CD and UC, offering a novel
mechanism of action for patients who have not responded to anti-tumor necrosis factor
(anti-TNF) therapy [29]. Ustekinumab is a fully human IgG1k monoclonal antibody that
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binds to the p40 subunit of IL-12/23. It inhibits the binding of IL-12 and IL-23 to IL-12Rb1,
thereby preventing the initiation of downstream signaling cascades and the production
of cytokines. The U.S. Food and Drug Administration (FDA) has granted approval for
ustekinumab for the treatment of psoriasis, Crohn’s disease, and ulcerative colitis.

Ustekinumab is administered intravenously (IV) for induction therapy at a dose of
6 mg/kg, followed by maintenance with 90 mg subcutaneously (SC) every 8 weeks.

In patients with refractory CD, ustekinumab demonstrated a clinical response rate
of 49% at week 22, which was significantly higher than the 27% observed in the placebo
group [29,30].

Following the induction phase, maintenance therapy resulted in 60% of patients
achieving clinical remission at one year and 51% maintaining remission after five years [28].
Furthermore, ustekinumab exhibited superior efficacy compared to vedolizumab in patients
with refractory CD. However, the healing of perianal fistulas with this very expensive
biologic agent was limited to 28% [31].

In patients with moderate-to-severe UC, ustekinumab demonstrated superior efficacy
compared to placebo for both induction and maintenance therapy, with response rates of
62% and 31%, respectively [14].

Rare but serious side effects include reversible posterior leukoencephalopathy syn-
drome (RPLS), characterized by symptoms such as headache, confusion, and vision changes,
along with an increased risk of infections [30,32]

Risankizumab and Mirikizumab are humanized monoclonal antibodies that selectively
target the p19 subunit of IL-23, thereby inhibiting the production of IL-17, TNF-alpha, IL-21,
and INF-gamma.

The phase 3 ADVANCE and MOTIVATE trials were conducted to assess the efficacy
of risankizumab as an induction therapy for patients with moderately to severely active
CD. Patients were administered either 600 mg or 1200 mg of intravenous risankizumab
or placebo at weeks 0, 4, and 8. The results of the trials demonstrated that both doses
of risankizumab resulted in a significantly greater improvement in clinical remission
and endoscopic response compared to placebo at week 12. In the ADVANCE trial, the
clinical remission rates were 45% with 600 mg of risankizumab and 42% with 1200 mg,
in comparison to 25% with placebo. Endoscopic response rates were 40% and 32% with
600 mg and 1200 mg of risankizumab, respectively, in comparison to 12% with placebo.
The results of the MOTIVATE trial were comparable, with risankizumab demonstrating
consistent efficacy in patients who had previously failed to respond to other biologic
therapies. Risankizumab was generally well tolerated across both trials [33].

In a head-to-head clinical trial comparing risankizumab and ustekinumab in patients
with moderate-to-severe CD who had previously failed anti-TNF therapy, risankizumab
demonstrated superior efficacy. By week 24, 58.6% of patients treated with risankizumab
achieved clinical remission, compared to 39.5% of those treated with ustekinumab. At
week 48, risankizumab was also more efficacious in achieving endoscopic remission, with
31.8% of patients exhibiting improvement versus 16.2% in the ustekinumab group. Both
drugs exhibited comparable safety profiles, although risankizumab demonstrated a slightly
lower incidence of serious adverse events. In conclusion, risankizumab proved to be a
more efficacious agent for inducing and maintaining remission in CD [33-36].

The main side effects of risankizumab include upper respiratory tract infections,
headaches, and injection site reactions. Serious adverse events, though rare, may include
severe infections and hypersensitivity reactions, and there is an observed risk of malignan-
ciessuch as cutaneous basal and squamous cell carcinoma [37].

Mirikizumab was administered with an intravenous loading dose of 300 mg at weeks
0, 4, and 8, followed by a subcutaneous dose of 200 mg every 4 weeks. In patients with
moderately to severely active ulcerative colitis, the clinical remission rate was 24.2% at
week 12, compared to 13.3% with placebo. At week 40, the remission rate was 49.9%
with the drug and 25.1% with placebo for maintenance therapy. Additionally, the drug
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demonstrated favorable outcomes in terms of endoscopic remission and bowel urgency,
with a low incidence of adverse events, including headache and nasopharyngitis [38].

Both agents demonstrated efficacy in patients who had previously failed therapy target-
ing tumor necrosis factor (TNF) as well as in patients who had not yet received TNF-targeting
therapy. The incidence of adverse events was low, with the most commonly reported being
headache, arthralgia, upper respiratory tract infections, and hepatotoxicity [33-36].

Guselkumab is an interleukin-23p19 subunit antagonist that works by inhibiting the
binding of IL-23to its receptor on the cell surface. IL-23 plays a critical role in the pathogene-
sis of inflammatory bowel diseases like UC by promoting cytokine production and immune
system activation. By blocking this interaction, guselkumab helps reduce inflammation and
the immune response in the gut, which is beneficial for patients with moderate-to-severe
UC. Recently, the FDA approved guselkumab for the treatment of moderately to severely
active ulcerative colitis.

The QUASAR phase 2b study evaluated the efficacy and safety of guselkumab, in
patients with moderately to severely active UC. The double-blind, placebo-controlled
trial randomized patients to receive either 200 or 400 mg of intravenous guselkumab or
placebo. The primary endpoint, clinical response at 12 weeks, was significantly higher
in the guselkumab groups compared to placebo, with improvements also observed in
clinical remission, symptomatic remission, endoscopic improvement, and histo-endoscopic
mucosal healing. Safety profiles were comparable across all groups, and guselkumab
showed promise as a safe and effective treatment for UC [39].

The VEGA study was a randomized, double-blind, phase 2 trial aimed at assess-
ing the efficacy of combination therapy with guselkumab and golimumab compared to
monotherapy with either drug in patients with moderately to severely active ulcerative
colitis. The trial involved 214 participants and measured clinical response at 12 weeks, with
results showing that 83% of patients in the combination group achieved clinical response
compared to 61% and 75% in the monotherapy groups. While the combination therapy
demonstrated promising efficacy, it did not meet the predefined statistical significance
criteria for clinical remission compared to guselkumab alone. The most common adverse
events included ulcerative colitis exacerbation, upper respiratory infections, and headaches,
with no deaths or cases of malignancy reported during the induction period. The findings
suggest that guselkumab and golimumab combination therapy may provide enhanced
clinical responses in UC treatment, warranting further investigation in larger studies [40].

The DUET-CD and DUET-UC trials are ongoing phase 2b studies that are randomized,
double-blind, and placebo-controlled, involving patients with moderate-to-severe active
CD and UG, respectively. Participants are assigned to one of six groups, which include
guselkumab, golimumab, and JNJ-78934804 (a combination of guselkumab and golimumab)
at high, mid, and low doses, as well as a placebo group. The primary objective is to evaluate
clinical remission and endoscopic response across treatment groups at week 48 [41,42].

Recently, the FDA approved guselkumab for the treatment of moderately to severely
active UC. Active and promising trials are pending in patients with moderate-to severe CD.

3. Oral Small Molecule Therapies
3.1. Janus Kinase (JAK) Inhibitors

Tofacitinib is an oral, rapidly acting Janus kinase (JAK) inhibitor that primarily targets
JAK1 and JAKS3, and which has been approved for the treatment of UC. It provides an
alternative to biologics for patients who have failed to respond to other treatments, particu-
larly for those who prefer oral administration. However, its use necessitates meticulous
observation due to the potential for adverse effects, including thromboembolism and an
elevated risk of herpes zoster infection [43,44].
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Phase 3 studies (Octave) demonstrated the efficacy of the treatment in achieving
higher rates of clinical remission in patients with UC, both in the induction (8 weeks)
and maintenance (52 weeks) trials [45]. A meta-analysis substantiated the efficacy of the
treatment in patients with refractory UC s while also demonstrating a favorable safety
profile [46]. A comparative analysis of tofacitinib and vedolizumab in patients with UC
who had failed to respond to anti-TNF therapy revealed that tofacitinib demonstrated
superior efficacy with comparable safety profiles, thereby establishing it as a promising
therapeutic alternative for UC [47].

A recent meta-analysis revealed that tofacitinib markedly enhanced health-related
quality of life across a range of domains, including bowel symptoms (diarrhea, abdom-
inal discomfort), systemic symptoms (fatigue), emotional function (decreased anxiety,
depression), and social function (enhanced participation in daily activities). Tofacitinib
demonstrated the greatest efficacy in improving health-related quality of life during the
maintenance phase, underscoring its capacity to sustain long-term quality of life enhance-
ments for patients with UC [48]. However, over 65 years patients who already have an
increased cardiovascular diseases, especially smokers, tofacitinib is not a safe treatment
option. Upadacitinib is a selective JAK1 inhibitor with a relatively favorable adverse event
profile. The drug has demonstrated efficacy in both CD and UC [49]. Sandborn et al.
demonstrated that upadacitinib was more efficacious than a placebo in patients with UC
during the induction period. However, the study also revealed that upadacitinib induced
elevations in serum lipid levels and creatine phosphokinase [44,50].

In a phase 3 study, the group receiving upadacitinib demonstrated significantly supe-
rior clinical improvement compared to the placebo group, both during the induction and
maintenance phases in patients with moderate-to-severe UC [51].

The most commonly reported adverse effects were increased creatine phosphokinase
levels -not clinically significant-, nasopharyngitis, and acne [44,51].

A recent multicenter retrospective study, which included 31 patients diagnosed with
UC or CD, demonstrated that treatment with upadacitinib following prior tofacitinib
therapy resulted in substantial clinical improvements. In patients with UC, upadacitinib
not only provided substantial symptom relief but also resulted in a notable reduction in
inflammatory markers. These findings underscore the efficacy of upadacitinib as a viable
treatment option for UC, particularly in instances where tofacitinib proved to be either
ineffective or poorly tolerated [52].

A recent meta-analysis has compared the efficacy of various biologics and small
molecule therapies in the treatment of UC by focusing on patient-reported outcomes and
health-related quality of life. The data from the 54 studies demonstrated that upadacitinib
exhibited the highest efficacy in achieving clinical remission based on patient-reported
outcomes, including stool frequency and rectal bleeding, during both the induction and
maintenance phases [48].

The use of JAK inhibitors, such as upadacitinib and tofacitinib, may be beneficial for
treating refractory ulcerative colitis (UC) and acute severe UC in patients unresponsive
to standard treatments and biologics. A recent study demonstrated successful remission
with upadacitinib following multiple treatment failures, highlighting JAK inhibitors as
promising options for achieving remission in challenging cases [53].

3.2. Sphingosine-1-Phosphate (51P) Receptor Modulators

Ozanimod is an oral agonist of the S1P1 and S1P5 receptors and has been approved
for the treatment of UC. The drug reduces lymphocyte trafficking to the gut, thereby
decreasing inflammation. The oral administration of the drug and its favorable safety
profile make it a compelling option for especially younger patients with UC. Ongoing
research trials are currently underway to assess the efficacy of this treatment in patients
with moderate-to-severe CD [44,54-56].
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Given the involvement of S1P signaling in cardiovascular functions, the use of SIPR1
modulators such as ozanimod may potentially result in the occurrence of cardiac side effects,
including bradycardia and atrioventricular block [57].. Ozanimod has been demonstrated
to be an efficacious treatment for moderate-to-severe UC, both during the induction phase
(8-10 weeks) and the maintenance phase (24-52 weeks). This resulted in a higher rate
of clinical remission compared to the placebo [54,58]. The most commonly observed
adverse effects were mild elevations in liver enzymes, respiratory infections, and headaches.
However, these were generally not severe enough to result in treatment discontinuation. In
conclusion, ozanimod is regarded as an efficacious and well-tolerated therapeutic option
for the management of UC [58,59].

A recent analysis demonstrated the efficacy of ozanimod in the treatment of patients
with moderate-to-severe UC who had not yet received advanced therapies, including
biologics and Janus kinase inhibitors. Improvements were observed as early as week 2,
with significant differences evident by week 4. By week 10, 23% of patients receiving
ozanimod had achieved clinical remission, compared to just 6.6% of those receiving the
placebo. At week 52, 41.4% of patients remained in remission, and this continued into the
open-label extension, where 91% maintained a clinical response through week 94. The
safety profile was comparable to that observed in previous studies, with mild infections
and elevations in liver enzymes being the most frequently reported adverse effects. In
conclusion, ozanimod demonstrated a robust and sustained efficacy in these patients,
establishing it as a promising early intervention before the introduction of more advanced
therapeutic modalities [60].

Etrasimod is a S1P1 receptor modulator that offers comparable advantages to ozani-
mod and may provide an additional efficacious oral alternative for patients’ management
with UC. Clinical trials are currently underway to evaluate the efficacy and safety of this
treatment in patients with moderate-to-severe CD [61].

In the phase 2 Oasis trial, treatment with 2 mg of etrasimod resulted in significantly
greater improvements in modified Mayo Clinic scores compared to placebo after 12 weeks,
with only mild adverse effects reported [46]. Furthermore, the open-label extension of the
Qasis study, conducted over a period of 52 weeks, corroborated the favorable safety profile
of 2 mg of etrasimod in patients with UC [61].

The ELEVATE trials built upon the findings of the earlier Oasis trial by providing long-
term data on the efficacy and safety of etrasimod in the treatment of moderate-to-severe
UC. While the Oasis trial demonstrated short-term benefits over a 12-week period, the
ELEVATE trials evaluated both the induction and maintenance phases. The ELEVATE UC
52 trial, in particular, extended to 52 weeks and demonstrated sustained clinical remission.
Furthermore, detailed endpoints, such as endoscopic and histological improvement, were
assessed, thereby underscoring etrasimod’s capacity to maintain remission and its favorable
safety profile in a more expansive patient population [62].

4. Choice of First IBD Therapy

The selection of the initial therapeutic intervention in IBD represents a pivotal decision
that has the potential to markedly influence the disease trajectory and overall quality of
life of the patient. A reliable serologic biomarker for IBD patients is currently lacking. In
light of the aforementioned considerations, it is not surprising that this is a frequently
posed question by the community of gastroenterologists seeking guidance on the optimal
initial treatment option. The decision-making process is influenced by a number of factors,
including the severity of the disease, the location and extent of the inflammation, the
patient’s comorbidities, and the presence of extraintestinal manifestations. In practice, we
utilize IBD disease modifiers and the corresponding recommended first-line treatment
options, as predicted in Table 4. Furthermore, patient preferences, potential adverse effects,
and cost are additional factors that contribute to the determination of the most appropriate
initial management strategy [12,44,63,64].
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Table 4. Common disease modifiers and recommended first-line therapy options.

Disease Modifier First Treatment Choice Reason
Fewer Adverse Effects: These drugs have
IBD and Pregnancy Anti-TNFs, Vedolizumab a well-established safety profile during
pregnancy.
Lower Infection Risk: These agents have
IBD in Elderly Patients (>60 y/o0) Vedolizumab, Ustekinumab, Anti-IL-23s a favoralesafety profile, particularly in

reducing infection risks.

IBD and Malignancy History (e.g.,
Lymphoma)

Safer Profile: These agents are associated
Vedolizumab, Ustekinumab, Anti-IL-23s with a lower risk of malignancy
compared to TNF inhibitors.

Combined Effect: Effective for both IBD

IBD and Psoriasis Ustekinumab and psoriasis, making it a dual-purpose
treatment.
IBD and Multiple Sclerosis (MS) Ozanimod Effective in treating both conditions.

IBD and Low Albumin Levels

on-alb-dependent: These therapies are
effective without needing albumin for
drug transport.

Tofacitinib, Upadacitinib, Ozanimod,
Etrasimod

CD with Perianal Involvement

Best Studied: Anti-TNFs have the most
evidence supporting their efficacy in
treating perianal CD.

Anti-TNF (e.g., Infliximab, Adalimumab),
Ustekinumab

4.1. New Oral Agents in Development

The landscape of IBD treatment has undergone a notable transformation with the
advent of new oral agents, offering more efficacious and patient-centric alternatives. These
innovative therapeutic agents are designed to target specific pathogenic pathways involved
in the development of IBD. They offer distinct advantages over traditional treatments, par-
ticularly for patients who prefer oral administration or are intolerant to injectable therapies.

4.2. Janus Kinase (JAK) Inhibitors

Itacitinib is a selective JAK1 inhibitor that has demonstrated potential for future ther-
apeutic applications in the treatment of immune-mediated diseases. The clinical trials
investigating the efficacy of this agent in patients with IBD are still ongoing [44].

Ritlecitinib and brepocitinib are oral inhibitors targeting JAK3/TEC and TYK2/JAK1,
respectively. Both have demonstrated efficacy in the treatment of immune-mediated
inflammatory conditions and are currently being investigated for their potential use in the
management of IBD.

A phase 2b randomized, double-blind, placebo-controlled study was conducted to
evaluate the efficacy and safety of these two oral agents as induction therapies over an
eight-week period. Both ritlecitinib and brepocitinib demonstrated a dose-dependent
improvement in total Mayo scores, with higher doses resulting in a greater reduction
compared to the placebo. The primary endpoints, including clinical remission, endoscopic
improvement, and histologic remission, demonstrated statistically significant positive
outcomes with both drugs. Furthermore, the study demonstrated that both agents were
well tolerated, with the majority of adverse events being mild or moderate. Infections
were the most commonly observed adverse event, though no cases of herpes zoster were
reported to be serious. In conclusion, both drugs demonstrated promising efficacy and
acceptable short-term safety profiles. However, further long-term studies are necessary to
fully understand their benefit-risk profiles for the management of UC patients [65].

Deucravacitinib is a novel orally administered TYK2 inhibitor that selectively targets
the TYK2 enzyme without significantly affecting JAK1-3.

The phase 2 LATTICE-UC study was conducted to evaluate the efficacy and safety
of deucravacitinib in patients with moderately to severe UC who had an inadequate or
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lost response to previous therapies. In this 12-week, double-blind study, 131 patients were
randomly assigned to receive either deucravacitinib (6 mg twice daily) or placebo. The
primary endpoint was clinical remission, yet the study did not achieve its primary or
secondary endpoints. Notably, in patients who had previously undergone biologic therapy,
clinical remission rates were higher with deucravacitinib (16.1%) than with the placebo
(0%). Notwithstanding the numerical enhancements in symptomatic Mayo scores, the
results remained statistically insignificant. The majority of adverse events were mild to
moderate, and further trials are required to investigate the potential for higher doses [66].

4.3. Sphingosine-1-Phosphate (S1P) Receptor Modulators

Amiselimod is an oral selective modulator of the S1P1 receptor that has demonstrated
promising results in the treatment of UC, with a rapid onset of action and only mild side
effects. Amiselimod has demonstrated efficacy in reducing T-helper cell infiltration in
chronic colitis models, thereby suggesting its potential as a treatment option for UC.

The objective of the phase II study was to assess the safety and efficacy of Amiselimod
in patients with moderate-to-severe CD. Over a 14-week period, 78 participants were
randomly assigned to receive either the investigational drug, Amiselimod (0.4 mg), or a
placebo. The primary objective was to achieve a 100-point reduction in the Crohn’s Disease
Activity Index (CDAI) by week 12. Although Amiselimod was generally well tolerated,
with the majority of adverse effects being mild to moderate, it did not demonstrate superior
efficacy compared to the placebo in achieving clinical response or remission. No new safety
concerns were identified during the course of the trial [67].

4.4. Oral Integrin Inhibitors

The migration of lymphocytes to the gut mucosa represents a pivotal element in
the pathogenesis of IBD. Chemokines and selectins play a pivotal role in this process,
facilitating the adhesion of T cells to endothelial cells. Recently, novel small molecule
oral therapeutic agents for the management of IBD patients have been developed that
specifically target adhesion molecules. Examples of such agents include AJM300, PN-943,
and MORF-057.

AJM300 is a gut-restricted antagonist of the a4 integrin subunit that prevents the
binding of «4p7 and «4(31 integrins on T cells to adhesion molecules, thereby inhibiting
lymphocyte migration into the gut. Although AJM300 theoretically carries a risk of PML
due to its potential impact on lymphocyte trafficking to the brain, there have been no
documented cases of PML associated with its use to date. In light of the currently available
evidence, AJM300 appears to be a promising new treatment option for inducing remission
in patients with moderately active UC, pending further studies with long-term results [44].

PN-943 is a small molecule that functions as an integrin antagonist by blocking the
o437 receptor, with its effects largely confined to the gut. PN-943 is an oral small molecule
that functions as an integrin antagonist by blocking the 437 receptor, with its effects
largely confined to the gut. In a recent phase 2 study, which was double-blind, placebo-
controlled, and conducted across multiple centers over 12 weeks, PN-943 demonstrated
superior clinical remission rates compared to placebo in patients with ulcerative colitis,
while exhibiting minimal adverse effects. A phase 3 trial for this promising oral therapy
has yet to be conducted. [44,68].

MOREF-057 is another oral small molecule that inhibits the x437 receptor. The phase
2a open-label study evaluated the safety, tolerability, pharmacokinetics, and efficacy of
MORF-057 in patients with moderately to severe UC. Thirty-five patients received 100 mg
twice daily for 12 weeks, with 89% completing the induction period. The primary endpoint,
a reduction in the Robarts Histology Index (RHI), was met with a significant decrease
of —6.4 points (p = 0.0019). Additionally, 25.7% of patients achieved clinical remission,
and 45.7% saw a clinical response. Pharmacokinetic analysis confirmed >99% receptor
occupancy at week 12. The treatment was well tolerated, with low rates of treatment-
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emergent adverse events, primarily UC exacerbation and anemia. Ongoing trials are
underway to further assess efficacy and determine optimal dosing [69].

4.5. Oral IL-23 Receptor Blocker

JNJ-2113 is a first-in-class orally administered peptide that has been specifically de-
signed to inhibit the IL-23 receptor, a key regulator in the activation of T cells in patients
suffering from moderate-to-severe dermatological, rheumatological, and gastroenterolog-
ical conditions driven by IL-23. Recent research has established the pharmacodynamic
efficacy of NJ-2110 through the use of both in vitro and ex vivo models involving rat colon
tissue, as well as in vitro studies utilizing human colon explants and biopsies obtained
from healthy volunteers. Similarly, JNJ-2113 has demonstrated in vitro activity in human
colon explants. These findings are of great significance in advancing JNJ-2113 as a potential
therapeutic agent for the treatment of IBD [70].

Following the demonstration of a notable impact with this agent in adults with
moderate-to-severe plaque psoriasis, a phase 2 study was initiated to assess the safety
and efficacy of JNJ-2113 in comparison with a placebo in patients with moderate-to-severe
ucC[71].

4.6. Oral TNF Agents

TL1A is a member of the tumor necrosis factor (TNF) family. TL1A interacts with its
receptor, death receptor 3 (DR3), thereby influencing a number of cell lineages. ABX464, a
prototype of TL1A, is an oral small molecule that modulates a specific microRNA, leading
to the downregulation of proinflammatory cytokines and TH17+ cells [44]. In a phase 2b
trial involving 254 patients with UC, ABX464 demonstrated significant efficacy in inducing
clinical remission at daily doses of 25 mg, 50 mg, and 100 mg. These results were achieved
without any major adverse events, and the drug demonstrated superior efficacy compared
to a placebo [72,73].

A phase 2b trial was conducted to assess the efficacy and safety of ABX464 = a
small molecule that upregulates miR-124 in immune cells, in patients with moderate-
to-severe UC. The study involved 254 patients, who were assigned to receive one of
three doses of ABX464 (100 mg, 50 mg, or 25 mg) or a placebo. The results at week 8
demonstrated a notable improvement in the Modified Mayo Score in all ABX464 groups in
comparison to the placebo, thereby indicating the efficacy of the drug in reducing disease
severity. Furthermore, the rates of clinical response, clinical remission, and endoscopic
improvement were higher in the ABX464 groups. The most commonly reported adverse
effects were headaches, with dose-dependent adverse effects. The long-term 48-week open-
label extension demonstrated sustained or improved efficacy, supporting the potential of
ABX464 as a therapeutic option for patients with UC [44,73].

Verification of TL1A’s antifibrotic effects in human trials could prove particularly
beneficial for patients with CD and other conditions. GSK298772, a promising oral small
molecule targeting TL1A, has shown very encouraging results in a recent study, particularly
in terms of safety and dosing, with further research on this agent ongoing [74].

It is noteworthy that a number of crucial parenteral TL1A agents are currently in
development. The preliminary investigations into the parenteral TL1A agents demonstrated
their efficacy in IBD patients, with only minor adverse effects. Furthermore, these agents
have been shown to possess genetic biomarkers and may also reduce the formation of
strictures by decreasing fibroblast activity and the deposition of collagen [75].

RVT-3101 is a monoclonal antibody that targets TL1A, preventing its interaction with
DR3 and thereby reducing inflammation. In a phase 2a trial, RVT-3101 demonstrated
notable improvements in clinical remission and endoscopic healing in patients with UC,
with a favorable safety profile [76]. The drug is currently being investigated further in
phase 2b/3 trials for both UC and CD.

PRA-023 is a TL1A inhibitor that competitively inhibits the TL1A /DR3 interaction,
thereby reducing inflammatory activity in the gut. PRA-025 is currently in the early
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stages of clinical development, with preclinical studies indicating robust anti-inflammatory
activity. Phase I clinical trials are currently being conducted to evaluate the safety and
efficacy of the drug in patients with moderate-to-severe UC and CD [77].

It is our contention that oral small molecule agents will play a significant role in the
management of patients with moderate-to-severe IBD. These FDA approved or investiga-
tional promising oral agents offer several advantages over traditional biologics, including
the convenience of oral administration, their rapid onset of action, and the potential for
more targeted control of inflammation with fewer adverse effects. Furthermore, these
agents offer flexibility in combination with other therapies, rendering them suitable for the
management of complex severe cases of IBD. Furthermore, these agents are more efficacious
in patients with marked hypoalbuminemia and exhibit minimal immunogenicity, rendering
them appealing alternatives for long-term management, as detailed in Table 5.

Table 5. Advantages of oral small molecule agents in the management of patients with IBD.

Ease oral intake

Comparatively much cheaper

Predictable pharmacokinetic studies

Durable effectiveness comparable with biologics

Fast-on action and fast-off outcome

No immunogenicity

Effective in IBD patients with significant hypoalbuminemia

Potential for combination treatment with biologic agents

5. Limitations

While this paper provides an overview of the current therapeutic landscape for
moderate-to-severe IBD, several limitations should be acknowledged. First, the rapidly
evolving field of IBD treatment means that new therapies and evidence emerge frequently;
thus, some of the information presented here may soon be supplemented by newer findings.
Additionally, although we discuss various therapeutic options, the response to IBD treat-
ments remains highly individualized, with variability influenced by genetic, environmental,
and microbiome-related factors that are beyond the scope of this review. Furthermore,
while we highlight the promise of novel treatments such as emerging oral therapies, the
long-term safety and efficacy of these options require further research and validation in
large, diverse patient populations. Finally, the focus of this paper on clinical management
limits our discussion of economic factors, healthcare accessibility, and patient-reported
outcomes, which are important components in achieving optimal patient-centered care in
IBD management.

6. Conclusions

The management of moderate-to-severe inflammatory bowel disease has transformed
significantly over the past few decades, with advancements in targeted therapies and a
more personalized approach to treatment. Current strategies focus not only on alleviating
symptoms but also on achieving sustained clinical remission, endoscopic/mucosal healing,
and enhanced patient quality of life. The availability of biologics, small molecule therapies,
and the promise of novel treatments offer a diverse array of options for clinicians to
tailor therapy to individual patient needs. Despite these advancements, achieving optimal
disease control remains challenging, and further research is needed to refine treatment
protocols, improve long-term outcomes, and reduce the burden of inflammatory bowel
disease on patients’ lives. The future of inflammatory bowel disease management lies
in continued innovation, addressing unmet needs, and ensuring accessibility to effective
therapies, ultimately working toward transforming inflammatory bowel disease from a
debilitating condition to a manageable one.



J. Clin. Med. 2024, 13, 7026 150f 18

Funding: This research was funded by Ertan Research and Education Foundation, grant num-
ber #114069.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Truelove, S.C.; Witts, L.J. Cortisone in ulcerative colitis; final report on a therapeutic trial. Br. Med. J. 1955, 2, 1041-1048. [CrossRef]
[PubMed]

Present, D.H.; Korelitz, B.I.; Wisch, N.; Glass, J.L.; Sachar, D.B.; Pasternack, B.S. Treatment of Crohn’s disease with
6-mercaptopurine. A long-term, randomized, double-blind study. N. Engl. . Med. 1980, 302, 981-987. [CrossRef] [PubMed]
Feagan, B.G.; Rochon, J.; Fedorak, R.N.; Irvine, E.J.; Wild, G.; Sutherland, L.; Steinhart, A.H.; Greenberg, G.R; Gillies, R.; Hopkins,
M.; et al. Methotrexate for the treatment of Crohn’s disease. The North American Crohn’s Study Group Investigators. N. Engl. J.
Med. 1995, 332, 292-297. [CrossRef] [PubMed]

Hanauer, S.B.; Feagan, B.G.; Lichtenstein, G.R.; Mayer, L.F.; Schreiber, S.; Colombel, J.F.; Rachmilewitz, D.; Wolf, D.C.; Olson,
A.; Bao, W,; et al. Maintenance infliximab for Crohn’s disease: The ACCENT I randomised trial. Lancet 2002, 359, 1541-1549.
[CrossRef] [PubMed]

Danese, S.; Fiorino, G.; Raine, T.; Ferrante, M.; Kemp, K.; Kierkus, J.; Lakatos, P.L.; Mantzaris, G.; van der Woude, J.; Panes, ].; et al.
ECCO Position Statement on the Use of Biosimilars for Inflammatory Bowel Disease-An Update. J. Crohn’s Colitis 2017, 11, 26-34.
[CrossRef]

Sandborn, W.J.; Feagan, B.G.; Hanauer, S.; Vermeire, S.; Ghosh, S.; Liu, W.J.; Petersen, A.; Charles, L.; Huang, V.; Usiskin, K,; et al.
Long-Term Efficacy and Safety of Ozanimod in Moderately to Severely Active Ulcerative Colitis: Results From the Open-Label
Extension of the Randomized, Phase 2 TOUCHSTONE Study. J. Crohn’s Colitis 2021, 15, 1120-1129. [CrossRef]

Peyrin-Biroulet, L.; Sandborn, W.; Sands, B.E.; Reinisch, W.; Bemelman, W.; Bryant, R.V,; D'Haens, G.; Dotan, I.; Dubinsky, M.;
Feagan, B.; et al. Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining Therapeutic Goals for
Treat-to-Target. Am. J. Gastroenterol. 2015, 110, 1324-1338. [CrossRef]

Colombel, ].E; Rutgeerts, P.; Reinisch, W.; Esser, D.; Wang, Y.; Lang, Y.; Marano, C.W.; Strauss, R.; Oddens, B.].; Feagan, B.G;
et al. Early mucosal healing with infliximab is associated with improved long-term clinical outcomes in ulcerative colitis.
Gastroenterology 2011, 141, 1194-1201. [CrossRef]

Ha, C.; Kornbluth, A. Mucosal healing in inflammatory bowel disease: Where do we stand? Curr. Gastroenterol. Rep. 2010, 12,
471-478. [CrossRef]

DuPont Andrew, E.A. Medical Therapy Update in Crohn’s Disease. SOJ Immunol. 2014, 2, 2.

Lamb, C.A; Kennedy, N.A ; Raine, T.; Hendy, P.A.; Smith, PJ.; Limdi, ].K.; Hayee, B.; Lomer, M.C.E,; Parkes, G.C.; Selinger, C.;
et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut
2019, 68, s1-s106. [CrossRef] [PubMed]

Lichtenstein, G.R.; Loftus, E.V.; Isaacs, K.L.; Regueiro, M.D.; Gerson, L.B.; Sands, B.E. ACG Clinical Guideline: Management of
Crohn’s Disease in Adults. Am. ]. Gastroenterol. 2018, 113, 481-517. [CrossRef] [PubMed]

Feagan, B.G.; Rutgeerts, P; Sands, B.E.; Hanauer, S.; Colombel, J.F.; Sandborn, W.]J.; Van Assche, G.; Axler, J.; Kim, H.J.; Danese, S.;
et al. Vedolizumab as induction and maintenance therapy for ulcerative colitis. N. Engl. ]. Med. 2013, 369, 699-710. [CrossRef]
[PubMed]

Sands, B.E.; Sandborn, W.J.; Panaccione, R.; O’Brien, C.D.; Zhang, H.; Johanns, J.; Adedokun, O.J.; Li, K.; Peyrin-Biroulet, L.; Van
Assche, G.; et al. Ustekinumab as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. |. Med. 2019, 381, 1201-1214.
[CrossRef] [PubMed]

Peyrin-Biroulet, L.; Panes, J.; Sandborn, W.J.; Vermeire, S.; Danese, S.; Feagan, B.G.; Colombel, ].F.; Hanauer, S.B.; Rycroft, B.
Defining Disease Severity in Inflammatory Bowel Diseases: Current and Future Directions. Clin. Gastroenterol. Hepatol. 2016, 14,
348-354.e317. [CrossRef]

Colombel, ].E,; Sandborn, W.].; Reinisch, W.; Mantzaris, G.J.; Kornbluth, A.; Rachmilewitz, D.; Lichtiger, S.; D"Haens, G.; Diamond,
R.H.; Broussard, D.L.; et al. Infliximab, azathioprine, or combination therapy for Crohn’s disease. N. Engl. |. Med. 2010, 362,
1383-1395. [CrossRef]

Feagan, B.G.; Lemann, M.; Befrits, R.; Connell, W.; D'Haens, G.; Ghosh, S.; Michetti, P.; Ochsenkuhn, T.; Panaccione, R.; Schreiber,
S.; et al. Recommendations for the treatment of Crohn’s disease with tumor necrosis factor antagonists: An expert consensus
report. Inflamm. Bowel Dis. 2012, 18, 152-160. [CrossRef]

Leone, G.M.; Mangano, K.; Petralia, M.C.; Nicoletti, F; Fagone, P. Past, Present and (Foreseeable) Future of Biological Anti-TNF
Alpha Therapy. J. Clin. Med. 2023, 12, 1630. [CrossRef]


https://doi.org/10.1136/bmj.2.4947.1041
https://www.ncbi.nlm.nih.gov/pubmed/13260656
https://doi.org/10.1056/NEJM198005013021801
https://www.ncbi.nlm.nih.gov/pubmed/6102739
https://doi.org/10.1056/NEJM199502023320503
https://www.ncbi.nlm.nih.gov/pubmed/7816064
https://doi.org/10.1016/S0140-6736(02)08512-4
https://www.ncbi.nlm.nih.gov/pubmed/12047962
https://doi.org/10.1093/ecco-jcc/jjw198
https://doi.org/10.1093/ecco-jcc/jjab012
https://doi.org/10.1038/ajg.2015.233
https://doi.org/10.1053/j.gastro.2011.06.054
https://doi.org/10.1007/s11894-010-0146-8
https://doi.org/10.1136/gutjnl-2019-318484
https://www.ncbi.nlm.nih.gov/pubmed/31562236
https://doi.org/10.1038/ajg.2018.27
https://www.ncbi.nlm.nih.gov/pubmed/29610508
https://doi.org/10.1056/NEJMoa1215734
https://www.ncbi.nlm.nih.gov/pubmed/23964932
https://doi.org/10.1056/NEJMoa1900750
https://www.ncbi.nlm.nih.gov/pubmed/31553833
https://doi.org/10.1016/j.cgh.2015.06.001
https://doi.org/10.1056/NEJMoa0904492
https://doi.org/10.1002/ibd.21870
https://doi.org/10.3390/jcm12041630

J. Clin. Med. 2024, 13, 7026 16 of 18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rutgeerts, P.; Van Assche, G.; Sandborn, W.].; Wolf, D.C.; Geboes, K.; Colombel, ].E; Reinisch, W.; Investigators, E.; Kumar, A.;
Lazar, A ; et al. Adalimumab induces and maintains mucosal healing in patients with Crohn’s disease: Data from the EXTEND
trial. Gastroenterology 2012, 142, 1102-1111.e2. [CrossRef] [PubMed]

Pasut, G. Pegylation of biological molecules and potential benefits: Pharmacological properties of certolizumab pegol. BioDrugs
2014, 28 (Suppl. 1), S15-5S23. [CrossRef]

Cunningham, G.; Samaan, M.A; Irving, PM. Golimumab in the treatment of ulcerative colitis. Ther. Adv. Gastroenterol. 2019, 12,
1756284818821266. [CrossRef] [PubMed]

Simponi—Accessdata.fda.gov. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label /2011 /1252895006
4lbl.pdf (accessed on 7 October 2024).

Leake, I. IBD: Safety and efficacy of switching to biosimilars in IBD. Nat. Rev. Gastroenterol. Hepatol. 2016, 13, 314. [CrossRef]
Baji, P.; Gulacsi, L.; Lovasz, B.D.; Golovics, P.A.; Brodszky, V.; Pentek, M.; Rencz, F.; Lakatos, P.L. Treatment preferences of
originator versus biosimilar drugs in Crohn’s disease; discrete choice experiment among gastroenterologists. Scand. J. Gastroenterol.
2016, 51, 22-27. [CrossRef] [PubMed]

Ben-Horin, S.; Vande Casteele, N.; Schreiber, S.; Lakatos, P.L. Biosimilars in Inflammatory Bowel Disease: Facts and Fears of
Extrapolation. Clin. Gastroenterol. Hepatol. 2016, 14, 1685-1696. [CrossRef] [PubMed]

Gubatan, J.; Keyashian, K.; Rubin, S.J.S.; Wang, J.; Buckman, C.A; Sinha, S. Anti-Integrins for the Treatment of Inflammatory
Bowel Disease: Current Evidence and Perspectives. Clin. Exp. Gastroenterol. 2021, 14, 333-342. [CrossRef] [PubMed]

Scribano, M.L. Vedolizumab for inflammatory bowel disease: From randomized controlled trials to real-life evidence. World J.
Gastroenterol. 2018, 24, 2457-2467. [CrossRef]

Xie, R.; Zhao, N.; Jia, B.; Zhao, X.; Cui, Y.; Okamoto, H.; Yang, L.; Prokopienko, A. Pharmacokinetics and Safety of Vedolizumab
Following Administration of a Single Intravenous Dose in Healthy Chinese Subjects. Eur. J. Drug Metab. Pharmacokinet. 2023, 48,
35-40. [CrossRef]

Sandborn, W.J.; Gasink, C.; Gao, L.L.; Blank, M.A.; Johanns, J.; Guzzo, C.; Sands, B.E.; Hanauer, S.B.; Targan, S.; Rutgeerts, P; et al.
Ustekinumab induction and maintenance therapy in refractory Crohn’s disease. N. Engl. . Med. 2012, 367, 1519-1528. [CrossRef]
Feagan, B.G.; Sandborn, W.].; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, ].R.; Blank, M.A_; Johanns, J.; Gao, L.L.; Miao, Y.; et al.
Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. . Med. 2016, 375, 1946-1960. [CrossRef]
Sands, B.E.; Gasink, C.; Jacobstein, D.; Gao, L.-L.; Johanns, J.; Colombel, J.E.; de Villiers, W.].; Sandborn, W.]. Sandborn. Fistula
Healing in Pivotal Studies of Ustekinumab in Crohn’s Disease. Gastroenterology 2017, 152, S185. [CrossRef]

Gratton, D.; Szapary, P.; Goyal, K.; Fakharzadeh, S.; Germain, V.; Saltiel, P. Reversible posterior leukoencephalopathy syndrome
in a patient treated with ustekinumab: Case report and review of the literature. Arch. Dermatol. 2011, 147, 1197-1202. [CrossRef]
[PubMed]

D’Haens, G.; Panaccione, R.; Baert, F.; Bossuyt, P.; Colombel, J.E,; Danese, S.; Dubinsky, M.; Feagan, B.G.; Hisamatsu, T; Lim, A;
et al. Risankizumab as induction therapy for Crohn’s disease: Results from the phase 3 ADVANCE and MOTIVATE induction
trials. Lancet 2022, 399, 2015-2030. [CrossRef] [PubMed]

Feagan, B.G.; Sandborn, W.J.; D'Haens, G.; Panes, J.; Kaser, A.; Ferrante, M.; Louis, E.; Franchimont, D.; Dewit, O.; Seidler, U.;
et al. Induction therapy with the selective interleukin-23 inhibitor risankizumab in patients with moderate-to-severe Crohn’s
disease: A randomised, double-blind, placebo-controlled phase 2 study. Lancet 2017, 389, 1699-1709. [CrossRef]

Baumgart, D.C.; Le Berre, C. Newer Biologic and Small-Molecule Therapies for Inflammatory Bowel Disease. N. Engl. ]. Med.
2021, 385, 1302-1315. [CrossRef] [PubMed]

Peyrin-Biroulet, L.; Chapman, J.C.; Colombel, J.E; Caprioli, F.; D'Haens, G.; Ferrante, M.; Schreiber, S.; Atreya, R.; Danese, S.;
Lindsay, J.O.; et al. Risankizumab versus Ustekinumab for Moderate-to-Severe Crohn’s Disease. N. Engl. |. Med. 2024, 391,
213-223. [CrossRef] [PubMed]

Gordon, K.B,; Strober, B.; Lebwohl, M.; Augustin, M.; Blauvelt, A.; Poulin, Y.; Papp, K.A.; Sofen, H.; Puig, L.; Foley, P; et al.
Efficacy and safety of risankizumab in moderate-to-severe plaque psoriasis (UltIMMa-1 and UltIMMa-2): Results from two
double-blind, randomised, placebo-controlled and ustekinumab-controlled phase 3 trials. Lancet 2018, 392, 650-661. [CrossRef]
D’Haens, G.; Dubinsky, M.; Kobayashi, T.; Irving, PM.; Howaldt, S.; Pokrotnieks, J.; Krueger, K.; Laskowski, J.; Li, X.; Lissoos, T.;
et al. Mirikizumab as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. . Med. 2023, 388, 2444-2455. [CrossRef]
Peyrin-Biroulet, L.; Allegretti, ].R.; Rubin, D.T.; Bressler, B.; Germinaro, M.; Huang, K.G.; Shipitofsky, N.; Zhang, H.; Wilson, R.;
Han, C.; et al. Guselkumab in Patients with Moderately to Severely Active Ulcerative Colitis: QUASAR Phase 2b Induction Study.
Gastroenterology 2023, 165, 1443-1457. [CrossRef]

Feagan, B.G.; Sands, B.E.; Sandborn, W.J.; Germinaro, M.; Vetter, M.; Shao, J.; Sheng, S.; Johanns, J.; Panes, ].; Group, V.S.
Guselkumab plus golimumab combination therapy versus guselkumab or golimumab monotherapy in patients with ulcerative
colitis (VEGA): A randomised, double-blind, controlled, phase 2, proof-of-concept trial. Lancet Gastroenterol. Hepatol. 2023, 8,
307-320. [CrossRef]

Janssen Research & Development LLC. A Study of Combination Therapy with Guselkumab and Golimumab in Participants with
Moderately to Severely Active Crohn’s Disease (DUET-CD). Available online: https://clinicaltrials.gov/study/NCT05242471
(accessed on 7 October 2024).


https://doi.org/10.1053/j.gastro.2012.01.035
https://www.ncbi.nlm.nih.gov/pubmed/22326435
https://doi.org/10.1007/s40259-013-0064-z
https://doi.org/10.1177/1756284818821266
https://www.ncbi.nlm.nih.gov/pubmed/30728858
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/125289s0064lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/125289s0064lbl.pdf
https://doi.org/10.1038/nrgastro.2016.79
https://doi.org/10.3109/00365521.2015.1054422
https://www.ncbi.nlm.nih.gov/pubmed/26059967
https://doi.org/10.1016/j.cgh.2016.05.023
https://www.ncbi.nlm.nih.gov/pubmed/27215364
https://doi.org/10.2147/CEG.S293272
https://www.ncbi.nlm.nih.gov/pubmed/34466013
https://doi.org/10.3748/wjg.v24.i23.2457
https://doi.org/10.1007/s13318-022-00804-6
https://doi.org/10.1056/NEJMoa1203572
https://doi.org/10.1056/NEJMoa1602773
https://doi.org/10.1016/S0016-5085(17)30930-7
https://doi.org/10.1001/archdermatol.2011.161
https://www.ncbi.nlm.nih.gov/pubmed/21680761
https://doi.org/10.1016/S0140-6736(22)00467-6
https://www.ncbi.nlm.nih.gov/pubmed/35644154
https://doi.org/10.1016/S0140-6736(17)30570-6
https://doi.org/10.1056/NEJMra1907607
https://www.ncbi.nlm.nih.gov/pubmed/34587387
https://doi.org/10.1056/NEJMoa2314585
https://www.ncbi.nlm.nih.gov/pubmed/39018531
https://doi.org/10.1016/S0140-6736(18)31713-6
https://doi.org/10.1056/NEJMoa2207940
https://doi.org/10.1053/j.gastro.2023.08.038
https://doi.org/10.1016/S2468-1253(22)00427-7
https://clinicaltrials.gov/study/NCT05242471

J. Clin. Med. 2024, 13, 7026 17 of 18

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Janssen Research & Development LLC. A Study of Combination Therapy with Guselkumab and Golimumab in Participants with
Moderately to Severely Active Ulcerative Colitis (DUET-UC). Available online: https://clinicaltrials.gov /study/NCT05242484
(accessed on 7 October 2024).

Sandborn, W.J.; Ghosh, S.; Panes, J.; Vranic, L; Su, C.; Rousell, S.; Niezychowski, W.; Study, A I Tofacitinib, an oral Janus kinase
inhibitor, in active ulcerative colitis. N. Engl. J. Med. 2012, 367, 616-624. [CrossRef]

Kasapoglu, B.; Ertan, A. Oral small molecule agents in management of ulcerative colitis: Fact or fancy? Turk. J. Med. Sci. 2023, 53,
1526-1536. [CrossRef] [PubMed]

Sandborn, W.J.; Su, C.; Panes, J. Correspondence: Tofacitinib as Induction and Maintenance Therapy for Ulcerative Colitis. N.
Engl. ]. Med. 2017, 377, 496-497. [CrossRef]

Taxonera, C.; Olivares, D.; Alba, C. Real-World Effectiveness and Safety of Tofacitinib in Patients with Ulcerative Colitis:
Systematic Review with Meta-Analysis. Inflamm. Bowel Dis. 2022, 28, 32-40. [CrossRef] [PubMed]

Straatmijer, T.; Biemans, V.B.C.; Visschedijk, M.; Hoentjen, F.; de Vries, A.; van Bodegraven, A.A.; Bodelier, A.; de Boer, N.K.H.;
Dijkstra, G.; Festen, N.; et al. Superior Effectiveness of Tofacitinib Compared to Vedolizumab in Anti-TNF-experienced Ulcerative
Colitis Patients: A Nationwide Dutch Registry Study. Clin. Gastroenterol. Hepatol. 2023, 21, 182-191.e2. [CrossRef] [PubMed]
Shehab, M.; Hassan, A.; Alrashed, F,; Abbas, A.; Ma, C.; Narula, N.; Jairath, V.; Singh, S.; Bessissow, T. Comparative Efficacy of
Biologics and Small Molecule Therapies in Improving Patient-Reported Outcomes in Ulcerative Colitis: Systematic Review and
Network Meta-Analysis. Inflamm. Bowel Dis. 2024, izael163. [CrossRef] [PubMed]

Honap, S.; Agorogianni, A.; Colwill, M.].; Mehta, S.K.; Donovan, E; Pollok, R.; Poullis, A.; Patel, K. JAK inhibitors for inflammatory
bowel disease: Recent advances. Frontline Gastroenterol. 2024, 15, 59—-69. [CrossRef]

Sandborn, W.J.; Ghosh, S.; Panes, ].; Schreiber, S.; D’'Haens, G.; Tanida, S.; Siffledeen, J.; Enejosa, J.; Zhou, W.; Othman, A.A; et al.
Efficacy of Upadacitinib in a Randomized Trial of Patients with Active Ulcerative Colitis. Gastroenterology 2020, 158, 2139-2149.e14.
[CrossRef]

Danese, S.; Vermeire, S.; Zhou, W.; Pangan, A.L.; Siffledeen, J.; Greenbloom, S.; Hebuterne, X.; D'Haens, G.; Nakase, H.; Panes, J.;
et al. Upadacitinib as induction and maintenance therapy for moderately to severely active ulcerative colitis: Results from three
phase 3, multicentre, double-blind, randomised trials. Lancet 2022, 399, 2113-2128. [CrossRef]

Odah, T.; Karime, C.; Desai, A.; Picco, M.E,; Kinnucan, J.A.; Hashash, ].G.; Farraye, F.A. Response to Upadacitinib in Patients with
Inflammatory Bowel Disease Previously Treated with Tofacitinib. Dig. Dis. Sci. 2024, 69, 3911-3919. [CrossRef]

Soldera, J. Navigating treatment resistance: Janus kinase inhibitors for ulcerative colitis. World |. Clin. Cases 2024, 12, 5468-5472.
[CrossRef]

Sandborn, W.J.; Feagan, B.G.; Wolf, D.C.; D'Haens, G.; Vermeire, S.; Hanauer, S.B.; Ghosh, S.; Smith, H.; Cravets, M.; Frohna, P.A,;
et al. Ozanimod Induction and Maintenance Treatment for Ulcerative Colitis. N. Engl. . Med. 2016, 374, 1754-1762. [CrossRef]
[PubMed]

Scott, EL.; Clemons, B.; Brooks, J.; Brahmachary, E.; Powell, R.; Dedman, H.; Desale, H.G.; Timony, G.A.; Martinborough, E.;
Rosen, H.; et al. Ozanimod (RPC1063) is a potent sphingosine-1-phosphate receptor-1 (51P1) and receptor-5 (S1P5) agonist with
autoimmune disease-modifying activity. Br. J. Pharmacol. 2016, 173, 1778-1792. [CrossRef]

Paik, J. Ozanimod: A Review in Ulcerative Colitis. Drugs 2022, 82, 1303-1313. [CrossRef] [PubMed]

Jozefczuk, E.; Guzik, T.].; Siedlinski, M. Significance of sphingosine-1-phosphate in cardiovascular physiology and pathology.
Pharmacol. Res. 2020, 156, 104793. [CrossRef] [PubMed]

Sandborn, W.J.; Feagan, B.G.; D'Haens, G.; Wolf, D.C.; Jovanovic, I.; Hanauer, S.B.; Ghosh, S.; Petersen, A.; Hua, S.Y.; Lee, ].H,;
et al. Ozanimod as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. |. Med. 2021, 385, 1280-1291. [CrossRef]
[PubMed]

European Medicines Agency. (Ozanimod Hydrochloride): EU Summary of Product Characteristics. 2021. Available online:
https:/ /ec.europa.eu/health/documents/community-register /2021 /20211118153769 /anx_153769_en.pdf (accessed on 7 October
2024).

Sands, B.E.; D’'Haens, G.; Panaccione, R.; Regueiro, M.; Ghosh, S.; Hudesman, D.; Ahmad, H.A.; Mehra, D.; Wu, H,; Jain, A,; et al.
Ozanimod in Patients with Moderate to Severe Ulcerative Colitis Naive to Advanced Therapies. Clin. Gastroenterol. Hepatol. 2024,
22,2084-2095.e4. [CrossRef]

Vermeire, S.; Chiorean, M.; Panes, J.; Peyrin-Biroulet, L.; Zhang, J.; Sands, B.E.; Lazin, K.; Klassen, P.; Naik, S.U.; Cabell, C.H.; et al.
Long-term Safety and Efficacy of Etrasimod for Ulcerative Colitis: Results from the Open-label Extension of the OASIS Study. J.
Crohn’s Colitis 2021, 15, 950-959. [CrossRef]

Sandborn, W.].; Vermeire, S.; Peyrin-Biroulet, L.; Dubinsky, M.C.; Panes, J.; Yarur, A.; Ritter, T.; Baert, F.; Schreiber, S.; Sloan,
S.; et al. Etrasimod as induction and maintenance therapy for ulcerative colitis (ELEVATE): Two randomised, double-blind,
placebo-controlled, phase 3 studies. Lancet 2023, 401, 1159-1171. [CrossRef]

Gordon, H.; Minozzi, S.; Kopylov, U.; Verstockt, B.; Chaparro, M.; Buskens, C.; Warusavitarne, J.; Agrawal, M.; Allocca, M.;
Atreya, R.; et al. ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. ]. Crohn’s Colitis 2024, 18, 1531-1555.
[CrossRef]

Laredo, V.; Garcia-Mateo, S.; Martinez-Dominguez, S.J.; Lopez de la Cruz, ].; Gargallo-Puyuelo, C.J.; Gomollon, E. Risk of Cancer
in Patients with Inflammatory Bowel Diseases and Keys for Patient Management. Cancers 2023, 15, 871. [CrossRef]


https://clinicaltrials.gov/study/NCT05242484
https://doi.org/10.1056/NEJMoa1112168
https://doi.org/10.55730/1300-0144.5722
https://www.ncbi.nlm.nih.gov/pubmed/38813493
https://doi.org/10.1056/NEJMc1707500
https://doi.org/10.1093/ibd/izab011
https://www.ncbi.nlm.nih.gov/pubmed/33586766
https://doi.org/10.1016/j.cgh.2022.04.038
https://www.ncbi.nlm.nih.gov/pubmed/35644343
https://doi.org/10.1093/ibd/izae163
https://www.ncbi.nlm.nih.gov/pubmed/39137239
https://doi.org/10.1136/flgastro-2023-102400
https://doi.org/10.1053/j.gastro.2020.02.030
https://doi.org/10.1016/S0140-6736(22)00581-5
https://doi.org/10.1007/s10620-024-08630-3
https://doi.org/10.12998/wjcc.v12.i24.5468
https://doi.org/10.1056/NEJMoa1513248
https://www.ncbi.nlm.nih.gov/pubmed/27144850
https://doi.org/10.1111/bph.13476
https://doi.org/10.1007/s40265-022-01762-8
https://www.ncbi.nlm.nih.gov/pubmed/35994200
https://doi.org/10.1016/j.phrs.2020.104793
https://www.ncbi.nlm.nih.gov/pubmed/32278039
https://doi.org/10.1056/NEJMoa2033617
https://www.ncbi.nlm.nih.gov/pubmed/34587385
https://ec.europa.eu/health/documents/community-register/2021/20211118153769/anx_153769_en.pdf
https://doi.org/10.1016/j.cgh.2024.03.042
https://doi.org/10.1093/ecco-jcc/jjab016
https://doi.org/10.1016/S0140-6736(23)00061-2
https://doi.org/10.1093/ecco-jcc/jjae091
https://doi.org/10.3390/cancers15030871

J. Clin. Med. 2024, 13, 7026 18 of 18

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Sandborn, W.J.; Danese, S.; Leszczyszyn, J.; Romatowski, J.; Altintas, E.; Peeva, E.; Hassan-Zahraee, M.; Vincent, M.S.; Reddy,
PS.; Banfield, C.; et al. Oral Ritlecitinib and Brepocitinib for Moderate-to-Severe Ulcerative Colitis: Results From a Randomized,
Phase 2b Study. Clin. Gastroenterol. Hepatol. 2023, 21, 2616-2628.e7. [CrossRef] [PubMed]

Efficacy and Safety of Deucravacitinib, an Oral, Selective Tyrosine Kinase 2 Inhibitor, in Patients with Moderately to Severely
Active Ulcerative Colitis: 12-Week Results From the Phase 2 LATTICE-UC Study. Gastroenterol. Hepatol. 2022, 18, 6.

D’Haens, G.; Danese, S.; Davies, M.; Watanabe, M.; Hibi, T. A phase II, Multicentre, Randomised, Double-Blind, Placebo-controlled
Study to Evaluate Safety, Tolerability, and Efficacy of Amiselimod in Patients with Moderate to Severe Active Crohn’s Disease. J.
Crohn’s Colitis 2022, 16, 746-756. [CrossRef] [PubMed]

Sandborn, W.J.; Mattheakis, L.C.; Modi, N.B.; Pugatch, D.; Bressler, B.; Lee, S.; Bhandari, R.; Kanwar, B.; Shames, R.; D'Haens, G.;
et al. PTG-100, an Oral alpha4beta7 Antagonist Peptide: Preclinical Development and Phase 1 and 2a Studies in Ulcerative Colitis.
Gastroenterology 2021, 161, 1853-1864.e1810. [CrossRef] [PubMed]

Sands, B.E.; Schreiber, S.; Danese, S.; Kierkus, J.; Abhyankar, B.; Choi, M.; Soo, C.; Wu, Y; Sun, F; Lee, D.; et al. Clinical proof of
principle and favorable tolerability profile shown with orally dosed MORF-057 as induction therapy for moderately to severely
active ulcerative colitis: Phase 2a EMERALD-1 study results-MP009. In Proceedings of the UEGW, Copenhagen, Denmark, 14-17
October 2023.

de Leon-Tabaldo, A.; Strawn, D.; Chang, L.; Cheng, X.; Greving, C.; Knight, B.; Sendecki, J.; Sherlock, J.; Modi, N.B.; Kannan, A.;
et al. P626 JNJ-77242113, an oral peptide selectively targeting the IL-23 receptor, demonstrates pharmacodynamic activity in rat
and human colon tissue explants following oral dosing. J. Crohn’s Colitis 2024, 18, i1202. [CrossRef]

Ferris, L.K,; Bagel, J.; Huang, Y.-H.; Pink, A.E.; Tyring, S.K.; DeLozier, A.M.; Kakaley, D.; Li, S.; Shen, Y.-K,; Ota, T.; et al. Phase
2b, Long-term Extension, Dose-ranging Study of Oral JNJ-77242113 for the Treatment of Moderate-to-Severe Plaque Psoriasis:
FRONTIER-2 [abstract]. Arthritis Rheumatol. 2024, 76, 0303. [CrossRef]

Richard, A.C.; Ferdinand, J.R.; Meylan, E; Hayes, E.T.; Gabay, O.; Siegel, R.M. The TNF-family cytokine TL1A: From lymphocyte
costimulator to disease co-conspirator. J. Leucoc. Biol. 2015, 98, 333-345. [CrossRef]

Vermeire, S.; Sands, B.E.; Tilg, H.; Tulassay, Z.; Kempinski, R.; Danese, S.; Bunganic, I.; Nitcheu, J.; Santo, J.; Scherrer, D.; et al.
ABX464 (obefazimod) for moderate-to-severe, active ulcerative colitis: A phase 2b, double-blind, randomised, placebo-controlled
induction trial and 48 week, open-label extension. Lancet Gastroenterol. Hepatol. 2022, 7, 1024-1035. [CrossRef]

Weisel, K.; Scott, N.; Berger, S.; Wang, S.; Brown, K.; Powell, M.; Broer, M.; Watts, C.; Tompson, D.J.; Burriss, SW.; et al. A
randomised, placebo-controlled study of RIPK1 inhibitor GSK2982772 in patients with active ulcerative colitis. BM] Open
Gastroenterol. 2021, 8, e000680. [CrossRef]

Xiong, S.; Whitehurst, C.E.; Li, L.; Heo, G.S.; Lai, C.W.; Jain, U.; Muegge, B.D.; Espenschied, S.T.; Musich, R.J.; Chen, M.; et al.
Reverse translation approach generates a signature of penetrating fibrosis in Crohn’s disease that is associated with anti-TNF
response. Gut 2022, 71, 1289-1301. [CrossRef]

Danese, S.; Klopocka, M.; Scherl, E.J.; Romatowski, J.; Allegretti, ].R.; Peeva, E.; Vincent, M.S.; Schoenbeck, U.; Ye, Z.; Hassan-
Zahraee, M.; et al. Anti-TL1A Antibody PF-06480605 Safety and Efficacy for Ulcerative Colitis: A Phase 2a Single-Arm Study.
Clin. Gastroenterol. Hepatol. 2021, 19, 2324-2332.e2326. [CrossRef] [PubMed]

Feagan, B.G.; Sands, B.; Siegel, C.A.; Dubinsky, M.; Longman, R.; Sabinho, J.; Laurent, O.; Luo, A.; Lu, ].D.; Nguyen, D.; et al.
The Anti-TL1A Antibody PRA023 Demonstrated Proof-of-Concept in Crohn’s Disease: Phase 2a APOLLO-CD Study Results. J.
Crohn’s Colitis 2023, 17,1162—i164. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cgh.2022.12.029
https://www.ncbi.nlm.nih.gov/pubmed/36623678
https://doi.org/10.1093/ecco-jcc/jjab201
https://www.ncbi.nlm.nih.gov/pubmed/34758080
https://doi.org/10.1053/j.gastro.2021.08.045
https://www.ncbi.nlm.nih.gov/pubmed/34474038
https://doi.org/10.1093/ecco-jcc/jjad212.0756
https://doi.org/10.1016/j.jaad.2024.10.076
https://doi.org/10.1189/jlb.3RI0315-095R
https://doi.org/10.1016/S2468-1253(22)00233-3
https://doi.org/10.1136/bmjgast-2021-000680
https://doi.org/10.1136/gutjnl-2020-323405
https://doi.org/10.1016/j.cgh.2021.06.011
https://www.ncbi.nlm.nih.gov/pubmed/34126262
https://doi.org/10.1093/ecco-jcc/jjac190.0127

	Introduction 
	Historical Evolution and Advancements in IBD Treatment 
	Therapeutic Goals in IBD 
	Management of Moderate-to-Severe IBD Patients 
	FDA-Approved Agents in 2024 

	Biologic Therapies 
	Anti-TNF Agents 
	Biosimilars 
	Integrin Inhibitors 
	Interleukin Inhibitors 

	Oral Small Molecule Therapies 
	Janus Kinase (JAK) Inhibitors 
	Sphingosine-1-Phosphate (S1P) Receptor Modulators 

	Choice of First IBD Therapy 
	New Oral Agents in Development 
	Janus Kinase (JAK) Inhibitors 
	Sphingosine-1-Phosphate (S1P) Receptor Modulators 
	Oral Integrin Inhibitors 
	Oral IL-23 Receptor Blocker 
	Oral TNF Agents 

	Limitations 
	Conclusions 
	References

