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Abstract

Inflammatory bowel disease (IBD), consisting of Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic inflammatory condition of the gastrointestinal tract with significant clinical impact, leading to
debilitating symptoms, impaired quality of life, and an increased risk of complications such as colorectal
cancer. This review provides a comprehensive overview of current and emerging therapeutic strategies for
IBD. We conducted a narrative review to explore therapeutic advances in IBD treatment, focusing on
mechanisms of action, clinical development, and current therapeutic challenges. We analyzed existing
knowledge on clinical drug development for IBD, up to July 2025. Our search encompassed databases
including PubMed, ClinicalTrials.gov, and Google Scholar, using keywords such as “Inflammatory bowel
disease”, “Crohn’s disease”, “Ulcerative colitis”, “therapeutics”, and relevant drug names. We delve into key
progress in approved drugs in recent years, including biologic and targeted small molecule therapies, which
have advanced the treatment paradigms by offering more precise targeting of inflammatory pathways. This
review also covers investigational drugs in clinical development, including biologics and small molecules
against novel molecular targets, cell and gene therapies, precision medicine approaches, and microbiome-
based interventions. Those novel therapies could potentially address unmet medical needs by achieving
deeper and more durable responses, inducing remission, preventing disease progression, and ultimately
improving long-term patient outcomes. This review summarizes the latest progress in IBD treatment,
outlines the advantages, pitfalls, and research prospects of various drugs and therapies, aiming to provide a
foundational understanding for both clinical decision-making and future IBD research.
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Introduction

First described in the Western population in 1859 [1, 2], inflammatory bowel disease (IBD) represents a
class of chronic, relapsing-remitting inflammatory conditions of the gastrointestinal (GI) tract that include
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two major types: Crohn’s disease (CD) and ulcerative colitis (UC) [3, 4]. IBD now reflects a significant and
growing global burden. In 2023, the global prevalence of UC alone was estimated at 5 million cases [5]. In
the US, age- and sex-standardized data revealed a higher prevalence of UC compared to CD, with 378 vs.
305 cases per 100,000 population, respectively [6]. Since 1990, the number of IBD prevalent cases has risen
by 47%. This upward trend is especially notable in newly industrialized countries, where westernization
and lifestyle shifts are contributing factors to the increasing prevalence of IBD [7].

The therapeutic landscape for IBD has undergone a remarkable expansion in recent years.
Conventional treatments—including aminosalicylates, corticosteroids (CSs), immunomodulators, and
biologics, along with general measures or surgical resection, have long aimed to control symptoms [8]. A
major development arrived in 1998 with the approval of infliximab, the first anti-tumor necrosis factor
(TNF) biologic for CD. This innovation started a new era, shifting the therapeutic framework from mere
symptomatic clinical remission toward the more ambitious goal of sustained deep remission. Treatment
strategies evolved in parallel, now prioritizing the early introduction of effective therapy, combined with
tight and frequent control of inflammatory activity, and adjustments based on those assessments—a true
treat-to-target strategy [9, 10].

In response, a wave of new therapeutic strategies is emerging, encompassing small molecules,
apheresis therapy, approaches to improve intestinal microecology, cell therapy, and even exosome therapy
[8]. Beyond medication, patient education on diet and psychology has also proven beneficial for IBD
management. This recent progress, particularly the emergence of biologics, has not only reshaped IBD
treatment modalities but also expanded the overall perspective of IBD therapy. Today, treatment decisions
for IBD are multifaceted, considering not only disease activity and severity but also patient risk tolerance,
co-existing conditions, the potential for treatment-related complications, and payer considerations.
Ultimately, the objective of treatment is to control symptoms and mitigate inflammation to avert disease
progression and complications [11, 12].

This review aims to provide a comprehensive overview of the therapeutic landscape in IBD by delving
into the mechanisms of action (MoAs), efficacy, and safety profiles of established drug classes, highlighting
their key milestones in development. We will also discuss novel therapeutic targets and approaches
currently under investigation, aiming to address the unmet medical needs in IBD therapeutics.

In this review, a narrative search was performed on PubMed, ClinicalTrials.gov, and Google Scholar.

»n o«

The search utilized individual and combined terms such as “Inflammatory bowel disease”, “Crohn’s
disease”, and “Ulcerative colitis”, along with “therapeutics”, “pathogenesis”, and specific drug names.
Publications between January 2001 and July 2025 were considered, with no language restrictions. Our
selection prioritized the most recent and relevant articles for IBD therapeutics. For approved targeted
drugs, we focused on landmark Phase 3 clinical trials that led to their regulatory approval, while for drugs
in the pipeline, we included those in Phase 2 or higher. For novel therapies, our focus was on preclinical
evidence and Phase 1 clinical trials. Relevant older or broader publications on immune pathogenesis were

also included if applicable to IBD therapeutics.

Clinical manifestations and pathogenesis of IBD
Clinical features

IBD is characterized by a variety of diverse clinical manifestations, commonly including GI pain, diarrhea,
rectal bleeding, weight loss, exhaustion, and fever. Since these symptoms are often not exclusive to IBD, a
comprehensive diagnosis involving colonoscopy, computed tomography (CT) scans, magnetic resonance
imaging (MRI), and blood/stool tests is crucial [4, 10, 13]. CD can affect any part of the GI tract, most often
the terminal ileum and colon. The hallmark of CD is transmural inflammation, frequently leading to
complications like strictures, fistulas, and abscesses, along with extra-intestinal symptoms such as joint
pain, skin rashes, and eye irritation. UC primarily affects the colon and rectum, with inflammation typically
starting in the rectum and extending continuously [13, 14]. A typical distinguishing feature of UC is that its
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inflammation is confined to the mucosal layer. Patients commonly experience bloody diarrhea, urgency,
tenesmus, and stomach cramps [15-17].

IBD pathogenesis and risk factors

The pathogenesis of IBD is an interplay of genetic susceptibility, environmental factors, a dysregulated
immune response, and dysbiosis of the gut microbiota.

Genetics: Genetic factors play a critical role in IBD susceptibility, especially for CD [18, 19]. Genome-
wide association studies (GWAS) have identified approximately 240 genetic variants associated with IBD
risk [20-22]. Key gene variants such as nucleotide-binding oligomerization domain 2 (NODZ2), autophagy
related 16 like 1 (ATG16L1), and interleukin (IL)-23 receptor (IL-23R) contribute to the dysregulated
immune response and impaired mucosal barrier function of IBD [21, 23, 24]. These variations include
polymorphisms in genes encoding regulatory receptors at the intestinal epithelial barrier, pro-
inflammatory cytokines or their receptors, and cell death pathway proteins. The impact of each risk locus
can vary with patient ethnicity. It was reported that these established risk loci account for only an
estimated 13.6% of disease variance in CD and 7.5% in UC. This suggests that other factors beyond genetics,
such as environmental influences, the gut microbiome, and immune responses, likely also play crucial roles
in IBD [20, 25-28].

Environmental factors: Environmental factors are increasingly recognized for their crucial role in its
rising global prevalence by influencing the gut microbiome, immune system, and intestinal barrier [28].
Diet significantly impacts IBD: while anti-inflammatory foods may help reduce flare-ups, diets heavy in
sugar, unhealthy trans-fats, and low fiber are recognized risk factors [29]. Additionally, the industrialization
of food and the inclusion of microparticles such as titanium dioxide are concerns, as they might
compromise the intestinal barrier and immune system [30, 31]. Vitamin D deficiency is linked to a higher
risk of CD, and supplementation can reduce relapses, possibly explaining the geographical variation in IBD
[32, 33]. Appendectomy offers protection against UC but may increase CD risk [34, 35]. Smoking is a strong
risk factor for CD, worsening its course and complications, while it paradoxically appears protective against
UC [36, 37]. Furthermore, physical activity shows a protective effect against CD, but not UC, and a higher
body mass index (BMI) at diagnosis is associated with a later onset and less severe IBD [38-40]. Beyond
these, stress, childhood infections, and the consumption of regular coffee or well/spring water have also
been identified as influencing IBD risk [41].

Gut microbiota dysbiosis: The gut microbiota plays a critical role in the development and progression
of IBD [32, 42, 43]. Dysbiosis is an imbalance in this microbial ecosystem, which is characterized by reduced
diversity, a loss of beneficial bacteria, or an overgrowth of harmful microbes, and contributes to chronic
inflammation and a compromised intestinal barrier. For example, patients with CD can exhibit an increase
in Bacteroidetes and Proteobacteria and a decrease in Firmicutes and overall bacterial diversity [44, 45].
Conversely, a reduction in protective microorganisms like Faecalibacterium prausnitzii and Bacteroides
fragilis, both known for anti-inflammatory properties, is also observed in IBD [46, 47]. While it’s debated
whether dysbiosis is a cause or a consequence of inflammation, evidence suggests both. Host genetics,
environmental factors (such as infections, antibiotics, or diet), and inflammation itself can all induce
dysbiosis [48-50]. However, microbial alterations alone may not be sufficient to cause IBD, often requiring
a combination with environmental or immune abnormalities. Overall, gut dysbiosis in IBD signifies a
disrupted equilibrium between the microbiota and its host, contributing to a dysfunctional mucosal
immune response and prolonged inflammation [51, 52].

Intestinal barrier impairment: The intestinal barrier is a critical boundary separating the mucosal
immune system from luminal contents like microorganisms, pathogens, and toxins. It consists of a physical
barrier (intestinal epithelial cells and specialized junctions) and a chemical barrier (mucins, antimicrobial
peptides, secretory IgA) [51, 53-55]. Damage to these components leads to a “leaky gut”, initiating immune
activation central to IBD pathogenesis and promoting both local and systemic inflammation [53-55]. In IBD,
this barrier is compromised across all intestinal cell types, including goblet and Paneth cells, leading to
reduced production of important mediators such as WAP four-disulfide core domain protein 2 (WFDC2)
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and defensins, which exacerbates dysbiosis. Inflammatory processes also impair leucine-rich repeat-
containing G-protein coupled receptor 5 (Lgr5)-expressing stem cells, hindering epithelial regeneration,
while single-cell analyses reveal new epithelial subtypes like LCN2, NOS2 and DUOX2-expressing (LND)
cells that indicate profound cellular changes [56-59]. Ultimately, chronic IBD inflammation is largely driven
by this compromised barrier or thinned mucin layer, originating from genetic and environmental factors.
This breach increases intestinal permeability, allowing microbial antigens to perpetuate the aberrant
immune response, making restoring intestinal barrier integrity a critical therapeutic target for IBD
management [60, 61].

Immune dysregulation: While a healthy gut maintains immune homeostasis through mediators such as
IL-10, transforming growth factor B (TGF[), and FOXP3+ regulatory T cells (Tregs), IBD represents a
profound deviation of these innate and adaptive signaling pathways to preserve tolerance. This breakdown
begins with an impaired intestinal mucosal barrier, allowing microbial pathogens to invade and trigger a
strong pro-inflammatory immune response [55, 60, 61]. Innate immune cells, particularly hyperactivated
mucosal macrophages, engulf microbes and release a cascade of pro-inflammatory cytokines [e.g., TNFa, IL-
6, IL-1B, IL-12, IL-23, C-C motif chemokine ligand 2 (CCL2)] [60-62]. This cytokine environment promotes
the differentiation and expansion of T helper 1 (Th1), Th2, and Th17 cells, overwhelming Tregs and
perpetuating local inflammation [55, 60, 61, 63-66]. Effector T cell subsets and group 1 and 3 innate
lymphoid cells (ILCs) further amplify this inflammatory feedback loop by secreting cytokines like IL-17, IL-
22, and interferon (IFN)-y, while anti-inflammatory mechanisms are profoundly diminished. This sustained
activation leads to epithelial damage, impaired barrier function, dysbiosis, and the perpetuation of gut
inflammation, with primed circulating lymphocytes also contributing to extra-intestinal manifestations [67,
68].

Key therapeutic targets in IBD directly reflect the underlying pathogenic mechanisms. The clinically
validated targets can be broadly categorized as: (I) Extracellular inflammatory cytokines: This category
features TNFq, a potent pro-inflammatory cytokine critically involved in driving tissue destruction, and the
IL-12/IL-23 cytokines, which are pivotal in mediating the differentiation of Th1 and Th17 lymphocytes and
their subsequent pro-inflammatory effects. Additionally, cytokines such as TNF-like ligand 1A (TL1A), IL-6,
IL-36, and IL-1 further amplify inflammation by activating specific signaling pathways that exacerbate
immune cell activation, cytokine production, and the acute phase response [69-75]. (II) Intracellular
signaling molecules: Exemplified by the Janus kinase (JAK)-signal transducer and activator of transcription
(STAT) pathway, which acts as a crucial transducer of signals initiated by a multitude of pro-inflammatory
cytokines. Other critical intracellular elements in intestinal immune cell signaling are also included, such as
tumor progression locus 2 (TPL2), spleen tyrosine kinase (SYK), receptor-interacting serine/threonine
protein kinase 1 (RIPK1), and so on [69-72, 76-79]. (IlI) Lymphocyte trafficking molecules: This group
encompasses integrins, sphingosine-1-phosphate receptor (S1PR), various adhesion molecules and
chemokines, all of which are essential mediators of leukocyte transmigration and retention within inflamed
intestinal tissues [80-83]. As visually represented in Figure 1, the strategic targeting of these distinct
cellular and cytokine interactions forms the foundation for disrupting the chronic inflammatory cycle in
IBD.

Pharmacological management and drug development for IBD
Conventional therapies

Effective therapies for IBD were absent until the 1930s. The first pharmacological attempt to control IBD
emerged with Nanna Svartz’s development of sulfasalazine. From that point forward, through the 1990s,
the introduction of glucocorticoids and immunomodulators forms the foundation of IBD management,
particularly for inducing remission in mild to moderate disease. These agents now constitute what is
termed “conventional therapy” in IBD management [84, 85].

Aminosalicylates: Medications like mesalamine are primarily recommended for UC, particularly for
mild to moderate manifestations. While their exact mechanism is not fully elucidated, they possess anti-
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Figure 1. Intestinal immune pathogenesis and potential therapeutic targets in IBD. The pathogenesis of IBD involves a
complex interaction of multiple factors. Gut microbiota dysbiosis largely contributes to chronic inflammation and compromised
intestinal barrier. This dysbiosis is often associated with impaired intestinal barrier function, where the gut lining becomes
“leaky”, allowing luminal contents to trigger immune responses. This leads to immune dysregulation (A), marked by an
overactive innate and adaptive immune system with increased pro-inflammatory cytokine production (e.g., TNFa, IL-12/23) and
overactivated immune cells [macrophages, natural killer (NK) cells, dendritic cells (DCs), T cells, etc.]. Therapeutic drug
development (B) for IBD involves the use of monoclonal antibodies (mAb) and small molecule inhibitors (SMI) and modulators to
target these pathological processes and restore immune homeostasis. These agents focus on three primary pathological areas:
1) extracellular inflammatory cytokines; Il) intracellular signaling molecules, such as JAK-STAT pathways; and Ill) lymphocyte
trafficking molecules, including integrins and S1PR. IL: interleukin; TNF: tumor necrosis factor; TGF: transforming growth factor
B; IFN: interferon; Th1: T helper 1; IL-4R: IL-4 receptor; TL1A: TNF-like ligand 1A; JAK: Janus kinase; PDE4:
phosphodiesterase 4; ALK5: activin receptor-like kinase 5; NLRP3: NLR family pyrin domain containing 3; RIPK1: receptor-
interacting serine/threonine protein kinase 1; SYK: spleen tyrosine kinase; TPL2: tumor progression locus 2; S1PR:
sphingosine-1-phosphate receptor; IBD: inflammatory bowel disease; STAT: signal transducer and activator of transcription.

inflammatory actions. High doses are often more effective, especially in extensive UC, and oral single daily
doses can improve adherence. Despite being considered a first-line treatment for mild to moderate UC, 5-
aminosalicylic acids (5-ASAs) have not definitively shown efficacy in inducing or maintaining remission in
CD [86-88].

CSs: CSs, such as prednisone and methylprednisolone, have long been a cornerstone for rapidly
inducing remission during acute IBD flares due to their potent anti-inflammatory effects. However, their
utility is significantly limited by a wide array of systemic side effects, including obesity, hypertension,
glaucoma, adrenal insufficiency, increased risk of diabetes, cataracts, skin thinning, GI ulcers, osteopenia,
and increased susceptibility to infections. These considerable risks, coupled with the potential for steroid
dependency or resistance, render them unsuitable for long-term maintenance therapy [89, 90]. While
newer, second-generation glucocorticoids like budesonide and beclomethasone dipropionate aim to
mitigate systemic side effects by targeting the GI tract, the overall challenges associated with CSs highlight
the pressing need for novel and sustainable long-term treatment strategies for IBD [90, 91].

Immunomodulators: Inmunomodulators, including thiopurines (azathioprine, 6-mercaptopurine) and
methotrexate (MTX), are vital for maintaining remission in moderate IBD, and are often used with CSs or
other therapies [92, 93]. Thiopurines inhibit DNA/RNA synthesis and promote T cell apoptosis, effectively
sustaining steroid-free remission, preventing postoperative CD recurrence, and potentially enhancing
biologic efficacy by reducing anti-drug antibody (ADAb) formation. Before starting thiopurines, it’s crucial
to assess thiopurine S-methyltransferase (TPMT) activity due to genetic variations affecting metabolism
and myelosuppression risk. MTX is a viable option for steroid-dependent patients, effective in maintaining
CD remission, and may also reduce ADAb formation. Despite their benefits, these agents have a slow onset
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and carry risks such as hepatotoxicity and myelosuppression. Thiopurines also increase lymphoma risk,
and MTX is contraindicated in pregnancy due to teratogenic effects [92-95].

Antibiotics: Agents such as fluoroquinolone and metronidazole are generally reserved for septic
complications like perianal fistulas and abscesses, often used short-term and sometimes as adjuvant
therapy with anti-TNF drugs to reduce drainage and improve symptoms [96, 97]. While limited evidence
suggests a modest benefit in certain active CD cases, these antibiotics are not considered primary therapy
for inducing or maintaining remission in luminal CD due to their restricted efficacy and significant risk of
side effects with prolonged use. Long-term or widespread antibiotic use in IBD is discouraged owing to
concerns about fostering antibiotic resistance, potential adverse effects (AEs; e.g., GI issues, neuropathy,
tendon complications), and disrupting the gut microbiome, which is increasingly recognized as crucial in
IBD pathogenesis [97, 98].

Targeted therapeutics for IBD

The contemporary pharmacological management of IBD has undergone a profound evolution, transitioning
from broad symptomatic control to highly targeted interventions. These advanced therapies (ATs) precisely
modulate the multi-step pathogenesis of chronic intestinal inflammation by inhibiting crucial processes
such as recruitment, differentiation, proliferation, and activation of inflammatory immune cells in the gut
mucosa [84]. An overview timeline of FDA-approved targeted IBD therapeutics is presented in Figure 2.
Their landmark Phase 3 clinical trials for UC and CD are summarized in Table 1.
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Figure 2. FDA-approved targeted drugs for IBD. FDA-approved targeted drugs for IBD are generally categorized into large
molecules [biologics, e.g., anti-TNFa, anti-integrins, anti-interleukins (ILs)], administered via intravenous (V) or subcutaneous
(SC) injection during induction and maintenance phases, and small molecules (e.g., JAK inhibitors, S1PR modulators),
administered orally. *: JAK inhibitor, filgotinib, was approved for UC in EU, UK, and Japan. TNF: tumor necrosis factor; JAK:
Janus kinase; S1PR: sphingosine-1-phosphate receptor; CD: Crohn’s disease; UC: ulcerative colitis; IBD: inflammatory bowel
disease.

Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD.

Class Agent Indication Study Patients Treatment Primary outcome®* Ref
Anti-TNFa  Infliximab CD ACCENT | 573 IFX vs. + Clinical remission at Week 30:  [99]
placebo 39% IFX vs. 21% placebo (P =
0.003)

* Median time to loss of
response at Week 54: 38W IFX
vs. 19W placebo (P = 0.002)

CD ACCENT Il 306 IFX vs. * Median time to loss of [100]
fistulizing placebo response at Week 14: > 40W
IFX vs. 14W placebo (P <
0.001)
uc ACT 1 364 IFX vs. * Clinical response at Week 8: [101]
placebo 69% IFX vs. 37% placebo (P <
0.001)
uc ACT 2 364 IFX vs. * Clinical response at Week 8: [101]
placebo 64% IFX vs. 29% placebo (P <
0.001)
Adalimumab  CD CLASSIC | 299 ADA vs. + Clinical remission at Week 4: [102]
placebo 36% ADA vs. 12% placebo (P
=0.001)
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Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD. (continued)

Class Agent Indication Study Patients Treatment Primary outcome®* Ref
CD CLASSIC I 276 ADA vs. * Clinical remission at Week 56:  [103]
placebo 79% ADA vs. 44% placebo (P
<0.05)
CD CHARM 854 ADA vs. * Clinical remission at Weeks 26 [104]
placebo or 56, ADA (80/40 mg Week
0/2, 40 mg Q2W) vs. placebo:
40% vs. 17% (P < 0.001) or
36% vs. 12% (P < 0.001)
CD GAIN 325 ADA vs. * Clinical remission at Week 4: [105]
placebo 21% ADA vs. 7% placebo (P <
0.001)
CD EXTEND 135 ADA vs. * Mucosal healing at Week 52, [106]
placebo ADA vs. placebo: 24% vs. 0%
(P <0.001)
* Clinical remission at Week 52,
ADA vs. placebo: 28% vs. 3%
(P <0.001)
CD ADAFI 76 ADA vs. ADA -+ Fistulas 50% reduction at Week [107]
+ ciprofloxacin 12: 47% ADA vs. 71% ADA +
ciprofloxacin (P = 0.047)
uc ULTRA 1 576 ADA vs. * Clinical remission at Week 8: [108]
placebo 18.5% ADA vs. 9.2% placebo
(P=0.031)
uc ULTRA 2 494 ADA vs. + Clinical remission at Week 8: [109]
placebo 16.5% ADA vs. 9.3% placebo
(P=0.019)
+ Clinical remission at Week 52:
17.3% ADA vs. 8.5% placebo
(P =0.004)
Certolizumab CD PRECISE 1 662 CZP vs. * Clinical response at Week 6: [110]
pegol placebo 35% CZP vs. 27% placebo (P =
0.02)
+ Clinical response at both
Weeks 6 and 26: 23% CZP vs.
16% placebo (P = 0.02)
CD PRECISE 2 668 CZP vs. * Clinical response at Week 26:  [111]
placebo 62% CZP vs. 34% placebo (P <
0.001)
Golimumab uc PURSUIT-SC 1,064  GLM vs. * Clinical response at Week 6: [112]
induction placebo 51.0% GLM vs. 30.3% placebo
(P < 0.0001)
ucC PURSUIT- 464 GLM vs. * Clinical response at Week 54:  [113]
Maintenance placebo 49.7% GLM vs. 31.2% placebo
(P <0.001)
Anti- Natalizumab  CD ENACT-1 905 NTZ vs. * Clinical response at Week 10:  [114]
integrin placebo 56% NTZ vs. 49% placebo (P =
0.05)
CD ENACT-2 339 NTZ vs. * Clinical response at Week 36:  [114]
placebo 61% NTZ vs. 28% placebo (P <
0.001)
CD ENCORE 509 NTZ vs. * Clinical response at Week 8 [115]
placebo sustained through Week 12:
48% NTZ vs. 32% placebo (P <
0.001)
Vedolizumab  UC GEMINI 1 895 VDZ vs. * Clinical response at Week 6: [116]
placebo 47.1% VDZ vs. 25.5% placebo
(P <0.001)
+ Clinical remission at Week 52:
41.8% VDZ vs. 15.9% placebo
(P <0.001)
CD GEMINI 2 1,115  VDZvs. * Clinical remission at Week 6: [117]
placebo 14.5% VDZ vs. 6.8% placebo

(P=0.02)
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Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD. (continued)

Class Agent Indication Study Patients Treatment Primary outcome®* Ref

» CDAI-100 response at Week 6:
31.4% VDZ vs. 25.7% placebo
(P=0.23)

Clinical remission at Week 52:
39.0% VDZ vs. 21.6% placebo
(P <0.001)

CD GEMINI 3 315 VDZ vs. Clinical remission at Week 6: [118]
placebo 15.2% VDZ vs. 12.1% placebo
(P=0.433)

CD VISIBLE 2 410 VDZ vs. Clinical remission at Week 52:  [119]
placebo 48.0% VDZ vs. 34.3% placebo
(P =0.008)

ucC VARSITY 769 VDZ vs. ADA -« Clinical remission at Week 52: [120]
31.3% VDZ vs. 22.5% ADA (P
=0.006)

» Endoscopic improvement at
Week 52: 39.7% VDZ vs.
27.7% ADA (P < 0.001)

ucC VISIBLE 1 216 VDZ vs. Clinical remission at Week 52:  [121]
placebo 46.2% VDZ vs. 14.3% placebo
(P <0.001)

Anti-IL- Ustekinumab  CD UNITI-1 741 UST vs. Clinical response at Week 6: [122]
12/23 placebo 33.7% UST vs. 21.5% placebo
(p40) (P <0.003)

(intolerance or inadequate
response to TNF blockade)

CD UNITI-2 628 UST vs. * Clinical response at Week 6: [122]
placebo 55.5% UST vs. 28.7% placebo
(P <0.001)

(intolerance or inadequate
response to conventional
therapy)

CD IM-UNITI 397 UST vs. * Clinical remission at Week 44: [123]
placebo 53.1% UST vs. 35.9% placebo
(P =0.005)

uc UNIFI 961 UST vs. Clinical remission at Week 8: [124]
placebo 15.5% UST vs. 5.3% placebo
(P <0.001)

Clinical remission at Week 44:
43.8% UST vs. 24.0% placebo
(P <0.001)

Anti-IL-23  Risankizumab CD ADVANCE 931 RZB vs. Clinical remission at Week 12:  [125]
(p19) placebo 42% RZB vs. 25% placebo (P <
0.0001)

» Endoscopic response at Week
12: 32% RZB vs. 12% placebo
(P <0.0001)

(intolerance or inadequate
response to approved biologics or
conventional therapy)

CD MOTIVATE 618 RZB vs. * Clinical remission at Week 12:  [125]
placebo 40% RZB vs. 20% placebo (P <
0.0001)

» Endoscopic response at Week
12: 34% RZB vs. 11% placebo
(P =<0.0001)

(intolerance or inadequate
response to approved biologics)

CD FORTIFY 542 RZB vs. * Clinical remission at Week 52:  [126]

placebo 52% RZB vs. 41% placebo,
A15% [95% CI 5-24]
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Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD. (continued)

Class Agent

Indication Study

Patients Treatment

Primary outcome®*

Ref

uc

uc

CD

Mirikizumab CD

uc

uc

Guselkumab CD

CD

CD

INSPIRE

COMMAND

SEQUENCE

CD-1

LUCENT-1

LUCENT-2

GRAVITI

GALAXI-2

GALAXI-3

975

548

527

679

1,162

1,073

340

508

513

RZB vs.
placebo

RZB vs.
placebo

RZB vs. UST

MIRI vs.
placebo

MIRI vs.
placebo

MIRI vs.
placebo

GUS vs.
placebo

GUS vs.
placebo or
UST

GUS vs.
placebo or
UST

Endoscopic response 47%
RZB vs. 22% placebo, A28%
[95% CI 19-37]

Clinical remission at Week 12:
20.3% RZB vs. 6.2% placebo
(P <0.001)

Endoscopic improvement at
Week 12: 36.5% vs. 12.1%
placebo (P < 0.001)

Clinical remission at Week 52:
40.2% (RZB 180 mg SC),
37.6% (RZB 360 mg SC) vs.
25.1% placebo (both P <
0.001)

Clinical remission at Week 24:
58.6% RZB vs. 39.5% UST

Endoscopic remission at Week
48: 31.8% RZB vs. 16.2% UST
(P <0.001)

Clinical remission at Week 52:
53% MIRI vs. 36% placebo (P
<0.001)

Endoscopic response at Week
52: 46% MIRI vs. 23% placebo
(P <0.001)

Clinical remission at Week 12:
24.2% MIRI vs. 13.3% placebo
(P <0.001)

Clinical remission at Week 52:
49.9% MIRI vs. 25.1% placebo
(P <0.001)

Clinical remission at Week 12:
56% GUS vs. 22% placebo (P
<0.001)

Endoscopic response at Week
12: 34% GUS vs. 15% placebo
(P <0.001)

Deep remission (clinical and
endoscopic remission) at Week
48: 26% (GUS 100 mg Q8W),
35% (GUS 200 mg Q4W) vs.
4% placebo (pre-specified)

Clinical response at Week 12
and clinical remission at Week
48: 55% (GUS 200 mg), 49%
(GUS 100 mg) vs. 12% placebo
(both P < 0.0001)

Clinical response at Week 12
and endoscopic response at
Week 48: 38% (GUS 200 mg),
39% (GUS 100 mg) vs. 5%
placebo (both P < 0.0001)

Clinical response at Week 12
and clinical remission at Week
48: 48% (GUS 200 mg), 47%
(GUS 100 mg) vs. 13% placebo
(both P < 0.0001)

Clinical response at Week 12
and endoscopic response at
Week 48: 36% (GUS 200 mg),
34% (GUS 100 mg) vs. 6%
placebo (both P < 0.0001)

[127]

[127]

[128]

[129]

[130]

[130]

[131]

[132]

[132]
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Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD. (continued)

Class Agent Indication Study Patients Treatment Primary outcome®* Ref
ucC ASTRO 418 GUS vs. * Clinical remission at Week 12:  [133]
placebo 27.6% GUS vs. 6.5% placebo
(P <0.001)

Clinical response at Week 12:
65.6% GUS vs. 34.5% placebo
(P <0.001)

» Endoscopic improvement at
Week 12: 37.3% GUS vs.
12.9% placebo (P < 0.001)

uc QUASAR 701 GUS vs. Clinical remission at Week 12:  [134]
placebo 22.6% GUS vs. 7.9% placebo
(P<0.001)

JAKI Tofacitinib uc OCTAVE 598 TOF vs. Clinical remission at Week 8: [135]
Induction 1 placebo 18.5% TOF vs. 8.2% placebo
(P=0.007)

(intolerance or inadequate
response to conventional
therapy)

ucC OCTAVE 541 TOF vs. * Clinical remission at Week 8: [135,
Induction 2 placebo 16.6% TOF vs. 3.6% placebo 136]
(P <0.001)

(intolerance or inadequate
response to TNF blockade)

Upadacitinib CD U-EXCEL 526 UPA vs. * Clinical remission at Week 12:  [137]
placebo 49.5% UPA vs. 29.1% placebo
(P <0.001)

» Endoscopic response at Week
12:45.5% UPA vs. 13.1%
placebo (P < 0.001)

CD U-EXCEED 495 UPA vs. Clinical remission at Week 12:  [137]
placebo 38.9% UPA vs. 21.1% placebo
(P <0.001)

» Endoscopic response at Week
12: 34.6% UPA vs. 3.5%
placebo (P < 0.001)

CD U-ENDURE 502 UPA vs. Clinical remission at Week 52: [137,
placebo 47.6% (UPA 30 mg), 37.3% 138]
(UPA 15 mg) vs. 15.1%
placebo (P < 0.001)

» Endoscopic response at Week
52:40.1% (UPA 30 mg), 27.6%
(UPA 15 mg) vs. 7.3% placebo
(both P < 0.001)

ucC U-ACHIEVE 474 UPA vs. * Clinical remission at Week 8: [139]
induction placebo 26% UPA vs. 5% placebo (P <
0.0001)
uc U-ACHIEVE 451 UPA vs. * Clinical remission at Week 52:  [139]
maintenance placebo 52% (UPA 30 mg), 42% (UPA
15 mg) vs. 12% placebo (P <
0.0001)
ucC U- 522 UPA vs. * Clinical remission at Week 8: [139]
ACCOMPLISH placebo 34% UPA vs. 4% placebo (P <
0.0001)
S1PR Ozanimod ucC J-TRUE 198 OZA vs. * Clinical response at Week 12:  [140]
modulator NORTH placebo 61.5% OZA vs. 32.3% placebo
(P =0.0006)
uc TRUENORTH 1,012 OZAvs. * Clinical remission at Week 10:  [141]
placebo 18.4% OZA vs. 6.0% placebo
(P <0.001)

Clinical remission at Week 52:
37.0% OZA vs. 18.5% placebo
(P <0.001)
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Table 1. Selected landmark clinical trials of FDA-approved targeted drugs for IBD. (continued)

Class Agent Indication Study Patients Treatment Primary outcome®* Ref
Etrasimod uc ELEVATEUC 354 ETR vs. * Clinical remission at Week 12:  [142]
12 placebo 25% ETR vs. 15% placebo (P =
0.026)
uc ELEVATEUC 433 ETR vs. * Clinical remission at Week 52:  [142]
52 placebo 32% ETR vs. 7% placebo (P <
0.0001)

&: Primary clinical outcomes observed at FDA-approved doses and administration, or as otherwise indicated; #: clinical
remission defined as Crohn’s Disease Activity Index (CDAI) score < 150, or total score of < 2 on the Mayo scale and no
subscore > 1 on any of the four Mayo scale components; or as a stool frequency score < 1 and not higher than baseline, rectal
bleeding score of 0, and endoscopic subscore < 1 without friability. Clinical response defined as a reduction from baseline in the
complete Mayo score of 2 3 points and = 30%, and a reduction from baseline in the rectal bleeding subscore (RBS) of = 1 point
or an absolute RBS of = 1 point. Mucosal healing defined as an absolute subscore for endoscopy of 0 or 1. Endoscopic
response defined as > 50% improvement from baseline in Simple Endoscopic Score for Crohn’s Disease (SES-CD) score.
Endoscopic remission defined as SES-CD < 4 and a = 2-point reduction from baseline and no subscore greater than 1 in any
individual component. Endoscopic improvement defined as subscore of 0 to 1 on the Mayo endoscopic component; A:
difference between the treatment group and the placebo group. IBD: inflammatory bowel disease; TNF: tumor necrosis factor;
CD: Crohn’s disease; IFX: infliximab; UC: ulcerative colitis; ADA: adalimumab; CZP: certolizumab pegol; GLM: golimumab; NTZ:
natalizumab; VDZ: vedolizumab; IL: interleukin; UST: ustekinumab; RZB: risankizumab; SC: subcutaneous; MIRI: mirikizumab;
GUS: guselkumab; JAKI: Janus kinase inhibitor; TOF: tofacitinib; UPA: upadacitinib; S1PR: sphingosine-1-phosphate receptor;
OZA: ozanimod; ETR: etrasimod.

Biologic agents

The pharmacological landscape of IBD treatment is largely shaped by biologic therapies, including large
molecules targeting pro-inflammatory cytokines and integrins [143-145]. Their efficacy and safety in
managing IBD have been demonstrated or are currently assessed by extensive research, as summarized in
Tables 1 and 2.

Table 2. Drug development pipeline for IBD: antibody therapies*.

MoA Drug name Indication RoA Highest clinical Clinical trials
stage
Anti-TL1A RO7790121 (afimkibart, Uc,cb IV, UC:two Ph3 NCT06588855; NCT06589986;
PF-06480605, RVT-3101) SC  recruiting NCT06819891; NCT06819878
CD: two Ph3
recruiting
Anti-TL1A Tulisokibart (MK-7240, UC,Ch IV, UC:two Ph3 NCT06052059; NCT06430801;
PRA023) SC  recruiting NCT06651281 (joint for UC and CD)
CD: two Ph3
recruiting
Anti-TL1A Duvakitug (TEV-48574) UC,CD SC UC,CD:Ph2 NCT05499130; NCT05668013 (ongoing)
completed
IL-1a/B Lutikizumab (ABT-981) UC,CD IV, UC:Ph2ongoing NCT06257875; NCT06548542
SC CD: Ph2 recruiting
Anti-a437 Abrilumab (AMG 181, UC,CD SC UC:Ph2 NCT01959165; NCT01694485;
MEDI7183) completed NCT01696396
CD: Ph2
completed
Anti-a437 ABBV-382 CD IV,  Ph2 recruiting NCT06548542
SC
Anti-OSMRB  Vixarelimab (RG6536) uc SC Ph2 terminated NCT06137183; NCT06693908
Ph1/2 recruiting
MAdCAM-1 Ontamalimab (PF- UC,CD SC UC:Ph3 NCT03290781; NCT03283085;
00547659) completed or NCT03627091; NCT03566823;
terminated NCT03259308; NCT03259334
CD: Ph3
completed or
terminated
Anti-CCR9 AZD7798 CD SC, Two Ph2 recruiting NCT06681324; NCT06450197
Y
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Table 2. Drug development pipeline for IBD: antibody therapies*. (continued)

MoA Drug name Indication RoA Highest clinical Clinical trials
stage
IL-36R Spesolimab (B1655130) Uc,cb Iv UC: Ph2/3 NCT03482635; NCT03752970
completed
CD: Ph2
completed
PSGL-1 ALTB-268 uc SC  Ph2 recruiting NCT06109441
agonist
Anti-IL-4Ra Dupilumab uc SC  Ph2 recruiting NCT05731128
CXCR1/2 Eltrekibart (LY3041658) uc SC  Ph2 recruiting NCT06598943
blockade
IL-2 blockade Aldesleukin CD SC  Ph1/2 recruiting NCT04263831
TNFRII-Fc OPRX-106 uc PO  Ph2 unknown NCT02768974
gp130Fc (IL-  Olamkicept (TJ301) uc v Ph2 completed NCT03235752
6 trans)

*: The search on ClinicalTrials.gov was completed by July 1st, 2025. IBD: inflammatory bowel disease; MoA: mechanism of
action; RoA: route of administration; TL1A: tumor necrosis factor-like ligand 1A; UC: ulcerative colitis; CD: Crohn’s disease; IV:
intravenous; SC: subcutaneous; IL: interleukin; OSMR: oncostatin M receptor; MAdCAM-1: mucosal vascular addressin cell
adhesion molecule-1; CCR9: C-C chemokine receptor 9; IL-36R: IL-36 receptor; PSGL-1: P-selectin glycoprotein ligand-1;
CXCR1/2: C-X-C motif chemokine receptor 1/2; TNFRII-Fc: tumor necrosis factor receptor Il fused to the Fc region of IgG1; PO:
oral administration.

Anti-TNFs

TNFa, a key member of the TNF superfamily, plays important roles in inflammation, apoptosis,
proliferation, and tissue invasion. The overexpression of TNFa can be associated with chronic inflammation
and tissue damage. Initially synthesized as a transmembrane TNF (tmTNF) precursor, TNFa precursor can
be cleaved by TNFa converting enzyme (TACE) to release a soluble form (sTNF) [146-148]. Both tmTNF
and sTNF are biologically active, binding to two distinct receptors: TNF receptor (TNFR)1 and TNFR2 [149,
150]. It was reported that sTNFa primarily activates TNFR1, and tmTNFa can activate both. Research
suggests that neutralizing tmTNFa might be more beneficial for IBD efficacy, and some hypothesize that
selectively inhibiting TNFR1 in autoimmune diseases could reduce inflammation by retaining TNFR2
signaling. However, the specific advantages of targeting STNF vs. tmTNF forms, and the individual roles of
TNFR1 vs. TNFR2, still require further investigation [151, 152].

The introduction of anti-TNFa therapy in the late 1990s marked a significant advancement in
managing CD and UC. The anti-TNFa landscape includes infliximab (Remicade), adalimumab (Humira),
certolizumab pegol (Cimzia), and golimumab (Simponi) [153-156]. While all approved anti-TNFa agents
work by blocking TNFa binding to TNFR, they exhibit differences in their molecular mechanisms, clinical
efficacy profiles, and side effect considerations. Infliximab is a chimeric antibody with a murine variable
region, which leads to substantially higher immunogenicity and more risk of ADAbs development in
humans compared to other fully human antibodies. Adalimumab and golimumab are fully human
monoclonal antibodies. These three antibodies have human IgG1 Fc capable of Fc receptor binding and
complement activation. In contrast, certolizumab pegol is a PEGylated Fab' fragment that lacks the Fc
region and lacks the Fc receptor binding or complement activation. Infliximab is given intravenously, while
adalimumab, golimumab, and certolizumab pegol are administered subcutaneously, offering more
convenience for patients [157-160].

Infliximab demonstrated significant efficacy for both induction and maintenance therapy phases for
moderate-to-severe UC and CD. The ACT 1 and ACT 2 trials for UC showed significantly higher clinical
response rates with Infliximab compared to placebo at Week 8, sustained through Week 30 and even Week
54 [101]. For CD, the ACCENT I and ACCENT II trials confirmed infliximab’s effectiveness in achieving
remission and allowing CS withdrawal for both luminal and fistulizing disease, with prolonged response
through maintenance therapy [99, 100]. Beyond infliximab, other TNFa monoclonal antibodies such as
adalimumab, golimumab, and certolizumab pegol also proved efficacious and safe in their respective Phase
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3 clinical trials (with primary endpoints summarized in Table 1), leading to their approval for patients with
moderate-to-severe UC or CD who were refractory to conventional treatments.

Infliximab and adalimumab are considered highly effective for both inducing and maintaining
remission in CD and UC, substantially easing the need for surgery and hospitalization [161, 162]. Despite
molecular differences, retrospective studies and network meta-analyses suggest that infliximab,
adalimumab, and certolizumab pegol generally demonstrate similar therapeutic efficacy in CD, especially
regarding CS reduction and quality of life [163, 164]. For UC, infliximab, adalimumab, and golimumab all
showed good efficacy in inducing and maintaining remission. The treatment selection is often guided by
insurance, administration, and patient preference. Nevertheless, some analyses indicate infliximab may be
more effective than adalimumab for inducing remission in anti-TNFa naive patients with UC, whereas
golimumab appears less effective than infliximab and adalimumab in UC [165, 166]. Additionally, it’s
hypothesized that infliximab, adalimumab, and golimumab may offer superior efficacy for IBD compared to
certolizumab pegol due to their ability to induce apoptosis in tmTNF-expressing immune or tissue cells via
antibody-dependent cell-mediated cytotoxicity (ADCC) or complement-dependent cytotoxicity (CDC),
mechanisms that are not associated with certolizumab pegol [167, 168]. However, it is important to note
that direct head-to-head clinical trials comparing all TNFa inhibitors are limited, making direct
comparisons challenging due to variations in clinical trial design, patient populations, and endpoints.

Despite their pivotal role, anti-TNF therapies are not universally effective. Up to 40% of patients
exhibit primary non-response (PNR), characterized by no initial response to treatment, while
approximately 23-46% experience secondary loss of response (LOR) within one year of initiating anti-
TNFa therapy [169, 170]. This can be attributed to factors such as low trough serum drug concentrations
and/or the presence of ADAbs, which may result in suboptimal drug concentrations or impaired TNF
neutralization. Given the dose-related therapeutic benefit of anti-TNF agents, therapeutic drug monitoring
(TDM), which involves measuring serum trough levels and ADAbs, is widely advocated to optimize
treatment [171, 172]. Other mechanisms, such as a shift in the pathogenesis to alternative cytokine
pathways, may also contribute. For patients exhibiting low drug concentrations who are either ADAb-
negative or have low ADAD levels, a dose escalation or shorter intervals between infusions of the current
anti-TNF may be considered. If high ADAb levels are observed and the patient has a history of benefiting
from anti-TNF therapy, switching within the TNF class (cycling) could be a viable option, given that ADAbs
are typically molecule-specific. However, if a patient does not achieve a robust therapeutic response with
an initial anti-TNF despite adequate drug trough levels, or if an inadequate response persists after TDM-
guided dose escalation or cycling (suggesting PNR, alternative pathogenesis, or different pathways),
clinicians may consider switching to another class of targeted drug with a different MoA (swapping), such
as JAK inhibitors, anti-integrins, or anti-ILs [172, 173].

Moreover, anti-TNF therapies generally share comparable safety profiles, and they can be associated
with several serious AEs. A primary concern is the increased risk of severe infections, including reactivation
of latent tuberculosis (TB) [174, 175]. Consequently, the US Centers for Disease Control and Prevention
recommends comprehensive TB screening, including medical history, physical examination, and either a
tuberculin skin test (TST) or an IFN-y release assay (IGRA), along with a chest X-ray if indicated, prior to
treatment initiation [176]. Furthermore, anti-TNF agents carry a black box warning from the FDA due to an
increased risk of malignancies, particularly lymphoma, and a potentially doubled risk of non-melanoma
skin cancer. Therefore, caution is advised when prescribing these agents to patients with a history of
malignancy or other risk factors [177-179].

Additionally, to further enhance their efficacy and mitigate immunogenicity, anti-TNF agents are often
administered as combination therapy with an immunomodulator. For instance, combining thiopurines with
TNF blockades is generally more efficacious than monotherapy for both inducing and maintaining
remission in CD and UC. This approach leads to higher rates of CS-free clinical remission and improved
mucosal healing. It may also help reduce the development of ADAbs against TNF inhibitors, such as
infliximab, thereby preserving their long-term effectiveness [180, 181]. However, the risks and benefits of
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such combination therapy, particularly in older individuals, require careful consideration due to an
elevated risk for serious infections and lymphomas. Moreover, the incidence of the other side effects,
including serious infections and psoriasiform eczematous skin reactions, has also highlighted the need for

ongoing drug development efforts of newer therapeutics with potentially improved safety profiles [180,
181].

Anti-IL-12/23p40 or anti-IL-23p19

IL-12 and IL-23 are critical pro-inflammatory cytokines that are primarily produced by antigen-presenting
cells [APCs; e.g., macrophages or dendritic cells (DCs)]. IL-12 is composed of p35 and p40 subunits, while
IL-23 consists of p19 and p40 subunits. Despite sharing the p40 subunit, they have distinct functions: IL-12
drives Th1 cell differentiation and antimicrobial responses, whereas IL-23 is important for Th17 cell
polarization and activation, which are key to chronic inflammation [182, 183]. Preclinical studies reported
that both IL-12 and IL-23 are responsible for IBD pathophysiology via intestinal inflammation [182-185].
This has led to the development of IL-12/23 targeted therapies. FDA-approved anti-IL-12/23 or IL-23 IBD
therapeutics include ustekinumab (Stelara; FDA approved in 2016 for CD, and 2019 for UC), an earlier anti-
IL-12/23p40 agent, and a newer class of IL-23p19-specific antagonists such as risankizumab (Skyrizi; 2022
for CD and 2024 for UC), mirikizumab (Omvoh; 2023 for UC and 2025 for CD), and guselkumab (Tremfya;
2024 for UC and 2025 for CD) (Figure 2). By selectively targeting p19, these newer anti-IL-23 agents offer a
more precise approach that spares IL-12-mediated pathways, leading to improved efficacy and a better
balance of immune responses. Given their proven effectiveness in both biologic-naive and biologic-
experienced patients, these anti-IL-12/23 and IL-23 agents are often recommended as first- or second-line
therapies for IBD [8, 186].

Ustekinumab is a fully human IgG1 monoclonal antibody that binds to the common p40 subunit shared
by IL-12 and IL-23. This binding prevents the interaction of these cytokines with the IL-12R (IL-12Rf1) on
the surface of T cells and natural killer (NK) cells, thereby inhibiting downstream inflammatory signaling
cascades crucial for intestinal inflammation [187, 188]. Ustekinumab is approved for the treatment of
moderate-to-severe CD and UC. Its efficacy in CD was demonstrated across the UNITI clinical program
(Table 1). The UNITI-1 trial assessed ustekinumab in CD patients with prior anti-TNF failure, while UNITI-2
focused on a conventional therapy failed or intolerable cohort. Significant outcomes were observed at Week
6, with clinical response rates of 33.7% (UNITI-1) and 55.5% (UNITI-2), respectively [122, 123].
Furthermore, 53.1% patients from these two trials maintained clinical remission by Week 44 during the
maintenance trial (IM-UNITI) [123]. For UC, the UNIFI induction trial showed that patients receiving
ustekinumab achieved significantly higher clinical remission rates at Week 8 (15.5%) compared to placebo
(5.3%, P < 0.001) [124]. The maintenance trial demonstrated sustained clinical remission, with 43.8% of
patients on ustekinumab maintaining remission compared to 24.0% of those on placebo (P < 0.001) [124].
Importantly, the incidence of serious adverse events with ustekinumab was similar to that observed with
placebo. Furthermore, extensive pooled safety analyses of ustekinumab from six clinical trials (T07,
CERTIFI, UNITI-1, UNITI-2, IM-UNITI, and UNIFI), with up to five years of follow-up in CD and four years in
UC, revealed its comparable safety profile to placebo. No significant differences were observed in major
safety events, including major adverse cardiovascular events (MACE), malignancies, or opportunistic
infections [189].

Risankizumab is a humanized IgG monoclonal antibody that precisely targets the p19 subunit of IL-23,
thereby inhibiting the IL-23/Th17 pathway, a key driver of inflammation in IBD [190]. This specific
targeting is hypothesized to enhance safety by preserving crucial IL-12-mediated Th1 immune responses
vital for host defense, potentially offering greater efficacy in more advanced stages of IBD compared to anti-
[L-12/23p40 antibodies (e.g., ustekinumab) [183, 184]. Risankizumab was approved for the treatment of
moderate-to-severe CD and UC. Risankizumab’s efficacy in CD was demonstrated in the ADVANCE and
MOTIVATE induction trials [125]. In ADVANCE, 42% of patients intolerant or with inadequate response to
prior biologics or conventional therapy achieved clinical remission by Week 12 (vs. 25% placebo, P <
0.0001) [125]. The MOTIVATE trial, which focused on patients who had failed or were intolerant to prior
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biologic therapy, showed a 40% clinical remission rate and 34% endoscopic response [125]. For the
maintenance phase, the FORTIFY study confirmed sustained clinical remission at Week 52 in 52% of
patients [126]. Furthermore, in the SEQUENCE head-to-head trial, risankizumab demonstrated superiority
over ustekinumab (an anti-p40 antibody) in inducing endoscopic remission, with significantly more
patients achieving this outcome by Week 48 (31.8% vs. 16.2%, P < 0.001) [128]. Both treatments showed a
similar incidence of adverse events. The COMMAND study also highlighted risankizumab’s efficacy in UC,
with clinical remission rates at Week 52 reaching 40% (180 mg) and 38% (360 mg) compared to 25% with
placebo (both P < 0.001) [127]. Furthermore, risankizumab is associated with a low incidence of ADAbs and
currently has no malignancy-related warnings in its prescribing information, with a favorable safety profile
supported by nearly nine years of real-world clinical experience across approved indications in patients
[191].

Mirikizumab is another humanized anti-p19 monoclonal antibody, thereby selectively inhibiting the IL-
23 signaling pathway. The efficacy of mirikizumab in UC was reported in LUCENT-1 induction trial and
LUCENT-2 maintenance trial [130]. Significantly higher percentages of patients in the mirikizumab group
than in the placebo group had clinical remission at Week 12 (24.2% vs. 13.3%, P < 0.001) and at Week 52
(49.9% vs. 25.1%, P < 0.001) [130]. For CD patients, the Phase 3 CD-1 trial demonstrated mirikizumab’s
significant efficacy [129]. At Week 52, patients treated with mirikizumab achieved substantially higher
rates of endoscopic response (46% vs. 23% for placebo; P < 0.001) and clinical remission by Crohn’s
Disease Activity Index (CDAIL; 53% vs. 36% for placebo; P< 0.001) [129]. Sequentially, the long-term
efficacy and safety of mirikizumab in CD patients were further assessed for up to five years in VIVID-2, the
Phase 3 extension trial. The trial demonstrated robust long-term outcomes: 79.0% of patients showed a
clinical remission by CDAI and 72.5% achieved endoscopic remission by three years [192].

Guselkumab also selectively targets the p19 subunit of IL-23. Guselkumab received US FDA approval
for UC and CD [193]. The efficacy of guselkumab in UC was demonstrated in the QUASAR clinical program
[134]. The QUASAR induction study demonstrated that guselkumab significantly improved clinical
remission (23% vs. 8% for placebo; P < 0.001) and response rates by Week 12 in patients with moderate-
to-severe UC. Furthermore, the QUASAR maintenance study confirmed sustained clinical and endoscopic
remission through Week 44. Notably, in the QUASAR maintenance study, guselkumab demonstrated
significant rates of objective disease remission, specifically achieving endoscopic and histologic remission.
Attaining these endpoints is crucial for complete mucosal healing and improved long-term patient
outcomes. Across the entire QUASAR program, guselkumab’s safety profile remained consistent with its
established safety in all approved indications [134]. Guselkumab has demonstrated strong efficacy in CD
across multiple clinical trials. The GRAVITI trial showed significant clinical remission (56% vs. 22%
placebo) and endoscopic response (34% vs. 15% placebo) at Week 12 [131]. Additionally, a prespecified
exploratory endpoint in GRAVITI revealed that deep remission (clinical and endoscopic remission) at Week
48 was achieved in 26% to 35% of guselkumab-treated patients, compared to 4% on placebo [131].
Furthermore, the 48-week GALAXI-2 and GALAXI-3 trials established guselkumab’s superiority over
ustekinumab for moderately to severely active CD [132]. These identically designed studies consistently
showed guselkumab achieved significantly higher rates of endoscopic healing and deep remission (Table 1).
Pooled data from these trials also highlighted guselkumab’s outperformance over ustekinumab across
several endoscopic endpoints at Week 48, with a comparable safety profile [132]. These findings suggest
guselkumab could be a more effective treatment option for CD patients than ustekinumab.

Immune cell trafficking blockades

In IBD, the over-accumulation of lymphocytes in the gut is the consequence of their dysregulated movement
from secondary lymphoid organs (SLOs). Lymphocytes enter the bloodstream from bone marrow and
travel to lymph nodes via high endothelial venules (HEVs), where they are primed by APCs. This priming
can also occur locally within the gut’s lamina propria or Peyer’s patches. Once primed, these lymphocytes
re-enter the bloodstream and are led to the intestine by specific surface receptors such as integrins. This
process is further supported by upregulated chemokines and selectins that facilitate firm adhesion to HEVs
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and subsequent transmigration into intestinal tissue. The homing of lymphocytes to gut mucosal tissues is
tightly regulated by chemokines, adhesion molecules, and gut-specific metabolites [194, 195]. Thus, a key
therapeutic strategy in IBD is to inhibit this leukocyte trafficking by targeting adhesion molecules and their
pathways. The a4f7 integrin is specifically relevant, as it is preferentially expressed on gut-activated
lymphocytes and binds to its ligand, mucosal vascular addressin cell adhesion molecule-1 (MAdCAM-1),
expressed on the gut vascular endothelium. Targeting the integrin-ligand axis can offer a gut-selective
approach to immune modulation, effectively preventing pathogenic T lymphocytes from excessively
entering the intestinal lamina propria from SLOs [194-196].

Natalizumab, an anti-a4 monoclonal antibody, is the first integrin antagonist approved for IBD [196].
The ENCORE CD trial demonstrated its efficacy, with 48% of natalizumab recipients achieving clinical
response at Week 8 sustained through Week 12 compared to 32% on placebo (P < 0.001), and 26%
achieving sustained remission vs. 16% on placebo [115]. Despite its efficacy, natalizumab can lead to an
increased risk of progressive multifocal leukoencephalopathy (PML), a severe brain infection caused by the
John Cunningham virus (JCV) due to the suppressed immune cell migration and surveillance. Given these
safety concerns, the use of natalizumab is largely restricted to JCV-negative patients. Initially approved for
multiple sclerosis (MS) in 2004, natalizumab was voluntarily withdrawn in 2005 due to safety concerns, but
later reinstated in 2006 for MS and in 2008 for CD under strict monitoring programs [197, 198].

As a notable advancement over natalizumab, the integrin blockade vedolizumab selectively targets the
a4f7 integrin expressed on B and T lymphocytes [196]. By blocking its interaction with MAdCAM-1,
predominantly expressed in the digestive tract vasculature, vedolizumab precisely prevents inflammatory
cell migration into the gut while preserving central nervous system (CNS) immune cell function [196].
Vedolizumab has shown robust efficacy in IBD. In the GEMINI 1 trial for UC, vedolizumab demonstrated a
significant clinical response rate of 47.1% at Week 6, compared to 25.5% in the placebo group [116].
Notably, at Week 52, 41.8% of patients who continued vedolizumab therapy remained in clinical remission,
a substantial improvement over the 15.9% of patients who switched to placebo (P < 0.001) [116]. In CD,
vedolizumab demonstrated its efficacy in the GEMINI 2 trial, which notably included a significant
proportion of patients (67.7%) with prior anti-TNF exposure. At Week 6, vedolizumab achieved a clinical
remission rate of 14.5% compared to 6.8% with placebo (P = 0.02) [117]. By Week 52, vedolizumab
continued to show significant benefits: 39.0% of patients on induction therapy achieved clinical remission
compared to 21.6% observed in the placebo group (P < 0.001) [117]. Long-term safety data from the
GEMINI LTS program have consistently revealed no new safety signals and, notably, no cases of PML [199].
The overall risk of infection remains low, with non-serious upper respiratory symptoms being the most
common [199]. Furthermore, network meta-analyses have indicated that vedolizumab is associated with a
lower risk of serious infections in UC compared to anti-TNF therapies [200]. Vedolizumab was approved as
a second-line treatment for both moderate-to-severe UC and CD, specifically indicated for patients who
haven’t adequately responded to, or are intolerant of, prior therapies such as steroids, immunomodulators,
or TNF inhibitors.

Etrolizumab is another humanized monoclonal antibody targeting the 37 subunit common to both
a4p7 and aEB7 integrins [201, 202]. By concurrently inhibiting their interactions with MAdCAM-1 and E-
cadherin, etrolizumab aims to reduce the infiltration of inflammatory T cells and cytotoxic intraepithelial
lymphocytes within the gut mucosa [201, 202]. Etrolizumab has shown mixed results in clinical trials for
both UC and CD [203, 204]. During the HIBISCUS I induction study, etrolizumab met its primary endpoint,
while the treatment did not meet the primary endpoint in the HIBISCUS II induction study [203]. The drug
was also studied in the HICKORY trial in patients with prior anti-TNF treatment, where it met the primary
endpoint as an induction therapy but not as maintenance [205]. Its development has been abandoned due
to disappointing trial results. Adding to the therapeutic landscape, ABBV-382, a novel investigational anti-
a4B7 antibody, is now in Phase 2 clinical development for CD (NCT06548542).

Beyond a47 integrin, researchers have investigated other adhesion molecules and chemokine
receptors as therapeutic targets for gut inflammation in IBD. For example, alicaforsen, an antisense
oligonucleotide targeting intercellular adhesion molecule 1 (ICAM-1; the ligand for integrin aLb2), did not
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induce clinical remission in active UC [206, 207]. However, a small retrospective study indicated potential
efficacy in treating pouchitis, inflammation of the surgically created pouch after proctocolectomy in IBD
patients [207]. This suggests that while aLb2-mediated adhesion may not be broadly critical in active UC, it
could play a specific role in localized inflammatory conditions like pouchitis.

An early investigational drug, vercirnon, blocks C-C chemokine receptor 9 (CCR9). CCR9 and its ligand,
CCL25, are essential for recruiting immune cells, particularly T lymphocytes, to the small intestine [208,
209]. Despite initial promise in preclinical and early-phase clinical trials for reducing inflammation and
maintaining remission, vercirnon was not superior to placebo in inducing clinical remission in Phase 3
trials for CD. This lack of efficacy may be associated with redundancy of immune cell homing pathways,
where other chemokines or adhesion molecules compensate for CCR9 blockade, or insufficient inhibition of
all CCR9-mediated effects [209, 210]. The intricate and often redundant nature of chemokine-mediated
immune responses in IBD suggests that suppressing a single chemokine pathway might be insufficient if
alternative pathways for immune cell recruitment exist [210]. Other investigational antibodies (e.g.,
AZD7798) involve depleting the CCR9-expressing lymphocytes and preventing them from homing to the
small bowel for a better reduction of inflammation in IBD.

In a related approach, eltrekibart (LY3041658), a monoclonal antibody, is currently in Phase 2
development for treating moderate-to-severe UC (NCT06598943). Eltrekibart works by neutralizing all
seven Glu-Leu-Arg motif positive (ELR+) CXC chemokines (CXCL1-3 and CXCL5-8), which are known to
drive inflammation by signaling through the C-X-C motif chemokine receptor 1 (CXCR1) and CXCR2 [211].

Anti-TL1A

TL1A protein is encoded by the TNFSF15 locus (a strong genetic variant linked to IBD in GWAS) and mainly
produced by APCs. TL1A plays a significant role in the pathogenesis of IBD through its binding with death
receptor 3 (DR3), which activates downstream pathways such as mitogen-activated protein kinases
(MAPK), nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB), and phosphatidylinositol 3-
kinase (PI3K). This signaling promotes the activation of pro-inflammatory T cells, including Th1, Th2, and
Th17 cells, thereby exacerbating the inflammatory response in IBD [212, 213]. Beyond inflammation, TL1A
is also implicated in driving fibrosis, a process of excessive tissue scarring that can lead to severe
complications such as strictures in IBD, especially in CD. Given its dual role in promoting both inflammation
and fibrosis, TL1A has emerged as a promising therapeutic target for treating IBD. Consequently, anti-TL1A
monoclonal antibodies are an emerging class of therapeutics in clinical development, showing encouraging
efficacy in trials for both UC and CD. These TL1A antibodies have demonstrated significant improvements
across key endpoints, including clinical remission rates, endoscopic healing, and histologic outcomes [212,
213].

An investigational anti-TL1A antibody, RVT-3101, also known as afimkibart (or PF-06480605, RG6631,
R07790121), has shown promise in downregulating tissue Th1 and Th17 cytokine responses and achieving
significant endoscopic improvements in moderate-to-severe UC in Phase 2 trials TUSCANY and TUSCANY-2
[214, 215]. In the Phase 2a TUSCANY trial, Week 14 endoscopic improvement was observed in a
statistically significant proportion of participants [38.2% (uniformly minimum-variance unbiased
estimator, per protocol population)] receiving PF-06480605 500 mg intravenous (IV) Q2W. Sustained
target engagement was also reported through treatment dependent accumulation in soluble TL1A (sTL1A)
concentration [214]. The sequential Phase 2b TUSCANY-2 also demonstrated improved efficacy from the
induction to the chronic period. Specifically, at Week 56, RVT-3101 (formerly PF-06480605) treatment led
to 36% clinical remission, 50% endoscopic improvement, and 21% endoscopic remission. These results
represent a notable increase compared to the Week 14 figures of 29% clinical remission, 36% endoscopic
improvement, and 11% endoscopic remission, respectively [215]. Furthermore, the reported safety profile
remained well-tolerated throughout the 56-week period, with no observable impact of immunogenicity on
clinical efficacy or safety results [215]. Two Phase 3 trials for afimkibart (RVT-3101) in UC began in 2024 to
assess its long-term efficacy and safety. Additionally, two more Phase 3 trials for moderate-to-severe CD
recently started in 2025 (Table 2).
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Another promising anti-TL1A agent, tulisokibart (MK-7240, PRA023), also demonstrated positive
results in the Phase 2 ARTEMIS-UC trial, showing significant clinical remission in patients with moderately
to severely active UC, including those who had failed other therapies [216]. A 12-week treatment trial
evaluated IV tulisokibart (1,000 mg on day 1, followed by 500 mg at Weeks 2, 6, and 10). The results
showed that a significantly higher percentage of patients receiving tulisokibart achieved clinical remission
compared to those on placebo (32% vs. 11%; P = 0.02). The incidence of adverse events was similar in the
tulisokibart and placebo groups (46% vs. 43% in placebo) [216]. Interestingly, this trial also incorporated a
novel genetic-based diagnostic test, developed using a machine-learning approach, to identify patients with
an increased likelihood of response to treatment. However, this Phase 2 trial ultimately didn’t provide
evidence that this genetic test successfully identified patients more likely to respond to TL1A inhibition.
This outcome might have been influenced by a higher incidence of remission in the placebo group among
patients with a “positive” test result for likelihood of response compared to the unstratified cohort (11% vs.
1%) [216]. A recently published proof-of-concept Phase 2a APOLLO-CD trial suggests that tulisokibart may
be efficacious in patients with moderately to severely active CD, with 26% of those receiving the drug
achieving a response at Week 12 [217]. However, randomized controlled trials of longer duration are
needed to confirm these preliminary results. Tulisokibart is currently undergoing investigation in three
Phase 3 clinical trials (ATLAS-UC, ARES-CD, MK-7240-011) for the treatment of moderately to severely
active UC and CD (Table 2).

Duvakitug (TEV-48574/SAR447189), another investigational IgG1-A2 TL1A antibody, is currently in
Phase 2 clinical development for IBD. The Phase 2b RELIEVE trial showed promising clinical efficacy for
duvakitug in both UC and CD. In the UC cohort, 36% of patients on the 450 mg dose and 48% on the 900 mg
dose achieved the primary endpoint of clinical remission at Week 14, compared to 20% on placebo.
Similarly, in the CD cohort, 26% of patients receiving 450 mg and 48% receiving 900 mg reached the
primary endpoint of endoscopic response, vs. 13% on placebo [218]. Notably, higher clinical remission
rates were observed for duvakitug compared to placebo in both AT-experienced and AT-naive patient
subgroups across both cohorts [218]. A Phase 3 program for duvakitug is anticipated to begin in the second
half of 2025 [219].

Other biologic agents

Anti-IL-36R: The IL-36 cytokine family (IL-36a, 3, y) is significantly upregulated in intestinal inflammation
in IBD [220]. IL-36c and y are mainly produced by gut-resident cells, proteolytically activated by neutrophil
enzymes, enabling them to bind to the IL-36R, a heterodimer of IL-1Rrp2 and IL-1RAcP. This binding
triggers pro-inflammatory signaling in immune cells such as DCs, macrophages, and T lymphocytes, driving
inflammatory responses. Conversely, natural antagonists such as IL-36Ra and IL-38 inhibit IL-36R
activation, demonstrating anti-inflammatory effects [220, 221]. Spesolimab is a humanized monoclonal
IgG1 antibody targeting IL-36R. Despite its hypothesized anti-inflammatory role in IBD, spesolimab has not
shown significant efficacy in clinical trials for IBD [222, 223]. A Phase 2 trial for moderate-to-severe UC did
not demonstrate improved clinical remission rates compared to placebo at Week 12. Similarly, studies in
fistulizing CD have lacked conclusive evidence of spesolimab’s effectiveness, leading to the termination of a
Phase 2 long-term treatment study for fistulizing CD in 2022 [222, 223].

Anti-IL-1a/B: IL-1a and IL-1f are important pro-inflammatory cytokines in IBD pathogenesis. While
IL-1p acts primarily as a soluble mediator, IL-1a has a dual function, serving as both a ligand for the IL-1R1
and an intracellular transcription factor. After being released from necrotic cells, IL-1a can also act as an
alarmin to initiate inflammation. Given the distinct roles of IL-1a and 8, simultaneously targeting both
cytokines may offer a therapeutic advantage [224]. Lutikizumab (ABT-981) is a novel dual variable domain
immunoglobulin (DVD-Ig) designed to neutralize both IL-1a and B [225, 226]. This investigational drug is
currently in Phase 2 clinical development for both UC and CD (Table 2).

Anti-I1L-4/13: IL-4 and IL-13 are important Th2 cytokines traditionally linked to allergic reactions and
parasitic infections [227]. They were also reported to be involved in the inflammatory cascade in IBD,
especially UC. IL-13 has been identified as a key effector cytokine in UC, potentially acting directly on
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epithelial cells to increase barrier permeability and promote inflammation [228, 229]. While dual blockade
of IL-4 and IL-13 signaling has shown success in multiple allergic conditions (e.g., atopic dermatitis, asthma,
etc.), the precise role of IL-4 and IL-13 cytokines in IBD remains an active area of investigation, with
ongoing research exploring their potential as therapeutic targets. Dupilumab, the antagonist targeting the
shared alpha subunit of the IL-4R and IL-13R (IL-4Ra), is currently undergoing Phase 2 clinical assessment
in the LIBERTY-UC SUCCEED trial (NCT05731128, Table 2) for moderately to severely active UC with an
eosinophilic phenotype.

Beyond established treatments, a broader range of biologic agents are currently in development,
targeting diverse mechanisms to modulate the immune response. These include therapies focused on
cytokine or receptor blockade (such as IL-2, IL-6, and IL-31 pathways) and immune checkpoint enhancers
like P-selectin glycoprotein ligand-1 (PSGL-1) and programmed cell death protein 1 (PD-1) [230-232].

Small molecule drugs

Small molecule drugs represent a significant advance in IBD therapeutics due to their ability to readily
penetrate cellular membranes and modulate intracellular signaling pathways. These orally bioavailable,
chemically synthesized compounds offer several advantages over injectable biologics: convenient oral
administration for improved patient compliance, lower manufacturing costs for enhanced accessibility,
non-immunogenicity, and superior tissue penetration for effective intracellular targeting [233, 234].
Clinical studies on small molecules like JAK inhibitors, phosphodiesterase (PDE) inhibitors, and S1PR
modulators are detailed in Table 3 for IBD treatment.

Table 3. Drug development pipeline for IBD: small molecule therapies*.

MoA Drug name Indication RoA Highest clinical Clinical trials
stage
JAK1-biased Filgotinib (Jyseleca; UC,CD PO UC:EU, UK, and NCT02914522; NCT06865417;
inhibitor GLPG0634) Japan approved NCT02914535; NCT06964113;
CD: Ph3 completed NCT02914561
JAK1-biased Ivarmacitinib UC,CD PO UC:Ph3unknown NCT05181137; NCT03675477;
inhibitor (SHR0302) status NCTO03677648
CD: Ph2 completed
Pan JAK inhibitor Izencitinib (TD-1473) UC,CD PO UC: Ph2/3 NCT03920254; NCT03758443;
terminated NCT03635112
CD: Ph2 terminated
Pan JAK inhibitor Peficitinib (JNJ- uc PO  Ph2 completed NCT01959282
54781532)
TYK2/JAK1 inhibitor Brepocitinib (PF- UC,CD PO UC:Ph2 completed NCT02958865; NCT03395184
06700841) CD: Ph2 completed
JAK3/TEC family Ritlecitinib (PF- UC,CD PO UC:Ph2 completed NCT02958865; NCT03395184
inhibitor 06651600) CD: Ph2 completed
TYK2 inhibitor Zasocitinib (TAK-279) UC,CD PO UC: Two Ph2 NCT06254950; NCT06233461;
recruiting NCT06764615 (joint for UC and CD)
CD: Two Ph2
recruiting
TYK2 inhibitor Deucravacitinib (BMS- UC, CD PO UC: Ph2 completed NCT04613518; NCT03934216;
986165) CD: Ph2 completed NCTO04877990
JAK1/TYK2 inhibitor TLLO18 uc PO  Ph2 withdrawn NCT05121402
JAK3/TYK2/Ark5 OST-122 uc PO  Ph1/2 completed NCT04353791
inhibitor
S1PR1 modulator ~ Tamuzimod (VTX002) UC PO  Ph2 ongoing NCT05156125
TNFa inhibitor Balinatunfib CD,UC PO UC:Ph2recruitng NCT06867094; NCT06637631
(SARA441566) CD: Ph2 recruiting
PDE4 inhibitor Mufemilast uc PO Ph2 ongoing NCT05486104
(Hemay005)
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Table 3. Drug development pipeline for IBD: small molecule therapies*. (continued)

MoA Drug name Indication RoA Highest clinical Clinical trials
stage
PDE4 inhibitor Apremilast uc PO Ph2 completed NCT02289417
PDE4 inhibitor Tetomilast (OPC- UC,CD PO UC:Ph3 completed NCT00092508; NCT00064454;
6535) CD: Ph2/3 NCT00064441; NCT00989573
completed
a4B7 inhibitor GS-1427 uc PO  Ph2 recruiting NCT06290934
a4 inhibitor AJM300 (carotegrast UC PO  Ph3 completed NCT03531892
methyl)
0437 inhibitor MORF-057 CD,UC PO UC:Ph2bongoing NCT05611671; NCT05291689;
CD: Ph2 recruiting NCT06226883
SYK inhibitor Lanraplenib (Bl uc IV,  Ph2ongoing NCT06636656
3032950) SC
TPL2 inhibitor Tilpisertib fosmecarbil UC PO  Ph2 recruiting NCT06029972
(GS-5290)
RIPK1 inhibitor SAR443122 uc PO  Ph2 recruiting NCT05588843
(DNL758)
Renin inhibitor SPH3127 uc PO  Ph2 completed NCT05019742; NCT05770609
NLRP3 inhibitor Usnoflast (ZYIL1) uc PO Ph2 completed NCT06398808
ALKS inhibitor AGMB-129 CD PO  Ph2 ongoing NCT05843578
IL-23 inhibitor Icotrokinra (JNJ- uc PO  Ph2 ongoing NCT06049017
77242113)

*: The search on ClinicalTrials.gov was completed by July 1st, 2025. IBD: inflammatory bowel disease; MoA: mechanism of
action; RoA: route of administration; JAK1: Janus kinase 1; UC: ulcerative colitis; CD: Crohn’s disease; PO: oral administration;
TYK2: tyrosine kinase 2; Ark5: AMP-activated protein kinase-related protein kinase 5; S1PR1: sphingosine-1-phosphate
receptor 1; TNF: tumor necrosis factor; PDE4: phosphodiesterase 4; SYK: spleen tyrosine kinase; IV: intravenous; SC:
subcutaneous; TPL2: tumor progression locus 2; RIPK1: receptor-interacting serine/threonine protein kinase 1; NLRP3: NLR
family pyrin domain containing 3; ALK5: activin receptor-like kinase 5; IL: interleukin.

JAK inhibitors

Dysfunctional cytokine-JAK-STAT pathway activities have been demonstrated as hallmarks of numerous
autoimmune disorders, including IBD [233-235]. JAK inhibitors are a class of small molecules designed to
target the JAK/STAT pathways and treat inflammatory cytokine-mediated diseases [233-235]. JAK
inhibitors work through binding and inhibiting the activation of JAK enzymes [JAK1, JAK2, JAK3, and
tyrosine kinase 2 (TYK2)], thus disrupting the inflammatory signaling cascade and controlling immune
responses [234, 235].

Tofacitinib, a pan JAK inhibitor, was the first oral targeted therapy approved for UC (2018) [236, 237].
In the OCTAVE 1 and 2 induction trials, patients receiving 10 mg tofacitinib twice daily achieved clinical
remission rates of 19% and 17%, respectively, compared to 8% and 4% for those on placebo (P = 0.007 and
P <0.001) [135, 136]. The therapeutic effect was similar regardless of TNFi-exposure status [135, 136]. In
the OCTAVE sustain maintenance trial, Week 52 clinical remission rates were 34% (5 mg group) and 41%
(10 mg group), significantly higher than 11% in the placebo group (P < 0.001 for both). However, tofacitinib
carries an increased risk of herpes zoster infection, particularly in patients aged over 65 years, those with
previous TNFa agent failure, and individuals of Asian ethnicity [135, 136].

A more selective JAK inhibitor, upadacitinib, has also been assessed in Phase 3 trials in patients with
moderate-to-severe active CD and UC [236, 237]. In two Phase 3 induction trials for CD (U-EXCEL and U-
EXCEED), upadacitinib demonstrated significantly higher rates of clinical remission and endoscopic
response compared to placebo in patients with CD. Furthermore, in the U-ENDURE maintenance trial,
upadacitinib showed superior clinical remission and endoscopic response rates at Week 52 compared to
placebo. All these improvements were statistically significant (P < 0.001) [137]. The subsequent U-ENDURE
long-term extension study demonstrated that upadacitinib maintenance therapy provided sustained CS-
sparing effects over two years in CD patients [138]. In the U-ACHIEVE [139] and U-ACCOMPLISH [139]
induction trials for UC, upadacitinib achieved clinical remission in 26% and 34% of patients, respectively,
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compared to 5% and 4% for placebo (P < 0.0001 for both) [139]. In the U-ACHIEVE maintenance trial,
15 mg and 30 mg upadacitinib achieved clinical remission rates of 42% and 52% respectively, vs. 12% for
placebo (P < 0.0001 for both) by Week 52 [139]. Upadacitinib gained approval for UC in 2022 and CD in
2023, further expanding the oral therapeutic options for IBD patients.

First-generation non-selective JAK inhibitors are linked to an increased risk of infection, particularly
herpes zoster, for which the recombinant zoster vaccine is recommended [238]. The ORAL surveillance
study highlighted serious safety concerns with JAK inhibitors, reporting higher rates of MACE and cancers
in rheumatoid arthritis patients treated with tofacitinib compared to anti-TNF agents. These findings led to
a black box warning for all JAK inhibitors, including upadacitinib, regarding malignancies and venous
thromboembolism (VTE), specifically pulmonary embolism and increased mortality [239, 240]. Prescribing
information advises monitoring for new malignancies and considering patient history, with periodic skin
evaluations recommended for non-melanoma skin cancer. Furthermore, these drugs can affect laboratory
values, including dose-dependent increases in lipid levels (tofacitinib), elevated aminotransferase levels
(tofacitinib and upadacitinib), and changes in blood counts such as anemia (tofacitinib), neutropenia, and
lymphopenia (upadacitinib) [239, 240].

Second-generation JAK inhibitors aim to overcome the limitations of pan JAK inhibitors and improve
their safety profile by achieving greater selectivity within the JAK family. Several of these highly selective
agents are currently undergoing clinical development for both UC and CD, including filgotinib (JAK1-biased;
approved for UC in EU), ivarmacitinib (JAK1-biased), brepocitinib (JAK1/TYK2-biased), deucravacitinib
(TYK2-selective), etc. [236, 237].

Filgotinib (GS-6034, GLPG0634; Jyseleca) is an oral, JAK1-biased inhibitor [237]. The SELECTION trial
demonstrated that filgotinib 200 mg effectively induced and maintained clinical remission in patients with
moderate-to-severe UC, regardless of their prior biologic exposure. At Week 10, 26.1% of filgotinib-treated
patients achieved clinical remission compared to 15.3% on placebo (P = 0.0157). This efficacy extended to
Week 58, with 37.2% in remission vs. 11.2% on placebo (P < 0.0001) [241]. Importantly, serious adverse
event rates were similar across treatment and placebo groups [241]. Despite its efficacy in UC, filgotinib
200 mg did not meet the co-primary endpoints for clinical remission and endoscopic response at Week 10
in the Phase 3 DIVERSITY trial for CD [242]. While approved for moderate-to-severe UC in the EU, UK, and
Japan, the US FDA has withheld approval in the US due to concerns about potential testicular toxicity at the
200 mg dose, particularly its impact on sperm parameters, as indicated by preclinical studies.

The oral JAK1-biased inhibitor, ivarmacitinib (SHR0302), also shows promise for moderate-to-severe
active UC, as demonstrated in the Phase 2 AMBER?Z trial [243]. At Week 8, ivarmacitinib groups consistently
exhibited significantly higher clinical response (e.g., 46.3% vs. 26.8% for placebo) and clinical remission
rates (e.g., 22.0-24.4% vs. 4.9% for placebo) across various dosages. The drug was well-tolerated, with
predominantly mild treatment-emergent adverse events comparable to placebo, and no major
cardiovascular, thromboembolic events, or deaths reported [243]. A Phase 3 trial for UC has begun to
further assess its efficacy and safety (NCT05181137).

Among the second-generation JAK inhibitors, deucravacitinib (Sotyktu) stands out as a highly selective
TYK2 inhibitor, allosterically binding to TYK2 regulatory pseudokinase domain to inactivate its kinase
activity. Deucravacitinib effectively inhibits signaling of pro-inflammatory cytokines that are crucial in
inflammatory diseases, such as [L-23, IL-12, and type I IFNs. The high selectivity of deucravacitinib offers a
differentiated safety profile compared to traditionally designed JAK kinase inhibitors [237]. However,
clinical trials for deucravacitinib in IBD have shown mixed results: the Phase 2 LATTICE-UC study failed to
meet the primary and secondary endpoints for UC, and the LATTICE-CD study in CD was terminated early
after not meeting the co-primary endpoints, although some positive trends were observed [244, 245].
Deucravacitinib remains in Phase 2 development for UC (Table 3). Another TYK2 selective inhibitor,
zasocitinib (TAK-279), is also being investigated in ongoing Phase 2 trials for both UC and CD (Table 3).
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S1PR modulators

S1P is a bioactive lipid mediator with important functions in the immune system. The levels of S1P are
regulated by the balance between its synthesis through sphingosine kinases and its degradation by the S1P
lyase. S1P signals through plasma membrane G protein-coupled receptors (S1PR1-5) or directly acts on
intracellular targets. SIPR1 plays an essential role in controlling the egress of lymphocytes from primary
(thymus, bone marrow) and secondary (lymph nodes, spleen) lymphoid organs [246, 247]. The research of
S1P/S1PR signaling in inflammation has led to the development of novel oral small molecule therapies for
IBD. An S1PR1 and S1PR5 modulator, ozanimod (Zeposia), and a S1PR1, S1PR4, S1PR5 modulator,
etrasimod (Velsipity), are two such agents approved for the treatment of UC [248].

Ozanimod acts by inducing the internalization and degradation of S1PR1, effectively preventing
peripheral blood lymphocytes from egressing the lymph nodes. This mechanism reduces the number of
activated lymphocytes circulating to inflammatory sites within the intestinal mucosa [249]. Pivotal TRUE
NORTH trials in patients with moderate-to-severe UC demonstrated a significant clinical benefit. Clinical
remission rates were markedly higher with ozanimod compared to placebo in both the induction phase
(Week 10: 18.4% vs. 6.0%, P < 0.001) and the maintenance phase (Week 52: 37.0% vs. 18.5%, P < 0.001)
[140, 141]. However, the first of two Phase 3 YELLOWSTONE induction studies evaluating ozanimod in
moderate-to-severe CD did not meet its primary endpoint of clinical remission at Week 12 [250]. A
comprehensive evaluation of the full YELLOWSTONE trial data is currently underway.

Regarding its safety profile, ozanimod is reported to be contraindicated in patients with cardiac
arrhythmias, a history of myocardial infarction, concurrent monoamine oxidase inhibitor (MAOI) use, and
untreated, severe sleep apnea [251]. While bradycardia increased during the TRUE NORTH study induction
phase following ozanimod treatment, no new cardiac safety signals emerged in the 3-year extension study
[140, 141]. To mitigate cardiac risks, current guidelines advise avoiding ozanimod in patients with
significant cardiovascular disease, screening for conduction abnormalities with electrocardiogram (ECG),
and using titration dosing. Healthcare providers should also assess for concomitant use of MAOIs or other
medications that could potentially cause bradycardia, QTc prolongation, or arrhythmias, and monitor
cardiovascular vitals. Another on-target side effect of ozanimod is reduced circulating lymphocytes,
necessitating close monitoring for infections, with nasopharyngitis and herpes zoster being frequently
reported [251]. Varicella immunity confirmation is recommended before starting ozanimod [251].

Etrasimod is an oral S1PR modulator with selectivity for S1PR1, S1PR4, and S1PR5 [248]. The
ELEVATE UC programs notably highlighted its efficacy in moderate-to-severe UC patients [142]. At Week
52, clinical remission was achieved in 32% of patients treated with etrasimod, significantly outperforming
placebo (7%) with a P value of < 0.0001 [142]. While etrasimod is approved for UC, there are currently no
reported studies detailing its treatment effects in CD.

Tamuzimod (VTX002), an investigational oral SIPR1 modulator, has also shown promising clinical
results for UC. In a Phase 2 induction trial, 28% of patients receiving 60 mg of tamuzimod and 24% of those
receiving 30 mg achieved clinical remission by Week 13, compared to just 11% on placebo (P = 0.018 and
P =0.041, respectively) [252]. Tamuzimod induction therapy was also well-tolerated. The most common
treatment-emergent adverse events were upper respiratory tract infection (9% for 60 mg, 1% for 30 mg vs.
1% for placebo), anemia (3% for 60 mg, 5% for 30 mg vs. 9% for placebo), and headache (6% for 60 mg,
7% for 30 mg vs. 3% for placebo). Notably, there were no reported adverse events of atrioventricular block,
bradycardia, macular edema, severe or opportunistic infections, malignancies, or deaths [252]. These
positive results and the favorable risk-benefit profile collectively support the ongoing clinical development
of tamuzimod for treating moderately-to-severely active UC.

PDE inhibitors

PDEs are a class of enzymes that catalyze the degradation of cyclic adenosine monophosphate (cAMP) and
cyclic guanosine monophosphate (cGMP). PDE4 is predominantly expressed in immune cells, including DCs,
monocytes, macrophages, and T cells. Inhibition of PDE4 leads to elevated intracellular cAMP levels, which
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in turn reduces the pro-inflammatory cytokines (e.g., TNFa, IL-17, IFN-y, and IL-23), while concurrently
increasing levels of anti-inflammatory cytokines (e.g., IL-10). Given the immune-suppressive activities,
PDE4 inhibitors have gained significant attention as a therapeutic approach in inflammatory diseases,
including IBD [253, 254]. Apremilast and tetomilast (OPC-6535), for instance, have progressed to late-stage
clinical development for UC and CD. While apremilast showed some clinical improvements and was well-
tolerated in UC, it didn’t meet its primary endpoint in its Phase 2 trial [255, 256]. Similarly, tetomilast’s
Phase 2 trial for UC also didn’t reach statistical significance for its primary endpoint, though secondary
endpoints did suggest potential clinical activity [256]. Currently, other PDE4 inhibitors, such as mufemilast
(Hemay005) and PALI-2108, are being evaluated in Phase 2 (NCT05486104) or Phase 1 (NCT06663605)
trials for UC, respectively.

Oral a4f7 integrin inhibitors

Given the clinical validation of a4 7 integrin as an IBD target by the injectable antibody vedolizumab, small
molecule a4f7 integrin inhibitors are now in development, offering a potential oral administration
alternative. One such inhibitor, MORF-057, is a selective oral small molecule designed to block the
interaction between a4f7 on lymphocytes and its mucosal endothelial ligand, MAACAM-1 [257]. MORF-057
was reported to significantly reduce lymphocyte migration from the bloodstream into intestinal tissues,
and mitigate the inflammation in IBD [257, 258]. Initial data from the Phase 2a EMERALD-1 study showed
promising results for MORF-057. At Week 12, 25.7% of treated patients achieved endoscopic improvement,
and an equal percentage (25.7%) also reached clinical remission, as defined by the modified Mayo Clinic
Score (mMCS) [257, 258]. Further evaluation is ongoing with a Phase 2b trial for UC and another Phase 2
trial for CD (Table 3). Another oral small molecule a437 inhibitor, GS-1427, is also in Phase 2 clinical trials
for UC (Table 3).

Oral IL-23 or TNFa inhibitors

Similarly, building on the success of biologic antibodies, oral IL-23 and TNFa inhibitors are now under
development, aiming to offer more convenient treatment options. Icotrokinra (JN]-77242113) is an
investigational oral peptide that selectively blocks IL-23R [259]. Recent data from the Phase 2b ANTHEM-
UC trial for moderate-to-severe UC showed promising results. Icotrokinra met its primary endpoint of
clinical response across all dose groups at Week 12, also demonstrating clinically meaningful
improvements over placebo in key secondary endpoints such as clinical remission, symptomatic remission,
and endoscopic improvement. Specifically, the highest dose of icotrokinra achieved a 63.5% response rate
at Week 12, significantly greater than the 27% on placebo (P < 0.001). Clinical remission rates were
achieved in 30.2% of patients on the highest dose by Week 12 compared to 11.1% on placebo (P < 0.01)
[260]. Both remission and response rates continued to improve through Week 28. Importantly, icotrokinra
was well tolerated, with adverse event rates comparable between the treatment and placebo groups [260].
These findings suggest that icotrokinra has the potential to significantly optimize the treatment options for
patients with IBD. TNFa small molecule inhibitor, balinatunfib (SAR441566), is also currently in Phase 2
development for both UC and CD (Table 3).

Activin receptor-like kinase 5 (ALK5) inhibitor

TGFp plays a crucial role in fibrosis by regulating extracellular matrix deposition, and its dysregulation is
directly linked to intestinal fibrosis and strictures in CD. ALK5 (also known as TGFBR1) is a key component
of the TGF[ receptor complex. When TGFf binds to TGFBR (including ALK5), it initiates intracellular
signaling pathways via Smad proteins [261, 262]. An investigational oral, GI-restricted ALK5 inhibitor,
AGMB-129, is being developed for fibrostenosing CD (FSCD) and has received FDA fast track designation
[263]. Recent topline results from the Phase 2a STENOVA trial showed that AGMB-129 met its primary
endpoint of favorable safety and tolerability and secondary endpoints of pharmacokinetics (PK) and target
engagement after 12 weeks of treatment in 44 FSCD patients and was well-tolerated [264]. The study also
revealed favorable biomarker changes in mRNA gene expression in ileum biopsies.
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Melanocortin receptor agonists

The melanocortin receptor (MCR) system, a complex network of hormones, receptors, and signaling
pathways, plays a diverse physiological role in the function of inflammation, immune responses,
metabolism, food intake, and sexual function. There are five MCRs, MC1R through MC5R. The MCR MCI1R,
when activated by alpha-melanocyte stimulating hormone (a-MSH), plays a protective role in IBD by
reducing inflammation and promoting intestinal healing [265]. PL8177 is a synthetic cyclic heptapeptide
designed to mimic the a-MSH by binding to and activating MC1R [266]. When taken orally, PL8177
specifically targets MC1R on the cells lining the colon, and a Phase 1 trial demonstrated its delivery and
localized action within the colon. Recent topline results from an 8-week Phase 2 study in UC reported
significant efficacy for oral PL8177 [267]. Clinical remission was achieved in 33% of PL8177-treated
patients vs. 0% on placebo. Furthermore, clinical response was observed in a striking 78% of PL8177-
treated patients compared to 33% on placebo (P < 0.005). The study also reported symptomatic remission
in 56% of PL8177-treated patients vs. 33% on placebo. Moreover, PL8177 reported a well-tolerated safety
profile with no reported adverse events in the initial phase [267]. Further studies are needed to confirm
PL8177’s long-term safety and efficacy.

Other small molecule therapeutics

Beyond the small molecules discussed previously, novel inhibitors targeting various intracellular enzymes
are in clinical development for IBD, aiming to modulate pathways involved in inflammation, fibrosis, or
immune metabolism [268, 269]. Examples of these inhibitors include: SYK inhibitors (e.g., lanraplenib);
TPL2 inhibitors (e.g., tilpisertib); RIPK1 inhibitors (e.g., SAR443122); renin inhibitors (e.g.,, SPH3127); NLR
family pyrin domain containing 3 (NLRP3) inflammasome inhibitors (e.g., usnoflast); farnesoid X receptor
(FXR) agonists (FXR314); histone deacetylase (HDAC) inhibitors (e.g., vorinostat); lanthionine synthetase
C-like 2 (LANCLZ2) inhibitors (e.g., BT-11), etc. The results from their upcoming or ongoing clinical trials
(Table 3) are expected to significantly broaden our understanding of pathogenesis and expand the
therapeutic landscape of IBD.

Novel therapeutic strategies for IBD

Despite the success of current therapies for IBD, effectively controlling intestinal inflammation remains a
substantial challenge. Studies suggest that biologic treatments are encountering a “therapeutic ceiling”,
with remission rates plateauing, particularly during long-term treatment [270]. New therapeutic strategies
are needed that can target multiple inflammatory pathways with a strong safety profile and actively
promote inflammation resolution. The novel approaches, such as cellular immunotherapies like chimeric
antigen receptor (CAR)-T cells, Tregs, mesenchymal stem cells (MSCs), and specific immune cell-depleting
antibodies, hold potential for overcoming current treatment limitations [271, 272]. Additionally,
microbiome therapy is emerging as another novel strategy for IBD treatment [273].

CAR-T cell therapy

CAR-T cell therapy, a promising cellular immunotherapy, involves engineering a patient’s own T cells to
express CARs. These CAR-T cells are then expanded and infused back into the patient after lymphodepletion
to ensure optimal engraftment and long-term therapeutic effects.

Current research for autoimmune conditions primarily focuses on targeting CD19+ B cells for selective
depletion [274]. While B cells are crucial for immune homeostasis in a healthy gut, their pathological
accumulation and increased production of pro-inflammatory antibodies and autoantibodies (such as anti-
GM-CSF IgG in CD and anti-TM5 IgG1 in UC) are observed in IBD [274]. This suggests a role for B cells in
driving inflammation, especially within the inflamed mucosa, where IgG+ B and plasma cells are abundant
[274, 275]. Though CD19+ CAR-T therapy has shown success in other B cell-mediated diseases, its utility in
IBD requires further study, particularly given the limited success of previous CD20 antibody treatments
[275]. However, effective depletion of localized, activated mucosal B cells by CAR-T cells is hypothesized to
have a greater impact on IBD inflammation compared to systemic B cell depletion [275]. Beyond CD19,
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novel CAR-T cell targets are being explored for IBD. CD7 CAR-T cells are under investigation for their
potential to eliminate pathogenic immune cell subpopulations [276]. Additionally, IL-23R-CAR-Tregs (Tregs
engineered to express an IL-23R) are being developed for CD, leveraging the critical role of IL-23R signaling
in IBD pathogenesis [277]. Preclinical studies show promising results for IL-23R-CAR-Tregs in suppressing
inflammation [277], but human clinical validation is still needed.

Safety is a major factor to consider for cellular IBD therapies. CAR-T cell therapy for treating
hematological malignancies is associated with potentially life-threatening AEs such as cytokine release
syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS). Although their
incidence has been relatively lower in chronic inflammatory diseases, possibly attributable to a reduced
target cell burden [278, 279], ongoing controlled studies are still critical to comprehensively assess the
safety profile of CAR-T cell therapy in inflammatory conditions. Furthermore, the rare but documented
association of CAR-T therapy for cancer with secondary malignancies warrants careful risk-benefit
assessment for its application in IBD [280, 281].

Treg therapy

Tregs are essential for maintaining gut immune balance and preventing excessive inflammation, playing a
key role in tissue tolerance to commensal microbiota and dietary antigens. Intestinal Tregs can be broadly
categorized into three major subsets based on their unique molecular markers [GATA3+Helios+ (Nrp1+),
retinoic acid receptor related orphan receptor yt (RORyt) expressing RORyt+Helios- and RORyt-Nrp1-
(Helios-) subsets] [282]. Tregs exert their suppressive effects through both antigen-specific mechanisms,
where they are induced by APCs to suppress specific effector T cell responses, and non-specific bystander
suppression [283]. The latter involves secreting anti-inflammatory cytokines like IL-10 and TGFp, direct
cytolysis of effector cells, metabolic disruption, and modulating APC function. In IBD, an imbalance favoring
pro-inflammatory T cells leads to tissue damage [282]. Studies in experimental colitis models consistently
demonstrate the protective role of Tregs in suppressing mucosal inflammation, suggesting that increasing
Treg numbers or enhancing their function could be a valuable therapeutic strategy for IBD [284]. This
foundational research has paved the way for developing Treg-based cellular therapies.

An early pilot Phase 1/2a study assessed the safety and efficacy of autologous ovalbumin-specific Tregs
in 20 patients with refractory CD [285]. This 12-week, single-injection, escalating-dose trial indicated that
Treg administration was well-tolerated and exhibited dose-related efficacy, with a 40% reduction in CDAI
scores observed at Weeks 5 and 8 [285]. Nevertheless, this specific approach was discontinued due to
manufacturing challenges. Additionally, other research groups have shifted their focus to use autologous, ex
vivo expanded polyclonal Tregs for IBD, with Phase 1 trials registered under NCT04691232 and
NCT03185000.

The challenges involving Treg therapy include ensuring the purity and stability of the infused Tregs,
optimizing Treg delivery to the inflamed gut, and understanding the long-term therapeutic effect. Further
research is needed to refine Treg therapy strategies and identify the best candidates for this strategy.

Selective immune cell depleting antibodies for IBD

While current IBD therapies mainly focus on individual cytokines or leukocyte trafficking, selective
depletion of pathogenic immune cell subsets offers a more precise approach. This alternative strategy holds
the potential for durable therapeutic benefits in complex immune-mediated conditions like IBD.

Rosnilimab, a PD-1 agonist and depleter, is a humanized IgG1 monoclonal antibody targeting PD-1-
expressing T cells prevalent in IBD. Its dual mechanism involves selectively eliminating highly pathogenic
PD-1-high T cells while downregulating the activity of remaining PD-1-intermediate T cells, aiming to
suppress localized inflammation while preserving broader immunocompetence [286]. A favorable safety
profile and robust depletion of peripheral PD-1-high T cells in a Phase 1 study in healthy volunteers have
led to the ongoing ROSETTA Phase 2 study in moderate-to-severe UC [286].
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Blinatumomab, a bispecific T cell engager (BiTE) antibody, simultaneously binds to CD3 on T cells and
CD19 on B cells, redirecting T cells to lyse B cells [287, 288]. Originally for acute lymphoblastic leukemia, its
proposed mechanism in IBD is to achieve a more complete and rapid depletion of mucosal B cells, including
autoantibody-producing memory B cells, potentially “resetting” B cell immunology with transient effects
[275, 287].

AZD7798 is an antibody targeting CCR9-expressing lymphocytes to treat CD, particularly small bowel
CD (SBCD), by disrupting the CCR9-CCL25 axis responsible for recruiting mononuclear cells to the small
bowel mucosa [289]. A Phase 1b study showed rapid, profound, and sustained depletion of CCR9+ cells in
blood and small bowel [289], with two Phase 2 trials currently underway for CD (NCT06681324;
NCT06450197).

GRT-001 (Granite Bio) is an antibody designed to deplete monocytes by targeting the CCR2 via
antibody-dependent cellular cytotoxicity. Given the central role of CCR2+ monocytes in chronic intestinal
inflammation, GRT-001 aims to selectively deplete pro-inflammatory monocytes while sparing tissue-
resident macrophages [275]. The ongoing MONOIlith Phase 1 trial will provide crucial insights into its
functional relevance in human IBD (CTIS2023-507547-11-00).

Future trials may focus on patient stratification and personalized treatment approaches for cellular
therapies, as a universal strategy will likely be insufficient. In addition, it is crucial to assess their
effectiveness across different disease stages, locations, or immunophenotypes, and to rigorously evaluate
the local cell distribution where the cell therapies exert functions. Furthermore, the cost of novel cellular
therapies still presents significant concerns for global affordability and accessibility.

Gut microbiome-based therapeutics in IBD

Microbiome therapy, including strategies such as fecal microbiota transplantation (FMT), probiotics,
prebiotics, helminth therapy, and dietary modifications, represents a novel approach to treat IBD. These
approaches aim to restore a healthy microbial balance in the gut, reduce inflammation, and alleviate
symptoms in IBD patients [290-292].

The human gut harbors a vast and diverse microbial community, and an imbalance in this microbiota is
strongly implicated in IBD pathogenesis, triggering abnormal immune responses. Numerous IBD risk
factors, including smoking, specific diets (e.g., ultra-processed foods, carboxymethylcellulose), prior
gastroenteritis, and early antibiotic use, are linked to microbiome alterations. Conversely, a diet rich in
fruits and vegetables correlates with reduced IBD risk [28, 30, 290, 291]. In IBD patients, disease severity is
often associated with an overpopulation of pathogenic bacteria and a diminished presence of beneficial
species like Faecalibacterium prausnitzii, with distinct microbial profiles observed in CD and UC [293].

VE202, an investigational live biotherapeutic product containing 16 bacterial strains, aims to induce
gut immune tolerance and strengthen the epithelial barrier [294]. It has shown safety and dose-dependent
colonization in a Phase 1 study, received FDA fast track designation for UC in 2023, and is currently
undergoing Phase 2 investigation for mild to moderate UC (NCT05370885).

FMT, a historical practice now gaining modern recognition, directly modifies the gut microbiota. While
its use dates back to 4th-century China, modern applications began in 1958, with its first reported IBD use
in 1989. Growing clinical data support FMT as an effective option, though optimal administration methods
for IBD are still under investigation [292].

Helminth therapy, an experimental approach using parasitic worms like Trichuris suis or Necator
americanus, aims to reduce inflammation in IBD by inducing an anti-inflammatory immune response and
positively altering gut microbiota [295]. Early trials in 2005 showed promising, albeit temporary, results in
some CD and UC patients due to the worms’ immunomodulatory properties. Despite some suggested
benefits in reducing inflammation and improving symptoms, this therapy carries risks such as GI side
effects and potential anemia [296, 297]. Helminth therapy is not yet standard of care for IBD; ongoing
research is focusing on safer helminth-derived products, but large-scale, controlled trials are still necessary
to confirm its efficacy and safety.
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In addition to bacteria, the gut microbiome also includes a diverse virome (viruses) and mycobiome
(fungi) that contribute significantly to gut health and disease [298]. The gut virome, primarily composed of
bacteriophages, exhibits altered diversity and an increased abundance of Caudovirales in IBD patients, a
shift that can lead to the lysis of host bacteria and is strongly associated with the overall dysbiosis [299].
Similarly, the gut mycobiome in IBD is often characterized by an overgrowth of commensal fungi like
Candida albicans, which can trigger inflammation and disrupt the delicate balance between bacteria and
fungi [300]. Recent technological advancements, such as high-throughput sequencing and multi-omics
approaches, have enabled a more detailed understanding of the critical roles these specific viruses and
fungi play in IBD. Given these links, therapeutic interventions are being developed to target these specific
communities. Phage therapy uses bacteriophages to specifically target and eliminate pathogenic bacteria,
offering a precise way to restore microbial balance [299, 301]. On the other hand, antifungal strategies
(such as the use of specific probiotics) aim to control fungal overgrowth and re-establish a healthy
mycobiome [300]. These targeted interventions represent a new frontier in IBD treatment by offering
alternative ways to manipulate the gut’s non-bacterial components and address the microbial causes of the
disease.

Despite encouraging positive reports in some cases, the current lack of standardized protocols and
inherent procedural risks pose challenges for widespread implementation of microbiome-based therapies.

The potential of exosomes and extracellular vesicles in IBD therapeutics

Extracellular vesicles (EVs) are a group of nanosized, lipid-enclosed particles that cells secrete to
communicate with adjacent or distal cells by transferring a cargo of proteins, nucleic acids, and lipids.
Exosomes, a specific subtype of EV, are defined by their size (40-160 nm) and endosomal origin. Given their
ability to deliver bioactive materials in vivo, EVs and exosomes are being explored as innovative
therapeutics for many diseases, including IBD [302, 303]. These natural or modified nanocarriers,
distinguished by their inherent biocompatibility and low immunogenicity, facilitate intercellular
communication by transporting a complex cargo of drug substance or cell-derived active components.
Preclinical and early clinical evidence highlights their dual role: as direct therapeutic agents that modulate
inflammation and promote tissue repair, and as sophisticated drug delivery systems [303]. For instance,
MSC-derived EVs have shown promise in re-programming pro-inflammatory macrophages to an anti-
inflammatory phenotype, suppressing harmful T cell populations, and promoting the healing of the
intestinal barrier [304]. Clinical data from a Phase 1 trial further support their potential, demonstrating the
safety and therapeutic efficacy of MSC-derived exosomes for treating perianal fistulas in CD patients [305].

A key advantage of nanoparticle-based therapies is their potential for oral administration, which may
significantly improve patient adherence and convenience compared to injectable biologics [306]. The GI
tract presents major physiological barriers that hinder the efficacy of conventional biologic drugs if dosed
orally, but nanotechnology may provide a solution. Engineered nanoparticles, including EVs and protein-
based systems, were designed to protect their therapeutic cargo from the harsh acidic environment in the
stomach and enzymatic degradation in the gut [306]. This ensures that the drugs can be delivered
specifically to the inflamed colon, potentially maximizing their exposure in the target tissues while
minimizing systemic side effects.

The EV and exosome approach represents an innovative drug delivery mechanism in IBD management,
offering a more precise and patient-friendly alternative to conventional biologic therapies. The ongoing
research into cargo loading techniques and the development of new, orally administered formulations may
open doors to novel therapies for IBD treatment.

Future outlook: precision medicine, artificial intelligence, and advanced
combinational therapies

Precision medicine in IBD aims to tackle the heterogeneity in IBD diseases and treatment responses with
early diagnosis, risk stratification, and tailored therapy [307, 308]. Through precision medicine, clinicians
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can differentiate IBD from non-IBD at early stages and distinguish between UC and CD by integrating
genetic, serologic, microbiome, and inflammatory markers [309]. Risk stratification in precision medicine
allows for early identification of IBD patients at high disease risk, enabling timely and potent therapies.
Molecular tools such as serological markers, fecal calprotectin, genomic/transcriptomic analyses, and gut
microbiome studies are crucial for predicting biologic response and identifying preventable complications
[307-309]. Beyond initial selection, precision monitoring through TDM is key. TDM involves assessing drug
metabolites, serum concentrations, and ADAbs for common IBD medications to support treatment
adjustments, ensure optimal drug exposure, and minimize risks [172, 173].

Artificial intelligence (AI) holds great potential for accelerating research in IBD. Al-driven tools can
process vast and diverse datasets from IBD patients, including electronic health records, imaging, genetic,
and biomarker data. Machine learning models have been shown to predict IBD treatment response to
biologics (such as vedolizumab in UC and ustekinumab in CD) with considerable accuracy, informing
precision medicine approaches [310, 311].

Moreover, the future of IBD therapy is moving beyond traditional monotherapy toward advanced
combination therapy (ACT), a strategy that combines two or more targeted agents with distinct MoAs [312,
313]. This innovative approach aims to overcome the limitations of current treatments by simultaneously
blocking multiple inflammatory pathways. The core concept of ACT is to overcome the “therapeutic ceiling”
often observed with single-agent treatments, particularly in patients who have failed multiple previous
therapies [312-314].

The pivotal VEGA trial provided robust controlled evidence for ACT approach, demonstrating that
combining the anti-IL-23 agent guselkumab with the anti-TNF agent golimumab led to superior clinical and
endoscopic remission rates in UC patients compared to either drug alone [315]. Additionally, data from
retrospective studies and other randomized controlled trials corroborate these findings. For instance, the
combination of natalizumab and infliximab demonstrated greater efficacy than infliximab alone in CD
patients who had not achieved remission, as reported by Sands et al. [316].

While ACT holds immense promise, its widespread adoption depends on careful consideration of its
safety and optimal use. A main concern is the potential for increased adverse events from combining potent
immunosuppressants. However, it looks promising that in the VEGA trial, the incidence of adverse events
and infections was comparable between the combination and monotherapy groups, with no apparent
additive risk. Going forward, larger, prospective, randomized controlled trials are essential to establish
optimal regimens and confirm the long-term safety of ACT. Additionally, the development of biomarkers
will be crucial for personalizing treatment, allowing clinicians to select the right combination for the right
patient. Moreover, high costs and the lack of standardized protocols remain challenging for the adoption of
ACT. Nonetheless, ACT represents a crucial step forward in addressing the unmet needs of patients with
medically refractory IBD, offering a way to break through the limitations of current monotherapies.

Conclusions

The therapeutic landscape for IBD has made significant progress in recent decades, shifting from broad-
spectrum immunosuppression towards more specific, targeted therapies. Therapeutic advancements
include the development of biologic agents that specifically target key inflammatory cytokines, such as
TNFa and IL-12/23, and antibodies that modulate leukocyte trafficking through integrin inhibition. These
innovations continue to reshape IBD therapeutics, improving efficacy, safety, and quality of life for patients.
The introduction of oral small molecule inhibitors, such as JAK inhibitors and S1PR modulators, has further
broadened treatment options, offering convenient administration and rapid onset. Emerging IBD therapies
are exploring complex immunological pathways to identify novel mechanisms. Beyond existing classes, new
small molecules such as oral ALK5 inhibitors and antibodies targeting the TL1A pathway also show
potential. Innovative approaches such as dual biologic therapy or combination therapy aim to overcome
non-response by simultaneously blocking multiple inflammatory pathways.
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A substantial proportion of patients in IBD still do not achieve durable remission or eventually lose
treatment responsiveness, highlighting the significant unmet need. Continued basic and translational
research is crucial to reveal the complex disease pathogenesis and identify novel therapeutic targets in IBD.
Rigorous clinical trials are essential for evaluating new drug candidates, refining existing treatments, and
identifying biomarkers to predict treatment response and disease progression, thus advancing precision
medicine. Furthermore, ACT represents a pivotal strategy for overcoming the limitations of current
monotherapies, offering effective options to address the unmet needs of patients with medically refractory
IBD.

The future of IBD treatment is progressing toward highly individualized and proactive patient care.
Current therapeutic decision-making is complex and multifaceted, considering disease activity, severity,
patient risk tolerance, comorbidities, potential complications, and payer considerations. The goal of therapy
has evolved beyond merely suppressing inflammation; the new goal now aims to achieve deep, sustained
remission, prevent long-term complications, and enable patients to live full, healthy lives. As our
understanding of IBD continues to deepen and therapeutic pipelines expand, the integration of advanced
pharmacotherapies, precise diagnostics, and personalized medicine strategies holds immense promise for
transforming disease management. Ultimately, the objective is to achieve effective symptom control and
sustained suppression of inflammation to prevent disease progression and disease associated
complications. Collaborative efforts among researchers, clinicians, and patients will be essential to realizing
this vision and bringing us closer to a cure for IBD.

Abbreviations

ACT: advanced combination therapy
ADADb: anti-drug antibody

AEs: adverse effects

Al artificial intelligence

ALKS5: activin receptor-like kinase 5
APCs: antigen-presenting cells

ATs: advanced therapies

cAMP: cyclic adenosine monophosphate
CAR: chimeric antigen receptor

CCL2: C-C motif chemokine ligand 2
CCR9: C-C chemokine receptor 9

CD: Crohn’s disease

CDAI: Crohn’s Disease Activity Index
CSs: corticosteroids

CXCR1: C-X-C motif chemokine receptor 1
DCs: dendritic cells

EVs: extracellular vesicles

FMT: fecal microbiota transplantation
FSCD: fibrostenosing Crohn’s disease
GI: gastrointestinal

GWAS: genome-wide association studies

HEVs: high endothelial venules

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 29



IBD: inflammatory bowel disease
IFN: interferon

IL: interleukin

IL-23R: interleukin-23 receptor
IV: intravenous

JAK: Janus kinase

JCV: John Cunningham virus

MACE: major adverse cardiovascular events

MAdCAM-1: mucosal vascular addressin cell adhesion molecule-1

MAOI: monoamine oxidase inhibitor

MCR: melanocortin receptor

MoAs: mechanisms of action

MS: multiple sclerosis

MSCs: mesenchymal stem cells

MTX: methotrexate

PD-1: programmed cell death protein 1

PDE: phosphodiesterase

PML: progressive multifocal leukoencephalopathy
PNR: primary non-response

RIPK1: receptor-interacting serine/threonine protein kinase 1
RORYyt: retinoic acid receptor related orphan receptor yt
S1PR: sphingosine-1-phosphate receptor

SLOs: secondary lymphoid organs

STAT: signal transducer and activator of transcription
sTNF: soluble tumor necrosis factor

SYK: spleen tyrosine kinase

TB: tuberculosis

TDM: therapeutic drug monitoring

TGFf: transforming growth factor 8

Th1: T helper 1

TL1A: tumor necrosis factor-like ligand 1A

tmTNF: transmembrane tumor necrosis factor

TNF: tumor necrosis factor

TNFR: tumor necrosis factor receptor

TPL2: tumor progression locus 2

Tregs: regulatory T cells

TYK2: tyrosine Kinase 2

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232

Page 30



UC: ulcerative colitis

a-MSH: alpha-melanocyte stimulating hormone

Declarations
Acknowledgments

We extend our sincere appreciation to Dr. Haifeng Tang for his careful review of the manuscript and expert
insights into the chemical aspects discussed herein. We are thankful to Dr. Dafydd Thomas for his careful
proofreading of our manuscript.

Author contributions

YZ: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. FS:
Conceptualization, Writing—review & editing. Both authors read and approved the submitted version.

Conflicts of interest

Authors YZ and FS, and HT and DT mentioned in the Acknowledgments section are full-time employees of
QuantX Biosciences Inc.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

The datasets for this study can be found in PubMed, ClinicalTrials.gov, and Google Scholar.

Funding
Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1. Wilks S. Morbid appearances in the intestine of Miss Bankes. Med Times Gazette. 1859;2:264-5.

2. Kirsner ]B. Historical origins of current IBD concepts. World ] Gastroenterol. 2001;7:175-84. [DOI]
[PubMed] [PMC]

3. Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese V, et al.; European Crohn’s and Colitis
Organisation [ECCO] and the European Society of Gastrointestinal and Abdominal Radiology
[ESGAR]. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis,

monitoring of known IBD, detection of complications. ] Crohns Colitis. 2019;13:144-64. [DOI]
[PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/€i.2025.1003232 Page 31


https://dx.doi.org/10.3748/wjg.v7.i2.175
http://www.ncbi.nlm.nih.gov/pubmed/11819757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723519
https://dx.doi.org/10.1093/ecco-jcc/jjy113
http://www.ncbi.nlm.nih.gov/pubmed/30137275

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Colombel JF, Shin A, Gibson PR. AGA Clinical Practice Update on Functional Gastrointestinal
Symptoms in Patients With Inflammatory Bowel Disease: Expert Review. Clin Gastroenterol Hepatol.
2019;17:380-90.e1. [DOI] [PubMed] [PMC]

Le Berre C, Honap S, Peyrin-Biroulet L. Ulcerative colitis. Lancet. 2023;402:571-84. [DOI] [PubMed]
Hilas O. Trends in IBD Incidence, Prevalence, and Biological Therapy. US Pharm. 2024;49:10.

Wang R, Li Z, Liu S, Zhang D. Global, regional and national burden of inflammatory bowel disease in
204 countries and territories from 1990 to 2019: a systematic analysis based on the Global Burden
of Disease Study 2019. BM] Open. 2023;13:e065186. [DOI] [PubMed] [PMC]

Cai Z, Wang S, Li ]. Treatment of Inflammatory Bowel Disease: A Comprehensive Review. Front Med
(Lausanne). 2021;8:765474. [DOI] [PubMed] [PMC(]

Garcia NM, Cohen NA, Rubin DT. Treat-to-target and sequencing therapies in Crohn’s disease. United
European Gastroenterol ]. 2022;10:1121-8. [DOI] [PubMed] [PMC]

Melsheimer R, Geldhof A, Apaolaza I, Schaible T. Remicade® (infliximab): 20 years of contributions to
science and medicine. Biologics. 2019;13:139-78. [DOI] [PubMed] [PMC(C]

Peek-Kuijt NMS, Aantjes M], Verwey M, Van Bodegom-Vos L, van der Meulen-de Jong AE, Maljaars
JPW. Treatment goals in IBD: A perspective from patients and their partners. PEC Innov. 2022;1:
100034. [DOI] [PubMed] [PMC]

Kubas A, Malecka-Wojciesko E. COVID-19 Vaccination in Inflammatory Bowel Disease (IBD). ] Clin
Med. 2022;11:2676. [DOI] [PubMed] [PMC]

Dmochowska N, Wardill HR, Hughes PA. Advances in Imaging Specific Mediators of Inflammatory
Bowel Disease. Int ] Mol Sci. 2018;19:2471. [DOI] [PubMed] [PMC(]

Greuter T, Piller A, Fournier N, Safroneeva E, Straumann A, Biedermann L, et al.; Swiss IBD Cohort
Study Group. Upper Gastrointestinal Tract Involvement in Crohn’s Disease: Frequency, Risk Factors,
and Disease Course. ] Crohns Colitis. 2018;12:1399-409. [DOI] [PubMed]

Gisbert JP, Chaparro M. Clinical Usefulness of Proteomics in Inflammatory Bowel Disease: A
Comprehensive Review. ] Crohns Colitis. 2019;13:374-84. [DOI] [PubMed]

Jackson B, De Cruz P. Algorithms to facilitate shared decision-making for the management of mild-to-
moderate ulcerative colitis. Expert Rev Gastroenterol Hepatol. 2018;12:1079-100. [DOI] [PubMed]
Spiceland CM, Lodhia N. Endoscopy in inflammatory bowel disease: Role in diagnosis, management,
and treatment. World ] Gastroenterol. 2018;24:4014-20. [DOI] [PubMed] [PMC]

Loddo I, Romano C. Inflammatory Bowel Disease: Genetics, Epigenetics, and Pathogenesis. Front
Immunol. 2015;6:551. [DOI] [PubMed] [PMC]

Gaya DR, Russell RK, Nimmo ER, Satsangi ]. New genes in inflammatory bowel disease: lessons for
complex diseases? Lancet. 2006;367:1271-84. [DOI] [PubMed]

El Hadad |, Schreiner P, Vavricka SR, Greuter T. The Genetics of Inflammatory Bowel Disease. Mol
Diagn Ther. 2024;28:27-35. [DOI] [PubMed] [PMC]

Mirkov MU, Verstockt B, Cleynen I. Genetics of inflammatory bowel disease: beyond NODZ2. Lancet
Gastroenterol Hepatol. 2017;2:224-34. [DOI] [PubMed]

Ellinghaus D, Ellinghaus E, Nair RP, Stuart PE, Esko T, Metspalu A, et al. Combined analysis of
genome-wide association studies for Crohn disease and psoriasis identifies seven shared
susceptibility loci. Am ] Hum Genet. 2012;90:636-47. [DOI] [PubMed] [PMC]

Kayali S, Fantasia S, Gaiani F, Cavallaro LG, de’Angelis GL, Laghi L. NOD2 and Crohn’s Disease Clinical
Practice: From Epidemiology to Diagnosis and Therapy, Rewired. Inflamm Bowel Dis. 2025;31:
552-62. [DOI] [PubMed] [PMC(]

Sewell GW, Kaser A. Interleukin-23 in the Pathogenesis of Inflammatory Bowel Disease and
Implications for Therapeutic Intervention. ] Crohns Colitis. 2022;16:1i3-19. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 32


https://dx.doi.org/10.1016/j.cgh.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30099108
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6581193
https://dx.doi.org/10.1016/S0140-6736(23)00966-2
http://www.ncbi.nlm.nih.gov/pubmed/37573077
https://dx.doi.org/10.1136/bmjopen-2022-065186
http://www.ncbi.nlm.nih.gov/pubmed/36977543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10069527
https://dx.doi.org/10.3389/fmed.2021.765474
http://www.ncbi.nlm.nih.gov/pubmed/34988090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8720971
https://dx.doi.org/10.1002/ueg2.12336
http://www.ncbi.nlm.nih.gov/pubmed/36507876
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9752313
https://dx.doi.org/10.2147/BTT.S207246
http://www.ncbi.nlm.nih.gov/pubmed/31440029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679695
https://dx.doi.org/10.1016/j.pecinn.2022.100034
http://www.ncbi.nlm.nih.gov/pubmed/37213759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10194327
https://dx.doi.org/10.3390/jcm11092676
http://www.ncbi.nlm.nih.gov/pubmed/35566802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9104993
https://dx.doi.org/10.3390/ijms19092471
http://www.ncbi.nlm.nih.gov/pubmed/30134572
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6164364
https://dx.doi.org/10.1093/ecco-jcc/jjy121
http://www.ncbi.nlm.nih.gov/pubmed/30165603
https://dx.doi.org/10.1093/ecco-jcc/jjy158
http://www.ncbi.nlm.nih.gov/pubmed/30307487
https://dx.doi.org/10.1080/17474124.2018.1530109
http://www.ncbi.nlm.nih.gov/pubmed/30284911
https://dx.doi.org/10.3748/wjg.v24.i35.4014
http://www.ncbi.nlm.nih.gov/pubmed/30254405
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6148432
https://dx.doi.org/10.3389/fimmu.2015.00551
http://www.ncbi.nlm.nih.gov/pubmed/26579126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4629465
https://dx.doi.org/10.1016/S0140-6736(06)68345-1
http://www.ncbi.nlm.nih.gov/pubmed/16631883
https://dx.doi.org/10.1007/s40291-023-00678-7
http://www.ncbi.nlm.nih.gov/pubmed/37847439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10787003
https://dx.doi.org/10.1016/S2468-1253(16)30111-X
http://www.ncbi.nlm.nih.gov/pubmed/28404137
https://dx.doi.org/10.1016/j.ajhg.2012.02.020
http://www.ncbi.nlm.nih.gov/pubmed/22482804
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3322238
https://dx.doi.org/10.1093/ibd/izae075
http://www.ncbi.nlm.nih.gov/pubmed/38582044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11808579
https://dx.doi.org/10.1093/ecco-jcc/jjac034
http://www.ncbi.nlm.nih.gov/pubmed/35553667
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9097674

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gordon H, Trier Moller F, Andersen V, Harbord M. Heritability in inflammatory bowel disease: from
the first twin study to genome-wide association studies. Inflamm Bowel Dis. 2015;21:1428-34. [DOI]
[PubMed] [PMC]

Shan Y, Lee M, Chang EB. The Gut Microbiome and Inflammatory Bowel Diseases. Annu Rev Med.
2022;73:455-68. [DOI] [PubMed] [PMC(]

Saez A, Herrero-Fernandez B, Gomez-Bris R, Sanchez-Martinez H, Gonzalez-Granado JM.
Pathophysiology of Inflammatory Bowel Disease: Innate Immune System. Int ] Mol Sci. 2023;24:
1526. [DOI] [PubMed] [PMC]

Abegunde AT, Muhammad BH, Bhatti O, Ali T. Environmental risk factors for inflammatory bowel
diseases: Evidence based literature review. World ] Gastroenterol. 2016;22:6296-317. [DOI]
[PubMed] [PMC]

de Castro MM, Pascoal LB, Steigleder KM, Siqueira BP, Corona LP, Ayrizono MLS, et al. Role of diet
and nutrition in inflammatory bowel disease. World ] Exp Med. 2021;11:1-16. [DOI] [PubMed]
[PMC]

Gubatan ], Kulkarni CV, Talamantes SM, Temby M, Fardeen T, Sinha SR. Dietary Exposures and
Interventions in Inflammatory Bowel Disease: Current Evidence and Emerging Concepts. Nutrients.
2023;15:579. [DOI] [PubMed] [PMC(]

Shafiee NH, Manaf ZA, Mokhtar NM, Raja Ali RA. Anti-inflammatory diet and inflammatory bowel
disease: what clinicians and patients should know? Intest Res. 2021;19:171-85. [DOI] [PubMed]
[PMC]

Nielsen OH, Hansen TI, Gubatan JM, Jensen KB, Rejnmark L. Managing vitamin D deficiency in
inflammatory bowel disease. Frontline Gastroenterol. 2019;10:394-400. [DOI] [PubMed] [PMC(C]
Venkata KVR, Arora SS, Xie FL, Malik TA. Impact of vitamin D on the hospitalization rate of Crohn’s
disease patients seen at a tertiary care center. World ] Gastroenterol. 2017;23:2539-44., [DOI]
[PubMed] [PMC]

Kaplan GG, Pedersen BV, Andersson RE, Sands BE, Korzenik ], Frisch M. The risk of developing
Crohn’s disease after an appendectomy: a population-based cohort study in Sweden and Denmark.
Gut. 2007;56:1387-92. [DOI] [PubMed] [PMC(]

Agrawal M, Allin KH, Mehandru S, Faith |, Jess T, Colombel JF. The appendix and ulcerative colitis -
an unsolved connection. Nat Rev Gastroenterol Hepatol. 2023;20:615-24. [DOI] [PubMed] [PMC]
Lakatos PL, Szamosi T, Lakatos L. Smoking in inflammatory bowel diseases: good, bad or ugly? World
] Gastroenterol. 2007;13:6134-9. [DOI] [PubMed] [PMC]

Berkowitz L, Schultz BM, Salazar GA, Pardo-Roa C, Sebastian VP, Alvarez-Lobos MM, et al. Impact of
Cigarette Smoking on the Gastrointestinal Tract Inflammation: Opposing Effects in Crohn’s Disease
and Ulcerative Colitis. Front Immunol. 2018;9:74. [DOI] [PubMed] [PMC(]

Bilski ], Brzozowski B, Mazur-Bialy A, Sliwowski Z, Brzozowski T. The role of physical exercise in
inflammatory bowel disease. Biomed Res Int. 2014;2014:429031. [DOI] [PubMed] [PMC]

Chen ], Sun S. Unlocking the Power of Physical Activity in Inflammatory Bowel Disease: A
Comprehensive Review. Gastroenterol Res Pract. 2024;2024:7138811. [DOI] [PubMed] [PMC]
Sehgal P, Shen B, Li ], Freedberg DE. Obesity among those newly diagnosed with Crohn’s disease and
ulcerative colitis compared with the general population. Frontline Gastroenterol. 2023;14:319-25.
[DOI] [PubMed] [PMC(]

Alperen CC, Soydas B, Serin E, Erbayrak M, Savas NA, Unler GK, et al. Role of Environmental Risk
Factors in the Etiology of Inflammatory Bowel Diseases: A Multicenter Study. Dig Dis Sci. 2024;69:
2927-36. [DOI] [PubMed]

Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP, Hui KY, et al.; International IBD Genetics
Consortium (IIBDGC); Silverberg MS, Annese V, Hakonarson H, Brant SR, Radford-Smith G, Mathew
CG, et al. Host-microbe interactions have shaped the genetic architecture of inflammatory bowel
disease. Nature. 2012;491:119-24. [DOI] [PubMed] [PMC(]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 33


https://dx.doi.org/10.1097/MIB.0000000000000393
http://www.ncbi.nlm.nih.gov/pubmed/25895112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4450891
https://dx.doi.org/10.1146/annurev-med-042320-021020
http://www.ncbi.nlm.nih.gov/pubmed/34555295
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10012812
https://dx.doi.org/10.3390/ijms24021526
http://www.ncbi.nlm.nih.gov/pubmed/36675038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9863490
https://dx.doi.org/10.3748/wjg.v22.i27.6296
http://www.ncbi.nlm.nih.gov/pubmed/27468219
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4945988
https://dx.doi.org/10.5493/wjem.v11.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/33585174
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7852575
https://dx.doi.org/10.3390/nu15030579
http://www.ncbi.nlm.nih.gov/pubmed/36771288
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9921630
https://dx.doi.org/10.5217/ir.2020.00035
http://www.ncbi.nlm.nih.gov/pubmed/33525858
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8100370
https://dx.doi.org/10.1136/flgastro-2018-101055
http://www.ncbi.nlm.nih.gov/pubmed/31656565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788352
https://dx.doi.org/10.3748/wjg.v23.i14.2539
http://www.ncbi.nlm.nih.gov/pubmed/28465638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5394517
https://dx.doi.org/10.1136/gut.2007.121467
http://www.ncbi.nlm.nih.gov/pubmed/17494106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2000241
https://dx.doi.org/10.1038/s41575-023-00774-3
http://www.ncbi.nlm.nih.gov/pubmed/37081213
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10527463
https://dx.doi.org/10.3748/wjg.v13.i46.6134
http://www.ncbi.nlm.nih.gov/pubmed/18069751
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171221
https://dx.doi.org/10.3389/fimmu.2018.00074
http://www.ncbi.nlm.nih.gov/pubmed/29441064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5797634
https://dx.doi.org/10.1155/2014/429031
http://www.ncbi.nlm.nih.gov/pubmed/24877092
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4022156
https://dx.doi.org/10.1155/grp/7138811
http://www.ncbi.nlm.nih.gov/pubmed/39759160
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11699989
https://dx.doi.org/10.1136/flgastro-2022-102276
http://www.ncbi.nlm.nih.gov/pubmed/37409331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11138167
https://dx.doi.org/10.1007/s10620-024-08491-w
http://www.ncbi.nlm.nih.gov/pubmed/38837110
https://dx.doi.org/10.1038/nature11582
http://www.ncbi.nlm.nih.gov/pubmed/23128233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491803

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Liu CY, Polk DB. Microbiomes through the Looking Glass: What Do UC? Cell Host Microbe. 2018;24:
472-4. [DOI] [PubMed]

DeGruttola AK, Low D, Mizoguchi A, Mizoguchi E. Current Understanding of Dysbiosis in Disease in
Human and Animal Models. Inflamm Bowel Dis. 2016;22:1137-50. [DOI] [PubMed] [PMC]

Mostafavi Abdolmaleky H, Zhou JR. Gut Microbiota Dysbiosis, Oxidative Stress, Inflammation, and
Epigenetic Alterations in Metabolic Diseases. Antioxidants (Basel). 2024;13:985. [DOI] [PubMed]
[PMC]

Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermudez-Humaran LG, Gratadoux ]], et al.
Faecalibacterium prausnitzii is an anti-inflammatory commensal bacterium identified by gut
microbiota analysis of Crohn disease patients. Proc Natl Acad Sci U S A. 2008;105:16731-6. [DOI]
[PubMed] [PMC]

He Q, Niu M, Bi ], Du N, Liu S, Yang K, et al. Protective effects of a new generation of probiotic
Bacteroides fragilis against colitis in vivo and in vitro. Sci Rep. 2023;13:15842. [DOI] [PubMed]
[PMC]

Zeng MY, Inohara N, Nufiez G. Mechanisms of inflammation-driven bacterial dysbiosis in the gut.
Mucosal Immunol. 2017;10:18-26. [DOI] [PubMed] [PMC]

Hrncir T. Gut Microbiota Dysbiosis: Triggers, Consequences, Diagnostic and Therapeutic Options.
Microorganisms. 2022;10:578. [DOI] [PubMed] [PMC(]

Potrykus M, Czaja-Stolc S, Stankiewicz M, Kaska L, Matgorzewicz S. Intestinal Microbiota as a
Contributor to Chronic Inflammation and Its Potential Modifications. Nutrients. 2021;13:3839. [DOI]
[PubMed] [PMC]

Xie H, Yu S, Tang M, Xun Y, Shen Q, Wu G. Gut microbiota dysbiosis in inflammatory bowel disease:
interaction with intestinal barriers and microbiota-targeted treatment options. Front Cell Infect
Microbiol. 2025;15:1608025. [DOI] [PubMed] [PMC]

Qiu P, Ishimoto T, Fu L, Zhang ], Zhang Z, Liu Y. The Gut Microbiota in Inflammatory Bowel Disease.
Front Cell Infect Microbiol. 2022;12:733992. [DOI] [PubMed] [PMC]

Neurath MF, Artis D, Becker C. The intestinal barrier: a pivotal role in health, inflammation, and
cancer. Lancet Gastroenterol Hepatol. 2025;10:573-92. [DOI] [PubMed]

Chelakkot C, Ghim J, Ryu SH. Mechanisms regulating intestinal barrier integrity and its pathological
implications. Exp Mol Med. 2018;50:1-9. [DOI] [PubMed] [PMC]

Vancamelbeke M, Vermeire S. The intestinal barrier: a fundamental role in health and disease. Expert
Rev Gastroenterol Hepatol. 2017;11:821-34. [DOI] [PubMed] [PMC]

Parikh K, Antanaviciute A, Fawkner-Corbett D, Jagielowicz M, Aulicino A, Lagerholm C, et al. Colonic

epithelial cell diversity in health and inflammatory bowel disease. Nature. 2019;567:49-55. [DOI]
[PubMed]

Liebing E, Krug SM, Neurath MF, Siegmund B, Becker C. Wall of Resilience: How the Intestinal
Epithelium Prevents Inflammatory Onslaught in the Gut. Cell Mol Gastroenterol Hepatol. 2025;19:
101423. [DOI] [PubMed] [PMC]

Li J, Simmons AJ], Hawkins CV, Chiron S, Ramirez-Solano MA, Tasneem N, et al. Identification and
multimodal characterization of a specialized epithelial cell type associated with Crohn’s disease. Nat
Commun. 2024;15:7204. [DOI] [PubMed] [PMC]

Lee C, Hong SN, Kim ER, Chang DK, Kim YH. Epithelial Regeneration Ability of Crohn’s Disease
Assessed Using Patient-Derived Intestinal Organoids. Int ] Mol Sci. 2021;22:6013. [DOI] [PubMed]
[PMC]

Prame Kumar K, Ooi JD, Goldberg R. The interplay between the microbiota, diet and T regulatory
cells in the preservation of the gut barrier in inflammatory bowel disease. Front Microbiol. 2023;14:
1291724. [DOI] [PubMed] [PMC(]

Antoni L, Nuding S, Wehkamp ], Stange EF. Intestinal barrier in inflammatory bowel disease. World ]
Gastroenterol. 2014;20:1165-79. [DOI] [PubMed] [PMC(]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 34


https://dx.doi.org/10.1016/j.chom.2018.09.013
http://www.ncbi.nlm.nih.gov/pubmed/30308153
https://dx.doi.org/10.1097/MIB.0000000000000750
http://www.ncbi.nlm.nih.gov/pubmed/27070911
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4838534
https://dx.doi.org/10.3390/antiox13080985
http://www.ncbi.nlm.nih.gov/pubmed/39199231
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11351922
https://dx.doi.org/10.1073/pnas.0804812105
http://www.ncbi.nlm.nih.gov/pubmed/18936492
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2575488
https://dx.doi.org/10.1038/s41598-023-42481-8
http://www.ncbi.nlm.nih.gov/pubmed/37740010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10517118
https://dx.doi.org/10.1038/mi.2016.75
http://www.ncbi.nlm.nih.gov/pubmed/27554295
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5788567
https://dx.doi.org/10.3390/microorganisms10030578
http://www.ncbi.nlm.nih.gov/pubmed/35336153
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8954387
https://dx.doi.org/10.3390/nu13113839
http://www.ncbi.nlm.nih.gov/pubmed/34836095
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8618457
https://dx.doi.org/10.3389/fcimb.2025.1608025
http://www.ncbi.nlm.nih.gov/pubmed/40654576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12245916
https://dx.doi.org/10.3389/fcimb.2022.733992
http://www.ncbi.nlm.nih.gov/pubmed/35273921
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8902753
https://dx.doi.org/10.1016/S2468-1253(24)00390-X
http://www.ncbi.nlm.nih.gov/pubmed/40086468
https://dx.doi.org/10.1038/s12276-018-0126-x
http://www.ncbi.nlm.nih.gov/pubmed/30115904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6095905
https://dx.doi.org/10.1080/17474124.2017.1343143
http://www.ncbi.nlm.nih.gov/pubmed/28650209
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6104804
https://dx.doi.org/10.1038/s41586-019-0992-y
http://www.ncbi.nlm.nih.gov/pubmed/30814735
https://dx.doi.org/10.1016/j.jcmgh.2024.101423
http://www.ncbi.nlm.nih.gov/pubmed/39461590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11720114
https://dx.doi.org/10.1038/s41467-024-51580-7
http://www.ncbi.nlm.nih.gov/pubmed/39169060
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11339313
https://dx.doi.org/10.3390/ijms22116013
http://www.ncbi.nlm.nih.gov/pubmed/34199463
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8199630
https://dx.doi.org/10.3389/fmicb.2023.1291724
http://www.ncbi.nlm.nih.gov/pubmed/38107848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10722198
https://dx.doi.org/10.3748/wjg.v20.i5.1165
http://www.ncbi.nlm.nih.gov/pubmed/24574793
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3921501

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Lopetuso LR, Felice C, Pugliese D, Scaldaferri F, Gasbarrini A, Armuzzi A. Innate Immune Response
and Gut Microbiota in Inflammatory Bowel Disease. CellR4. 2014;2:e1212.

Yan ]JB, Luo MM, Chen ZY, He BH. The Function and Role of the Th17/Treg Cell Balance in
Inflammatory Bowel Disease. ] Immunol Res. 2020;2020:8813558. [DOI] [PubMed] [PMC]

Gareb B, Otten AT, Frijlink HW, Dijkstra G, Kosterink JGW. Review: Local Tumor Necrosis Factor-«
Inhibition in Inflammatory Bowel Disease. Pharmaceutics. 2020;12:539. [DOI] [PubMed] [PMC(]

Cui G, Fan Q, Li Z, Goll R, Florholmen J]. Evaluation of anti-TNF therapeutic response in patients with
inflammatory bowel disease: Current and novel biomarkers. EBioMedicine. 2021;66:103329. [DOI]
[PubMed] [PMC]

Cosovanu C, Neumann C. The Many Functions of Foxp3* Regulatory T Cells in the Intestine. Front
Immunol. 2020;11:600973. [DOI] [PubMed] [PMC]

Colonna M. Innate Lymphoid Cells: Diversity, Plasticity, and Unique Functions in Immunity.
Immunity. 2018;48:1104-17. [DOI] [PubMed] [PMC(]

Ouyang W, O’Garra A. IL-10 Family Cytokines IL-10 and IL-22: from Basic Science to Clinical
Translation. Immunity. 2019;50:871-91. [DOI] [PubMed]

Neurath MF. Strategies for targeting cytokines in inflammatory bowel disease. Nat Rev Immunol.
2024;24:559-76. [DOI] [PubMed]

Vebr M, Pomahacova R, Sykora ], Schwarz ]J. A Narrative Review of Cytokine Networks:
Pathophysiological and Therapeutic Implications for Inflammatory Bowel Disease Pathogenesis.
Biomedicines. 2023;11:3229. [DOI] [PubMed] [PMC]

Bhol NK, Bhanjadeo MM, Singh AK, Dash UC, Ojha RR, Majhi S, et al. The interplay between cytokines,
inflammation, and antioxidants: mechanistic insights and therapeutic potentials of various

antioxidants and anti-cytokine compounds. Biomed Pharmacother. 2024;178:117177. [DOI]
[PubMed]

Liang Y, Li Y, Lee C, Yu Z, Chen C, Liang C. Ulcerative colitis: molecular insights and intervention
therapy. Mol Biomed. 2024;5:42. [DOI] [PubMed] [PMC(]

Schmitt H, Neurath MF, Atreya R. Role of the IL23/IL17 Pathway in Crohn’s Disease. Front Immunol.
2021;12:622934. [DOI] [PubMed] [PMC]

Mills KHG. IL-17 and IL-17-producing cells in protection versus pathology. Nat Rev Immunol. 2023;
23:38-54. [DOI] [PubMed] [PMC(]

Li M, Jiang W, Wang Z, Lu Y, Zhang ]. New insights on IL-36 in intestinal inflammation and colorectal
cancer (Review). Exp Ther Med. 2023;25:275. [DOI] [PubMed] [PMC]

Herrera-deGuise C, Serra-Ruiz X, Lastiri E, Borruel N. JAK inhibitors: A new dawn for oral therapies
in inflammatory bowel diseases. Front Med (Lausanne). 2023;10:1089099. [DOI] [PubMed] [PMC]
Zarrin AA, Bao K, Lupardus P, Vucic D. Kinase inhibition in autoimmunity and inflammation. Nat Rev
Drug Discov. 2021;20:39-63. [DOI] [PubMed] [PMC]

Morsy Y, Brillant N, Franc Y, Scharl M, Wawrzyniak M; On Behalf Of The Swiss Ibd Cohort Study
Group. Unravelling the Impact of the Genetic Variant rs1042058 within the TPL2 Risk Gene Locus on
Molecular and Clinical Disease Course Patients with Inflammatory Bowel Disease. Cells. 2021;10:
3589. [DOI] [PubMed] [PMC(]

Gong W, Yu ], Zheng T, Liu P, Zhao F, Liu ], et al. CCL4-mediated targeting of spleen tyrosine kinase
(Syk) inhibitor using nanoparticles alleviates inflammatory bowel disease. Clin Transl Med. 2021;11:
€339. [DOI] [PubMed] [PMC(C]

Arseneau KO, Cominelli F. Targeting leukocyte trafficking for the treatment of inflammatory bowel
disease. Clin Pharmacol Ther. 2015;97:22-8. [DOI] [PubMed] [PMC(]

Nakamura K, Honda K, Mizutani T, Akiho H, Harada N. Novel strategies for the treatment of
inflammatory bowel disease: Selective inhibition of cytokines and adhesion molecules. World ]
Gastroenterol. 2006;12:4628-35. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 35


https://dx.doi.org/10.1155/2020/8813558
http://www.ncbi.nlm.nih.gov/pubmed/33381606
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7755495
https://dx.doi.org/10.3390/pharmaceutics12060539
http://www.ncbi.nlm.nih.gov/pubmed/32545207
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7356880
https://dx.doi.org/10.1016/j.ebiom.2021.103329
http://www.ncbi.nlm.nih.gov/pubmed/33862588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8054158
https://dx.doi.org/10.3389/fimmu.2020.600973
http://www.ncbi.nlm.nih.gov/pubmed/33193456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7606913
https://dx.doi.org/10.1016/j.immuni.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/29924976
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6344351
https://dx.doi.org/10.1016/j.immuni.2019.03.020
http://www.ncbi.nlm.nih.gov/pubmed/30995504
https://dx.doi.org/10.1038/s41577-024-01008-6
http://www.ncbi.nlm.nih.gov/pubmed/38486124
https://dx.doi.org/10.3390/biomedicines11123229
http://www.ncbi.nlm.nih.gov/pubmed/38137450
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10740682
https://dx.doi.org/10.1016/j.biopha.2024.117177
http://www.ncbi.nlm.nih.gov/pubmed/39053423
https://dx.doi.org/10.1186/s43556-024-00207-w
http://www.ncbi.nlm.nih.gov/pubmed/39384730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11464740
https://dx.doi.org/10.3389/fimmu.2021.622934
http://www.ncbi.nlm.nih.gov/pubmed/33859636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8042267
https://dx.doi.org/10.1038/s41577-022-00746-9
http://www.ncbi.nlm.nih.gov/pubmed/35790881
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9255545
https://dx.doi.org/10.3892/etm.2023.11974
http://www.ncbi.nlm.nih.gov/pubmed/37206554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10189745
https://dx.doi.org/10.3389/fmed.2023.1089099
http://www.ncbi.nlm.nih.gov/pubmed/36936239
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10017532
https://dx.doi.org/10.1038/s41573-020-0082-8
http://www.ncbi.nlm.nih.gov/pubmed/33077936
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7569567
https://dx.doi.org/10.3390/cells10123589
http://www.ncbi.nlm.nih.gov/pubmed/34944097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8700574
https://dx.doi.org/10.1002/ctm2.339
http://www.ncbi.nlm.nih.gov/pubmed/33634985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7888545
https://dx.doi.org/10.1002/cpt.6
http://www.ncbi.nlm.nih.gov/pubmed/25670380
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594846
https://dx.doi.org/10.3748/wjg.v12.i29.4628
http://www.ncbi.nlm.nih.gov/pubmed/16937430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4087824

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

Choon XY, Yeo JH, White C, Sharma E, Samaan MA. The Current Sphingosine 1 Phosphate Receptor
Modulators in the Management of Ulcerative Colitis. ] Clin Med. 2025;14:3475. [DOI] [PubMed]
[PMC]

Verstockt B, Vetrano S, Salas A, Nayeri S, Duijvestein M, Vande Casteele N; Alimentiv Translational
Research Consortium (ATRC). Sphingosine 1-phosphate modulation and immune cell trafficking in
inflammatory bowel disease. Nat Rev Gastroenterol Hepatol. 2022;19:351-66. [DOI] [PubMed]
Imbrizi M, Magro F, Coy CSR. Pharmacological Therapy in Inflammatory Bowel Diseases: A Narrative
Review of the Past 90 Years. Pharmaceuticals (Basel). 2023;16:1272. [DOI] [PubMed] [PMC]

Di Rienzo A, Marinelli L, Dimmito MP, Toto EC, Di Stefano A, Cacciatore I. Advancements in
Inflammatory Bowel Disease Management: From Traditional Treatments to Monoclonal Antibodies
and Future Drug Delivery Systems. Pharmaceutics. 2024;16:1185. [DOI] [PubMed] [PMC(]

Ferretti F, Cannatelli R, Monico MC, Maconi G, Ardizzone S. An Update on Current
Pharmacotherapeutic Options for the Treatment of Ulcerative Colitis. ] Clin Med. 2022;11:2302.
[DOI] [PubMed] [PMC(]

Williams C, Panaccione R, Ghosh §, Rioux K. Optimizing clinical use of mesalazine (5-aminosalicylic
acid) in inflammatory bowel disease. Therap Adv Gastroenterol. 2011;4:237-48. [DOI] [PubMed]
[PMC]

Levesque BG, Kane SV. Searching for the delta: 5-aminosalicylic Acid therapy for Crohn’s disease.
Gastroenterol Hepatol (N Y). 2011;7:295-301. [PubMed] [PMC]

Barrett K, Saxena S, Pollok R. Using corticosteroids appropriately in inflammatory bowel disease: a
guide for primary care. Br ] Gen Pract. 2018;68:497-8. [DOI] [PubMed] [PMC(]

Bruscoli S, Febo M, Riccardi C, Migliorati G. Glucocorticoid Therapy in Inflammatory Bowel Disease:
Mechanisms and Clinical Practice. Front Immunol. 2021;12:691480. [DOI] [PubMed] [PMC(]
Feuerstein JD, Rubin DT, Aberra FN, Yarur A]J, Malter L. Appropriate Use and Complications of
Corticosteroids in Inflammatory Bowel Disease: A Comprehensive Review. Clin Gastroenterol
Hepatol. 2025;23:2068-82. [DOI] [PubMed]

Nguyen GC, Harris ML, Dassopoulos T. Insights in immunomodulatory therapies for ulcerative colitis
and Crohn’s disease. Curr Gastroenterol Rep. 2006;8:499-505. [DOI] [PubMed]

Nielsen OH, Bjerrum JT, Herfarth H, Rogler G. Recent advances using immunomodulators for
inflammatory bowel disease. ] Clin Pharmacol. 2013;53:575-88. [DOI] [PubMed]

Axelrad JE, Roy A, Lawlor G, Korelitz B, Lichtiger S. Thiopurines and inflammatory bowel disease:
Current evidence and a historical perspective. World ] Gastroenterol. 2016;22:10103-17. [DOI]
[PubMed] [PMC(]

Strigad¢ A, Caban M, Matecka-Wojciesko E, Talar-Wojnarowska R. Safety and Effectiveness of
Thiopurines and Small Molecules in Elderly Patients with Inflammatory Bowel Diseases. ] Clin Med.
2024;13:4678. [DOI] [PubMed] [PMC]

Nitzan O, Elias M, Peretz A, Saliba W. Role of antibiotics for treatment of inflammatory bowel disease.
World ] Gastroenterol. 2016;22:1078-87. [DOI] [PubMed] [PMC]

Gold SL, Cohen-Mekelburg S, Schneider Y, Steinlauf A. Perianal Fistulas in Patients With Crohn’s
Disease, Part 1: Current Medical Management. Gastroenterol Hepatol (N Y). 2018;14:470-81.
[PubMed] [PMC]

Ramirez ], Guarner F, Bustos Fernandez L, Maruy A, Sdepanian VL, Cohen H. Antibiotics as Major
Disruptors of Gut Microbiota. Front Cell Infect Microbiol. 2020;10:572912. [DOI] [PubMed] [PMC]
Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S, Colombel JF, et al.; ACCENT I Study
Group. Maintenance infliximab for Crohn’s disease: the ACCENT I randomised trial. Lancet. 2002;
359:1541-9. [DOI] [PubMed]

Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG, Fedorak RN, et al. Infliximab

maintenance therapy for fistulizing Crohn’s disease. N Engl ] Med. 2004;350:876-85. [DOI]
[PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 36


https://dx.doi.org/10.3390/jcm14103475
http://www.ncbi.nlm.nih.gov/pubmed/40429469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12111885
https://dx.doi.org/10.1038/s41575-021-00574-7
http://www.ncbi.nlm.nih.gov/pubmed/35165437
https://dx.doi.org/10.3390/ph16091272
http://www.ncbi.nlm.nih.gov/pubmed/37765080
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10537095
https://dx.doi.org/10.3390/pharmaceutics16091185
http://www.ncbi.nlm.nih.gov/pubmed/39339221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11435298
https://dx.doi.org/10.3390/jcm11092302
http://www.ncbi.nlm.nih.gov/pubmed/35566428
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9104748
https://dx.doi.org/10.1177/1756283X11405250
http://www.ncbi.nlm.nih.gov/pubmed/21765868
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3131170
http://www.ncbi.nlm.nih.gov/pubmed/21857830
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3127034
https://dx.doi.org/10.3399/bjgp18X699341
http://www.ncbi.nlm.nih.gov/pubmed/30262630
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6146008
https://dx.doi.org/10.3389/fimmu.2021.691480
http://www.ncbi.nlm.nih.gov/pubmed/34149734
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8209469
https://dx.doi.org/10.1016/j.cgh.2025.05.019
http://www.ncbi.nlm.nih.gov/pubmed/40588110
https://dx.doi.org/10.1007/s11894-006-0040-6
http://www.ncbi.nlm.nih.gov/pubmed/17105689
https://dx.doi.org/10.1002/jcph.2
http://www.ncbi.nlm.nih.gov/pubmed/23408468
https://dx.doi.org/10.3748/wjg.v22.i46.10103
http://www.ncbi.nlm.nih.gov/pubmed/28028358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5155169
https://dx.doi.org/10.3390/jcm13164678
http://www.ncbi.nlm.nih.gov/pubmed/39200823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11355586
https://dx.doi.org/10.3748/wjg.v22.i3.1078
http://www.ncbi.nlm.nih.gov/pubmed/26811648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4716021
http://www.ncbi.nlm.nih.gov/pubmed/30302062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6170888
https://dx.doi.org/10.3389/fcimb.2020.572912
http://www.ncbi.nlm.nih.gov/pubmed/33330122
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7732679
https://dx.doi.org/10.1016/S0140-6736(02)08512-4
http://www.ncbi.nlm.nih.gov/pubmed/12047962
https://dx.doi.org/10.1056/NEJMoa030815
http://www.ncbi.nlm.nih.gov/pubmed/14985485

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Rutgeerts P, Sandborn W], Feagan BG, Reinisch W, Olson A, Johanns ], et al. Infliximab for induction
and maintenance therapy for ulcerative colitis. N Engl ] Med. 2005;353:2462-76. [DOI] [PubMed]
Hanauer SB, Sandborn W], Rutgeerts P, Fedorak RN, Lukas M, MacIntosh D, et al. Human anti-tumor
necrosis factor monoclonal antibody (adalimumab) in Crohn’s disease: the CLASSIC-I trial.
Gastroenterology. 2006;130:323-33. [DOI] [PubMed]

Sandborn W], Hanauer SB, Rutgeerts P, Fedorak RN, Lukas M, MacIntosh DG, et al. Adalimumab for
maintenance treatment of Crohn’s disease: results of the CLASSIC II trial. Gut. 2007;56:1232-9. [DOI]
[PubMed] [PMC(]

Colombel JF, Sandborn W], Rutgeerts P, Enns R, Hanauer SB, Panaccione R, et al. Adalimumab for
maintenance of clinical response and remission in patients with Crohn’s disease: the CHARM trial.
Gastroenterology. 2007;132:52-65. [DOI] [PubMed]

Sandborn W], Rutgeerts P, Enns R, Hanauer SB, Colombel JF, Panaccione R, et al. Adalimumab
induction therapy for Crohn disease previously treated with infliximab: a randomized trial. Ann
Intern Med. 2007;146:829-38. [DOI] [PubMed]

Rutgeerts P, Van Assche G, Sandborn W], Wolf DC, Geboes K, Colombel JF, et al.; EXTEND
Investigators; Kumar A, Lazar A, Camez A, Lomax KG, Pollack PF, D’'Haens G. Adalimumab induces
and maintains mucosal healing in patients with Crohn’s disease: data from the EXTEND trial.
Gastroenterology. 2012;142:1102-11.e2. [DOI] [PubMed]

Dewint P, Hansen BE, Verhey E, Oldenburg B, Hommes DW, Pierik M, et al. Adalimumab combined
with ciprofloxacin is superior to adalimumab monotherapy in perianal fistula closure in Crohn’s

disease: a randomised, double-blind, placebo controlled trial (ADAFI). Gut. 2014;63:292-9. [DOI]
[PubMed]

Reinisch W, Sandborn W], Hommes DW, D’Haens G, Hanauer S, Schreiber S, et al. Adalimumab for
induction of clinical remission in moderately to severely active ulcerative colitis: results of a
randomised controlled trial. Gut. 2011;60:780-7. [DOI] [PubMed]

Sandborn W], van Assche G, Reinisch W, Colombel JF, D’'Haens G, Wolf DC, et al. Adalimumab induces
and maintains clinical remission in patients with moderate-to-severe ulcerative colitis.
Gastroenterology. 2012;142:257-65.e3. [DOI] [PubMed]

Sandborn W], Feagan BG, Stoinov S, Honiball PJ, Rutgeerts P, Mason D, et al.; PRECISE 1 Study
Investigators. Certolizumab pegol for the treatment of Crohn’s disease. N Engl ] Med. 2007;357:
228-38. [DOI] [PubMed]

Schreiber S, Khalig-Kareemi M, Lawrance IC, Thomsen 0@, Hanauer SB, McColm J, et al.; PRECISE 2
Study Investigators. Maintenance therapy with certolizumab pegol for Crohn’s disease. N Engl ] Med.
2007;357:239-50. [DOI] [PubMed]

Sandborn W], Feagan BG, Marano C, Zhang H, Strauss R, Johanns ], et al.; PURSUIT-SC Study Group.
Subcutaneous golimumab induces clinical response and remission in patients with moderate-to-
severe ulcerative colitis. Gastroenterology. 2014;146:85-95. [DOI] [PubMed]

Sandborn W], Feagan BG, Marano C, Zhang H, Strauss R, Johanns ], et al.; PURSUIT-Maintenance
Study Group. Subcutaneous golimumab maintains clinical response in patients with moderate-to-
severe ulcerative colitis. Gastroenterology. 2014;146:96-109.e1. [DOI] [PubMed]

Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer SB, Lawrance IC, et al.; International Efficacy
of Natalizumab as Active Crohn’s Therapy (ENACT-1) Trial Group; Evaluation of Natalizumab as
Continuous Therapy (ENACT-2) Trial Group. Natalizumab induction and maintenance therapy for
Crohn’s disease. N Engl ] Med. 2005;353:1912-25. [DOI] [PubMed]

Targan SR, Feagan BG, Fedorak RN, Lashner BA, Panaccione R, Present DH, et al.; International
Efficacy of Natalizumab in Crohn’s Disease Response and Remission (ENCORE) Trial Group.
Natalizumab for the treatment of active Crohn’s disease: results of the ENCORE Trial.
Gastroenterology. 2007;132:1672-83. [DOI] [PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 37


https://dx.doi.org/10.1056/NEJMoa050516
http://www.ncbi.nlm.nih.gov/pubmed/16339095
https://dx.doi.org/10.1053/j.gastro.2005.11.030
http://www.ncbi.nlm.nih.gov/pubmed/16472588
https://dx.doi.org/10.1136/gut.2006.106781
http://www.ncbi.nlm.nih.gov/pubmed/17299059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2701613
https://dx.doi.org/10.1053/j.gastro.2006.11.041
http://www.ncbi.nlm.nih.gov/pubmed/17241859
https://dx.doi.org/10.7326/0003-4819-146-12-200706190-00159
http://www.ncbi.nlm.nih.gov/pubmed/17470824
https://dx.doi.org/10.1053/j.gastro.2012.01.035
http://www.ncbi.nlm.nih.gov/pubmed/22326435
https://dx.doi.org/10.1136/gutjnl-2013-304488
http://www.ncbi.nlm.nih.gov/pubmed/23525574
https://dx.doi.org/10.1136/gut.2010.221127
http://www.ncbi.nlm.nih.gov/pubmed/21209123
https://dx.doi.org/10.1053/j.gastro.2011.10.032
http://www.ncbi.nlm.nih.gov/pubmed/22062358
https://dx.doi.org/10.1056/NEJMoa067594
http://www.ncbi.nlm.nih.gov/pubmed/17634458
https://dx.doi.org/10.1056/NEJMoa062897
http://www.ncbi.nlm.nih.gov/pubmed/17634459
https://dx.doi.org/10.1053/j.gastro.2013.05.048
http://www.ncbi.nlm.nih.gov/pubmed/23735746
https://dx.doi.org/10.1053/j.gastro.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/23770005
https://dx.doi.org/10.1056/NEJMoa043335
http://www.ncbi.nlm.nih.gov/pubmed/16267322
https://dx.doi.org/10.1053/j.gastro.2007.03.024
http://www.ncbi.nlm.nih.gov/pubmed/17484865

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Feagan BG, Rutgeerts P, Sands BE, Hanauer S, Colombel JF, Sandborn WJ, et al.; GEMINI 1 Study
Group. Vedolizumab as induction and maintenance therapy for ulcerative colitis. N Engl ] Med. 2013;
369:699-710. [DOI] [PubMed]

Sandborn W], Feagan BG, Rutgeerts P, Hanauer S, Colombel JF, Sands BE, et al.; GEMINI 2 Study
Group. Vedolizumab as induction and maintenance therapy for Crohn’s disease. N Engl ] Med. 2013;
369:711-21. [DOI] [PubMed]

Sands BE, Feagan BG, Rutgeerts P, Colombel JF, Sandborn W], Sy R, et al. Effects of vedolizumab
induction therapy for patients with Crohn’s disease in whom tumor necrosis factor antagonist
treatment failed. Gastroenterology. 2014;147:618-27.e3. [DOI] [PubMed]

Vermeire S, D’Haens G, Baert F, Danese S, Kobayashi T, Loftus EV, et al. Efficacy and Safety of
Subcutaneous Vedolizumab in Patients With Moderately to Severely Active Crohn’s Disease: Results
From the VISIBLE 2 Randomised Trial. ] Crohns Colitis. 2022;16:27-38. [DOI] [PubMed] [PMC(]

Sands BE, Peyrin-Biroulet L, Loftus EV Jr, Danese S, Colombel JF, Toriiner M, et al.; VARSITY Study
Group. Vedolizumab versus Adalimumab for Moderate-to-Severe Ulcerative Colitis. N Engl ] Med.
2019;381:1215-26. [DOI] [PubMed]

Sandborn WJ, Baert F, Danese S, Krznari¢ Z, Kobayashi T, Yao X, et al. Efficacy and Safety of
Vedolizumab Subcutaneous Formulation in a Randomized Trial of Patients With Ulcerative Colitis.
Gastroenterology. 2020;158:562-72.e12. [DOI] [PubMed]

Feagan BG, Sandborn W], Gasink C, Jacobstein D, Lang Y, Friedman JR, et al.; UNITI-IM-UNITI Study
Group. Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N Engl ] Med. 2016;
375:1946-60. [DOI] [PubMed]

Sandborn WJ, Rebuck R, Wang Y, Zou B, Adedokun O], Gasink C, et al. Five-Year Efficacy and Safety of
Ustekinumab Treatment in Crohn’s Disease: The IM-UNITI Trial. Clin Gastroenterol Hepatol. 2022;
20:578-90.e4. [DOI] [PubMed] [PMC(]

Sands BE, Sandborn W], Panaccione R, O’'Brien CD, Zhang H, Johanns ], et al.; UNIFI Study Group.
Ustekinumab as Induction and Maintenance Therapy for Ulcerative Colitis. N Engl ] Med. 2019;381:
1201-14. [DOI] [PubMed]

D’Haens G, Panaccione R, Baert F, Bossuyt P, Colombel JF, Danese S, et al. Risankizumab as induction
therapy for Crohn’s disease: results from the phase 3 ADVANCE and MOTIVATE induction trials.
Lancet. 2022;399:2015-30. [DOI] [PubMed]

Ferrante M, Panaccione R, Baert F, Bossuyt P, Colombel JF, Danese S, et al. Risankizumab as
maintenance therapy for moderately to severely active Crohn’s disease: results from the multicentre,
randomised, double-blind, placebo-controlled, withdrawal phase 3 FORTIFY maintenance trial.
Lancet. 2022;399:2031-46. [DOI] [PubMed]

Louis E, Schreiber S, Panaccione R, Bossuyt P, Biedermann L, Colombel JF, et al.; INSPIRE and
COMMAND Study Group. Risankizumab for Ulcerative Colitis: Two Randomized Clinical Trials. JAMA.
2024;332:881-97. [DOI] [PubMed] [PMC(]

Peyrin-Biroulet L, Chapman ]C, Colombel JF, Caprioli F, D’'Haens G, Ferrante M, et al.; SEQUENCE
Study Group. Risankizumab versus Ustekinumab for Moderate-to-Severe Crohn’s Disease. N Engl ]
Med. 2024;391:213-23. [DOI] [PubMed]

The phase 3, randomized, double-blind trial evaluated Omvoh in adult patients with moderately to
severely active CD [Internet]. Lilly USA, LLC; c2025 [cited 2025 Aug 18]. Available from: https://omv
oh.lilly.com/hcp/crohns-disease/clinical-studies#endoscopic-response-week-52

Kobayashi T, Matsuoka K, Watanabe M, Hisamatsu T, Hirai F, Milata ], et al. Efficacy and safety of
mirikizumab as induction and maintenance therapy for Japanese patients with moderately to
severely active ulcerative colitis: a subgroup analysis of the global phase 3 LUCENT-1 and LUCENT-2
studies. Intest Res. 2024;22:172-85. [DOI] [PubMed] [PMC(]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 38


https://dx.doi.org/10.1056/NEJMoa1215734
http://www.ncbi.nlm.nih.gov/pubmed/23964932
https://dx.doi.org/10.1056/NEJMoa1215739
http://www.ncbi.nlm.nih.gov/pubmed/23964933
https://dx.doi.org/10.1053/j.gastro.2014.05.008
http://www.ncbi.nlm.nih.gov/pubmed/24859203
https://dx.doi.org/10.1093/ecco-jcc/jjab133
http://www.ncbi.nlm.nih.gov/pubmed/34402887
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8797168
https://dx.doi.org/10.1056/NEJMoa1905725
http://www.ncbi.nlm.nih.gov/pubmed/31553834
https://dx.doi.org/10.1053/j.gastro.2019.08.027
http://www.ncbi.nlm.nih.gov/pubmed/31470005
https://dx.doi.org/10.1056/NEJMoa1602773
http://www.ncbi.nlm.nih.gov/pubmed/27959607
https://dx.doi.org/10.1016/j.cgh.2021.02.025
http://www.ncbi.nlm.nih.gov/pubmed/33618023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8374005
https://dx.doi.org/10.1056/NEJMoa1900750
http://www.ncbi.nlm.nih.gov/pubmed/31553833
https://dx.doi.org/10.1016/S0140-6736(22)00467-6
http://www.ncbi.nlm.nih.gov/pubmed/35644154
https://dx.doi.org/10.1016/S0140-6736(22)00466-4
http://www.ncbi.nlm.nih.gov/pubmed/35644155
https://dx.doi.org/10.1001/jama.2024.12414
http://www.ncbi.nlm.nih.gov/pubmed/39037800
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11264075
https://dx.doi.org/10.1056/NEJMoa2314585
http://www.ncbi.nlm.nih.gov/pubmed/39018531
https://omvoh.lilly.com/hcp/crohns-disease/clinical-studies#endoscopic-response-week-52
https://omvoh.lilly.com/hcp/crohns-disease/clinical-studies#endoscopic-response-week-52
https://dx.doi.org/10.5217/ir.2023.00043
http://www.ncbi.nlm.nih.gov/pubmed/38720466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11079516

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

TREMFYA® SC induction study assessed clinical remission and endoscopic response at Week 12 and
deep remission* at Week 48 [Internet]. Johnson & Johnson and its affiliates; c2025 [cited 2025 Jul
20]. Available from: https://www.tremfyahcp.com/crohns-disease/efficacy/sc-induction-study-grav
iti

Panaccione R, Feagan BG, Afzali A, Rubin DT, Reinisch W, Panés ], et al.; GALAXI 2 & 3 Study Group.
Efficacy and safety of intravenous induction and subcutaneous maintenance therapy with
guselkumab for patients with Crohn’s disease (GALAXI-2 and GALAXI-3): 48-week results from two
phase 3, randomised, placebo and active comparator-controlled, double-blind, triple-dummy trials.
Lancet. 2025;406:358-75. [DOI] [PubMed]

Peyrin-Biroulet L, Allegretti JR, Danese S, Germinaro M, Baker T, Alvarez Y, et al. OP10 Efficacy and
safety of subcutaneous guselkumab induction therapy in patients with Ulcerative Colitis: Results
through week 12 from the phase 3 ASTRO study. ] Crohns Colitis. 2025;19:i19-20. [DOI]

The Efficacy and Safety of Guselkumab Induction Therapy in Patients With Moderately to Severely
Active Ulcerative Colitis: Results From the Phase 3 QUASAR Induction Study. Gastroenterol Hepatol
(NY).2023;19:9-10. [PubMed] [PMC(]

Sandborn W], Su C, Sands BE, D’Haens GR, Vermeire S, Schreiber S, et al.; OCTAVE Induction 1,
OCTAVE Induction 2, and OCTAVE Sustain Investigators. Tofacitinib as Induction and Maintenance
Therapy for Ulcerative Colitis. N Engl ] Med. 2017;376:1723-36. [DOI] [PubMed]

Sandborn W], Lawendy N, Danese S, Su C, Loftus EV Jr, Hart A, et al. Safety and efficacy of tofacitinib
for treatment of ulcerative colitis: final analysis of OCTAVE Open, an open-label, long-term extension
study with up to 7.0 years of treatment. Aliment Pharmacol Ther. 2022;55:464-78. [DOI] [PubMed]
[PMC]

Loftus EV Jr, Panés ], Lacerda AP, Peyrin-Biroulet L, D’'Haens G, Panaccione R, et al. Upadacitinib

Induction and Maintenance Therapy for Crohn’s Disease. N Engl ] Med. 2023;388:1966-80. [DOI]
[PubMed]

Jairath V, Dubinsky M, Biedermann L, Fujii T, Cunneen C, Dubcenco E, et al. P0561 Sustained
Corticosteroid-Sparing Effects of Upadacitinib Maintenance Therapy in Patients With Moderate-to-
Severe Crohn’s Disease: 2-Year Results From the U-ENDURE Long-Term Extension Study. ] Crohns
Colitis. 2025;19:i1130-2. [DOI]

Danese S, Vermeire S, Zhou W, Pangan AL, Siffledeen ], Greenbloom S, 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;399:2113-28. [DOI] [PubMed]
Matsuoka K, Nakase H, Fujii T, Hisamatsu T, Suzuki Y, Watanabe M, et al. P687 Ozanimod as a once-
daily oral therapy for Japanese patients with ulcerative colitis: results from the induction period of a
Phase 2/3 study (J-True North). ] Crohns Colitis. 2024;18:i1295-6. [DOI]

Sandborn W], Feagan BG, D’Haens G, Wolf DC, Jovanovic I, Hanauer SB, et al.; True North Study
Group. Ozanimod as Induction and Maintenance Therapy for Ulcerative Colitis. N Engl ] Med. 2021;
385:1280-91. [DOI] [PubMed]

Sandborn W], Vermeire S, Peyrin-Biroulet L, Dubinsky MC, Panes ], Yarur A, et al. Etrasimod as
induction and maintenance therapy for ulcerative colitis (ELEVATE): two randomised, double-blind,
placebo-controlled, phase 3 studies. Lancet. 2023;401:1159-71. [DOI] [PubMed]

Sinha A, Roy S. Prospective therapeutic targets and recent advancements in the treatment of
inflammatory bowel disease. Immunopharmacol Immunotoxicol. 2024;46:550-63. [DOI] [PubMed]
Catalan-Serra I, Brenna @. Immunotherapy in inflammatory bowel disease: Novel and emerging
treatments. Hum Vaccin Immunother. 2018;14:2597-611. [DOI] [PubMed] [PMC]

Petronio L, Dal Buono A, Gabbiadini R, Migliorisi G, Privitera G, Ferraris M, et al. Drug Development
in Inflammatory Bowel Diseases: What Is Next? Pharmaceuticals (Basel). 2025;18:190. [DOI]
[PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 39


https://www.tremfyahcp.com/crohns-disease/efficacy/sc-induction-study-graviti
https://www.tremfyahcp.com/crohns-disease/efficacy/sc-induction-study-graviti
https://dx.doi.org/10.1016/S0140-6736(25)00681-6
http://www.ncbi.nlm.nih.gov/pubmed/40684778
https://dx.doi.org/10.1093/ecco-jcc/jjae190.0010
http://www.ncbi.nlm.nih.gov/pubmed/38445000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10910368
https://dx.doi.org/10.1056/NEJMoa1606910
http://www.ncbi.nlm.nih.gov/pubmed/28467869
https://dx.doi.org/10.1111/apt.16712
http://www.ncbi.nlm.nih.gov/pubmed/34854095
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9300081
https://dx.doi.org/10.1056/NEJMoa2212728
http://www.ncbi.nlm.nih.gov/pubmed/37224198
https://dx.doi.org/10.1093/ecco-jcc/jjae190.0735
https://dx.doi.org/10.1016/S0140-6736(22)00581-5
http://www.ncbi.nlm.nih.gov/pubmed/35644166
https://dx.doi.org/10.1093/ecco-jcc/jjad212.0817
https://dx.doi.org/10.1056/NEJMoa2033617
http://www.ncbi.nlm.nih.gov/pubmed/34587385
https://dx.doi.org/10.1016/S0140-6736(23)00061-2
http://www.ncbi.nlm.nih.gov/pubmed/36871574
https://dx.doi.org/10.1080/08923973.2024.2381756
http://www.ncbi.nlm.nih.gov/pubmed/39013809
https://dx.doi.org/10.1080/21645515.2018.1461297
http://www.ncbi.nlm.nih.gov/pubmed/29624476
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6314405
https://dx.doi.org/10.3390/ph18020190
http://www.ncbi.nlm.nih.gov/pubmed/40006003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11858795

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Black RA, Rauch CT, Kozlosky CJ], Peschon ]], Slack JL, Wolfson MF, et al. A metalloproteinase
disintegrin that releases tumour-necrosis factor-a from cells. Nature. 1997;385:729-33. [DOI]
[PubMed]

Moss ML, Jin SL, Milla ME, Bickett DM, Burkhart W, Carter HL, et al. Cloning of a disintegrin
metalloproteinase that processes precursor tumour-necrosis factor-a. Nature. 1997;385:733-6.
[DOI] [PubMed]

Wong E, Cohen T, Romi E, Levin M, Peleg Y, Arad U, et al. Harnessing the natural inhibitory domain to
control TNFa Converting Enzyme (TACE) activity in vivo. Sci Rep. 2016;6:35598. [DOI] [PubMed]
[PMC]

Aggarwal BB. Tumour necrosis factors receptor associated signalling molecules and their role in
activation of apoptosis, JNK and NF-kB. Ann Rheum Dis. 2000;59:i6-16. [DOI] [PubMed] [PMC(]

Haas TL, Emmerich CH, Gerlach B, Schmukle AC, Cordier SM, Rieser E, et al. Recruitment of the linear
ubiquitin chain assembly complex stabilizes the TNF-R1 signaling complex and is required for TNF-
mediated gene induction. Mol Cell. 2009;36:831-44. [DOI] [PubMed]

Rothe M, Pan MG, Henzel W], Ayres TM, Goeddel DV. The TNFR2-TRAF signaling complex contains
two novel proteins related to baculoviral inhibitor of apoptosis proteins. Cell. 1995;83:1243-52.
[DOI] [PubMed]

Chan FK. The pre-ligand binding assembly domain: a potential target of inhibition of tumour
necrosis factor receptor function. Ann Rheum Dis. 2000;59:i50-3. [DOI] [PubMed] [PMC(]

Mandel MD, Miheller P, Miillner K, Golovics PA, Lakatos PL. Have biologics changed the natural
history of Crohn’s disease? Dig Dis. 2014;32:351-9. [DOI] [PubMed]

Adegbola SO, Sahnan K, Warusavitarne ], Hart A, Tozer P. Anti-TNF Therapy in Crohn’s Disease. Int ]
Mol Sci. 2018;19:2244. [DOI] [PubMed] [PMC]

Ward D, Nyboe Andersen N, Ggrtz S, Thorn Iversen A, Hgjgaard Allin K, Beaugerie L, et al. Tumor
Necrosis Factor Inhibitors in Inflammatory Bowel Disease and Risk of Immune Mediated
Inflammatory Diseases. Clin Gastroenterol Hepatol. 2024;22:135-43.e8. [DOI] [PubMed]
Peyrin-Biroulet L, Sandborn W], Panaccione R, Doménech E, Pouillon L, Siegmund B, et al. Tumour
necrosis factor inhibitors in inflammatory bowel disease: the story continues. Therap Adv
Gastroenterol. 2021;14:17562848211059954. [DOI] [PubMed] [PMC(]

Lu RM, Hwang YC, Liu I, Lee CC, Tsai HZ, Li HJ, et al. Development of therapeutic antibodies for the
treatment of diseases. ] Biomed Sci. 2020;27:1. [DOI] [PubMed] [PMC(]

Harding FA, Stickler MM, Razo ], DuBridge RB. The immunogenicity of humanized and fully human
antibodies: residual immunogenicity resides in the CDR regions. MAbs. 2010;2:256-65. [DOI]
[PubMed] [PMC]

Croft M, Salek-Ardakani S, Ware CF. Targeting the TNF and TNFR superfamilies in autoimmune
disease and cancer. Nat Rev Drug Discov. 2024;23:939-61. [DOI] [PubMed]

Lim H, Lee SH, Lee HT, Lee JU, Son JY, Shin W, et al. Structural Biology of the TNFa Antagonists Used
in the Treatment of Rheumatoid Arthritis. Int ] Mol Sci. 2018;19:768. [DOI] [PubMed] [PMC(]
Osterman MT, Haynes K, Delzell E, Zhang ], Bewtra M, Brensinger C, et al. Comparative effectiveness
of infliximab and adalimumab for Crohn’s disease. Clin Gastroenterol Hepatol. 2014;12:811-7.e3.
[DOI] [PubMed] [PMC(]

Archer R, Tappenden P, Ren S, Martyn-St James M, Harvey R, Basarir H, et al. Infliximab, adalimumab
and golimumab for treating moderately to severely active ulcerative colitis after the failure of
conventional therapy (including a review of TA140 and TA262): clinical effectiveness systematic
review and economic model. Southampton (UK): NIHR Journals Library; 2016. [DOI] [PubMed]
[PMC]

Stidham RW, Lee TC, Higgins PD, Deshpande AR, Sussman DA, Singal AG, et al. Systematic review
with network meta-analysis: the efficacy of anti-TNF agents for the treatment of Crohn’s disease.
Aliment Pharmacol Ther. 2014;39:1349-62. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 40


https://dx.doi.org/10.1038/385729a0
http://www.ncbi.nlm.nih.gov/pubmed/9034190
https://dx.doi.org/10.1038/385733a0
http://www.ncbi.nlm.nih.gov/pubmed/9034191
https://dx.doi.org/10.1038/srep35598
http://www.ncbi.nlm.nih.gov/pubmed/27982031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5159831
https://dx.doi.org/10.1136/ard.59.suppl_1.i6
http://www.ncbi.nlm.nih.gov/pubmed/11053079
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1766635
https://dx.doi.org/10.1016/j.molcel.2009.10.013
http://www.ncbi.nlm.nih.gov/pubmed/20005846
https://dx.doi.org/10.1016/0092-8674(95)90149-3
http://www.ncbi.nlm.nih.gov/pubmed/8548810
https://dx.doi.org/10.1136/ard.59.suppl_1.i50
http://www.ncbi.nlm.nih.gov/pubmed/11053089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1766631
https://dx.doi.org/10.1159/000358135
http://www.ncbi.nlm.nih.gov/pubmed/24969279
https://dx.doi.org/10.3390/ijms19082244
http://www.ncbi.nlm.nih.gov/pubmed/30065229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6121417
https://dx.doi.org/10.1016/j.cgh.2023.06.025
http://www.ncbi.nlm.nih.gov/pubmed/37442315
https://dx.doi.org/10.1177/17562848211059954
http://www.ncbi.nlm.nih.gov/pubmed/34917173
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8669878
https://dx.doi.org/10.1186/s12929-019-0592-z
http://www.ncbi.nlm.nih.gov/pubmed/31894001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6939334
https://dx.doi.org/10.4161/mabs.2.3.11641
http://www.ncbi.nlm.nih.gov/pubmed/20400861
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2881252
https://dx.doi.org/10.1038/s41573-024-01053-9
http://www.ncbi.nlm.nih.gov/pubmed/39448880
https://dx.doi.org/10.3390/ijms19030768
http://www.ncbi.nlm.nih.gov/pubmed/29518978
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5877629
https://dx.doi.org/10.1016/j.cgh.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/23811254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3883891
https://dx.doi.org/10.3310/hta20390
http://www.ncbi.nlm.nih.gov/pubmed/27220829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4904186
https://dx.doi.org/10.1111/apt.12749
http://www.ncbi.nlm.nih.gov/pubmed/24749763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7006346

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Singh S, Heien HC, Sangaralingham LR, Schilz SR, Kappelman MD, Shah ND, et al. Comparative
Effectiveness and Safety of Anti-Tumor Necrosis Factor Agents in Biologic-Naive Patients With
Crohn’s Disease. Clin Gastroenterol Hepatol. 2016;14:1120-9.e6. [DOI] [PubMed] [PMC(]

Mei WQ, Hu HZ, Liu Y, Li ZC, Wang WG. Infliximab is superior to other biological agents for treatment
of active ulcerative colitis: A meta-analysis. World ] Gastroenterol. 2015;21:6044-51. [DOI]
[PubMed] [PMC]

Petryszyn P, Ekk-Cierniakowski P, Zurakowski G. Infliximab, adalimumab, golimumab, vedolizumab
and tofacitinib in moderate to severe ulcerative colitis: comparative cost-effectiveness study in
Poland. Therap Adv Gastroenterol. 2020;13:1756284820941179. [DOI] [PubMed] [PMC]

Mitoma H, Horiuchi T, Tsukamoto H, Tamimoto Y, Kimoto Y, Uchino A, et al. Mechanisms for
cytotoxic effects of anti-tumor necrosis factor agents on transmembrane tumor necrosis factor a-
expressing cells: comparison among infliximab, etanercept, and adalimumab. Arthritis Rheum. 2008;
58:1248-57.[DOI] [PubMed]

Ueda N, Tsukamoto H, Mitoma H, Ayano M, Tanaka A, Ohta S, et al. The cytotoxic effects of
certolizumab pegol and golimumab mediated by transmembrane tumor necrosis factor a. Inflamm
Bowel Dis. 2013;19:1224-31. [DOI] [PubMed]

Roda G, Jharap B, Neeraj N, Colombel JF. Loss of Response to Anti-TNFs: Definition, Epidemiology,
and Management. Clin Transl Gastroenterol. 2016;7:e135. [DOI] [PubMed] [PMC(]

Fine S, Papamichael K, Cheifetz AS. Etiology and Management of Lack or Loss of Response to Anti-
Tumor Necrosis Factor Therapy in Patients With Inflammatory Bowel Disease. Gastroenterol
Hepatol (N Y). 2019;15:656-65. [PubMed] [PMC(]

Marsal ], Barreiro-de Acosta M, Blumenstein I, Cappello M, Bazin T, Sebastian S. Management of Non-
response and Loss of Response to Anti-tumor Necrosis Factor Therapy in Inflammatory Bowel
Disease. Front Med (Lausanne). 2022;9:897936. [DOI] [PubMed] [PMC(]

Mitrev N, Leong RW. Therapeutic drug monitoring of anti-tumour necrosis factor-a agents in
inflammatory bowel disease. Expert Opin Drug Saf. 2017;16:303-17. [DOI] [PubMed]

Hendy P, Hart A, Irving P. Anti-TNF drug and antidrug antibody level monitoring in IBD: a practical
guide. Frontline Gastroenterol. 2016;7:122-8. [DOI] [PubMed] [PMC]

Solovic I, Sester M, Gomez-Reino JJ, Rieder HL, Ehlers S, Milburn HJ, et al. The risk of tuberculosis
related to tumour necrosis factor antagonist therapies: a TBNET consensus statement. Eur Respir J.
2010;36:1185-206. [DOI] [PubMed]

Keane |, Gershon S, Wise RP, Mirabile-Levens E, Kasznica ], Schwieterman WD, et al. Tuberculosis
associated with infliximab, a tumor necrosis factor alpha-neutralizing agent. N Engl ] Med. 2001;345:
1098-104. [DOI] [PubMed]

Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, Desmond E, et al. Official American
Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention
Clinical Practice Guidelines: Diagnosis of Tuberculosis in Adults and Children. Clin Infect Dis. 2017;
64:111-5. [DOI] [PubMed] [PMC(]

D’Arcy ME, Beachler DC, Pfeiffer RM, Curtis JR, Mariette X, Seror R, et al. Tumor Necrosis Factor
Inhibitors and the Risk of Cancer among Older Americans with Rheumatoid Arthritis. Cancer
Epidemiol Biomarkers Prev. 2021;30:2059-67. [DOI] [PubMed] [PMC(]

Long MD, Kappelman MD, Pipkin CA. Nonmelanoma skin cancer in inflammatory bowel disease: a
review. Inflamm Bowel Dis. 2011;17:1423-7. [DOI] [PubMed] [PMC(]

Jani M, Dixon WG, Chinoy H. Drug safety and immunogenicity of tumour necrosis factor inhibitors:
the story so far. Rheumatology (Oxford). 2018;57:1896-907. [DOI] [PubMed] [PMC(]

Dai C, Huang YH, Jiang M. Combination therapy in inflammatory bowel disease: Current evidence and
perspectives. Int Immunopharmacol. 2023;114:109545. [DOI] [PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 41


https://dx.doi.org/10.1016/j.cgh.2016.03.038
http://www.ncbi.nlm.nih.gov/pubmed/27058635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955682
https://dx.doi.org/10.3748/wjg.v21.i19.6044
http://www.ncbi.nlm.nih.gov/pubmed/26019471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4438041
https://dx.doi.org/10.1177/1756284820941179
http://www.ncbi.nlm.nih.gov/pubmed/32922513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453458
https://dx.doi.org/10.1002/art.23447
http://www.ncbi.nlm.nih.gov/pubmed/18438840
https://dx.doi.org/10.1097/MIB.0b013e318280b169
http://www.ncbi.nlm.nih.gov/pubmed/23619715
https://dx.doi.org/10.1038/ctg.2015.63
http://www.ncbi.nlm.nih.gov/pubmed/26741065
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4737871
http://www.ncbi.nlm.nih.gov/pubmed/31892912
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6935028
https://dx.doi.org/10.3389/fmed.2022.897936
http://www.ncbi.nlm.nih.gov/pubmed/35783628
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9241563
https://dx.doi.org/10.1080/14740338.2017.1269169
http://www.ncbi.nlm.nih.gov/pubmed/27922765
https://dx.doi.org/10.1136/flgastro-2014-100527
http://www.ncbi.nlm.nih.gov/pubmed/28839846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5369465
https://dx.doi.org/10.1183/09031936.00028510
http://www.ncbi.nlm.nih.gov/pubmed/20530046
https://dx.doi.org/10.1056/NEJMoa011110
http://www.ncbi.nlm.nih.gov/pubmed/11596589
https://dx.doi.org/10.1093/cid/ciw778
http://www.ncbi.nlm.nih.gov/pubmed/28052967
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5504475
https://dx.doi.org/10.1158/1055-9965.EPI-21-0125
http://www.ncbi.nlm.nih.gov/pubmed/34426413
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8568666
https://dx.doi.org/10.1002/ibd.21484
http://www.ncbi.nlm.nih.gov/pubmed/21053358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3092834
https://dx.doi.org/10.1093/rheumatology/kex434
http://www.ncbi.nlm.nih.gov/pubmed/29325166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6199532
https://dx.doi.org/10.1016/j.intimp.2022.109545
http://www.ncbi.nlm.nih.gov/pubmed/36508920

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Savelkoul EHJ, Hoentjen F. Editorial: anti-TNF combination therapy for inflammatory bowel
disease-one size does not fit all. Aliment Pharmacol Ther. 2022;55:750-1. [DOI] [PubMed]

LiuJ, Cao S, Kim S, Chung EY, Homma Y, Guan X, et al. Interleukin-12: an update on its immunological
activities, signaling and regulation of gene expression. Curr Immunol Rev. 2005;1:119-37. [DOI]
[PubMed] [PMC]

Ma C, Panaccione R, Khanna R, Feagan BG, Jairath V. IL12/23 or selective IL23 inhibition for the
management of moderate-to-severe Crohn’s disease? Best Pract Res Clin Gastroenterol. 2019;38-39:
101604. [DOI] [PubMed]

Jefremow A, Neurath MF. All are Equal, Some are More Equal: Targeting IL 12 and 23 in IBD - A
Clinical Perspective. Immunotargets Ther. 2020;9:289-97. [DOI] [PubMed] [PMC(]

[liopoulou L, Lianopoulou E, Kollias G. IL-23 exerts dominant pathogenic functions in Crohn’s
disease-ileitis. Mucosal Immunol. 2024;17:769-76. [DOI] [PubMed]

Vuyyuru SK, Solitano V, Hogan M, MacDonald JK, Zayadi A, Parker CE, et al. Efficacy and Safety of IL-
12/23 and IL-23 Inhibitors for Crohn’s Disease: Systematic Review and Meta-Analysis. Dig Dis Sci.
2023;68:3702-13. [DOI] [PubMed] [PMC(]

Benson JM, Peritt D, Scallon BJ, Heavner GA, Shealy D], Giles-Komar JM, et al. Discovery and
mechanism of ustekinumab: a human monoclonal antibody targeting interleukin-12 and interleukin-
23 for treatment of immune-mediated disorders. MAbs. 2011;3:535-45. [DOI] [PubMed] [PMC]
Deepak P, Loftus EV Jr. Ustekinumab in treatment of Crohn’s disease: design, development, and
potential place in therapy. Drug Des Devel Ther. 2016;10:3685-98. [DOI] [PubMed] [PMC]

Ghosh S, Feagan BG, Ott E, Gasink C, Godwin B, Marano C, et al. Safety of Ustekinumab in
Inflammatory Bowel Disease: Pooled Safety Analysis Through 5 Years in Crohn’s Disease and 4 Years
in Ulcerative Colitis. ] Crohns Colitis. 2024;18:1091-101. [DOI] [PubMed] [PMC]

Pang Y, D’Cunha R, Winzenborg [, Veldman G, Pivorunas V, Wallace K. Risankizumab: Mechanism of
action, clinical and translational science. Clin Transl Sci. 2024;17:e13706. [DOI] [PubMed] [PMC]

~9 YEARS OF CONSISTENT SAFETY DATA IN Ps [Internet]. AbbVie; c2025 [cited 2025 Jul 20].
Available from: https://www.skyrizihcp.com/dermatology/pso-psa-safety-profile#overview
Long-Term Efficacy and Safety of Mirikizumab Following 104 Weeks of Continuous Treatment for
CD: Results From the VIVID-2 Open-Label Extension Study. Gastroenterol Hepatol (N Y). 2025;21:
17-8. [PubMed] [PMC]

TREMFYA® (guselkumab) receives U.S. FDA approval for adults with moderately to severely active
ulcerative colitis, strengthening Johnson & Johnson’s leadership in inflammatory bowel disease
[Internet]. Johnson & Johnson and its affiliates; c2025 [cited 2025 Sep 26]. Available from: https://w
ww.jnj.com/media-center/press-releases/tremfya-guselkumab-receives-u-s-fda-approval-for-adult
s-with-moderately-to-severely-active-ulcerative-colitis-strengthening-johnson-johnsons-leadership-
in-inflammatory-bowel-disease

Villablanca E]J, Cassani B, von Andrian UH, Mora JR. Blocking lymphocyte localization to the
gastrointestinal mucosa as a therapeutic strategy for inflammatory bowel diseases.
Gastroenterology. 2011;140:1776-84.e5. [DOI] [PubMed] [PMC]

Mehandru S, Colombel JF, Juarez ], Bugni ], Lindsay ]JO. Understanding the molecular mechanisms of
anti-trafficking therapies and their clinical relevance in inflammatory bowel disease. Mucosal
Immunol. 2023;16:859-70. [DOI] [PubMed] [PMC]

Gubatan ], Keyashian K, Rubin SJS, Wang ], Buckman CA, Sinha S. Anti-Integrins for the Treatment of
Inflammatory Bowel Disease: Current Evidence and Perspectives. Clin Exp Gastroenterol. 2021;14:
333-42. [DOI] [PubMed] [PMC(]

Fayyaz M, Jaffery SS. Natalizumab-associated Progressive Multifocal Leukoencephalopathy in
Patients with Multiple Sclerosis: A Mini Review. Cureus. 2018;10:e3093. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 42


https://dx.doi.org/10.1111/apt.16803
http://www.ncbi.nlm.nih.gov/pubmed/35245960
https://dx.doi.org/10.2174/1573395054065115
http://www.ncbi.nlm.nih.gov/pubmed/21037949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2965603
https://dx.doi.org/10.1016/j.bpg.2019.02.006
http://www.ncbi.nlm.nih.gov/pubmed/31327402
https://dx.doi.org/10.2147/ITT.S282466
http://www.ncbi.nlm.nih.gov/pubmed/33274187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7705252
https://dx.doi.org/10.1016/j.mucimm.2024.05.008
http://www.ncbi.nlm.nih.gov/pubmed/38844209
https://dx.doi.org/10.1007/s10620-023-08014-z
http://www.ncbi.nlm.nih.gov/pubmed/37378711
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10981469
https://dx.doi.org/10.4161/mabs.3.6.17815
http://www.ncbi.nlm.nih.gov/pubmed/22123062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3242840
https://dx.doi.org/10.2147/DDDT.S102141
http://www.ncbi.nlm.nih.gov/pubmed/27956825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5113936
https://dx.doi.org/10.1093/ecco-jcc/jjae013
http://www.ncbi.nlm.nih.gov/pubmed/38310565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11302965
https://dx.doi.org/10.1111/cts.13706
http://www.ncbi.nlm.nih.gov/pubmed/38266061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10777435
https://www.skyrizihcp.com/dermatology/pso-psa-safety-profile#overview
http://www.ncbi.nlm.nih.gov/pubmed/40893182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12397776
https://www.jnj.com/media-center/press-releases/tremfya-guselkumab-receives-u-s-fda-approval-for-adults-with-moderately-to-severely-active-ulcerative-colitis-strengthening-johnson-johnsons-leadership-in-inflammatory-bowel-disease
https://www.jnj.com/media-center/press-releases/tremfya-guselkumab-receives-u-s-fda-approval-for-adults-with-moderately-to-severely-active-ulcerative-colitis-strengthening-johnson-johnsons-leadership-in-inflammatory-bowel-disease
https://www.jnj.com/media-center/press-releases/tremfya-guselkumab-receives-u-s-fda-approval-for-adults-with-moderately-to-severely-active-ulcerative-colitis-strengthening-johnson-johnsons-leadership-in-inflammatory-bowel-disease
https://www.jnj.com/media-center/press-releases/tremfya-guselkumab-receives-u-s-fda-approval-for-adults-with-moderately-to-severely-active-ulcerative-colitis-strengthening-johnson-johnsons-leadership-in-inflammatory-bowel-disease
https://dx.doi.org/10.1053/j.gastro.2011.02.015
http://www.ncbi.nlm.nih.gov/pubmed/21530744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3102304
https://dx.doi.org/10.1016/j.mucimm.2023.08.001
http://www.ncbi.nlm.nih.gov/pubmed/37574127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11141405
https://dx.doi.org/10.2147/CEG.S293272
http://www.ncbi.nlm.nih.gov/pubmed/34466013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8402953
https://dx.doi.org/10.7759/cureus.3093
http://www.ncbi.nlm.nih.gov/pubmed/30324046
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6171776

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

210.

211.

212.

213.

214.

Shirani A, Stiive O. Natalizumab: Perspectives from the Bench to Bedside. Cold Spring Harb Perspect
Med. 2018;8:a029066. [DOI] [PubMed] [PMC(]

Loftus EV Jr, Feagan BG, Panaccione R, Colombel JF, Sandborn W], Sands BE, et al. Long-term safety of
vedolizumab for inflammatory bowel disease. Aliment Pharmacol Ther. 2020;52:1353-65. [DOI]
[PubMed] [PMC]

Singh S, Heien HC, Herrin ], Dulai PS, Sangaralingham L, Shah ND, et al. Comparative Risk of Serious
Infections With Tumor Necrosis Factor o Antagonists vs Vedolizumab in Patients With Inflammatory
Bowel Diseases. Clin Gastroenterol Hepatol. 2022;20:e74-88. [DOI] [PubMed] [PMC]

McLean LP, Cross RK. Integrin antagonists as potential therapeutic options for the treatment of
Crohn’s disease. Expert Opin Investig Drugs. 2016;25:263-73. [DOI] [PubMed] [PMC(]

Bravata I, Allocca M, Fiorino G, Danese S. Integrins and adhesion molecules as targets to treat
inflammatory bowel disease. Curr Opin Pharmacol. 2015;25:67-71. [DOI] [PubMed]

Rubin DT, Dotan [, DuVall A, Bouhnik Y, Radford-Smith G, Higgins PDR, et al.; HIBISCUS Study Group.
Etrolizumab versus adalimumab or placebo as induction therapy for moderately to severely active
ulcerative colitis (HIBISCUS): two phase 3 randomised, controlled trials. Lancet Gastroenterol
Hepatol. 2022;7:17-27. [DOI] [PubMed]

Sandborn W], Panés |, Danese S, Sharafali Z, Hassanali A, Jacob-Moffatt R, et al.; BERGAMOT Study
Group. Etrolizumab as induction and maintenance therapy in patients with moderately to severely
active Crohn’s disease (BERGAMOT): a randomised, placebo-controlled, double-blind, phase 3 trial.
Lancet Gastroenterol Hepatol. 2023;8:43-55. [DOI] [PubMed]

Peyrin-Biroulet L, Hart A, Bossuyt P, Long M, Allez M, Juillerat P, et al.; HICKORY Study Group.
Etrolizumab as induction and maintenance therapy for ulcerative colitis in patients previously
treated with tumour necrosis factor inhibitors (HICKORY): a phase 3, randomised, controlled trial.
Lancet Gastroenterol Hepatol. 2022;7:128-40. [DOI] [PubMed]

Neurath MF. Targeting immune cell circuits and trafficking in inflammatory bowel disease. Nat
Immunol. 2019;20:970-9. [DOI] [PubMed]

Greuter T, Biedermann L, Rogler G, Sauter B, Seibold F. Alicaforsen, an antisense inhibitor of ICAM-1,
as treatment for chronic refractory pouchitis after proctocolectomy: A case series. United European
Gastroenterol J. 2016;4:97-104. [DOI] [PubMed] [PMC(]

Wendt E, Keshav S. CCR9 antagonism: potential in the treatment of Inflammatory Bowel Disease. Clin
Exp Gastroenterol. 2015;8:119-30. [DOI] [PubMed] [PMC]

Oswald C, Rappas M, Kean ], Doré AS, Errey JC, Bennett K, et al. Intracellular allosteric antagonism of
the CCRI receptor. Nature. 2016;540:462-5. [DOI] [PubMed]

Veny M, Fernandez-Clotet A, Panés ]. Controlling leukocyte trafficking in IBD. Pharmacol Res. 2020;
159:105050. [DOI] [PubMed]

Boyles |S, Beidler CB, Strifler BA, Girard DS, Druzina Z, Durbin JD, et al. Discovery and
characterization of a neutralizing pan-ELR+CXC chemokine monoclonal antibody. MAbs. 2020;12:
1831880. [DOI] [PubMed] [PMC(]

Xu WD, Li R, Huang AF. Role of TL1A in Inflammatory Autoimmune Diseases: A Comprehensive
Review. Front Immunol. 2022;13:891328. [DOI] [PubMed] [PMC]

Tettoni E, Gabbiadini R, Dal Buono A, Privitera G, Vadala V, Migliorisi G, et al. TL1A as a Target in
Inflammatory Bowel Disease: Exploring Mechanisms and Therapeutic Potential. Int ] Mol Sci. 2025;
26:5017. [DOI] [PubMed] [PMC]

Danese S, Klopocka M, Scherl E], Romatowski ], Allegretti JR, Peeva E, et al. Anti-TL1A Antibody PF-
06480605 Safety and Efficacy for Ulcerative Colitis: A Phase 2a Single-Arm Study. Clin Gastroenterol
Hepatol. 2021;19:2324-32.e6. [DOI] [PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 43


https://dx.doi.org/10.1101/cshperspect.a029066
http://www.ncbi.nlm.nih.gov/pubmed/29500304
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6280713
https://dx.doi.org/10.1111/apt.16060
http://www.ncbi.nlm.nih.gov/pubmed/32876349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7540482
https://dx.doi.org/10.1016/j.cgh.2021.02.032
http://www.ncbi.nlm.nih.gov/pubmed/33640480
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8384969
https://dx.doi.org/10.1517/13543784.2016.1148137
http://www.ncbi.nlm.nih.gov/pubmed/26822204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926164
https://dx.doi.org/10.1016/j.coph.2015.11.007
http://www.ncbi.nlm.nih.gov/pubmed/26687159
https://dx.doi.org/10.1016/S2468-1253(21)00338-1
http://www.ncbi.nlm.nih.gov/pubmed/34798036
https://dx.doi.org/10.1016/S2468-1253(22)00303-X
http://www.ncbi.nlm.nih.gov/pubmed/36240801
https://dx.doi.org/10.1016/S2468-1253(21)00298-3
http://www.ncbi.nlm.nih.gov/pubmed/34798039
https://dx.doi.org/10.1038/s41590-019-0415-0
http://www.ncbi.nlm.nih.gov/pubmed/31235952
https://dx.doi.org/10.1177/2050640615593681
http://www.ncbi.nlm.nih.gov/pubmed/26966529
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4766552
https://dx.doi.org/10.2147/CEG.S48305
http://www.ncbi.nlm.nih.gov/pubmed/25897254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4396201
https://dx.doi.org/10.1038/nature20606
http://www.ncbi.nlm.nih.gov/pubmed/27926729
https://dx.doi.org/10.1016/j.phrs.2020.105050
http://www.ncbi.nlm.nih.gov/pubmed/32598943
https://dx.doi.org/10.1080/19420862.2020.1831880
http://www.ncbi.nlm.nih.gov/pubmed/33183151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7671035
https://dx.doi.org/10.3389/fimmu.2022.891328
http://www.ncbi.nlm.nih.gov/pubmed/35911746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9329929
https://dx.doi.org/10.3390/ijms26115017
http://www.ncbi.nlm.nih.gov/pubmed/40507829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12154025
https://dx.doi.org/10.1016/j.cgh.2021.06.011
http://www.ncbi.nlm.nih.gov/pubmed/34126262

215.

216.

217.

218.

2109.

220.

221.

222.
223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Danese S, Allegretti JR, Schreiber S, Peyrin-Biroulet L, Jairath V, D’'Haens G, et al. Anti-TL1A antibody,
afimkibart, in moderately-to-severely active ulcerative colitis (TUSCANY-2): a multicentre, double-
blind, treat-through, multi-dose, randomised, placebo-controlled, phase 2b trial. Lancet
Gastroenterol Hepatol. 2025;10:882-95. [DOI] [PubMed]

Sands BE, Feagan BG, Peyrin-Biroulet L, Danese S, Rubin DT, Laurent O, et al.; ARTEMIS-UC Study
Group. Phase 2 Trial of Anti-TL1A Monoclonal Antibody Tulisokibart for Ulcerative Colitis. N Engl ]
Med. 2024;391:1119-29. [DOI] [PubMed]

Feagan BG, Sands BE, Siegel CA, Dubinsky MC, Longman RS, Sabino ], et al. Safety and efficacy of the
anti-TL1A monoclonal antibody tulisokibart for Crohn’s disease: a phase 2a induction trial. Lancet
Gastroenterol Hepatol. 2025;10:715-25. [DOI] [PubMed]

Duvakitug positive phase 2b results demonstrate best-in-class potential in ulcerative colitis and
Crohn'’s disease [Internet]. [cited 2025 Jul 20]. Available from: https://www.sanofi.com/assets/dotc
om/pressreleases/2024/2024-12-17-12-30-00-2998154-en.pdf

Press Release: ECCO 2025: new duvakitug data reinforce best-in-class potential in ulcerative colitis
and Crohn’s disease [Internet]. Sanofi; c2004-2025 [cited 2025 Jul 20]. Available from: https://www.
sanofi.com/en/media-room/press-releases/2025/2025-02-22-07-30-00-3030764

Ngo VL, Kuczma M, Maxim E, Denning TL. [L-36 cytokines and gut immunity. Immunology. 2021;163:
145-54. [DOI] [PubMed] [PMC(]

Xie L, Huang Z, Li H, Liu X, Zheng S, Su W. IL-38: A New Player in Inflammatory Autoimmune
Disorders. Biomolecules. 2019;9:345. [DOI] [PubMed] [PMC]

Blair HA. Spesolimab: First Approval. Drugs. 2022;82:1681-6. [DOI] [PubMed] [PMC]

Ferrante M, Irving PM, Selinger CP, D’Haens G, Kuehbacher T, Seidler U, et al. Safety and tolerability

of spesolimab in patients with ulcerative colitis. Expert Opin Drug Saf. 2023;22:141-52. [DOI]
[PubMed]

Dosh RH, Jordan-Mahy N, Sammon C, Le Maitre C. Interleukin 1 is a key driver of inflammatory bowel
disease-demonstration in a murine IL-1Ra knockout model. Oncotarget. 2019;10:3559-75. [DOI]
[PubMed] [PMC]

Ludwiczek O, Vannier E, Borggraefe I, Kaser A, Siegmund B, Dinarello CA, et al. Imbalance between
interleukin-1 agonists and antagonists: relationship to severity of inflammatory bowel disease. Clin
Exp Immunol. 2004;138:323-9. [DOI] [PubMed] [PMC]

Lacy SE, Wu C, Ambrosi D], Hsieh CM, Bose S, Miller R, et al. Generation and characterization of ABT-
981, a dual variable domain immunoglobulin (DVD-Ig™) molecule that specifically and potently
neutralizes both IL-1a and IL-18. MAbs. 2015;7:605-19. [DOI] [PubMed] [PMC]

Moran A, Pavord ID. Anti-IL-4/IL-13 for the treatment of asthma: the story so far. Expert Opin Biol
Ther. 2020;20:283-94. [DOI] [PubMed]

Hoving ]JC. Targeting IL-13 as a Host-Directed Therapy Against Ulcerative Colitis. Front Cell Infect
Microbiol. 2018;8:395. [DOI] [PubMed] [PMC(]

Bamias G, Cominelli F. Role of type 2 immunity in intestinal inflammation. Curr Opin Gastroenterol.
2015;31:471-6. [DOI] [PubMed] [PMC]

Katsanos KH, Papadakis KA. Inflammatory Bowel Disease: Updates on Molecular Targets for
Biologics. Gut Liver. 2017;11:455-63. [DOI] [PubMed] [PMC(]

Brown ]B, Cheresh P, Zhang Z, Ryu H, Managlia E, Barrett TA. P-selectin glycoprotein ligand-1 is
needed for sequential recruitment of T-helper 1 (Th1) and local generation of Th17 T cells in
dextran sodium sulfate (DSS) colitis. Inflamm Bowel Dis. 2012;18:323-32. [DOI] [PubMed] [PMC]
Aebisher D, Bartusik-Aebisher D, Przygdérzewska A, Oles P, Woznicki P, Kawczyk-Krupka A. Key
Interleukins in Inflammatory Bowel Disease—A Review of Recent Studies. Int ] Mol Sci. 2025;26:121.
[DOI] [PubMed] [PMC(]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 44


https://dx.doi.org/10.1016/S2468-1253(25)00129-3
http://www.ncbi.nlm.nih.gov/pubmed/40706613
https://dx.doi.org/10.1056/NEJMoa2314076
http://www.ncbi.nlm.nih.gov/pubmed/39321363
https://dx.doi.org/10.1016/S2468-1253(25)00071-8
http://www.ncbi.nlm.nih.gov/pubmed/40456235
https://www.sanofi.com/assets/dotcom/pressreleases/2024/2024-12-17-12-30-00-2998154-en.pdf
https://www.sanofi.com/assets/dotcom/pressreleases/2024/2024-12-17-12-30-00-2998154-en.pdf
https://www.sanofi.com/en/media-room/press-releases/2025/2025-02-22-07-30-00-3030764
https://www.sanofi.com/en/media-room/press-releases/2025/2025-02-22-07-30-00-3030764
https://dx.doi.org/10.1111/imm.13310
http://www.ncbi.nlm.nih.gov/pubmed/33501638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8114203
https://dx.doi.org/10.3390/biom9080345
http://www.ncbi.nlm.nih.gov/pubmed/31387327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6723600
https://dx.doi.org/10.1007/s40265-022-01801-4
http://www.ncbi.nlm.nih.gov/pubmed/36418672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9744699
https://dx.doi.org/10.1080/14740338.2022.2103536
http://www.ncbi.nlm.nih.gov/pubmed/35861588
https://dx.doi.org/10.18632/oncotarget.26894
http://www.ncbi.nlm.nih.gov/pubmed/31191826
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6544399
https://dx.doi.org/10.1111/j.1365-2249.2004.02599.x
http://www.ncbi.nlm.nih.gov/pubmed/15498044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1809217
https://dx.doi.org/10.1080/19420862.2015.1026501
http://www.ncbi.nlm.nih.gov/pubmed/25764208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4622731
https://dx.doi.org/10.1080/14712598.2020.1714027
http://www.ncbi.nlm.nih.gov/pubmed/31914819
https://dx.doi.org/10.3389/fcimb.2018.00395
http://www.ncbi.nlm.nih.gov/pubmed/30460209
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6232290
https://dx.doi.org/10.1097/MOG.0000000000000212
http://www.ncbi.nlm.nih.gov/pubmed/26376478
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4668267
https://dx.doi.org/10.5009/gnl16308
http://www.ncbi.nlm.nih.gov/pubmed/28486793
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5491079
https://dx.doi.org/10.1002/ibd.21779
http://www.ncbi.nlm.nih.gov/pubmed/22009715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3262920
https://dx.doi.org/10.3390/ijms26010121
http://www.ncbi.nlm.nih.gov/pubmed/39795980
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11719876

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

Ben Ghezala I, Charkaoui M, Michiels C, Bardou M, Luu M. Small Molecule Drugs in Inflammatory
Bowel Diseases. Pharmaceuticals (Basel). 2021;14:637. [DOI] [PubMed] [PMC]

Jefremow A, Neurath MF. Novel Small Molecules in IBD: Current State and Future Perspectives. Cells.
2023;12:1730. [DOI] [PubMed] [PMC]

Banerjee S, Biehl A, Gadina M, Hasni S, Schwartz DM. JAK-STAT Signaling as a Target for
Inflammatory and Autoimmune Diseases: Current and Future Prospects. Drugs. 2017;77:521-46.
[DOI] [PubMed] [PMC(]

Liu E, Aslam N, Nigam G, Limdi JK. Tofacitinib and newer JAK inhibitors in inflammatory bowel
disease - where we are and where we are going. Drugs Context. 2022;11:2021-11-4. [DOI] [PubMed]
[PMC]

Fansiwala K, Sauk JS. Small Molecules, Big Results: How JAK Inhibitors Have Transformed the
Treatment of Patients with IBD. Dig Dis Sci. 2025;70:469-77. [DOI] [PubMed] [PMC]

Xu Q, He L, Yin Y. Risk of herpes zoster associated with JAK inhibitors in immune-mediated
inflammatory diseases: a systematic review and network meta-analysis. Front Pharmacol. 2023;14:
1241954. [DOI] [PubMed] [PMC(]

Nufiez P, Quera R, Yarur AJ. Safety of Janus Kinase Inhibitors in Inflammatory Bowel Diseases. Drugs.
2023;83:299-314. [DOI] [PubMed] [PMC(]

Janus Kinase (JAK) inhibitors: Drug Safety Communication - FDA Requires Warnings about Increased
Risk of Serious Heart-related Events, Cancer, Blood Clots, and Death [Internet]. [cited 2025 Jul 20].
Available from: https://www.fda.gov/safety/medical-product-safety-information/janus-kinase-jak-i
nhibitors-drug-safety-communication-fda-requires-warnings-about-increased-risk

Feagan BG, Danese S, Loftus EV Jr, Vermeire S, Schreiber S, Ritter T, et al. Filgotinib as induction and
maintenance therapy for ulcerative colitis (SELECTION): a phase 2b/3 double-blind, randomised,
placebo-controlled trial. Lancet. 2021;397:2372-84. [DOI] [PubMed]

Vermeire S, Schreiber S, Rubin DT, D’Haens G, Reinisch W, Watanabe M, et al. Efficacy and safety of
filgotinib as induction and maintenance therapy for Crohn’s disease (DIVERSITY): a phase 3, double-

blind, randomised, placebo-controlled trial. Lancet Gastroenterol Hepatol. 2025;10:138-53. [DOI]
[PubMed]

Chen B, Zhong ], Li X, Pan F, Ding Y, Zhang Y, et al. Efficacy and Safety of Ivarmacitinib in Patients
With Moderate-to-Severe, Active, Ulcerative Colitis: A Phase Il Study. Gastroenterology. 2022;163:
1555-68. [DOI] [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 (N Y). 2022;18:6. [PubMed] [PMC(]

D’Haens G, Danese S, Panaccione R, Rubin DT, Peyrin-Biroulet L, Matsuoka K, et al. Deucravacitinib in
patients with inflammatory bowel disease: 12-week efficacy and safety results from 3 randomized
phase 2 studies in Crohn’s disease and ulcerative colitis. ] Crohns Colitis. 2025;19:jjaf080. [DOI]
[PubMed] [PMC]

Proia RL, Hla T. Emerging biology of sphingosine-1-phosphate: its role in pathogenesis and therapy. ]
Clin Invest. 2015;125:1379-87. [DOI] [PubMed] [PMC]

Xiao S, Peng K, Li C, Long Y, Yu Q. The role of sphingosine-1-phosphate in autophagy and related
disorders. Cell Death Discov. 2023;9:380. [DOI] [PubMed] [PMC]

Saleh O, Abuelazm MT, Mohamed I, Ramadan A, Assaf M, Alzoubi A, et al. Etrolizumab as an induction
and maintenance therapy for ulcerative colitis: A systematic review and meta-analysis of
randomized controlled trials. JGH Open. 2024;8:e13056. [DOI] [PubMed] [PMC]

Paik ]. Ozanimod: A Review in Ulcerative Colitis. Drugs. 2022;82:1303-13. [DOI] [PubMed] [PMC(]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 45


https://dx.doi.org/10.3390/ph14070637
http://www.ncbi.nlm.nih.gov/pubmed/34209234
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8308576
https://dx.doi.org/10.3390/cells12131730
http://www.ncbi.nlm.nih.gov/pubmed/37443765
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10341073
https://dx.doi.org/10.1007/s40265-017-0701-9
http://www.ncbi.nlm.nih.gov/pubmed/28255960
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102286
https://dx.doi.org/10.7573/dic.2021-11-4
http://www.ncbi.nlm.nih.gov/pubmed/35462642
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9007061
https://dx.doi.org/10.1007/s10620-024-08792-0
http://www.ncbi.nlm.nih.gov/pubmed/39704903
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11839791
https://dx.doi.org/10.3389/fphar.2023.1241954
http://www.ncbi.nlm.nih.gov/pubmed/37614317
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10442487
https://dx.doi.org/10.1007/s40265-023-01840-5
http://www.ncbi.nlm.nih.gov/pubmed/36913180
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10010235
https://www.fda.gov/safety/medical-product-safety-information/janus-kinase-jak-inhibitors-drug-safety-communication-fda-requires-warnings-about-increased-risk
https://www.fda.gov/safety/medical-product-safety-information/janus-kinase-jak-inhibitors-drug-safety-communication-fda-requires-warnings-about-increased-risk
https://dx.doi.org/10.1016/S0140-6736(21)00666-8
http://www.ncbi.nlm.nih.gov/pubmed/34090625
https://dx.doi.org/10.1016/S2468-1253(24)00272-3
http://www.ncbi.nlm.nih.gov/pubmed/39637881
https://dx.doi.org/10.1053/j.gastro.2022.08.007
http://www.ncbi.nlm.nih.gov/pubmed/35963369
http://www.ncbi.nlm.nih.gov/pubmed/36756651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9671062
https://dx.doi.org/10.1093/ecco-jcc/jjaf080
http://www.ncbi.nlm.nih.gov/pubmed/40355364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12137900
https://dx.doi.org/10.1172/JCI76369
http://www.ncbi.nlm.nih.gov/pubmed/25831442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4409021
https://dx.doi.org/10.1038/s41420-023-01681-x
http://www.ncbi.nlm.nih.gov/pubmed/37852968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10584985
https://dx.doi.org/10.1002/jgh3.13056
http://www.ncbi.nlm.nih.gov/pubmed/38572328
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10986297
https://dx.doi.org/10.1007/s40265-022-01762-8
http://www.ncbi.nlm.nih.gov/pubmed/35994200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9499884

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

Bristol Myers Squibb Provides Update on the First Phase 3 YELLOWSTONE Trial Evaluating Oral
Zeposia (ozanimod) in Patients with Moderate to Severe Active Crohn’s Disease [Internet]. Bristol-
Myers Squibb Company; c2025 [cited 2025 Jul 20]. Available from: https://news.bms.com/news/det
ails /2024 /Bristol-Myers-Squibb-Provides-Update-on-the-First-Phase-3-YELLOWSTONE-Trial-Evalu
ating-Oral-Zeposia-ozanimod-in-Patients-with-Moderate-to-Severe-Active-Crohns-Disease/default.a
Spx

Choden T, Cohen NA, Rubin DT. Sphingosine-1 Phosphate Receptor Modulators: The Next Wave of
Oral Therapies in Inflammatory Bowel Disease. Gastroenterol Hepatol (N Y). 2022;18:265-71.
[PubMed] [PMC]

Sands BE, Panaccione R, D’Haens G, Schreiber S, Jairath V, DuVall A, et al. Tamuzimod in patients
with moderately-to-severely active ulcerative colitis: a multicentre, double-blind, randomised,

placebo-controlled, phase 2 induction trial. Lancet Gastroenterol Hepatol. 2025;10:210-21. [DOI]
[PubMed]

Spadaccini M, D’Alessio S, Peyrin-Biroulet L, Danese S. PDE4 Inhibition and Inflammatory Bowel
Disease: A Novel Therapeutic Avenue. Int ] Mol Sci. 2017;18:1276. [DOI] [PubMed] [PMC]
Picchianti-Diamanti A, Spinelli FR, Rosado MM, Conti F, Lagana B. Inhibition of Phosphodiesterase-4
in Psoriatic Arthritis and Inflammatory Bowel Diseases. Int ] Mol Sci. 2021;22:2638. [DOI] [PubMed]
[PMC]

Danese S, Neurath MF, Kopon A, Zakko SF, Simmons TC, Fogel R, et al. Effects of Apremilast, an Oral
Inhibitor of Phosphodiesterase 4, in a Randomized Trial of Patients With Active Ulcerative Colitis.
Clin Gastroenterol Hepatol. 2020;18:2526-34.€9. [DOI] [PubMed]

Schreiber S, Keshavarzian A, Isaacs KL, Schollenberger ], Guzman JP, Orlandi C, et al. A randomized,
placebo-controlled, phase II study of tetomilast in active ulcerative colitis. Gastroenterology. 2007;
132:76-86. [DOI] [PubMed]

Hussain A, Singhal P, Wong ], Goodwin B, Abhyankar B, Soo C, et al. P1002 Changes in circulating
lymphocyte subsets and CCR9 transcripts as mechanistic biomarkers of the small molecule a47
inhibitor MORF-057 in patients with Ulcerative Colitis. ] Crohns Colitis. 2025;19:11854-5. [DOI]
Brooks A. 25% of Patients Achieve Endoscopic Remission in Phase 2a EMERALD-1 Trial for MORF-
057 [Internet]. MJH Life Sciences®; 2025 [cited 2025 Jul 20]. Available from: https://www.hcplive.co
m/view/-of-patients-achieve-endoscopic-remission-in-phase-2a-emerald-1-trial-for-morf-057#:~:t
ext=Data%20from%20the%20phase%202a%20trial%20showed%2025.7%25,and%2045.7%25%?2
Oachieved%?20clinical%?20response%?20after%20week%2012

Fourie AM, Cheng X, Chang L, Greving C, Li X, Knight B, et al. JNJ-77242113, a highly potent, selective
peptide targeting the IL-23 receptor, provides robust IL-23 pathway inhibition upon oral dosing in
rats and humans. Sci Rep. 2024;14:17515. [DOI] [PubMed] [PMC(]

Icotrokinra meets primary endpoint of clinical response in ulcerative colitis study and shows
potential to transform the treatment paradigm for patients [Internet]. Johnson & Johnson and its
affiliates; c2025 [cited 2025 Jul 20]. Available from: https://www.jnj.com/media-center/press-relea
ses/icotrokinra-meets-primary-endpoint-of-clinical-response-in-ulcerative-colitis-study-and-show
s-potential-to-transform-the-treatment-paradigm-for-patients

TIhara S, Hirata Y, Koike K. TGF-f in inflammatory bowel disease: a key regulator of immune cells,
epithelium, and the intestinal microbiota. ] Gastroenterol. 2017;52:777-87. [DOI] [PubMed]

Levitte S, Khan [, Iyahen V, Ziai ], Gubatan ], Sheng R, et al. Differential expression of small bowel
TGFB1 and TGFB3 characterizes intestinal strictures in patients with fibrostenotic Crohn’s disease.
Histochem Cell Biol. 2024;162:225-30. [DOI] [PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/€i.2025.1003232 Page 46


https://news.bms.com/news/details/2024/Bristol-Myers-Squibb-Provides-Update-on-the-First-Phase-3-YELLOWSTONE-Trial-Evaluating-Oral-Zeposia-ozanimod-in-Patients-with-Moderate-to-Severe-Active-Crohns-Disease/default.aspx
https://news.bms.com/news/details/2024/Bristol-Myers-Squibb-Provides-Update-on-the-First-Phase-3-YELLOWSTONE-Trial-Evaluating-Oral-Zeposia-ozanimod-in-Patients-with-Moderate-to-Severe-Active-Crohns-Disease/default.aspx
https://news.bms.com/news/details/2024/Bristol-Myers-Squibb-Provides-Update-on-the-First-Phase-3-YELLOWSTONE-Trial-Evaluating-Oral-Zeposia-ozanimod-in-Patients-with-Moderate-to-Severe-Active-Crohns-Disease/default.aspx
https://news.bms.com/news/details/2024/Bristol-Myers-Squibb-Provides-Update-on-the-First-Phase-3-YELLOWSTONE-Trial-Evaluating-Oral-Zeposia-ozanimod-in-Patients-with-Moderate-to-Severe-Active-Crohns-Disease/default.aspx
http://www.ncbi.nlm.nih.gov/pubmed/36397756
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9666818
https://dx.doi.org/10.1016/S2468-1253(24)00386-8
http://www.ncbi.nlm.nih.gov/pubmed/39793589
https://dx.doi.org/10.3390/ijms18061276
http://www.ncbi.nlm.nih.gov/pubmed/28617319
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5486098
https://dx.doi.org/10.3390/ijms22052638
http://www.ncbi.nlm.nih.gov/pubmed/33807944
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7961737
https://dx.doi.org/10.1016/j.cgh.2019.12.032
http://www.ncbi.nlm.nih.gov/pubmed/31926340
https://dx.doi.org/10.1053/j.gastro.2006.11.029
http://www.ncbi.nlm.nih.gov/pubmed/17241861
https://dx.doi.org/10.1093/ecco-jcc/jjae190.1176
https://www.hcplive.com/view/-of-patients-achieve-endoscopic-remission-in-phase-2a-emerald-1-trial-for-morf-057#:~:text=Data%20from%20the%20phase%202a%20trial%20showed%2025.7%25,and%2045.7%25%20achieved%20clinical%20response%20after%20week%2012
https://www.hcplive.com/view/-of-patients-achieve-endoscopic-remission-in-phase-2a-emerald-1-trial-for-morf-057#:~:text=Data%20from%20the%20phase%202a%20trial%20showed%2025.7%25,and%2045.7%25%20achieved%20clinical%20response%20after%20week%2012
https://www.hcplive.com/view/-of-patients-achieve-endoscopic-remission-in-phase-2a-emerald-1-trial-for-morf-057#:~:text=Data%20from%20the%20phase%202a%20trial%20showed%2025.7%25,and%2045.7%25%20achieved%20clinical%20response%20after%20week%2012
https://www.hcplive.com/view/-of-patients-achieve-endoscopic-remission-in-phase-2a-emerald-1-trial-for-morf-057#:~:text=Data%20from%20the%20phase%202a%20trial%20showed%2025.7%25,and%2045.7%25%20achieved%20clinical%20response%20after%20week%2012
https://dx.doi.org/10.1038/s41598-024-67371-5
http://www.ncbi.nlm.nih.gov/pubmed/39080319
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11289455
https://www.jnj.com/media-center/press-releases/icotrokinra-meets-primary-endpoint-of-clinical-response-in-ulcerative-colitis-study-and-shows-potential-to-transform-the-treatment-paradigm-for-patients
https://www.jnj.com/media-center/press-releases/icotrokinra-meets-primary-endpoint-of-clinical-response-in-ulcerative-colitis-study-and-shows-potential-to-transform-the-treatment-paradigm-for-patients
https://www.jnj.com/media-center/press-releases/icotrokinra-meets-primary-endpoint-of-clinical-response-in-ulcerative-colitis-study-and-shows-potential-to-transform-the-treatment-paradigm-for-patients
https://dx.doi.org/10.1007/s00535-017-1350-1
http://www.ncbi.nlm.nih.gov/pubmed/28534191
https://dx.doi.org/10.1007/s00418-024-02290-0
http://www.ncbi.nlm.nih.gov/pubmed/38705911

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

Saez-Borderias A, Van Kaem T, Alberti ], Stiers PJ, Sabadie C, Van Heeswijk R, et al. P0334 AGMB-129,
an investigational ALK5 inhibitor for the treatment of Fibrostenosing Crohn’s Disease (FSCD), shows
gastrointestinal (GI) restricted pharmacokinetics (PK) and a favorable safety profile in healthy
subjects. ] Crohns Colitis. 2025;19:i796. [DOI]

Late-Breaking Interim STENOVA Data Presented at Digestive Disease Week® 2025 Demonstrate
Potential of AGMB-129 in Fibrostenosing Crohn’s Disease [Internet]. [cited 2025 Jul 20]. Available
from: https://www.agomab.com/wp-content/uploads/2025/05/20250507_AGMB-129-DDW-prese
ntation_Final.pdf

Wang W, Guo DY, Lin Y], Tao YX. Melanocortin Regulation of Inflammation. Front Endocrinol
(Lausanne). 2019;10:683. [DOI] [PubMed] [PMC(]

Dodd J, Jordan R, Makhlina M, Barnett K, Roffel A, Spana C, et al. A novel oral formulation of the
melanocortin-1 receptor agonist PL8177 resolves inflammation in preclinical studies of
inflammatory bowel disease and is gut restricted in rats, dogs, and humans. Front Immunol. 2023;
14:1083333. [DOI] [PubMed] [PMC(]

Palatin Announces Positive Topline Results from Phase 2 Ulcerative Colitis (UC) Study of Oral
Melanocortin-1 Receptor Agonist PL8177 [Internet]. PALATIN; c2025 [cited 2025 Jul 20]. Available
from: https://palatin.com/press_releases/palatin-announces-positive-topline-results-from-phase-2-
ulcerative-colitis-uc-study-of-oral-melanocortin-1-receptor-agonist-pl8177

LiY,XuF, Fang Y, Cui Y, Zhu Z, Wu Y, et al. Inflammation-fibrosis interplay in inflammatory bowel
disease: mechanisms, progression, and therapeutic strategies. Front Pharmacol. 2025;16:1530797.
[DOI] [PubMed] [PMC]

Cosin-Roger ]. Inflammatory Bowel Disease: Immune Function, Tissue Fibrosis and Current
Therapies. Int ] Mol Sci. 2024;25:6416. [DOI] [PubMed] [PMC(]

Raine T, Danese S. Breaking Through the Therapeutic Ceiling: What Will It Take? Gastroenterology.
2022;162:1507-11. [DOI] [PubMed]

Greco R, Farge D. CART Cells and Other Cell Therapies (ie MSC, Tregs) in Autoimmune Diseases. In:
Sureda A, Corbacioglu S, Greco R, Kroger N, Carreras E, editors. The EBMT Handbook: Hematopoietic
Cell Transplantation and Cellular Therapies. Cham: Springer International Publishing; 2024. pp.
837-48. [DOI] [PubMed]

Bulliard Y, Freeborn R, Uyeda M], Humes D, Bjordahl R, de Vries D, et al. From promise to practice:
CAR T and Treg cell therapies in autoimmunity and other immune-mediated diseases. Front
Immunol. 2024;15:1509956. [DOI] [PubMed] [PMC(]

Boix-Amords A, Monaco H, Sambataro E, Clemente JC. Novel technologies to characterize and
engineer the microbiome in inflammatory bowel disease. Gut Microbes. 2022;14:2107866. [DOI]
[PubMed] [PMC(]

Castro-Dopico T, Colombel JF, Mehandru S. Targeting B cells for inflammatory bowel disease
treatment: back to the future. Curr Opin Pharmacol. 2020;55:90-8. [DOI] [PubMed] [PMC]

Neurath MF, Sands BE, Rieder F. Cellular immunotherapies and immune cell depleting therapies in
inflammatory bowel diseases: the next magic bullet? Gut. 2025;74:9-14. [DOI] [PubMed] [PMC(]

Li YR, Lyu Z, Chen Y, Fang Y, Yang L. Frontiers in CAR-T cell therapy for autoimmune diseases.
Trends Pharmacol Sci. 2024;45:839-57. [DOI] [PubMed]

Cui Y, Boulakirba S, David M, Bouchareychas L, Rouquier S, Sajuthi S, et al. OP02 IL23R-CAR-Tregs:
creating a therapeutic breakthrough for Crohn’s Disease. ] Crohns Colitis. 2024;18:i3. [DOI]

Shaikh S, Shaikh H. CART Cell Therapy Toxicity. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025. [PubMed]

Testa U, Castelli G, Pelosi E, Galli E, Chiusolo P. Toxicities Associated with CAR-T Cell Therapies.
Mediterr ] Hematol Infect Dis. 2025;17:e2025039. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 47


https://dx.doi.org/10.1093/ecco-jcc/jjae190.0508
https://www.agomab.com/wp-content/uploads/2025/05/20250507_AGMB-129-DDW-presentation_Final.pdf
https://www.agomab.com/wp-content/uploads/2025/05/20250507_AGMB-129-DDW-presentation_Final.pdf
https://dx.doi.org/10.3389/fendo.2019.00683
http://www.ncbi.nlm.nih.gov/pubmed/31649620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6794349
https://dx.doi.org/10.3389/fimmu.2023.1083333
http://www.ncbi.nlm.nih.gov/pubmed/36891301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9986545
https://palatin.com/press_releases/palatin-announces-positive-topline-results-from-phase-2-ulcerative-colitis-uc-study-of-oral-melanocortin-1-receptor-agonist-pl8177
https://palatin.com/press_releases/palatin-announces-positive-topline-results-from-phase-2-ulcerative-colitis-uc-study-of-oral-melanocortin-1-receptor-agonist-pl8177
https://dx.doi.org/10.3389/fphar.2025.1530797
http://www.ncbi.nlm.nih.gov/pubmed/40093318
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11906429
https://dx.doi.org/10.3390/ijms25126416
http://www.ncbi.nlm.nih.gov/pubmed/38928122
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11203598
https://dx.doi.org/10.1053/j.gastro.2021.09.078
http://www.ncbi.nlm.nih.gov/pubmed/34995533
https://dx.doi.org/10.1007/978-3-031-44080-9_93
http://www.ncbi.nlm.nih.gov/pubmed/39437060
https://dx.doi.org/10.3389/fimmu.2024.1509956
http://www.ncbi.nlm.nih.gov/pubmed/39697333
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11653210
https://dx.doi.org/10.1080/19490976.2022.2107866
http://www.ncbi.nlm.nih.gov/pubmed/36104776
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9481095
https://dx.doi.org/10.1016/j.coph.2020.10.002
http://www.ncbi.nlm.nih.gov/pubmed/33166872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7894973
https://dx.doi.org/10.1136/gutjnl-2024-332919
http://www.ncbi.nlm.nih.gov/pubmed/39025492
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11671923
https://dx.doi.org/10.1016/j.tips.2024.07.005
http://www.ncbi.nlm.nih.gov/pubmed/39147651
https://dx.doi.org/10.1093/ecco-jcc/jjad212.0002
http://www.ncbi.nlm.nih.gov/pubmed/37276287
https://dx.doi.org/10.4084/MJHID.2025.039
http://www.ncbi.nlm.nih.gov/pubmed/40375917
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12081046

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

Ozdemirli M, Loughney TM, Deniz E, Chahine J], Albitar M, Pittaluga S, et al. Indolent CD4+ CAR T-Cell
Lymphoma after Cilta-cel CAR T-Cell Therapy. N Engl ] Med. 2024;390:2074-82. [DOI] [PubMed]
Hamilton MP, Sugio T, Noordenbos T, Shi S, Bulterys PL, Liu CL, et al. Risk of Second Tumors and T-
Cell Lymphoma after CAR T-Cell Therapy. N Engl ] Med. 2024;390:2047-60. [DOI] [PubMed] [PMC]
Sharma A, Rudra D. Emerging Functions of Regulatory T Cells in Tissue Homeostasis. Front Immunol.
2018;9:883. [DOI] [PubMed] [PMC(]

Schmidt A, Oberle N, Krammer PH. Molecular mechanisms of Treg-mediated T cell suppression.
Front Immunol. 2012;3:51. [DOI] [PubMed] [PMC(]

Voskens C, Stoica D, Rosenberg M, Vitali F, Zundler S, Ganslmayer M, et al. Autologous regulatory T-
cell transfer in refractory ulcerative colitis with concomitant primary sclerosing cholangitis. Gut.
2023;72:49-53. [DOI] [PubMed] [PMC(C]

Desreumaux P, Foussat A, Allez M, Beaugerie L, Hébuterne X, Bouhnik Y, et al. Safety and efficacy of
antigen-specific regulatory T-cell therapy for patients with refractory Crohn’s disease.
Gastroenterology. 2012;143:1207-17.e2. [DOI] [PubMed]

Luu K, Dahl ME, Hare E, Sibley C, Lizzul P, Randazzo B. Rosnilimab, a Novel PD-1 Agonist Monoclonal
Antibody, Reduced T Cell Proliferation, Inflammatory Cytokine Secretion, and PD-1+ Expressing CD4
and CD8 T Cells: Results From a Phase 1 Healthy Volunteer Clinical Trial. In: Proceedings of DDW
Annual Meeting; 2024 May 18-21; Washington DC, USA.

Hodder A, Mishra AK, Enshaei A, Baird S, Elbeshlawi I, Bonney D, et al. Blinatumomab for First-Line

Treatment of Children and Young Persons With B-ALL. ] Clin Oncol. 2024;42:907-14. [DOI]
[PubMed]

Zhai Y, Hong ], Wang ], Jiang Y, Wu W, Lv Y, et al. Comparison of blinatumomab and CAR T-cell
therapy in relapsed/refractory acute lymphoblastic leukemia: a systematic review and meta-
analysis. Expert Rev Hematol. 2024;17:67-76. [DOI] [PubMed]

Hedin CR, Creignou M, MacKay ], Jucaite A, Cselényi Z, Johnstrom P, et al. P1116 Imaging of CCR9 in
the small bowel of patients with Crohn’s disease: effects of the CCR9-depleting monoclonal antibody
AZD7798.] Crohns Colitis. 2025;19:i2048-9. [DOI]

Hu KA, Gubatan ]. Gut microbiome-based therapeutics in inflammatory bowel disease. Clin Transl
Disc. 2023;3:e182. [DOI]

Biedermann L, Kreienbiihl A, Rogler G. Microbiota Therapy in Inflammatory Bowel Disease. Visc
Med. 2024;40:92-101. [DOI] [PubMed] [PMC(]

Fang H, Fu L, Wang ]. Protocol for Fecal Microbiota Transplantation in Inflammatory Bowel Disease:
A Systematic Review and Meta-Analysis. Biomed Res Int. 2018;2018:8941340. [DOI] [PubMed]
[PMC]

Lopez-Siles M, Duncan SH, Garcia-Gil L], Martinez-Medina M. Faecalibacterium prausnitzii: from
microbiology to diagnostics and prognostics. ISME J. 2017;11:841-52. [DOI] [PubMed] [PMC(]

VE202 [Internet]. Vedanta Biosciences, Inc.; c2025 [cited 2025 Jul 20]. Available from: https://www.
vedantabio.com/pipeline-programs/ve202/

Pandey H, Tang DWT, Wong SH, Lal D. Helminths in alternative therapeutics of inflammatory bowel
disease. Intest Res. 2025;23:8-22. [DOI] [PubMed] [PMC(]

Summers RW, Elliott DE, Qadir K, Urban JF Jr, Thompson R, Weinstock JV. Trichuris suis seems to be
safe and possibly effective in the treatment of inflammatory bowel disease. Am ] Gastroenterol.
2003;98:2034-41. [DOI] [PubMed]

Summers RW, Elliott DE, Urban JF Jr, Thompson RA, Weinstock JV. Trichuris suis therapy for active

ulcerative colitis: a randomized controlled trial. Gastroenterology. 2005;128:825-32. [DOI]
[PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 48


https://dx.doi.org/10.1056/NEJMoa2401530
http://www.ncbi.nlm.nih.gov/pubmed/38865661
https://dx.doi.org/10.1056/NEJMoa2401361
http://www.ncbi.nlm.nih.gov/pubmed/38865660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11338600
https://dx.doi.org/10.3389/fimmu.2018.00883
http://www.ncbi.nlm.nih.gov/pubmed/29887862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5989423
https://dx.doi.org/10.3389/fimmu.2012.00051
http://www.ncbi.nlm.nih.gov/pubmed/22566933
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3341960
https://dx.doi.org/10.1136/gutjnl-2022-327075
http://www.ncbi.nlm.nih.gov/pubmed/35428657
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9763232
https://dx.doi.org/10.1053/j.gastro.2012.07.116
http://www.ncbi.nlm.nih.gov/pubmed/22885333
https://dx.doi.org/10.1200/JCO.23.01392
http://www.ncbi.nlm.nih.gov/pubmed/37967307
https://dx.doi.org/10.1080/17474086.2023.2298732
http://www.ncbi.nlm.nih.gov/pubmed/38135295
https://dx.doi.org/10.1093/ecco-jcc/jjae190.1290
https://dx.doi.org/10.1002/ctd2.182
https://dx.doi.org/10.1159/000536254
http://www.ncbi.nlm.nih.gov/pubmed/38584861
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10995964
https://dx.doi.org/10.1155/2018/8941340
http://www.ncbi.nlm.nih.gov/pubmed/30302341
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6158944
https://dx.doi.org/10.1038/ismej.2016.176
http://www.ncbi.nlm.nih.gov/pubmed/28045459
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5364359
https://www.vedantabio.com/pipeline-programs/ve202/
https://www.vedantabio.com/pipeline-programs/ve202/
https://dx.doi.org/10.5217/ir.2023.00059
http://www.ncbi.nlm.nih.gov/pubmed/39916482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11834367
https://dx.doi.org/10.1111/j.1572-0241.2003.07660.x
http://www.ncbi.nlm.nih.gov/pubmed/14499784
https://dx.doi.org/10.1053/j.gastro.2005.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15825065

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

3009.

310.

311.

312.

313.

314.

Sultany A, Noori H, Sultany HS, Eltobgy A, Gamal H, Khan SA, et al. Beyond the Bacterial Microbiome:
Exploring the Gut Virome and Mycobiome in Health and Disease. Curr Trends Biomedical Eng &
Biosci. 2025;23:CTBEB.MS.ID.556119. [DOI]

Wu Y, Cheng R, Lin H, Li L, Jia Y, Philips A, et al. Gut virome and its implications in the pathogenesis
and therapeutics of inflammatory bowel disease. BMC Med. 2025;23:183. [DOI] [PubMed] [PMC]
Hetta HF, Ramadan YN, Alharbi AA, Alsharef S, Alkindy TT, Alkhamali A, et al. Gut Microbiome as a
Target of Intervention in Inflammatory Bowel Disease Pathogenesis and Therapy. Immuno. 2024;4:
400-25. [DOI]

Akhtar N, Jain C, Chauhan SB, Singh I. Gut virus axis: Unravelling viral contribution to gut microbiota
dysbiosis and translational medicine in inflammatory bowel disease. Med Microecol. 2025;26:
100148. [DOI]

Njoku GC, Forkan CP, Soltysik FM, Nejsum PL, Pociot F, Yarani R. Unleashing the potential of
extracellular vesicles for ulcerative colitis and Crohn’s disease therapy. Bioact Mater. 2025;45:
41-57.[DOI] [PubMed] [PMC]

Saleem M, Shahzad KA, Marryum M, Singh S, Zhou Q, Du S, et al. Exosome-based therapies for
inflammatory disorders: a review of recent advances. Stem Cell Res Ther. 2024;15:477. [DOI]
[PubMed] [PMC(]

Tian CM, Yang MF, Xu HM, Zhu MZ, Zhang Y, Yao ], et al. Mesenchymal Stem Cell-derived Exosomes:
Novel Therapeutic Approach for Inflammatory Bowel Diseases. Stem Cells Int. 2023;2023:4245704.
[DOI] [PubMed] [PMC(]

Nazari H, Alborzi F, Heirani-Tabasi A, Hadizadeh A, Asbagh RA, Behboudi B, et al. Evaluating the
safety and efficacy of mesenchymal stem cell-derived exosomes for treatment of refractory perianal
fistula in IBD patients: clinical trial phase I. Gastroenterol Rep (Oxf). 2022;10:goac075. [DOI]
[PubMed] [PMC(]

Mondal ], Pillarisetti S, Junnuthula V, Surwase SS, Hwang SR, Park IK, et al. Extracellular vesicles and
exosome-like nanovesicles as pioneering oral drug delivery systems. Front Bioeng Biotechnol. 2024;
11:1307878. [DOI] [PubMed] [PMC(]

Syed S, Boland BS, Bourke LT, Chen LA, Churchill L, Dobes A, et al. Challenges in IBD Research 2024:
Precision Medicine. Inflamm Bowel Dis. 2024;30:5S39-54. [DOI] [PubMed]

Caballero Mateos AM, Cafiadas de la Fuente GA, Gros B. Paradigm Shift in Inflammatory Bowel
Disease Management: Precision Medicine, Artificial Intelligence, and Emerging Therapies. ] Clin Med.
2025;14:1536. [DOI] [PubMed] [PMC]

Atreya R, Neurath MF. Biomarkers for Personalizing IBD Therapy: The Quest Continues. Clin
Gastroenterol Hepatol. 2024;22:1353-64. [DOI] [PubMed]

Kaz AM, Venu N. Diagnostic Methods and Biomarkers in Inflammatory Bowel Disease. Diagnostics
(Basel). 2025;15:1303. [DOI] [PubMed] [PMC(]

lacucci M, Santacroce G, Yasuharu M, Ghosh S. Artificial Intelligence-Driven Personalized Medicine:
Transforming Clinical Practice in Inflammatory Bowel Disease. Gastroenterology. 2025;169:416-31.
[DOI] [PubMed]

De Bernardi A, Bezzio C, Puricelli M, Gilardi D, Saibeni S. Combining Advanced Targeted Therapy in
Inflammatory Bowel Disease: Current Practice and Future Directions. ] Clin Med. 2025;14:590. [DOI]
[PubMed] [PMC(]

Battat R, Chang JT, Loftus EV Jr, Sands BE. IBD Matchmaking: Rational Combination Therapy. Clin
Gastroenterol Hepatol. 2025;23:469-79. [DOI] [PubMed]

Fabisiak A, Caban M, Dudek P, Strigac¢ A, Matecka-Wojciesko E, Talar-Wojnarowska R. Advancements
in dual biologic therapy for inflammatory bowel diseases: efficacy, safety, and future directions.
Therap Adv Gastroenterol. 2025;18:17562848241309871. [DOI] [PubMed] [PMC]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/e1.2025.1003232 Page 49


https://dx.doi.org/10.19080/CTBEB.2025.23.556118
https://dx.doi.org/10.1186/s12916-025-04016-y
http://www.ncbi.nlm.nih.gov/pubmed/40140901
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11948845
https://dx.doi.org/10.3390/immuno4040026
https://dx.doi.org/10.1016/j.medmic.2025.100148
https://dx.doi.org/10.1016/j.bioactmat.2024.11.004
http://www.ncbi.nlm.nih.gov/pubmed/39610953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11602541
https://dx.doi.org/10.1186/s13287-024-04107-2
http://www.ncbi.nlm.nih.gov/pubmed/39695750
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11657721
https://dx.doi.org/10.1155/2023/4245704
http://www.ncbi.nlm.nih.gov/pubmed/37056457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10089786
https://dx.doi.org/10.1093/gastro/goac075
http://www.ncbi.nlm.nih.gov/pubmed/36518984
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9733972
https://dx.doi.org/10.3389/fbioe.2023.1307878
http://www.ncbi.nlm.nih.gov/pubmed/38260737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10800420
https://dx.doi.org/10.1093/ibd/izae084
http://www.ncbi.nlm.nih.gov/pubmed/38778628
https://dx.doi.org/10.3390/jcm14051536
http://www.ncbi.nlm.nih.gov/pubmed/40095460
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11899940
https://dx.doi.org/10.1016/j.cgh.2024.01.026
http://www.ncbi.nlm.nih.gov/pubmed/38320679
https://dx.doi.org/10.3390/diagnostics15111303
http://www.ncbi.nlm.nih.gov/pubmed/40506875
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12154505
https://dx.doi.org/10.1053/j.gastro.2025.03.005
http://www.ncbi.nlm.nih.gov/pubmed/40074186
https://dx.doi.org/10.3390/jcm14020590
http://www.ncbi.nlm.nih.gov/pubmed/39860594
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11766407
https://dx.doi.org/10.1016/j.cgh.2024.05.051
http://www.ncbi.nlm.nih.gov/pubmed/39025253
https://dx.doi.org/10.1177/17562848241309871
http://www.ncbi.nlm.nih.gov/pubmed/39758970
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11694300

315. Feagan BG, Sands BE, Sandborn W], Germinaro M, Vetter M, Shao ], et al.; VEGA Study Group.
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;8:307-20. [DOI] [PubMed]

316. Sands BE, Kozarek R, Spainhour ], Barish CF, Becker S, Goldberg L, et al. Safety and tolerability of
concurrent natalizumab treatment for patients with Crohn'’s disease not in remission while receiving
infliximab. Inflamm Bowel Dis. 2007;13:2-11. [DOI] [PubMed]

Explor Immunol. 2025;5:1003232 | https://doi.org/10.37349/€i.2025.1003232 Page 50


https://dx.doi.org/10.1016/S2468-1253(22)00427-7
http://www.ncbi.nlm.nih.gov/pubmed/36738762
https://dx.doi.org/10.1002/ibd.20014
http://www.ncbi.nlm.nih.gov/pubmed/17206633

	Abstract
	Keywords
	Introduction
	Clinical manifestations and pathogenesis of IBD
	Clinical features
	IBD pathogenesis and risk factors

	Pharmacological management and drug development for IBD
	Conventional therapies
	Targeted therapeutics for IBD

	Biologic agents
	Anti-TNFs
	Anti-IL-12/23p40 or anti-IL-23p19
	Immune cell trafficking blockades
	Anti-TL1A
	Other biologic agents

	Small molecule drugs
	JAK inhibitors
	S1PR modulators
	PDE inhibitors
	Oral α4β7 integrin inhibitors
	Oral IL-23 or TNFα inhibitors
	Activin receptor-like kinase 5 (ALK5) inhibitor
	Melanocortin receptor agonists
	Other small molecule therapeutics

	Novel therapeutic strategies for IBD
	CAR-T cell therapy
	Treg therapy
	Selective immune cell depleting antibodies for IBD
	Gut microbiome-based therapeutics in IBD
	The potential of exosomes and extracellular vesicles in IBD therapeutics

	Future outlook: precision medicine, artificial intelligence, and advanced combinational therapies
	Conclusions
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

