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ABSTRAKT

Crohn’s disease is an inflammatory bowel disease, which substantially impairs patients’
quality of life. Despite ongoing advances, effective long-term management remains
challenging in many cases. Conventional therapies are often associated with significant
adverse effects and limited suitability for sustained use. This review provides an
overview of the current landscape of novel biological therapeutics and their molecular
targets. Several biologic therapies are already well established in clinical practice.
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Among them, IL-23 inhibitors stand out due to their high efficacy in both inducing
and maintaining remission. Agents targeting the TL1A pathway, as well as human
amniotic epithelial cells have shown promising early results and are currently under
further investigation in clinical trials. Nevertheless, discontinuation of some biologics
trials proves that not all theoretically attractive targets translate into meaningful
clinical outcomes. Importantly, variability in efficacy can be observed even within
the same class of drugs. This is exemplified by the success of upadacitinib in contrast
to tofacitinib, which did not meet primary endpoints and was not further developed
for this indication. Overall, these findings highlight both the progress achieved and
the ongoing challenges in optimizing targeted therapies for Crohn’s disease.

The aim of the work: The aim of this review is to present the current landscape of
novel biologic strategies and highlight potential future directions in the treatment
of Crohn’s disease.

Materials and methods: Our research was based on analysis of PubMed and
Google Scholar databases, using key search terms “crohn’s disease”, “biological
therapy”, “ustekinumab’, “risankizumab’, “guselkumab”, “mirikizumab’, “tofacitinib”,
“upadacitinib’, “duvakitug”, “tulisokibart”, “haec”, “ozanimod”, “secukinumab’,
“darvadstrocel’, “fontolizumab”
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Abbreviations

ADA - anti-drug antibody; CD - Crohn’s disease;
CDAI - Crohns Disease Activity Index; DR3 - de-
ath receptor 3; EMA - European Medicines Agency;
FDA - Food and Drug Administration; hAEC - hu-
man amniotic epithelial cells; IBD - inflammatory
bowel disease; IFN-y - interferon-gamma; IL - in-
terleukin; JAK - Janus kinase; JAK-STAT - signal
transducer and activator of transcription; MAPKs —
mitogen-activated protein kinases; NF-kB - nuclear
factor kappa-light-chain-enhancer of activated B cells;
PI3K - phosphoinositide 3-kinase; S1P - sphingosi-
ne-1-phosphate; TL1A - tumor necrosis factor-like
ligand 1A; TNF - tumor necrosis factor; UC - ulce-
rative colitis.

1. Introduction

Crohn’s disease is a chronic, progressive and destruc-
tive granulomatous inflammatory bowel disorder that
can involve any part of the gastrointestinal tract !l It
belongs to the group of inflammatory bowel diseases.
The pathogenesis is multifactorial. It is associated with
an abnormal immune response of the intestinal mi-
crobiota in genetically predisposed individuals. Pre-
senting symptoms may include diarrhea, abdominal
pain, weight loss, nausea, vomiting, fevers or chills,
mouth sores, lack of appetite, urgent bowel move-
ments, redness or pain in the eyes from uveitis, iritis
or episcleritis, swollen and painful joints, especially
knees, hips, and elbows, skin inflammation ?. Ad-
ditionally, patients can be expected to have anemia,
iron deficiency, low vitamin D levels, B12 deficiency
and elevated inflammatory markers including C-reac-
tive protein, erythrocyte sedimentation rate and fecal
calprotectin 4. About half of patients develop com-
plications such as fistulas, phlegmons, strictures, or
abscesses within 20 years ..

2. Traditional therapies

edical therapies used in the management of Crohn’s
disease primarily aim to suppress an excessively ac-
tivated intestinal immune response. Treatment is
generally divided into two phases: induction and
maintenance. The induction phase involves the admi-
nistration of a higher dose of a steroid-sparing agent
during the initial weeks to months of therapy in order
to achieve rapid clinical remission. Corticosteroids

inhibit multiple inflammatory pathways by reducing
cytokine production and immune cell activation.
These agents are highly effective at inducing clinical
remission. However, they do not maintain remission
over the long term and are unable to promote susta-
ined mucosal healing. Nearly half of the patients who
initially respond to corticosteroid therapy subsequen-
tly develop steroid dependence or experience disease
relapse within one year. Furthermore, the clinical use
of corticosteroids is frequently restricted due to the re-
latively high risk of serious adverse effects, including
osteoporosis, diabetes, myopathy, cataracts, hyperten-
sion, obesity, skin atrophy and infections. To reduce
the likelihood of toxicity, current recommendations
emphasize that corticosteroids should be used only
for short-term therapy and at the lowest effective dose
necessary to induce remission in patients with mode-
rately to severely active Crohn’s disease.

Traditional immunosuppressants also include aza-
thioprine, 6-mercaptopurine, and methotrexate. Thio-
purines are associated with an elevated risk of several
adverse outcomes including infections, bone marrow
suppression, hepatotoxicity and the development of
malignancies such as lymphoma and non-melanoma
skin cancers. They have proven effective in mainta-
ining remission, but their ability to induce remission is
comparatively limited. Methotrexate has been linked
to significant toxicities including liver injury, pulmo-
nary complications and teratogenic effects. Neverthe-
less, in contrast to biologic agents, traditional drugs
remain widely accessible and relatively inexpensive,
which makes them a practical therapeutic option in
healthcare settings with limited resources.

3. Biological therapies

Biological therapies represent targeted therapeutic
strategy, as they act on specific components of the im-
mune system involved in the inflammatory process.
Owing to their selectivity, these agents are theoretical-
ly associated with fewer off-target effects and a lower
risk of complications related to generalized immuno-
suppression. Evidence from both randomized clinical
trials and real-world studies indicates that biologic
therapies achieve higher rates of sustained remission
than conventional immunosuppressive treatments,
particularly in patients with moderate to severe dise-
ase. Nevertheless, their effectiveness is not universal.
Approximately 30-40% of patients exhibit primary
non-response, while others gradually lose therapeutic
benefit over time. The immunogenic nature of these
agents may lead to the formation of anti-drug antibo-
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dies, which can progressively reduce therapeutic effi-
cacy. In such situations, therapeutic drug monitoring
and modification of treatment, either by switching
within the same biologic class or to an alternative
class, may be required to restore disease control *'%,

In 1998 Remicade® (infliximab), the tumor necro-
sis factor-a inhibitor, received its initial marketing ap-
proval from the US Food and Drug Administration
for the treatment of Crohn’s disease. It was the first
biologic to be approved for inflammatory bowel di-
seases. This achievement resulted from two indepen-
dent scientific advances in 1975: the identification of
tumor necrosis factor and the development of hybri-
doma technology, which enabled the production of
monoclonal antibodies ", Infliximab to these days
remains widely used in clinical practice due to its well-
-established efficacy in inducing and maintaining re-
mission and extensively documented long-term safety
profile 2,

Biologics are generally regarded as safer than tra-
ditional immunosuppressants in terms of long-term
toxicity. Although they are still associated with certain
risks. For instance, inhibitors of tumor necrosis fac-
tor have been linked to an increased susceptibility to
infections, reactivation of latent tuberculosis and the
occurrence of paradoxical autoimmune manifesta-
tions such as psoriasis or lupus-like syndromes. De-
spite these, the overall safety and effectiveness profile
of biologics has resulted in their preferential recom-
mendation in many contemporary treatment guideli-
nes, particularly for patients at elevated risk of steroid
dependence or adverse effects related to conventional
immunosuppressive therapy. However, the widespre-
ad implementation of biologic treatment remains con-
strained by economic factors. These agents are sub-
stantially more expensive than traditional therapies
and financial barriers continue to limit access in many
regions 1114,

4. Novel biological therapeutics and their
targets

4.1 IL-23 inhibitors

Interleukin-23 plays a central role in the regulation
of adaptive immune responses by promoting the dif-
ferentiation and maintenance of Th17 lymphocytes,
whereas IL-12 primarily drives Thl cell differentia-
tion. Microbial components such as peptidoglycan
can selectively stimulate antigen-presenting cells to
produce IL-23 rather than IL-12. This process shapes

the character of the inflammatory response. Beyond
its role in host defense against intracellular pathogens,
IL-23 contributes to the persistence of specific T-cell
subsets, including yd T cells and other early effector
populations involved in mucosal immunity I,

In the context of Crohn’s disease, dysregulation
of the IL-23/Th17 axis is considered a key pathoge-
nic mechanism. Excessive IL-23 signaling promotes
Th17-mediated inflammation, increased production
of pro-inflammatory cytokines and chronic intesti-
nal immune activation. This sustained inflammatory
response contributes to tissue damage and the per-
petuation of intestinal inflammation characteristic
of Crohn’s disease !"*.. Based on these mechanistic
insights selective inhibition of IL-23 has emerged as
a promising therapeutic strategy. This approach aims
to modulate key immune pathways while potentially
avoiding the broader immunosuppression associated
with earlier biologic therapies.

4.1.1. Ustekinumab

Ustekinumab (UST) is a fully human IgGlk monoc-
lonal antibody targeting the p40 subunit shared by
the pro-inflammatory cytokines IL-12 and IL-23. By
inhibiting these cytokines, ustekinumab attenuates
downstream inflammatory signaling and modulates
the differentiation of inflammatory T-cell subsets [,
The drug was approved for the treatment of Crohn’s
disease in 2016. Its efficacy in patients with modera-
te-to-severe Crohn’s disease was demonstrated in two
phase III randomized, double-blind, placebo-contro-
lled 8-week induction trials (UNITI-1 and UNITI-2)
and a 44-week maintenance study (IM-UNITTI). These
multicenter trials were conducted between July 2011
and June 2015 across numerous international sites:
178 centers in 23 countries for UNITI-1, 175 centers
in 23 countries for UNITI-2 and 260 centers in 27
countries for IM-UNITI !'®"7l. The induction studies
showed that intravenous ustekinumab effectively in-
duced clinical response and remission in patients with
moderately to severely active Crohn’s disease refrac-
tory to TNF antagonists or conventional therapies.
Among patients who responded to induction therapy,
subcutaneous ustekinumab was significantly more ef-
fective than placebo in maintaining remission 7.
Long-term follow-up studies have demonstrated
sustained efficacy and a favorable safety profile with
low rates of anti-drug antibodies reported over three
years of treatment. Five-year extension data, repre-
senting the longest reported experience with IL-12/23
blockade in inflammatory bowel disease, indicate that
subcutaneous ustekinumab remains well tolerated
and effective in maintaining clinical remission in both
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TNF-antagonist-naive patients and those with prior
inadequate response or intolerance to such therapies.
The safety profile observed over this period remained
consistent with that previously established in psoriasis
and psoriatic arthritis. Rates of adverse events, serious
adverse events, infections, and treatment discontinu-
ations were comparable to those observed with place-
bo !"¥l. The most commonly reported adverse effects
include nasopharyngitis, headache, fatigue, vomiting
after induction therapy, injection-site erythema, bron-
chitis or upper respiratory tract infection, sinusitis,
abdominal pain, fever, influenza-like illness, diarrhea
and back pain ",

4.1.2. Risankizumab

Risankizumab is a humanized IgG1 monoclonal an-
tibody, an IL-23 p19 inhibitor. It was already appro-
ved in 2019 for the treatment of moderate-to-severe
plaque psoriasis . Following numerous clinical
trials demonstrating its efficacy and safety, risanki-
zumab was approved in 2022 by both the FDA and
EMA for the treatment of moderate-to-severe Crohn’s
disease . Following the official approval of risanki-
zumab for this indication, numerous clinical studies
have continued to be conducted, further confirming
earlier findings. Alzaabi et al. performed a prospective
cohort study including 60 patients with moderate-to-
-severe Crohn’s disease who initiated treatment with
risankizumab. The study endpoints comprised clinical
remission (CDAI score < 150) and biochemical remis-
sion (normalised C-reactive protein levels < 5 mg/L,
faecal calprotectin levels < 250 pg/g). Outcomes were
assessed after the induction phase (weeks 12-20) and
during maintenance therapy (10-14 months). At post-
-induction follow-up 28 of 60 patients (46.7%) achie-
ved clinical remission, while 52 patients (86.7%) met
the criteria for clinical response (reduction in CDAI
of at least 100 points). Notably, the therapeutic re-
sponse to risankizumab was more pronounced among
patients for whom it was the first biologic drugs used,
compared with those previously treated with other
biologics, such as ustekinumab 1?2, Available data also
indicate that risankizumab therapy is associated with
alow incidence of adverse events. The most frequently
reported adverse reactions include upper respiratory
tract infections, dermatophytosis, headache, rash,
pruritus and fatigue. Interestingly, the first large real-
-world risankizumab pharmacovigilance study identi-
fied several unexpected and novel significant adverse
event signals not previously reported in the drug la-
bel including cataract, pancreatitis, diabetes mellitus,

stress, nephrolithiasis, cholelithiasis, and thrombosis
[23]

4.1.3 Guselkumab

Guselkumab is a selective monoclonal antibody tar-
geting the p19 subunit of IL-23, without interfering
with IL-12 signaling. Preservation of IL-12-dependent
Th1l immunity maintains host defense against intra-
cellular pathogens, potentially improving the safety
profile compared with dual IL-12/23 blockade 2. In
randomized Phase III clinical trials, Guselkumab de-
monstrated significant efficacy in achieving both cli-
nical and endoscopic remission among biologic-naive
patients, as well as individuals with prior exposure to
advanced therapies. Moreover, no new safety signals
were identified. Clinical trials results supported its ap-
plicability in routine clinical practice for inflammato-
ry bowel disease ****!. Officially approved by EMA and
FDA in 2025.

4.1.4 Mirikizumab

Mirikizumab is a humanized monoclonal antibody of
the immunoglobulin G4 class that selectively targets
the p19 subunit of interleukin-23. It has previously
demonstrated therapeutic efficacy in the treatment
of psoriasis and ulcerative colitis >, The drug was
approved by the FDA in January 2025 for adults with
moderately to severely active Crohn’s disease. A positi-
ve opinion for this indication had already been issued
by the European Medicines Agency (EMA) in Decem-
ber 2024 121, Clinical trials preceded approval in the
above-mentioned indication, including the phase 3
VIVID-1 trial, which evaluated the efficacy and safety
of mirikizumab in adults with moderately to severely
active Crohn’s disease . VIVID-1 was a multicenter,
randomized, double-blind, placebo-controlled and
active-controlled study. It enrolled patients with an
inadequate response, intolerance, or loss of response
to conventional or prior biologic therapies %2, The
trial demonstrated that mirikizumab produced signi-
ficant therapeutic effects across multiple clinical and
endoscopic outcomes when compared with placebo
11 Analyses of patient-reported outcomes showed
that treatment with mirikizumab resulted in marked
improvements in health-related quality of life inclu-
ding disease-specific and general health measures, as
early as week 12 and these benefits were maintained
through week 52 of therapy. In addition to improve-
ments in quality-of-life indicators, patients receiving
mirikizumab also B! Further analyses focusing on
symptom burden indicated that mirikizumab thera-
py led to higher rates of clinically meaningful impro-
vement in fatigue scores at both week 12 and week
52 compared with placebo. Improvements in fatigue
were closely associated with enhancements in patien-
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t-reported outcomes and overall quality of life. Corre-
lations with objective inflammatory markers were we-
aker. Collectively, these findings confirm that selective
inhibition of IL-23 with mirikizumab provides clini-
cally meaningful benefits in patients with moderately
to severely active Crohn’s disease, supporting its role
as an effective therapeutic option.

4.2. JAK inhibitors

Janus kinases are intracellular tyrosine kinases that
include four main isoforms: JAK1, JAK2, JAK3 and ty-
rosine kinase 2 (TYK2). These enzymes are key com-
ponents of the JAK-STAT signaling pathway, which
mediates intracellular transmission of signals from
numerous cytokine receptors and regulates immune
cell proliferation, differentiation and inflammatory
responses. In Crohn’s disease excessive production
of pro-inflammatory cytokines activates cytokine re-
ceptors on immune cells, leading to stimulation of
the JAK-STAT pathway and promoting intestinal in-
flammation. Following cytokine binding, JAK prote-
ins phosphorylate the associated receptors enabling
recruitment and activation of STAT transcription fac-
tors. Activated STAT proteins subsequently dimerize
and translocate to the nucleus. Then they modulate
the transcription of genes involved in immune acti-
vation and inflammatory processes. Many cytokines
implicated in Crohns disease pathogenesis utilize
this signaling mechanism, highlighting the central
role of the JAK-STAT pathway in intestinal immune
regulation. Because JAK proteins function as critical
intermediates in cytokine signaling, pharmacological
inhibition of their tyrosine kinase activity can disrupt
multiple inflammatory pathways simultaneously, the-
reby reducing immune-mediated intestinal inflamma-
tion and representing a promising therapeutic strate-
gy in inflammatory bowel disease. JAK inhibitors have
also gained considerable interest because of their lack
of immunogenicity, relatively short half-life, and ra-
pid therapeutic onset. In addition to their application
in inflammatory bowel disease, these agents are being
used in treatment of several other conditions, inclu-
ding rheumatoid arthritis, psoriasis, polycythemia
vera, alopecia, thrombocytopenia, myelofibrosis, and
vitiligo.

4.2.1. Tofacitinib

Tofacitinib is an example of JAK inhibitor that has
shown clear efficacy in ulcerative colitis, but failed to
demonstrate sufficient benefit in Crohn’s disease is
Tofacitinib. Clinical trials conducted in patients with
ulcerative colitis demonstrated that treatment with to-

facitinib significantly increased rates of clinical remis-
sion and mucosal healing. These findings supported
its regulatory approval for this indication 7.

In parallel, the drug was investigated for the treat-
ment of Crohn’s disease in randomized phase II clini-
cal trials involving patients with moderate-to-severe
disease activity 1?°.. The study results did not show sta-
tistically significant improvements in clinical respon-
se or remission rates compared with placebo, despite
some evidence of biological activity reflected by re-
ductions in inflammatory biomarkers **.. Subsequ-
ently, two multicenter, randomized, double-blind,
placebo-controlled phase IIb trials were conducted to
further investigate the efficacy of tofacitinib in Cro-
hn’s disease. In these studies, patients received tofa-
citinib 5 mg or 10 mg twice daily during an 8-week
induction phase, followed by a 26-week maintenance
period in responders *!. The phase IIb trials showed
that clinical remission rates at week 8 were numerical-
ly higher in patients receiving tofacitinib than in those
receiving placebo. However, these differences did not
reach statistical significance for the primary efficacy
endpoints ). Because the clinical efficacy was insuf-
ficient and primary endpoints were not met, further
development of tofacitinib for this indication was not
pursued.

4.2.2. Upadacitinib

Upadacitinib is an oral selective Janus kinase inhibi-
tor, that has been approved for the treatment of mo-
derate to severe active CD in adult patients since April
2023 by both EMA and FDA . Clinical development
of upadacitinib for Crohn’s disease has been evaluated
in several clinical trials. An early randomized phase
II trial demonstrated that treatment with upadaciti-
nib resulted in dose-dependent improvements in en-
doscopic remission compared with placebo. Increases
in clinical remission were more modest during the
induction phase. In this study, endoscopic remission
occurred in a higher proportion of patients receiving
higher doses of upadacitinib than in those receiving
placebo. Several clinical and endoscopic outcomes
were maintained during the subsequent maintenan-
ce period M. Therapeutic potential of upadacitinib
was later confirmed in large phase III clinical trials
including the U-EXCEL and U-EXCEED induction
studies and the U-ENDURE maintenance study. In
these trials, induction therapy with upadacitinib (45
mg once daily) resulted in significantly higher rates of
clinical remission and endoscopic response compared
with placebo. Among patients who responded to in-
duction therapy, maintenance treatment with upada-
citinib (15 mg or 30 mg once daily) led to substantially
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higher remission and endoscopic response rates than
placebo. Overall, these studies demonstrated that upa-
dacitinib can effectively induce and maintain remis-
sion in patients with moderate-to-severe CD.

4.3. TL1A inhibitors

Tumor necrosis factor-like ligand 1A is a cytokine be-
longing to the TNF superfamily that has emerged as
an important regulator of intestinal inflammation. It
signals through death receptor 3, which is predomi-
nantly expressed on activated lymphocytes. Engage-
ment of the TL1A-DR3 pathway activates intracellu-
lar signaling cascades involving NF-kB, MAPKs, and
PI3K, thereby promoting lymphocyte activation and
pro-inflammatory cytokine production. This interac-
tion particularly enhances Th1- and Th17-associated
responses in the intestinal mucosa, including incre-
ased secretion of mediators such as IFN-y, IL-6 and
IL-17. Elevated expression of TL1A and DR3 has been
documented in inflammatory bowel diseases and ge-
netic studies have identified polymorphisms in the
TL1A genes 44,

Experimental studies further support a pathogenic
role for this signaling axis. In one investigation using
single-cell transcriptomic analysis of rectal biopsies
from patients with CD and perianal fistulizing dise-
ase, activation of TL1A signaling in CD4* T cells was
linked to distinct molecular alterations within the rec-
tal mucosa. The authors identified lymphotoxin-alp2
and IL-22 as downstream mediators. They influence
fibroblast and epithelial cell responses, promoting
tissue remodeling and antibacterial defense indepen-
dently of TNF signaling. Additional experimental evi-
dence comes from murine models examining the role
of DR3 in Th9 cells. Functional DR3 signaling enhan-
ced the pro-inflammatory phenotype of Th9 lympho-
cytes. Its genetic deletion increased anti-inflamma-
tory responses and reduced the severity of intestinal
inflammation after adoptive transfer. These findings
indicate that TL1A-DR3 signaling amplifies pathoge-
nic immune responses in the intestine, which makes it
a novel therapeutic target for patients with CD.

4.3.1 Duvakitug

Duvakitug is a human IgGl monoclonal antibody,
TL1A-inhibitor 4. The drug is currently not approved
for any indication. It is being studied for use in Cro-
hn’s disease and ulcerative colitis. Phase 2b has shown
promising results. Primary endpoints were met with
durable efficacy and good tolerability. The process is
now moving into phase 3 15,

4.3.2. Tulisokibart

Tulisokibart is an anti-TL1A monoclonal antibody. In
the phase 2a, multicentre, open-label APOLLO-CD
study it was tested as induction treatment in adults
with moderately to severely active Crohn’s disease
with a history of insufficient response, loss of response
or intolerance to conventional or approved biological
therapies . The results showed encouraging endo-
scopic and clinical remission rates with well tolerance.
The drug has advanced to large-scale, double-blind,
placebo-controlled Phase 3 trial investigating induc-
tion and maintenance. Its completion is scheduled for
2032 o1,

4.4. Human amniotic epithelial cells

Human amniotic epithelial cells (hAECs) are obtained
from the amniotic membrane, the innermost layer of
the term placenta located adjacent to the fetus. Their
accessibility, low immunogenicity, ability to prolife-
rate, multilineage differentiation potential and high
ethical acceptability have contributed to growing inte-
rest in their application in regenerative medicine. The
therapeutic activity of hAECs appears to be mediated
largely through indirect mechanisms rather than thro-
ugh permanent tissue engraftment. Experimental ob-
servations indicate that transplanted cells may remain
within the intestinal lumen without penetrating the
lamina propria. HAEcs release a variety of biologically
active factors capable of influencing surrounding cells
and promoting mucosal repair. Among these secreted
factors exosomes (subtype of extracellular vesicles)
play a key role. They transport signaling molecules
that participate in intercellular communication and
tissue regeneration. Exosomes derived from hAECs
can be internalized by intestinal epithelial cells, where
they stimulate epithelial proliferation and migration,
enhance wound closure, and reduce adhesion of in-
flammatory cells under pro-inflammatory conditions.
Through these processes, they contribute to restora-
tion of epithelial barrier integrity. HAEcs also exert
immunomodulatory activity, reducing inflammatory
responses and supporting tissue healing %2, These
characteristics make amniotic epithelial stem cells an
attractive candidate for novel therapeutic strategies
for inflammatory bowel diseases.

A phase I open-label study evaluated the use of
hAECs in ten adult patients with active, complex pe-
rianal fistulas associated with CD that were refractory
to conventional therapies. A single dose of hAEC was
locally administered into the fistula tract following
surgical closure of the internal opening. Clinical out-
comes were assessed at week 24 and participants were
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subsequently monitored for a minimum follow-up
period of 52 weeks. Results from this first-in-human
investigation demonstrated that local injection of allo-
geneic hAECs was safe, well tolerated and technically
feasible over both short- and long-term observation
periods. The principal objective of this phase I study
was therefore safety assessment rather than efficacy
determination and further clinical investigations are
currently ongoing. This research area is particularly
important given that approximately one third of pa-
tients with Crohn’s disease develop complex peria-
nal fistulas, a complication that substantially impairs
quality of life, negatively affects mental health and
increases healthcare utilization. Despite optimal me-
dical management, fistula closure is achieved in only
about 30% of cases. Moreover, patients with perianal
fistulizing Crohn’s disease face an elevated risk of ma-
jor abdominal surgery as well as rectal and anal ma-
lignancies, highlighting the need for more effective
therapeutic approaches.

5. Discontinued or unsuccessful biologics

5.1. S1P receptor modulators

Sphingosine-1-phosphate is a biologically active
sphingolipid metabolite derived from ceramide that
participates in numerous immune and vascular pro-
cesses. It is produced mainly by erythrocytes and en-
dothelial cells. One of the key physiological roles of
S1P is the regulation of lymphocyte trafficking, which
is guided by gradients of SIP concentration between
lymphoid tissues and the circulation. The biologi-
cal effects of S1P are primarily mediated through
a family of five G-protein-coupled receptors (S1PR-
1-S1PR5). Among them, S1PR1 plays a particularly
important role in immune regulation and inflamma-
tory responses. Activation of the S1P-S1PR1 signaling
axis controls the egress of both T and B lymphocytes
from lymphoid organs and facilitates their migration
toward peripheral inflammatory sites. This signaling
pathway also promotes the development of a pro-
-inflammatory immune profile. Specifically, it favors
differentiation of naive T cells into T helper 1 cells,
while simultaneously suppressing the generation of
FoxP3-positive regulatory T cells, thereby shifting
the immune balance toward inflammation. In ad-
dition, S1PR1 signaling enhances the differentiation
and peripheral migration of Th17 cells. S1P signaling
also influences B-cell biology. Interaction of S1P with
S1PR1 supports B-cell chemotaxis and survival and

facilitates the mobilization of immature B cells from
the bone marrow into the circulation. Experimental
studies have shown that S1P modulates the intestinal
epithelial barrier by influencing the expression and lo-
calization of E-cadherin at tight junctions. Intracellu-
lar S1P can also interact with TNF receptor-associated
factor-2, leading to activation of the NF-kB signaling
pathway and subsequent production of pro-inflam-
matory cytokines. Additional intracellular interac-
tions may influence cell-cycle regulation, apoptosis
and cellular survival by altering gene transcription **l.
These mechanisms constituted S1P receptor modula-
tors as a promising strategy for the treatment of IBD.

5.1.1 Ozanimod

Ozanimod is an oral SI1P receptor modulator that
is already approved for the treatment of modera-
tely to severely active ulcerative colitis. Its potential
role in Crohn’s disease has been investigated in the
YELLOWSTONE program. This program compri-
ses phase 3 randomized, double-blind, placebo-con-
trolled induction and maintenance trials, as well as
an open-label extension study. During the induction
phase, patients with an inadequate response or intole-
rance to at least one prior Crohn’s disease therapy were
randomized to receive either ozanimod once daily or
placebo for 12 weeks. Participants who achieved a re-
sponse to ozanimod were subsequently rerandomized
to continue active treatment or switch to placebo for
a 52-week maintenance period. Individuals who did
not qualify for maintenance therapy, experience relap-
se during maintenance or complete the maintenance
phase or at least one year of the STEPSTONE trial co-
uld enter an open-label extension and receive ozani-
mod for up to 234 weeks. Earlier evaluation of ozani-
mod in CD was conducted in the phase 2 STEPSTONE
study, which assessed the efficacy and demonstrated
clinical, endoscopic, and histological improvement.
However, subsequent results from a phase 3 failed to
meet the primary endpoint. No statistically significant
difference in clinical remission was observed between
the ozanimod and placebo groups 1. At present,
further investigations of ozanimod in CD are not
being continued. These findings highlight that novel
therapeutic strategies may not demonstrate uniform
efficacy across all forms of inflammatory bowel dise-
ases, as illustrated by the effectiveness of ozanimod in
UG, but not in CD.

5.2. Secukinumab

Secukinumab is a fully human monoclonal antibo-
dy targeting interleukin-17A. FDA-approved indi-
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cations include moderate to severe plaque psoriasis,
malnoplantar psoriasis, generalized pustular psoria-
sis, psoriatic arthritis, and ankylosing spondylitis **l.
In a double-blind, randomized, placebo-controlled
proof-of-concept study involving 59 patients with
moderate to severe Crohn’s disease Hueber et al. eva-
luated the safety and efficacy of secukinumab for the
treatment of active Crohn’s disease. The results were
unfavorable, as IL-17A blockade was ineffective and
associated with higher rates of adverse events com-
pared with placebo .. Notably, cases of Crohn’s di-
sease developing during secukinumab therapy admi-
nistered for other autoimmune conditions have also
been reported 1962 These observations suggest that
inhibition of IL-17A may disrupt its protective role
in intestinal immune homeostasis. Currently, no cli-
nical studies are being conducted to investigate secu-
kinumab as a therapeutic option for Crohn’s disease.

5.3. Darvadstrocel

Darvadstrocel is an allogeneic advanced therapy me-
dicinal product composed of expanded adipose-deri-
ved mesenchymal stem cells. It is intended for local
administration into complex perianal fistulas asso-
ciated with CD, particularly in cases where fistulas
have shown an inadequate response to at least one co-
nventional or biologic therapy in adult patients with
non-active or mildly active luminal disease [®*¢*. The
proposed mechanism of action is related to the im-
munomodulatory and anti-inflammatory properties
of mesenchymal stem cells. These cells are thought to
attenuate local immune responses, impair lymphocyte
proliferation, and modify cytokine release at the site
of inflammation. As a result, they may facilitate tissue
repair and promote fistula healing **. Efficacy and
safety evidence from the pivotal ADMIRE-CD pha-
se III randomized controlled trial demonstrated that
a single local injection of darvadstrocel significantly
increased combined remission rates. Remission rates
were defined by clinical closure of draining fistulas
and absence of collections on imaging and were com-
pared with placebo at 24 weeks, with sustained effects
observed through longer follow-up [®l. Observational
studies and systematic analyses have further suppor-
ted the potential for high rates of fistula healing and
favorable safety outcomes in real-world clinical prac-
tice, although results vary across cohorts [**. In March
2018 darvadstrocel received centralised marketing
authorisation from the European Commission for the
treatment of complex perianal fistulas in adult CD pa-
tients fitting these criteria. However, follow-up confir-
matory data from the larger phase III ADMIRE-CD II
trial failed to meet its primary efficacy endpoint. The

available evidence was deemed insufficient to con-
firm a clinically meaningful benefit relative to risks.
Marketing authorisation holder voluntarily withdraw
product from the European Union market effective
December 2024 171,

5.4. Fontolizumab

Fontolizumab is a humanized IgG1 monoclonal anti-
body against interferon-gamma. IFN-y is a key pro-
-inflammatory cytokine and a major driver of Crohn’s
disease pathogenesis. It is produced by Th1l and NK
cells in the inflamed mucosa. It drives intestinal dama-
ge by promoting inflammation, suppressing epithelial
barrier function and inducing PANoptosis (program-
med cell death) in intestinal epithelial cells !,

Early studies of fontolizumab in patients with acti-
ve CD produced encouraging findings. Treatment was
associated with a reduction in endoscopic severity
scores and C-reactive protein levels and the therapy
appeared to be generally well tolerated .. However,
these promising observations were not confirmed in
later trials. In a larger phase II study including 133
patients with active Crohn’s disease primary efficacy
endpoints were not met. Although some reduction in
C-reactive protein suggested a potential biological ef-
fect, a clear clinical benefit was not demonstrated ..
As a result, research on the use of fontolizumab for
the treatment of Crohn’s disease is currently not being
continued.

6. Conclusions

Rapid development of novel biologic and targeted
therapies is progressively expanding the therapeutic
possibilities for Crohn’s disease, thanks to advances
in immunology and molecular biology. Several biolo-
gic agents have already been approved for clinical use
and are increasingly incorporated into contemporary
treatment algorithms. Among them, inhibitors of the
IL-23 pathway such as ustekinumab, risankizumab,
guselkumab and mirikizumab have demonstrated
substantial efficacy in inducing and maintaining re-
mission. Other therapeutic strategies remain under
investigation. Agents targeting the TL1A signaling
pathway have demonstrated encouraging results in
early clinical studies and are currently being evaluated
in larger trials. Moreover, regenerative approaches
based on human amniotic epithelial cells represent
a novel and promising direction. At the same time,
the experience with unsuccessful or discontinued bio-
logics highlights the complexity of intestinal immune
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regulation and emphasizes that not all theoretically
promising targets translate into clinical benefit. Inte-
restingly, not all agents within the same therapeutic
class have demonstrated comparable efficacy. While
the selective JAK1 inhibitor upadacitinib has been ap-
proved for the treatment of Crohn’s disease, tofacitinib
failed to meet primary endpoints in clinical trials and
its development for this indication was abandoned.
It is worth noting, that although Crohn’s disease and
ulcerative colitis are both classified as inflammatory
bowel diseases, the direct transferability of therapeu-
tic strategies between these conditions is limited. To-
facitinib and ozanimod have demonstrated efficacy
and received approval in ulcerative colitis, but failed
to show satisfactory results in Crohn’s disease.

Taken together, these observations reflect both the
significant progress achieved in recent years and the
remaining unmet clinical needs. Future advances will
likely depend not only on the development of new
agents, but also on a better understanding of disease
mechanisms and treatment response variability. In
this context, continued research and careful long-term
evaluation of emerging therapies remain crucial.

References

1. Popa SL, Pop C, Dumitrascu DL. Diet Advice for
Crohn’s Disease: FODMAP and Beyond. Nutri-
ents. 2020;12(12):3751. doi: https://doi.org/10.3390/
nul2123751

2. Cushing K, Higgins PDR. Management of Crohn
Disease. JAMA. 2021;325(1):69-80. doi: https://doi.
org/10.1001/jama.2020.18936

3. Feuerstein JD, Cheifetz AS. Crohn Disease: Epidemi-
ology, Diagnosis, and Management. Mayo Clin Proc.
2017;92(7):1088-1103. doi: https://doi.org/10.1016/;.
mayocp.2017.04.010

4. Veauthier B, Hornecker JR. Crohn’s Disease: Diagno-
sis and Management.

5. Tian C, Ranasinghe IR, Hsu R. Crohn Disease. In:
StatPearls. StatPearls Publishing; 2026. Accessed
March 13, 2026. http://www.ncbi.nlm.nih.gov/books/
NBK436021/

6. Hussain Y, Khan H. Immunosuppressive Drugs. En-
cycl Infect Immun. Published online 2022:726-740. doi:
https://doi.org/10.1016/B978-0-12-818731-9.00068-9

7. Rutgeerts PJ. Review article: the limitations of corti-
costeroid therapy in Crohn’s disease. Aliment Phar-
macol Ther. 2001;15(10):1515-1525. doi: https://doi.
org/10.1046/j.1365-2036.2001.01060.x

8. Hodgens A, Sharman T. Corticosteroids. In: StatPearls.
StatPearls Publishing; 2026. Accessed March 13, 2026.
http://www.ncbi.nlm.nih.gov/books/NBK554612/

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tahir UE, Noureen S, Partab F, et al. A Comparison
of Biological Therapies vs Traditional Immunosup-
pressant in the Management of Inflammatory Bow-
el Diseases: A Narrative Review. ] Community Hosp
Intern Med Perspect. 16(1):32-39. doi: https://doi.
0rg/10.55729/2000-9666.1566

Velikova T, Sekulovski M, Peshevska-Sekulovska M.
Immunogenicity and Loss of Effectiveness of Biolog-
ic Therapy for Inflammatory Bowel Disease Patients
Due to Anti-Drug Antibody Development. Antibod-
ies. 2024;13(1):16. doi: https://doi.org/10.3390/an-
tib13010016

Melsheimer R, Geldhof A, Apaolaza I, Schaible T.
Remicade® (infliximab): 20 years of contributions to
science and medicine. Biol Targets Ther. 2019;13:139-
178. doi: https://doi.org/10.2147/BTT.S207246

Tursi A, Mocci G, Lorenzetti R, et al. Long-term re-
al-life efficacy and safety of infliximab and adalimumab
in the treatment of inflammatory bowel diseases outpa-
tients. Eur ] Gastroenterol Hepatol. 2021;33(5):670-679.
doi: https://doi.org/10.1097/MEG.0000000000002087
Ali T, Kaitha S, Mahmood S, Ftesi A, Stone ], Bronze
MS. Clinical use of anti-TNF therapy and increased
risk of infections. Drug Healthc Patient Saf. 2013;5:79-
99. doi: https://doi.org/10.2147/DHPS.S28801

Chen HH, Yemeke T, Ozawa S. Reduction of biolog-
ic pricing following biosimilar introduction: Analysis
across 57 countries and regions, 2012-19. PLOS ONE.
2024;19(6):€0304851. doi: https://doi.org/10.1371/jour-
nal.pone.0304851

Stappenbeck TS, Rioux JD, Mizoguchi A, et al. Crohn
disease. Autophagy. 2011;7(4):355-374. doi: https://doi.
org/10.4161/auto.7.4.13074

Kotze PG, Ma C, Almutairdi A, Panaccione R. Clin-
ical utility of ustekinumab in Crohn’s disease. J In-
flamm Res. 2018;11:35-47. doi: https://doi.org/10.2147/
JIR.S157358

Feagan BG, Sandborn WJ, Gasink C, et al. Ustekinum-
ab as Induction and Maintenance Therapy for Crohn’s
Disease. N Engl ] Med. 2016;375(20):1946-1960. doi:
https://doi.org/10.1056/NEJMoal602773

Sandborn W], Rebuck R, Wang Y, et al. Five-year
Efficacy and Safety of Ustekinumab Treatment in
Crohn’s Disease: the IM-UNITI trial. Clin Gastroen-
terol Hepatol Off Clin Pract ] Am Gastroenterol Assoc.
2022;20(3):578-590.e4. doi: https://doi.org/10.1016/j.
cgh.2021.02.025

Colquhoun M, Kemp AK. Ustekinumab. In: Stat-
Pearls. StatPearls Publishing; 2025. Accessed Febru-
ary 19, 2026. http://www.ncbi.nlm.nih.gov/books/
NBK570645/

Fanizza J, DAmico F Lusetti F et al. The Role
of IL-23 Inhibitors in Crohn’s Disease. J Clin
Med. 2023;13(1):224. doi: https://doi.org/10.3390/
jcm13010224

DOI: 10.12775/JEHS.2026.95.74023


https://doi.org/10.12775/JEHS.2026.95.74023
https://doi.org/10.12775/JEHS.2026.95.74083

JEHS

Emerging Biologic Strategies in Crohn’s Disease

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lusetti FE, D’Amico F, Allocca M, et al. Positioning
risankizumab in the treatment algorithm of mod-
erate-to-severe Crohn’s disease. Immunotherapy.
16(9):581-595. doi: https://doi.org/10.2217/imt-2023-
0219

Alzaabi MN, Swaid TK, Ahmed HA, et al. Real-World
Effectiveness of Risankizumab in Crohn’s Disease:
Outcome Data for an IL-23 Inhibitor from the Mid-
dle East. Crohns Colitis 360. 2025;7(4):0taf062. doi:
https://doi.org/10.1093/crocol/otaf062

Shu Y, Chen J, Ding Y, Zhang Q. Adverse events with
risankizumab in the real world: postmarketing phar-
macovigilance assessment of the FDA adverse event
reporting system. Front Immunol. 2023;14:1169735.
doi: https://doi.org/10.3389/fimmu.2023.1169735
D’Amico E Bencardino S, Magro F et al. Positioning
Guselkumab in The Treatment Algorithm of Patients
with Crohns Disease. Biol Targets Ther. 2025;19:351-
363. doi: https://doi.org/10.2147/BTT.S530354
Panaccione R, Feagan BG, Afzali A, et al. 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, pla-
cebo and active comparator-controlled, double-blind,
triple-dummy trials. The Lancet. 2025;406(10501):358-
375. doi: https://doi.org/10.1016/S0140-6736(25)00681-
6

Colwill M, Baillie S, Clough J, et al. Role of Mirikizum-
ab in the Treatment of Inflammatory Bowel Disease—
From Bench to Bedside. J Clin Med. 2025;14(3):1001.
doi: https://doi.org/10.3390/jcm14031001

Sands BE, Peyrin-Biroulet L, Kierkus J, et al. Efficacy
and Safety of Mirikizumab in a Randomized Phase 2
Study of Patients With Crohn’s Disease. Gastroenterolo-
gy. 2022;162(2):495-508. doi: https://doi.org/10.1053/j.
gastro.2021.10.050

FDA approves Lilly’s Omvoh® (mirikizumab-mrkr)
for Crohn’s disease, expanding its use to the sec-
ond major type of inflammatory bowel disease |
Eli Lilly and Company. Accessed March 9, 2026.
https://lilly.gcs-web.com/news-releases/news-re-
lease-details/fda-approves-lillys-omvoh-mirikizum-
ab-mrkr-crohns-disease

Lilly’s Omvoh® (mirikizumab) recommended by
CHMP for approval in the European Union for adults
with moderately to severely active Crohn’s disease | Eli
Lilly and Company.

2025;6(2):100572. doi: https://doi.org/10.1016/j.
medj.2024.100572

Lee SD, Vermeire S, Ungaro R, et al. Mirikizumab Im-
proves Quality of Life and Work Productivity in Pa-
tients with Moderately to Severely Active Crohn’s
Disease: Results from the Phase 3 VIVID-1 Study. Am
J Gastroenterol. 2025;120(8):1809-1819. doi: https://doi.
org/10.14309/ajg.0000000000003410

32.

33.

34.

35.

36.

37.

38.

39.

40.

4]1.

42.

43.

Regueiro M, Fischer M, Bossuyt P, et al. Impact of
mirikizumab treatment on fatigue in patients with
moderately to severely active Crohn’s disease: re-
sults from the phase 3 VIVID-1 study. J Crohns Co-
litis. 2025;19(7):jjatl00. doi: https://doi.org/10.1093/
ecco-jcc/jjafloo

Yang X, Guo H, Zou M. Inflammatory bowel diseases:
pathological mechanisms and therapeutic perspectives.
Mol Biomed. 2026;7(1):2. doi: https://doi.org/10.1186/
§43556-025-00395-z

Schmitt H, Neurath MF, Atreya R. Role of the IL23/
IL17 Pathway in Crohn’s Disease. Front Immunol.
2021;12:622934. doi: https://doi.org/10.3389/fim-
mu.2021.622934

Xu M, Wang S, Xu S, Gong R. JAK Inhibitor and
Crohn’s Disease. Biomedicines. 2025;13(6):1325. doi:
https://doi.org/10.3390/biomedicines13061325

Rogler G. Efficacy of JAK inhibitors in Crohns Dis-
ease. ]| Crohns Colitis. 2020;14(Suppl 2):S746-S754. doi:
https://doi.org/10.1093/ecco-jcc/jzjz186

Pfizer Announces U.S. FDA Approves XEL-
JANZ® (tofacitinib) for the Treatment of Mod-
erately to Severely Active Ulcerative Colitis |
Pfizer. Accessed March 10, 2026. https://www.pfiz-
er.com/news/press-release/press-release-detail/
pfizer_announces_u_s_fda_approves_xeljanz_tofac-
itinib_for_the_treatment_of moderately to_severely
active_ulcerative_colitis-0?utm_source=chatgpt.com
Sandborn WJ, Ghosh S, Panes J, et al. A phase 2 study
of tofacitinib, an oral Janus kinase inhibitor, in patients
with Crohn’s disease. Clin Gastroenterol Hepatol Off
Clin Pract ] Am Gastroenterol Assoc. 2014;12(9):1485-
1493.e2. doi: https://doi.org/10.1016/j.cgh.2014.01.029
Panés J, Sandborn W], Schreiber S, et al. Tofacitinib
for induction and maintenance therapy of Crohn’s dis-
ease: results of two phase IIb randomised placebo-con-
trolled trials. Gut. 2017;66(6):1049-1059. doi: https://
doi.org/10.1136/gutjnl-2016-312735

Dignass A, Esters P, Flauaus C. Upadacitinib in Crohn’s
disease. Expert Opin Pharmacother. 2024;25(4):359-
370. doi: https://doi.org/10.1080/14656566.2024.2333
964

Sandborn WJ, Feagan BG, Loftus EV, et al. Effi-
cacy and Safety of Upadacitinib in a Randomized
Trial of Patients With Crohn’s Disease. Gastroen-
terology. 2020;158(8):2123-2138.e8. doi: https://doi.
org/10.1053/j.gastro.2020.01.047

Loftus EV, Panés J, Lacerda AP, et al. Upadacitinib In-
duction and Maintenance Therapy for Crohn’s Disease.
N Engl ] Med. 2023;388(21):1966-1980. doi: https://doi.
org/10.1056/NEJMo0a2212728

Bamias G, Menghini P, Pizarro TT, Cominelli F. Tar-
geting TL1A and DR3: the new frontier of anti-cy-
tokine therapy in IBD. Gut. 2025;74(4):652-668. doi:
https://doi.org/10.1136/gutjnl-2024-332504

10

DOI: 10.12775/JEHS.2026.95.74023


https://doi.org/10.12775/JEHS.2026.95.74023
https://doi.org/10.12775/JEHS.2026.95.74083

Emerging Biologic Strategies in Crohn’s Disease

JEHS

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Tettoni E, Gabbiadini R, Dal Buono A, et al. TL1A
as a Target in Inflammatory Bowel Disease: Explor-
ing Mechanisms and Therapeutic Potential. Int ] Mol
Sci. 2025;26(11):5017. doi: https://doi.org/10.3390/
ijms26115017

Takedatsu H, Michelsen KS, Wei B, et al. TL1A (TN-
FSF15) Regulates the Development of Chronic Coli-
tis By Modulating both T helper (TH) 1 and TH17
Activation. Gastroenterology. 2008;135(2):552-567. doi:
https://doi.org/10.1053/j.gastro.2008.04.037

Gudifio V, Cho JW, Caballol B, et al. TL1A-activat-
ed T cells remodel the rectal mucosa in patients with
Crohn’s disease with perianal fistulising disease. Pub-
lished online December 24, 2025. doi: https://doi.
org/10.1136/gutjnl-2025-336246

Menghini P, Butto LF, Gomez-Nguyen A, et al. Tu-
mor Necrosis Factor-Like Ligand 1A/Death Receptor
3 Signaling Regulates the Generation of Pathogenic T
Helper 9 Cells in Experimental Crohn’s Disease. Gas-
troenterology. 2025;169(5):892-908. doi: https://doi.
org/10.1053/j.gastro.2025.03.035

Press Release: Sanofi and Tevas duvakitug phase 2b
maintenance data demonstrated clinically mean-
ingful durable efficacy in ulcerative colitis and
Crohn’s disease. Accessed March 14, 2026. https://
www.sanofi.com/en/media-room/press-releas-
es/2026/2026-02-17-11-00-00-3239014

Feagan BG, Sands BE, Siegel CA, et al. Safety and ef-
ficacy of the anti-TL1IA monoclonal antibody tuli-
sokibart for Crohn’s disease: a phase 2a induction trial.
Lancet Gastroenterol Hepatol. 2025;10(8):715-725. doi:
https://doi.org/10.1016/S2468-1253(25)00071-8
Merck Expands Tulisokibart Clinical Develop-
ment Program With Initiation of Phase 2b Trials in
Three Additional Immune-Mediated Inflammato-
ry Diseases. Merck.com. Accessed March 14, 2026.
https://www.merck.com/news/merck-expands-tu-
lisokibart-clinical-development-program-with-in-
itiation-of-phase-2b-trials-in-three-additional-im-
mune-mediated-inflammatory-diseases/

Zhang Q, Lai D. Application of human amniotic epi-
thelial cells in regenerative medicine: a systematic re-
view. Stem Cell Res Ther. 2020;11:439. doi: https://doi.
org/10.1186/s13287-020-01951-w

Kou Y, Li J, Zhu Y, et al. Human Amniotic Epithelial
Stem Cells Promote Colonic Recovery in Experimen-
tal Colitis via Exosomal MiR-23a-TNFR1-NF-kB Sig-
naling. Adv Sci. 2024;11(44):2401429. doi: https://doi.
org/10.1002/advs.202401429

Keung C, Nguyen TC, Lim R, Gerstenmaier A, Sievert
W, Moore GT. Local fistula injection of allogeneic hu-
man amnion epithelial cells is safe and well tolerated
in patients with refractory complex perianal Crohn’s
disease: a phase I open label study with long-term fol-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

low up. eBioMedicine. 2023;98:104879. doi: https://doi.
org/10.1016/j.ebiom.2023.104879

Torres ], Bonovas S, Doherty G, et al. ECCO Guide-
lines on Therapeutics in Crohn’s Disease: Medi-
cal Treatment. | Crohns Colitis. 2020;14(1):4-22. doi:
https://doi.org/10.1093/ecco-jcc/jjz180

Kitsou K, Kokkotis G, Rivera-Nieves ], Bamias G. Tar-
geting the Sphingosine-1-Phosphate Pathway: New
Opportunities in Inflammatory Bowel Disease Man-
agement. Drugs. 2024;84(10):1179-1197. doi: https://
doi.org/10.1007/s40265-024-02094-5

Feagan BG, Schreiber S, Afzali A, et al. Ozanimod as
a novel oral small molecule therapy for the treatment
of Crohn’s disease: The YELLOWSTONE clinical trial
program. Contemp Clin Trials. 2022;122:106958. doi:
https://doi.org/10.1016/j.cct.2022.106958

RPh DE. YELLOWSTONE: Ozanimod Misses Pri-
mary Endpoint in Crohn Disease Study. MPR.
March 29, 2024. Accessed March 14, 2026. https://
www.empr.com/home/news/drugs-in-the-pipe-
line/yellowstone-ozanimod-misses-primary-end-
point-in-crohn-disease-study/

Aboobacker S, Kurn H, Al Aboud AM. Secukinum-
ab. In: StatPearls. StatPearls Publishing; 2025. Ac-
cessed February 26, 2026. http://www.ncbi.nlm.nih.
gov/books/NBK537091/

Hueber W, Sands BE, Lewitzky S, et al. Secukinum-
ab, a human anti-IL-17A monoclonal antibody, for
moderate to severe Crohn’s disease: unexpected re-
sults of a randomised, double-blind placebo-con-
trolled trial. Gut. 2012;61(12):1693-1700. doi: https://
doi.org/10.1136/gutjnl-2011-301668

Haidari W, Al-Nagshabandi S, Ahn CS, Bloom-
feld RS, Feldman SR. Asymptomatic Crohn’s dis-
ease identified in a patient being treated with
secukinumab: A case report. SAGE Open Med Case
Rep. 2019;7:2050313X19893580. doi: https://doi.
org/10.1177/2050313X19893580

Khouri A, Moreno C, Niland B. New-Onset Crohn’s
Disease following Initiation of Secukinumab:
A Case Report and Review of the Role of IL-17 in
the Pathogenesis of Crohn’s Disease. Case Rep Gas-
trointest Med. 2023;2023:1769290. doi: https://doi.
org/10.1155/2023/1769290

Dai H, Xu C, Wang Y, et al. Secukinumab-induced
Crohn’s disease in a psoriasis patient: a case report
highlighting paradoxical reactions to IL-17 inhibi-
tion. Front Immunol. 2025;16:1628461. doi: https://doi.
org/10.3389/fimmu.2025.1628461

Taxonera C, Garcia-Brenes MA, Olivares D, Lopez-Gar-
cia ON, Zapater R, Alba C. Darvadstrocel for com-
plex perianal fistulas in Crohn’s disease: A systematic
review and meta-analysis. United Eur Gastroenter-
ol J. 2024;13(3):416-426. doi: https://doi.org/10.1002/
ueg2.12673

DOI: 10.12775/JEHS.2026.95.74023

11


https://doi.org/10.12775/JEHS.2026.95.74023
https://doi.org/10.12775/JEHS.2026.95.74083

JEHS

Emerging Biologic Strategies in Crohn’s Disease

64.

65.

66.

67.

68.

69.

70.

Alofisel | European Medicines Agency (EMA). May 8,
2018. Accessed March 1, 2026. https://www.ema.eu-
ropa.eu/en/medicines/human/EPAR/alofisel

Buscail E, Le Cosquer G, Gross E et al. Adipose-De-
rived Stem Cells in the Treatment of Perianal Fistulas
in Crohn’ Disease: Rationale, Clinical Results and Per-
spectives. Int ] Mol Sci. 2021;22(18):9967. doi: https://
doi.org/10.3390/ijms22189967

Meng ZW, Baumgart DC. Darvadstrocel for the treat-
ment of perianal fistulas in Crohn’s disease. Expert Rev
Gastroenterol Hepatol. 2020;14(6):405-410. doi: https://
doi.org/10.1080/17474124.2020.1764349

Alofisel withdrawn from the EU market | European
Medicines Agency (EMA). December 13, 2024. Ac-
cessed March 1, 2026. https://www.ema.europa.eu/en/
news/alofisel-withdrawn-eu-market

Cui D, Huang G, Yang D, Huang B, An B. Efficacy
and safety of interferon-gamma-targeted therapy in
Crohn’s disease: A systematic review and meta-anal-
ysis of randomized controlled trials. Clin Res Hepa-
tol Gastroenterol. 2013;37(5):507-513. doi: https://doi.
0rg/10.1016/j.clinre.2012.12.004

Hommes DW, Mikhajlova TL, Stoinov S, et al. Fon-
talizumab, a humanised anti-interferon y antibody,
demonstrates safety and clinical activity in pa-
tients with moderate to severe Crohn’s disease. Gut.
2006;55(8):1131-1137. doi: https://doi.org/10.1136/
gut.2005.079392

Reinisch W, de Villiers W, Bene L, et al. Fontalizum-
ab in moderate to severe Crohn’s disease: a phase 2,
randomized, double-blind, placebo-controlled, mul-
tiple-dose study. Inflamm Bowel Dis. 2010;16(2):233-
242. doi: https://doi.org/10.1002/ibd.21038

Author’s Contribution:

Conceptualization: NN

Methodology: NN

Investigation: NN, JR, AK, NR, KO, DG, MK, AJ], KI, WG
Resources: NN, DG, MK, WG

Data curation: NN, JR, AK, NR, KO, DG, MK, AJ, KI, WG

Writing - original draft preparation: NN, JR, AK, NR, KO, DG, MK, AJ, KI, WG
Writing - review and editing: NN, JR, AK, NR, KO, DG, MK, A], KI, WG

Visualization: NN, JR, AK, NR, KO, DG, MK, AJ, KI, WG
Supervision: NN

All authors have read and agreed to the published version of the manuscript.

Funding: The study did not receive special funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Al Disclosure: During the preparation of this work, the authors used ChatGPT (OpenAl) for the purpose of language editing and
grammar correction. After using this tool, the authors reviewed and edited the content as needed and accepted full responsibility for
the substantive content of the publication.

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

12

DOI: 10.12775/JEHS.2026.95.74023


https://doi.org/10.12775/JEHS.2026.95.74023
https://doi.org/10.12775/JEHS.2026.95.74083

