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Abstract: Ulcerative colitis (UC) is a chronic inflammatory bowel disease characterized by
growing incidence and prevalence around the world in the last few decades. The range of
available existing treatment and strategies for its management is being implemented. Given
the introduction of newly developed molecules and the lack of specific guidelines, drug
positioning may represent a tough clinical challenge. UC management is mostly medical, and
it has been shifting toward a more personalized approach with the aim to create a tailored
strategy depending on the patient’s profile. A treat-to target strategy seems to be the best
approach to reach disease control as it allows to carry out therapeutic choices based on
objective and specific parameters: histological, ultrasonographic, and molecular targets

may add to the already used clinical, endoscopic, and biochemical targets. In addition, dual-
targeted therapy has emerged as an attractive therapeutic strategy for patients not achieving
remission. This review aims to provide an overview of the available strategies to raise the bar
in UC.

Plain language summary
Raising the bar in ulcerative colitis management

Ulcerative colitis is a chronic inflammatory bowel disease on the rise globally, particularly
affecting individuals in their third to fifth decades of life and significantly impacting
quality of life, with an increased risk of colorectal cancer. Available treatment options
range from 5-aminosalicylates to advanced biological agents and small molecule drugs
for moderate to severe UC. However, these advanced therapies pose challenges like
non-response and immunogenicity, requiring precise therapy selection for sustained
disease control and improved quality of life. In this context, timely intervention is crucial,
with early diagnosis facilitating prompt treatment initiation and better remission rates.
Advancements in monitoring techniques and drug optimization offer promise for refining
treatment strategies and maximizing therapeutic efficacy. Thereby, medical management
is shifting towards personalized approaches through tailored strategies based on patient
profiles. A “treat-to-target” strategy, incorporating various parameters like endoscopic
and histological ones alongside clinical ones, is pivotal for disease control. Moreover,
dual targeted therapy has emerged as a possibility to treat difficult-to-treat patients. This
review aims to outline available strategies for raising the bar in UC management.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory
bowel disease (IBD), which most commonly pre-
sents during the third and fifth decades of life,
impairs quality of life, and causes disability.
Moreover, patients suffering from UC are at an
increased risk of developing colorectal cancer
throughout their life.!-7

UC follows a relapsing and remitting course,® and
its management is mostly medical. Nowadays, the
UC therapy is being more and more tailored
based on factors like severity and extension of dis-
ease, patient’s age, comorbidities, safety and effi-
cacy of drugs, patient’s preferences, route of
administration, rapidity, costs, extraintestinal
manifestations (EIMs), and specific settings such
as pregnancy, surgical patients, and pediatric
population.® Various treatment options are
available for managing mild-to-moderate active
UC, encompassing 5-aminosalicylates, corticos-
teroids, and immunosuppressants such as
thiopurines and methotrexate. In cases of

moderate-to-severe UC, the therapeutic approach
shifts toward the utilization of advanced biologi-
cal agents (including anti-tumor necrosis factor o
(TNFa), anti-a4p7 integrin biologic agents, and
anti-interleukin  (IL)-12-23, selective IL-23
inhibitors), as well as small-molecule drugs like
Janus kinase (JAK) inhibitors and Sphingosine
1-phosphate (S1P) modulators.!® However, these
advanced therapies may present challenges such
as primary nonresponse, secondary loss of
response, and immunogenicity. Addressing these
challenges necessitates a precise and rational
selection of therapy aimed at achieving sustained
disease control, preventing complications, and
ensuring long-term improvements in quality of
life. 11

Given the progressive nature of UC, timely
intervention is paramount. Early diagnosis facili-
tates prompt treatment initiation, increasing the
likelihood of achieving remission, as optimal
response rates are typically observed in patients
with shorter disease durations. Furthermore,
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advancements in monitoring techniques are
essential for optimizing treatment regimens and
tailoring them to individual patient needs.
Additionally, a deeper understanding of the
intricate molecular pathways underlying UC
pathogenesis holds promise for identifying novel
therapeutic targets and refining treatment strate-
gies. By integrating these approaches, we can
maximize the efficacy of emerging therapeutics
and potentially surpass the limitations associated
with attaining maximal long-term health-related
quality of life (HRQoL) in patients with UC,
thus transcending the concept of a “therapeutic
ceiling.”12 This narrative review aims to provide
an overview of the available strategies to raise the
bar in UC management.

Treatment targets in UC

Therapeutic management of patients with IBD
has, for years, been tailored toward the control
of symptoms. With the advent of new therapeu-
tic agents, the management has been focusing on
more objective rather than subjective parame-
ters. The introduction of this treat-to-target
(T2T) strategy has revolutionized the way
patients are managed. In 2015, the International
Organization for the study of Inflammatory
Bowel Disease (IOIBD) proposed treatment tar-
gets for patients with IBD, called STRIDE
(Selecting Therapeutic Targets in Inflammatory
Bowel Disease) using an evidence-based expert
consensus process.!3

The STRIDE initiative has defined the resolution
of both clinical symptoms and endoscopic inflam-
mation as the primary treatment goals. Afterward,
the updated STRIDE II has suggested treatment
targets based on the timing evaluation of their
assessment: clinical improvement and control of
symptoms have been defined as immediate tar-
gets while inflammatory markers have been con-
sidered intermediate targets and endoscopy a
long-term target.14

C-reactive protein (CRP) and fecal calprotectin
(FC) correlate with clinical, endoscopic, and his-
tological activity both in adults and children.” FC
plays a central role in the management of UC:
numerous studies have demonstrated a signifi-
cant correlation between FC concentration and
both endoscopic and histologic activities of UC.
Additionally, FC measurements have shown
promise in predicting disease relapse and offering

insights into disease prognosis.!> A recent meta-
analysis, featured in the American
Gastroenterology Association (AGA) guidelines
of biomarkers for UC management, highlighted
the correlation between FC levels and disease
relapse. This analysis, which encompassed 17
cohort studies involving 1286 UC patients in
symptomatic remission, demonstrated that
patients with elevated FC were 4.4 times more
likely to experience disease relapse compared to
those with normal FC levels (95% confidence
interval (CI), 3.48-5.47). Moreover, the esti-
mated annual risk of relapse in patients with qui-
escent UC and elevated FC was found to be
64%'16,17

These findings underscore the clinical utility of
FC as a valuable biomarker in UC management,
offering clinicians a noninvasive tool for assessing
disease activity, monitoring treatment response,
and predicting disease relapse.l®> However, there
are many variables that can influence the FC
measurement: pre-analytical ones like stool col-
lection, timing for stool sampling, stool consist-
ency, and stool storage as well as analytical
variables like the kind of test used to monitor FC
as well as interindividual factors (including age,
lifestyle, medications, and some gastrointestinal
diseases). Thereby, FC measurement should be
standardized in order to ensure a reliable
interpretation.!8

Achieving an absence of disability and normaliz-
ing HRQoL assessments serve as long-term
objectives.!* HRQoL assessments provide valua-
ble insights for physicians into the impact of UC
on patient well-being. This evaluation can be
multifaceted, involving tests for mood disorders,
scales measuring fatigue, and questionnaires
quantifying work productivity, among others.!3
However, various domains, including depres-
sion, anxiety, sleep disturbances, food-related
HRQoL, pain perception, social satisfaction, and
sexual function, have also been suggested for
investigation.!?

Even in case of low disease activity, UC can sig-
nificantly impact patients’ lives.2® Studies have
highlighted the correlation between HRQoL and
symptom severity experienced by patients with
UC.2! Therefore, enhancing HRQoL holds sig-
nificance in treatment planning, encompassing
both medical interventions and the provision of
social and psychological support.22
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Table 1. New targets and future possible targets for a treat-to-target strategy in UC.

STRIDE

STRIDE-II new targets e

STRIDE-II future
prospectives

Potential future
targets

Mucosal healing was recommended as the therapeutic goal in clinical practice

targets

Clinical response and remission as well as normalization of CRP as immediate and short-term

e Reduction of FC to an acceptable range (100-250mg/g) as a formal intermediate treatment target
e Restoration of HRQoL and absence of disability as long-term targets

Histological healing in UC has been recognized as important adjunctive measures but was not

endorsed as a formal new treatment target

Disease clearance

Disease clearance can be described as composite outcome including

simultaneous clinical, endoscopic, and histologic remission of disease in
the management of patients with UC

Ultrasonographic targets

Intestinal ultrasound may be a useful and reliable tool to assess UC

activity by evaluating colonic wall thickening, echo-stratification, and

doppler signal

Molecular targets

The knowledge of the molecular and genetic mechanisms involved

in UC is getting wider, and this could allow us to identify new
pathophysiological and etiopathogenetic targets

CRP, C-reactive protein; FC, fecal calprotectin; HRQoL, health-related quality of life; UC, ulcerative colitis.

On the other hand, endoscopic target is the pri-
mary long-term assessment in managing UC.
Extensive data indicate that endoscopic measure-
ments are crucial prognostic indicators for the
future clinical course of the disease. Achieving
endoscopic remission is consistently associated
with favorable outcomes in both cohort studies
and randomized controlled trials. Notably, it cor-
relates with a reduced risk of relapse, surgical
interventions,!? future colectomy,?3-?4 hospitaliza-
tion, and the need for corticosteroid treatment.?5

In a prospective observational study by Rath
et al.,?% the correlation between endoscopic activ-
ity and the occurrence of major adverse outcomes
(MAOs) was investigated. The analysis revealed a
significantly higher probability of MAO-free sur-
vival among patients in endoscopic remission
compared to those with active disease.

Furthermore, evidence suggests that assessing low-
grade inflammation or the absence of inflammation
via endoscopy can mitigate the risk of malignancy.
This is particularly relevant as intestinal inflamma-
tion is an independent risk factor for the develop-
ment of colitis-associated colon cancer.?”

Traditionally, endoscopic remission has been
defined as a Mayo Endoscopic Score (MES) of
=<1.28 However, numerous studies have high-
lighted distinct outcomes between patients with

MES 0 (no mucosal abnormalities) and MES 1
(mild erythema or decreased vascular pat-
tern).29-30 Complete endoscopic remission
(MES =0) is more strongly associated with better
patient-reported outcome scores,?® while patients
with MES =1 exhibit an increased risk of disease
recurrence.?® This discrepancy underscores the
need to re-evaluate the previously established def-
inition of endoscopic remission and its corre-
sponding cut-off values (Table 1).

Even in patients with normal endoscopic find-
ings, high histologic inflammatory activity can
persist, suggesting that microscopic activity may
persist in endoscopically quiescent UC cases.
Histological changes may remain undetected
despite clinical remission.?! A systematic review
and meta-analysis conducted by Gupta et al.
demonstrated that persistent histologic activity in
patients with UC in endoscopic remission was
associated with a higher risk of relapse. This anal-
ysis, encompassing 28 studies and 2677 patients
with UC, revealed that histologically active dis-
ease was linked to an overall increased risk of
relapse, with an odds ratio (OR) of 2.41 and a
95% CI of 1.91-3.04. Notably, the Geboes score
(GS) cut-offs demonstrated a numerically
stronger impact on relapse rates, with an OR of
7.40 and a 95% CI of 2.00-18.27 when GS was
equal to 0.30.32 The discrepancy between endo-
scopic and histological findings underscores the
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importance of biopsy sample collection and histo-
logical disease activity assessment.33

Histologic remission (HR) is associated with better
long-term outcomes, as the absence of histological
activity predicts lower rates of relapse, hospitaliza-
tion, surgery, and subsequent neoplasia.?3
Histological inflammation represents a significant
risk factor for the subsequent development of
UC-related colorectal neoplasia.?* However, histo-
logical healing has not yet been formally accepted
as a new treatment target.!* HR may play a role in
guiding therapeutic decisions, as treatment strate-
gies may be tailored based on histological findings.
Certain histological features may be associated
with treatment failure or response to medical ther-
apy.3%3% Therefore, histology can inform treatment
management, preventing therapy de-escalation if
the disease is histologically active or indicating the
optimal therapeutic dosage based on histological
patterns. Nonetheless, more randomized con-
trolled studies are necessary to elucidate how his-
tological parameters may predict treatment
response and guide therapeutic escalation and de-
escalation strategies.3!

Over the last decades biopsy procedures, histo-
logical sample processing techniques, and scoring
systems have been performed without standardi-
zation. Given the profound heterogeneity on
these aspects and the absence of agreement on
the definitions of histological remission, response,
or activity, a consensus expert panel convened by
the European Crohn’s and Colitis Organisation
(ECCO) reviewed the literature and agreed on a
series of position statements regarding the harmo-
nization of UC histopathology: the panel pro-
posed the absence of intraepithelial neutrophils,
erosion, and ulceration as a minimum require-
ment for the definition of histological remission.
Furthermore, the use of the Robarts histopathol-
ogy index or the Nancy index (NI) was recom-
mended for RCTs. For observational studies or
in clinical practice, the use of the NI was
recommended.?!

The targets in this T2T method may contribute to
the creation of a better and possibly standardized
algorithm that can guide us in the decision-mak-
ing process of UC management. More and more
evidence sustains that the HR should be taken in
account as an UC target. However, assessing a
single outcome proves often to be ineffective and
does not provide a reliable evaluation of the

patient. Discrepancies between Patient Reported
Outcome Measures (PROMs), endoscopic, and
histological appearance in UC have been described
in a retrospective, post hoc analysis of data col-
lected in the EMBARK study by Colombel et al.
In the study, endoscopically inactive disease was
not always associated with symptomatic relief, as
patients with endoscopically inactive disease still
had rectal bleeding (RB) and increased stool fre-
quency (SF). Moreover, the absence of RB but
was not connected to a complete SF normaliza-
tion: across different definitions of mucosal heal-
ing (MCSe =< 1; 0; or 0 plus inactive histology), a
larger quantity of patients reported increased SF
(39%, 25%, and 27%, respectively) compared
with RB (24%, 13%, and 10%). Furthermore,
achieving histological remission did not lead to an
improvement in symptomatic relief: these findings
suggest a possible role of noninflammatory
changes on bowel frequency. For example, bowel
damage may contribute to SF levels during UC
course.>”

Given these inconsistencies, the idea of compos-
ite outcomes becomes intriguing. Composite
outcomes involve assessing multiple features
simultaneously to gain a more comprehensive
understanding of the patient’s condition.
However, this approach assumes that each com-
ponent contributes equally to the overall patient
outcome, which may not always be the case.38

The concept of disease clearance has been
suggested as a potential target in UC. Disease
clearance is a composite outcome including
simultaneous clinical, endoscopic, and HR of dis-
ease.?® A multicenter retrospective cohort study
on 494 patients with UC published in 2022
showed how patients with disease clearance at
baseline were associated with significant lower
rates of UC-related hospitalization (5.5% vs
23.1%; p<<0.001) and surgeries (1.8% vs 10.9%;
p»=0.003), compared with the control group dur-
ing a median follow-up of 24 months.3°

The added value of disease clearance over histol-
ogy or clinical features or endoscopy taken alone
in long-term disease outcomes is still unknown,
and disease clearance definition may evolve in the
future depending on the results of upcoming
studies and their data.38

Many aspects may ease the composite outcomes
evaluation: FC has already been approved as an
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intermediate target while the noninvasive marker
of intestinal ultrasound (IUS) may become a pos-
sible future target. IUS is a patient-friendly, non-
invasive, feasible, accurate, and cheap tool to
manage patients with UC in clinical practice.0 Its
ability to be performed as a point-of-care ultra-
sound may drastically change the frequency of
treatment response assessment, speeding the clin-
ical decision-making process. IUS is gradually
getting recognized as a useful and reliable tool to
assess UC activity.41-43

IUS can evaluate colonic wall thickening (CWT),
the preserved echo-stratification (which is missed
in the severe forms), and the increased Doppler
signal in the thickened bowel wall as a sign of
active inflammation. A prospective study by
Allocca et al. compared the accuracy of IUS and
colonoscopy. The research prospectively evalu-
ated patients with UC by comparing endoscopic
results with IUS-based criteria, including CWT,
colonic wall flow (CWF) at power Doppler,
colonic wall pattern, and the presence of lymph
nodes. The two IUS-based criteria developed in
this study, now termed the Milan ultrasound cri-
teria (MUCQC), are defined as the coexistence of a
CWF and CWT>3mm and the absence of a
CWF with CWT >4.43 mm: these criteria dem-
onstrated high level of accuracy in detecting dis-
ease activity with a sensitivity and specificity of
0.71 and 1, respectively. The IUS evaluation cor-
related with the disease’s endoscopic activity
according to the Mayo score. These findings
highlight the potential of using this assessment
modality as a target for UC monitoring.**

A single-center, prospective observational study
by Allocca et al. evaluated MUC predictive value
for biologic treatment response, using endoscopy
as a reference standard in 49 patients with UC
starting biologic therapy. The analysis demon-
strated that IUS and MUC are highly effective in
assessing treatment response already at week 12
and in predicting endoscopic remission at reas-
sessment. It was outlined how patients who fail to
achieve a MUC of <6.2 at 12weeks have a high
likelihood of not achieving endoscopic remission
at reassessment. MUC is accurate in monitoring
treatment response and may be used in both clini-
cal trials and routine practice to perform tight
monitoring, given its feasibility.45

Furthermore, addressing critical clinical symp-
toms can enhance the definition of clinical

remission and strengthen the T2T strategy. For
example, the critical aspect of bowel urgency
(BU), which is the sudden or immediate need
for a bowel movement, is one of the most com-
mon and disruptive symptoms in patients with
UC. It has a strong negative impact on HRQoL
and psycho-social functioning. BU is one of the
top reasons for treatment dissatisfaction, and it
is one of the symptoms that patients most want
improved.#® Unfortunately, current UC man-
agement strategies often overlook BU, as it is not
routinely included as an endpoint in clinical tri-
als. However, growing evidence suggests BU
correlates with disease activity, HRQoL, psy-
chological impact, clinical outcomes, and bio-
markers in UC.%7

In addition to addressing clinical symptoms, the
evolving landscape of treatment targets in UC is
characterized by the discovery of new pathophysi-
ological and etiopathogenetic targets within the
realm of molecular and genetic aspects. New
technologies are expanding our understanding of
the intricate molecular and genetic mechanisms
underlying UC, rendering this knowledge poten-
tially capable to offer promising opportunities for
more precise and effective management of UC.
Indeed, achieving deeper remission in UC may be
feasible by targeting specific molecular mecha-
nisms implicated in the inflammatory processes
underlying the disease.?® New therapeutic mole-
cules should target elements to restore immune
dysregulation by the inhibition of proinflamma-
tory cytokines and the implementation of anti-
inflammatory  cytokines effect. = Moreover,
pursuing new anti-inflammatory targets, such as
regulatory T-cell therapy, Smad7 antisense,
Janus-activated kinase inhibition, Toll-like recep-
tor stimulation, leukocyte adhesion, and blockade
of T-cell homing via integrins and mucosal
addressin cellular adhesion molecule-1, could be
turning point.48

A study by Fenton et al. compared biopsy molec-
ular findings from the population of patients with
UC in disease remission phase with active UC
and control patients by applying the next-genera-
tion technology of whole-transcriptome RNA-
Seq. The analysis revealed specific transcriptional
signatures for UC remission with an increased
expression of genes involved in O-glycosylation,
ephrin-mediated repulsion of cells, GAP junction
trafficking, and decreased expression of several
toll-like receptors.%?
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The need to look for molecular targets to achieve
molecular remission of disease is central since
potential molecular targets could stimulate
mucosal healing and restore the proper mucosal
barrier functions. However, the clinical value of
most of the known new molecules is unclear or
not fully known thereby their potential in clinical
practice is yet to be defined. More data and stud-
ies of novel therapeutic approaches that could
lead to molecular healing as a possible future tar-
get are needed.38:48:49

Advanced therapy

TNFa-inhibitors

TNFa inhibitors (TNFi) are a class of biologic
agents that target the pro-inflammatory cytokine
TNFa. In the management of UC, TNFi agents
such as Infliximab (IFX), Adalimumab, and
Golimumab (GLM) play a crucial role. One of
the significant advantages of this class of biolog-
ics is the availability of biosimilars, which have
revolutionized IBD management by improving
patient access to highly effective treatments ear-
lier in the disease course while reducing costs.
Biosimilars enable gastroenterologists to pro-
vide high-quality, high-value care to more
patients.30:51

Given their immunosuppressive activity based
on their mechanism of action, during the first
decade of their use, concerns for TNFi safety
arose since they have been associated with an
increased risk of opportunistic infections,>?
including common and uncommon bacterial
infections, especially involving the upper and
lower respiratory tracts, skin, urinary, and
Gastrointestinal (GI) tract.5* Moreover, nonmy-
cobacterial intracellular infections, like listeriosis
and legionnaires’ disease®® and mycobacterial
infections (in particular latent tuberculosis reac-
tivation>?), viral and fungal infections, have been
reported.’® Nonetheless, over the last decade
millions of patients with immune-mediated
inflammatory diseases (IMID) have been safely
treated: accumulating real-world data on treated
patients with various background conditions fur-
ther established TNFi’s excellent safety profile.
Certainly, knowledge of concomitant risk fac-
tors, mechanism of infectious risk, and available
treatment options has been pivotal in improving
patient care in the clinical setting and guiding
the best therapy selection.??

Patient’s age is a key aspect to consider when
evaluating the safety of TNFi. An increasing
number of elderly IBD patients receive TNFi
treatment, and retrospective studies report higher
TNFi discontinuation rates®® and an increased
infection risk in IBD patients older than 60
years.’® One explanation might be the overall
increased infection risk in elderly patients.
Because of these risks, there has been a hesitance
to initiate biologics with lower utilization of these
novel therapies in geriatric patients.®®© However,
there is a paucity of real-world data on the safety
of TNFi agents in elderly IBD patients, and more
research on the matter is needed.

Furthermore, safety assessments have shown that
TNFi monotherapy does not increase the overall
risk of cancer in patients with IBD. While the
combination therapy with TNFi and thiopurines
or methotrexate does not seem to elevate the risk
of solid organ, vigilance for skin cancer and lym-
phoma is advised. The ECCO guidelines recom-
mend skin cancer surveillance and sun protection
for treated patients, after assessing individual
risks. However, no additional screening is recom-
mended.*® Combination therapy should be
avoided in older patients or those with increased
risk for lymphoma.!

In the context of cancer diagnosis among indi-
viduals with IBD, a collaborative approach involv-
ing gastroenterologists and oncologists is essential.
This approach ensures a balanced management
of the disease while addressing the potential risk
of cancer recurrence. TNFi emerge as a viable
treatment option for individuals with IBD and
current or prior cancer. However, the available
data regarding specific cancer types and the opti-
mal timing of TNFi therapy are still lacking.
Therefore, decisions regarding TNFi utilization
should be made on a case-by-case basis within a
multidisciplinary framework, incorporating con-
siderations such as recent IBD activity and alter-
native treatment possibilities.®? While numerous
studies suggest no heightened risk of new cancer
development or cancer recurrence, TNFi therapy
alone or in combination with immunomodulators
may be viable therapeutic avenues. These deci-
sions should be informed by individual patient
history and unique characteristics, allowing for a
personalized and effective treatment approach.®3

TNFi play a crucial role in various clinical sce-
narios, including pregnancy, perianal disease, and
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treatment of associated conditions like EIMs.
Regarding their role in pregnant women with
IBD, existing data indicate their use is low-risk
during pregnancy. Studies have not shown asso-
ciations with adverse pregnancy outcomes such as
spontaneous abortions, preterm birth, terato-
genicity, congenital abnormalities, low birth
weight, or infant infections in the first year of
life.4 The prospective registry study PIANO
demonstrated that TNFi use, whether as mono-
therapy or in combination with thiopurines, did
not impact adverse pregnancy outcomes in
patients with IBD.% Accordingly, the ECCO
guidelines on sexuality, fertility, pregnancy, and
lactation allow discontinuing TNFi at the end of
the second trimester to women in remission. On
the other hand, the guidelines recommend con-
tinuing TNFi therapy throughout pregnancy for
women with active disease just before or during
pregnancy, or for those with disease that is diffi-
cult to control. The last TNFi dose in the third
trimester should be timed based on the presumed
due date to reduce fetal exposure. Subsequently,
it is advisable to administer TNFi shortly after
delivery.66

Indeed, considerations regarding TNFi use
extend beyond pregnancy and encompass their
efficacy in addressing EIMs in patients with
UC, which can significantly impact the disease
burden. TNFi have demonstrated efficacy in
treating various EIMs, including erythema
nodosum (EN), pyoderma gangrenosum (PGQG),
oral and ocular manifestations such as mouth
lesions, periodontitis, episcleritis, scleritis, uvei-
tis, and musculoskeletal manifestations like
arthritis.%”

Beyond their role in specific settings, a signifi-
cant topic in the world of TNFi is the possibility
to enhance their effectiveness through optimiza-
tion or by combining them with other drugs.
Optimization is crucial for maximizing TNFi
efficacy. For instance, administering adali-
mumab at an optimized dosage from the begin-
ning in UC, such as weekly rather than every
other week, has shown a higher clinical response
on the long term. This optimized dosing regi-
men has demonstrated over a 10% absolute dif-
ference in clinical remission compared to the
standard dosage, as evidenced in studies by
Panes et al. Importantly, a higher maintenance
dosing regimen of adalimumab has not shown
additional safety risks.%8

As previously mentioned, in IBD management,
TNFi may be provided in combination with
other pharmaceuticals like immunosuppressor,
given the capacity of combination therapy to be
more effective than monotherapy in inducing
and maintaining remission.®® For example, a
study by Armuzzi et al. in 2014 demonstrated
that combining TNFi with azathioprine increased
the likelihood of achieving and prolonging ster-
oid-free response.”’? Similarly, a systematic review
with meta-analysis by Christophorou et al.
compared combined TNFi-immunosuppressant
therapy with TNFi alone for active UC, involv-
ing 765 patients across 4 trials. The analysis
concluded that combination therapy with
TNFi and immunosuppressants was more
effective than TNFi alone for achieving and
maintaining clinical remission at 4-6 months
in patients with moderate-to-severe UC with
an OR 0.50, 95% CI [0.34-0.73], p<<0.01
(P-heterogeneity =0.49).71 Furthermore, con-
comitant immunosuppressant therapy decreases
the formation of antibodies to TNFi in patients
receiving TNFi, potentially increasing drug effi-
cacy.”-73 This is particularly relevant when con-
sidering combination therapy of TNFi with
immunosuppressors such as thiopurines and
methotrexate. A notable example of this can be
found in the post hoc analysis of the SONIC trial
by Colombel et al. Among patients with Crohn’s
disease (CD) and comparable TNFi serum lev-
els, combination therapy appeared to improve
efficacy by enhancing the pharmacokinetic fea-
tures of IFX. Notably, anti-drug antibodies
(ADAs) were detected exclusively in the lowest
quartile of serum concentrations of IFX, with
35.9% of patients receiving monotherapy and
only 8.3% of patients receiving combination
therapy testing positive.’4

An exciting development in the TNFi agent fam-
ily is the introduction of the subcutaneous (SC)
formulation of IFX, offering a promising alterna-
tive. CT-P13, the novel therapeutic agent in this
form, received EMA approval for IBD treatment
in 2020.75-77

SC CT-P13 is part of the newly developed biobet-
ters which were officially defined in a virtual
international consensus meeting with 16 physi-
cians around the world with expertise in the field
of IMIDs. A biobetter is a modified version of a
specific approved biologic that can enhance drug
pharmacology and clinical outcomes, leading to a
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better efficacy and specific pharmacokinetics or
pharmacodynamics improvements.’8

The most relevant biological advantage of SC
IFX could be the stability of drug levels. Since IV
administration is characterized by a strong differ-
ence between peak and trough concentrations,
the SC route of administration may reduce the
risk of immunogenicity, thereby enhancing a
greater treatment persistence.”?

A retrospective, multicenter cohort study from
2022 assessed the effectiveness of an elective
switching program to SC formulation of IFX
(CT-P13) in 181 patients (36.5% of which had
UCQC) treated with IV IFX. Patients who switched
to SC CT-P13 had high treatment persistence
rates and low immunogenicity rates. No changes
in clinical disease activity were seen. Serum IFX
levels increased from the baseline at 3 months
but stayed stable at 6 and 12 months.80 We still
have no available data concerning the optimal
timing for SC IFX switching; however, like out-
lined in the observational study by Remy et al.,8!
the switching should be carried out in those
patients with IBD who have already reached
clinical remission with the IV treatment.

A comprehensive review of pivotal clinical trials
and real-word evidence by Smith et al.82
focused on the potential benefits of SC IFX;
the overview showed that switching from IV
IFX to the SC IFX is well tolerated in IBD
patients with maintained effectiveness and high
patients’ acceptance and satisfaction. Positive
outcomes have been shown even in those
patients previously treated with intensified IV
IFX doses and with more difficult-to-treat UC.
Even the immunogenicity effect, which is one
of the main disadvantages of IV IFX, seems to
be lower with the SC route: in a study by Yoo
et al.,83 a lower rate of anti-IFX antibodies was
found in patients receiving SC IFX following
two IV induction doses in contrast to their
counterparts who continued to receive IV ther-
apy: in the 92 patients cohort, ADAs were
detected in 64.0% of the IV group compared to
the 18.1% of SC group (»<<0.0001). This
effect may contribute to lead patience to a
higher therapy persistence with the SC route.
These findings corroborate the possibility of
providing IFX in combination therapy as part
of dual-targeted therapy (DTT).82

Moreover, SC IFX monotherapy may provide a
relevant benefit in TNFi-naive patients with
active UC with comparable clinical efficacy,
pharmacokinetics, and immunogenicity to com-
bination therapy with immunosuppressants. The
post hoc analysis by D’Haens et al. of a pivotal
randomized CT-P13 SC 1.6 trial compared SC
IFX monotherapy with IV IFX combination
therapy with immunosuppressant. In this cohort
of biologic-naive active IBD patients pharmacoki-
netics, efficacy and immunogenicity were compa-
rable between SC IFX monotherapy and
combination therapy: at W54, there were no sig-
nificant differences in the proportions of patients
achieving target exposure (5ug/mL; 96.6% mon-
otherapy vs 95.8% combotherapy; p>0.999) or
meeting biomarker outcomes including clinical
remission (62.9% vs 74.1%; p=0.418). Moreover,
monotherapy and combination therapy groups
had comparable immunogenicity.84

Overall, TNFi remain a cornerstone in the man-
agement of UC, offering effective treatment
options across various clinical scenarios and pro-
viding opportunities for optimization and combi-
nation therapy to improve patient outcomes.

Anti-04P7 integrin biologic agents

Vedolizumab (VDZ) is a fully humanized mono-
clonal antibody approved for treating moderate-
to-severe active UC in adults who have not
responded adequately to conventional therapy or
TNFi.85

In cases of nonresponse to biologics, dose opti-
mization of VDZ may be necessary and may be
performed as VDZ re-induction or as mainte-
nance dosing escalation. Induction may be
repeated as an additional dose at week 10 for
patients with inadequate response after initial
doses. Furthermore, studies have shown that
dose escalation of VDZ during maintenance
treatment can lead to favorable clinical response
rates in nonresponders or those experiencing sec-
ondary loss of response (LOR).8% Dose escalation
is more indicated in patients with severe disease
and in those with prior TNFi experience. A ret-
rospective study by Perry et al. showed how VDZ
dose escalation to Q4 week benefited UC
patients who had partial response to standard
Q8 week dosing: in the 90 reviewed patients,
prior TNFi exposure predicted dose escalation
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requirement (p=0.008). Moreover, patients
requiring dose escalation had more severe dis-
ease at baseline as measured by both full Mayo
(p=0.009) and partial Mayo scores (p=0.01).87

Alongside optimization, early assessment of clin-
ical response is crucial for managing primary
nonresponsiveness and improving long-term
therapeutic outcomes.8 Nassar et al.?9 proposed
a management pathway for VDZ therapy, involv-
ing clinical assessment and therapeutic drug
monitoring (TDM). However, TDM role in UC
management requires more research as current
guidelines do not recommend its routine use.%°

Real-world evidence indicates that VDZ may
provide better outcomes compared to IFX and
adalimumab when used as a first-line biological
therapy for moderate-to-severe UC, especially in
terms of treatment efficacy duration and therapy
persistence.’»%2 In the PANIC study by
Pudipeddi et al., which involved 420 subjects
with moderate-to-severe UC, VDZ demon-
strated significantly longer persistence than first-
line IFX (>50.2 vs 22.2months), and first-line
VDZ persistence was also notably longer than
second-line IFX (>50.2 vs 32.0months).
However, there was no significant difference in
persistence between first-line and second-line
IFX.91 Additionally, in a retrospective real-life
study by Sablich et al.,°2 VDZ outperformed
IFX as a first-line therapy in biologic-naive UC
patients across various endpoints, including
achieving clinical remission, maintaining ther-
apy, responding to induction treatment, achiev-
ing steroid-free remission, and minimizing the
need for therapy optimization.®!

In the realm of IBD, there is a growing recognition
of the necessity for head-to-head trials to compare
the effectiveness of different treatment options.
This need stems from the complexity of IBD man-
agement and the diverse array of therapeutic agents
available. Consequently, the VARSITY study by
Peyrin-Biroulet et al. emerged as a landmark
endeavor, conducting the first-ever head-to-head
trial in the field of IBD. Specifically comparing
VDZ and adalimumab, VARSITY sought to pro-
vide comprehensive insights into the comparative
efficacy of these two agents in treating UC. The
study yielded compelling results, demonstrating
superior clinical remission and endoscopic
improvement alongside with favorable histologic
outcomes with VDZ compared to adalimumab.

Across multiple therapeutic endpoints, including
HR rates, minimal histologic disease activity, and
combined histologic plus endoscopic outcomes in
patients with UC, VDZ consistently showed supe-
riority over adalimumab. These findings suggest
that VDZ could be preferred to adalimumab for
treating moderate-to-severe UC.93

Another noteworthy aspect regarding VDZ is its
role in managing chronic pouchitis, as it has
emerged as a significant treatment option for this
condition, representing a notable advancement in
therapeutic strategies. Notably, it is the first drug
proven to be effective in pouchitis and is specifi-
cally indicated for managing chronic pouchitis
refractory to antibiotics. A phase IV, double-
blind, randomized trial conducted in adult
patients with chronic pouchitis following restora-
tive proctocolectomy with ileal pouch-anal anas-
tomosis for UC demonstrated the superiority of
VDZ over placebo in inducing remission. These
findings highlight the potential of VDZ as a valu-
able tool in these affected individuals, offering
them hope for improved outcomes and improve-
ments in HRQoL..%*

Furthermore, one of the key features of VDZ is its
safety: its gut selectivity sets it apart from other
monoclonal antibodies approved for UC, con-
tributing to its favorable benefit—risk profile.%>
Safety data indicate that VDZ has excellent short-
and long-term safety profiles,® making it suitable
for use in various patient populations, including
the elderly and children.®7-98

Regarding pregnant patients instead, animal stud-
ies show no evidence of adverse events (AEs) on
pre or postnatal development after administration
of VDZ.% Few studies including patients treated
with VDZ during pregnancy have been pub-
lished.?%:190 Among them, the CONCEIVE study
from Moens et al. compared pregnancy outcomes
in VDZ-treated IBD patients with women treated
with TNFi therapy or unexposed to immunomod-
ulators or biologic therapy, showing a similar num-
ber of miscarriages in all groups. No difference in
miscarriage rates between VDZ and TNFi (16%
vs 13%, p=0.567) nor between VDZ and unex-
posed IBD groups (16% vs 10%, p=0.216) was
found, and no increased risk of major congenital
abnormalities was associated to VDZ use.!10!

Moreover, VDZ has been shown to be associated
with a lower risk of serious infections compared

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

F Fanizzi, M Allocca et al.

to TNFi agents in UC treatment,!92 and a meta-
analysis by Lasa et al.l93 including 29 studies
comprising 10,061 UC patients found VDZ as
the best-performing agent for safety outcomes
among biologics and small molecule drugs
(SMDs) available for treatment. However, there
have been some reports about adverse kidney
events in patients treated with VDZ. A systematic
review by Forss et al. suggests that VDZ could
rarely cause acute interstitial nephritis (AIN) in
patients with IBD. Thereby, awareness of labora-
tory findings and symptoms consistent with AIN
in VDZ-treated IBD patients, along with moni-
toring of the kidney function, should be
warranted. 0!

Similar to TNFi, VDZ can also be delivered via
SC administration: in 2023, Hu et al. conducted
a systemic review meta-analysis examining the
efficacy and safety of SC VDZ formulations for
maintenance therapy in IBD. The analysis, based
on 60 studies and 2 clinical registries, revealed
that SC VDZ treatment maintained the efficacy
achieved with IV induction therapy in patients
with IBD, particularly those with UC. Notably,
clinical, endoscopic, and biochemical remission
rates in patients with UC treated with SC VDZ
were comparable to those treated with IV formu-
lations. However, concerns regarding immuno-
genicity were raised, as UC patients exhibited
lower serum anti-VDZ antibody levels compared
to placebo, unlike those with CD, where the
opposite was observed. This result can be associ-
ated with the differences in remission rates
between the subgroups of patients: lower immu-
nogenicity and higher clinical remission rates
were seen in patients with UC, whereas CD
patients faced the opposite. This discrepancy in
immunogenicity and remission rates between UC
and CD patients underscores the importance of
considering individual patient factors in treat-
ment decisions. These findings highlight the need
for personalized treatment approaches in IBD
management.104

IL-12-23 inhibitors

Ustekinumab (UST), an IgG1 monoclonal anti-
body targeting the p40 subunit of IL.-12 and
IL.-23, has evolved from its initial approval for
psoriasis and psoriatic arthritis to become a valu-
able therapeutic option for CD and, more
recently, UC.105-108 \What sets UST apart is its
rapid efficacy, coupled with the convenience of

fewer doses required for both induction and
maintenance phases. The approved maintenance
dosage of 90mg administered every 8weeks
underscores its user-friendly dosing regimen.1%®

Despite its effectiveness, a subset of patients
with IBD may experience a secondary LOR to
UST maintenance therapy. In such cases, a re-
induction strategy has shown promise in restoring
response, as demonstrated by the POWER study.
Notably, patients receiving IV re-induction exhib-
ited clinically meaningful improvements (CMI)
at week 16, particularly in objective endpoints
such as inflammatory biomarkers and endoscopic
outcomes. At week 16, 49.1% in the IV arm
achieved clinical remission compared to 37.4% in
the SC maintenance arm (p=0.089).110

Moreover, UST offers another advantage in its
potential for dose escalation, with minimal risks
of AEs. Real-world studies, such as the one con-
ducted by Dalal et al.,!!! have yielded promising
results, showing significant response and remis-
sion rates following UST dose intensification, all
without an uptick in AEs. Additionally, a multi-
center study led by Fumery et al. delved into the
effectiveness and safety of UST dose escalation
among a subset of patients with CD experiencing
LOR or incomplete response under the 90-mg
every 8weeks therapy regimen. This study
revealed that treatment intensification with UST
90mg every 4weeks proved successful in recap-
turing response and inducing clinical remission in
two-thirds of the subjects under scrutiny.!1?
These collective findings suggest that UST could
be a viable option not only in routine clinical
practice for CD but also for UC patients encoun-
tering LOR or suboptimal response. However,
despite these promising results, further research,
especially blinded prospective RCTs, is impera-
tive to delineate the optimal timing and safety
profile of UST dose intensification.11,112

In the decision-making process for UST dosing,
the T2T strategy may offer valuable guidance.
The STARDUST trial in 500 patients with CD
treated with UST demonstrated favorable out-
comes, with a numerically higher proportion of
patients achieving endoscopic response after
48weeks of maintenance in the T2T arm com-
pared to the standard of care group (SoC) (37.7%
vs 29.9% (p=0.0933)). Moreover, higher rates of
clinical response (77.8% vs 68.2%) and higher
chance of clinical remission, improvement of
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=50% in FC and CRP levels were seen in the
T2T group compared to the SoC arms. This
approach, involving endoscopic assessment to
guide dose escalation, may hold promise for opti-
mizing UST dosing decisions in both CD and
UC‘113

Positioning UST in the UC therapeutic algorithm
presents challenges, necessitating further trials to
elucidate its optimal placement.!'* UST may
serve as a first-line biologic agent after conven-
tional therapy failure or as an alternative for
patients unresponsive to TNFi and/or VDZ.
However, there are few guidelines for positioning
drugs in the therapeutic algorithm of moderate-
to-severe UC: in a network meta-analysis by
Singh et al.,!’> UST and tofacitinib resulted as
the most effective agents with previous failure to
TNFi agents for induction of clinical or endo-
scopic remission.

In addition to its efficacy, UST boasts a favorable
safety profile, as confirmed by a review from
Vieujean et al.l'* combining data emerging from
different RCTs.11¢ Studies have shown no
increased risk of malignancies with UST therapy,
even in patients with a history of malignancy.!17-118
This safety profile, combined with its ease of
administration, positions UST as a viable treat-
ment option in sensitive populations, such as
pregnant women, pediatric patients, and the
elderly.114

Studies on UST and its potential risks of adverse
pregnancy outcomes consistently demonstrate a
favorable safety profile in pregnant women.11%120
Thus, like other biologic agents, the continued
use of UST during pregnancy is supported by
current safety data. A retrospective cohort study,
which included 73 pregnancies in patients receiv-
ing various biologic agents including UST, did
not reveal any negative signals on maternal or
neonatal outcomes.!2! Therefore, UST is deemed
a feasible option during pregnancy flares, as indi-
cated by current ECCO guidelines. However,
individualized decisions regarding treatment con-
tinuation should consider the risk of relapse and
limited data on fetal exposure consequences.
Moreover, aspects like prior disease history,
patient preferences, the limited evidence and fol-
low-up on the child’s outcomes, the half-life of
these agents, and their lower immunogenicity
need to be taken into account. Data on the effects
of stopping or continuing UST during pregnancy

are limited by brief follow-up time and small sam-
ple size. Therefore, careful judgment is required
before discontinuation.%®

UST is considered safe not only during pregnancy
but also in specific settings such as the elderly and
children. The safety profile in the elderly popula-
tion was demonstrated in a multicentric retro-
spective study by Holvoet et al., which assessed
the efficacy and safety of UST in a real-life popu-
lation of 911 IBD patients. The study revealed
that age does not impact the clinical effectiveness
of UST. However, it’s worth noting that the
group of patients with prior TNFi use was signifi-
cantly associated with a lower likelihood of
achieving remission, indicating a more challeng-
ing-to-treat population.!?2

Furthermore, UST has shown efficacy and safety
in pediatric UC patients refractory to other bio-
logics, highlighting its potential in this popula-
tion. Real-life experiences have demonstrated
UST’s safety and efficacy in pediatric patients
resistant to TNFi therapy. A multicenter pro-
spective study by Dhaliwal et al. monitored effi-
cacy and serum concentrations of UST
administered to 25 children with UC refractory
to other biologics. In total, 44% of the UST-
treated patients achieved the primary endpoint
of steroid-free remission at week 52 (p=0.008).
Seven of 11 remitters met the criteria for endo-
scopic improvement, defined as MES <1. No
AEs were associated with the therapy.!?3
Additionally, a French retrospective and multi-
central study by Koudsi et al.!24 involving more
than 50 IBD from 9 university hospitals of the
“pediatric GETAID?” consortium proved UST is
a safe and efficient therapy strategy for TNFi-
resistant pediatric patients.

Among other advantages, UST has an easy way of
administration (1 injection every 8—12 weeks) and
low immunogenicity, given the low rate of neu-
tralizing antibodies.!!* Moreover, its effect on
EIMs has been proven, especially concerning der-
matological and rheumatological manifesta-
tions.!?> A systematic review by Guillo et al.
outlined how UST should be considered in
patients suffering from psoriasis, PG, and EN and
in patients with articular manifestations like
arthralgia and psoriatic arthritis. Conversely, this
biologic agent is disappointing in the case of axial
spondyloarthritis, and it should be avoided in this
setting. Further and larger prospective and
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controlled studies are warranted to confirm the
effectiveness of UST in the field of EIMs, but the
available data on the matter are promising.!2°
UST may also be a therapeutic option in patients
with chronic pouchitis (one of the most common
long-term complications of total proctocolectomy
and ileal pouch-anal anastomosis) refractory to
other therapies.127

Over the last decade, research has been focused
on developing highly selective drugs, given the
need for more effective and safer drugs. In this
regard, a new biologic agent for UC treatment is
represented by mirikizumab (MIRI), a human-
ized IgG4-variant monoclonal antibody that spe-
cifically binds to subunit pl19 of IL-23. It was
approved in Europe to treat moderate-to-severe
active UC when conventional therapy or biologi-
cal treatments fail or cause unacceptable side
effects.128-131

During induction therapy, MIRI 300mg is
administered as an IV infusion, every 4 weeks for
3 doses. If the response is inadequate at 12 weeks,
3 additional IV doses every 4 weeks can be admin-
istered. This extended induction has been proved
as effective in a study by Rubin et al. involving
272 patients: among patients who were clinical
nonresponders to induction at week 12, more
than 50% achieved clinical response after 3 addi-
tional induction doses with MIRI at weeks 12, 16,
and 20. A proportion of patients benefited earlier
from extended induction at week 16 and week 20,
respectively, regarding symptomatic response and
remission, and BU outcomes.132

If a therapeutic response is seen, maintenance ther-
apy with SC MIRI 200 mg every 4weeks should be
started. If the therapeutic response is lost during
the SC maintenance dosing, reinduction may be
advised: MIRI 300mg can be administered as an
IV infusion, every 4 weeks for 3 doses.!30

In a large-scale gene expression study by Steere
et al., molecular evidence for mucosal healing in
patients with UC treated with anti-IL23p19 ther-
apy has been provided. The study has shown evi-
dence of a distinct pattern of transcriptional
changes after only 12weeks of MIRI treatment in
an RCT. These transcriptional changes correlate
with disease activity and demonstrate a profile of
attenuation of disease. The changes mediated by
MIRI include transcripts that are enriched in
TNFR mucosa, suggesting an opportunity to

intervene in this pathway with this drug in patients
where anti-tumor necrosis factor (TNF)a has
failed.133

MIRI studies have been the first one to analyze
drug efficacy in reduction of BU and its association
with other endpoints. A study population of 1162
patients from 2 phase III trials was randomized 3:1
to IV 300mg MIRI or placebo every 4weeks for
12weeks. Later, 544 MIRI responders during
induction were re-randomized 2:1 to SC MIRI
200mg or placebo every 4weeks for 40weeks. A
greater proportion of MIRI patients achieved CMI
in BU compared to the placebo groups at weeks 12
(48.7% vs 32.2%, p<0.001) and 52 (65.2% vs
41.9%, p<<0.001). BU improvement was also
associated with better clinical outcomes than in
patients without improvement during induction
and maintenance: endpoints for clinical, corticos-
teroid-free, endoscopic, and symptomatic remis-
sion were met as well as clinical response,
normalized FC and CRP, and improved quality of
life.4” This aspect is extremely relevant since BU
represents a burden on UC patients’ life. Thereby
its evaluation may be implemented in the future to
better meet patient’s needs and better manage
therapeutic strategies.

Overall, anti-IL-12 and 23 biologic agents repre-
sent a versatile therapeutic option for UC, offer-
ing rapid efficacy, convenient dosing, and a
favorable safety profile across various patient
populations. Continued research is needed to fur-
ther refine its dosing strategies and optimize its
use in clinical practice.

JAK-inhibitors

The JAK-STAT signaling pathway has been
studied extensively and has led to the exploration
of the use of Janus kinase inhibitors (JAKi) in
IBD. Blocking JAK-mediated inflammatory path-
ways can change the innate and adaptive immune
responses involved in IBD, thereby reducing
chronic gastrointestinal inflammation.!3* JAKi
are small molecules with short half-life, intracel-
lular targeting mode of action, nonantigenicity,
and oral administration. These agents offer mul-
tiple advantages when compared with biologic
agents since they have predictable pharmacoki-
netics and an extremely rapid onset of action.!3>

The speed of onset of tofacitinib in UC has been
investigated in a post hoc analysis of OCTAVE 1
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and 2, which demonstrated a reduction in SF and
RB as early as 3days after starting therapy.!3°
Furthermore, studies showed that the sympto-
matic relief from UC symptoms was evident as
early as 1-3 days after starting treatment with upa-
dacitinib (UPA).137 Owing to the potential of
these drugs to deliver rapid control of disease
activity, JAKi may be used in hospitalized patients
with acute severe UC (ASUC), as described in
case reports and case series.!38 Larger trials are
required to confirm the efficacy and safety of these
molecules in patients admitted with ASUC.13°

Tofacitinib is an oral JAK1 an JAK3 inhibitor
approved by the EMA for the treatment of mod-
erate-to-severe active UC.!%0 Based on the
OCTAVE program results, tofacitinib is approved
for induction of response at a dose of 10 mg bis in
die (BID) for 8 weeks and for maintenance at a
dose of 5mg BID.141-143

To raise the bar in UC management and improve
the performance of JAKi, one potential strategy
could be extending their induction period: data
from UC clinical programs and real-world evi-
dence support extending tofacitinib’s induction
therapy by an additional 8 weeks for patients who
do not respond initially.'#* The OCTAVE open
analysis by Sandborn et al. showed that nearly
half of the non-responders achieved a clinical
response after the additional 8 weeks of 10 BID
tofacitinib therapy.

Moreover, flexible tofacitinib maintenance dos-
ing therapy may confer advantages in terms of
safety, efficacy, costs, and patient preference:
strategies of tofacitinib de-escalation and escala-
tion have been assessed in their efficacy and
safety. For maintenance therapy, a dose of 10mg
BID is permitted for patients experiencing LOR
on 5mg BID maintenance therapy. Furthermore,
in an analysis conducted by Sands et al.'45 dose
escalation to 10 mg has been shown to be effective
for patients who lose response after reducing the
dose from 10 to 5mg.

The treating physician should always keep in
mind that tofacitinib labels state that the lowest
dose required to maintain response and effec-
tive in doing so should be the one to use.
Treatment decisions should be based on indi-
vidual patient circumstances, considering dose-
related AEs and the risk of undertreating active
disease.146

Another JAK inhibitor (JAKi) approved for UC
treatment in Europe is filgotinib,!4” administered
once daily (QD) at a dosage of 200mg. Real-
world studies have demonstrated its effectiveness
and low risk, with a low incidence of severe
adverse events (SAEs) leading to drug discontin-
uation.148:149 The first real-world retrospective,
observational, cohort study on its clinical use
showed a clinical and biochemical remission at
weeks 12 and 24 with percentages higher than
75% of the 91 enrolled patients. Overall, the
study’s first findings published in December 2023
show filgotinib’s effectiveness and low risk of AEs
and SAEs.!5°

While preclinical studies raised concerns about
filgotinib’s reproductive safety,!>! subsequent
clinical trials found no measurable impact on
semen parameters or sex hormones. Two rand-
omized, double-blind, placebo-controlled, phase
II studies, MANTA and MANTARAYy evaluated
the impact of QD filgotinib 200 mg for 13 weeks
on semen parameters in men with active IBD or
inflammatory rheumatic diseases and proved that
the drug has no measurable impact on semen
parameters or sex hormones. Across both studies,
248 patients were randomized to filgotinib 200 mg
or placebo. Numerically similar proportions of
filgotinib-treated compared to placebo-treated
patients met the primary endpoint of more than
50% decrease from baseline in sperm concentra-
tion at week 13 (8/120 (6.7%) vs 10/120 (8.3%)),
A—=1.7% (95% CI —9.3% to 5.8%)). No clinically
relevant changes from baseline to week 13 were
found in semen parameters or sex hormones.!52

UPA, a selective JAKi engineered to preferen-
tially inhibit JAK1, has also been approved for
UC treatment based on studies showing higher
rates of clinical remission compared to placebo.
Two double-blind, randomized induction trials of
patients with moderate-to-severe UC and an
inadequate response, LOR or intolerance to con-
ventional or biologic therapy, showed how 8-week
induction therapy with QD 45mg UPA led to a
significantly higher proportion of patients achiev-
ing the primary endpoint of clinical remission
compared to placebo.!53

Prolonged induction treatment for a total of
16 weeks is possible in those patients who failed to
achieve a clinical response after 8 weeks induction
with UPA 45mg. In an open-label extension by
Vermeire et al.,!>* patients who failed to achieve
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clinical response at week 8 in U-ACHIEVE
induction study were treated with UPA 45 mg for
further 8weeks and the prolonged exposure to
UPA for 16weeks led to clinical response in
48.3% of cases.

Regarding maintenance treatment, both UPA
30mg and 15mg have demonstrated efficacy for
UC management. However, the choice of dosage
should be individualized based on patient-specific
factors and disease severity. A pivotal randomized
phase III trial conducted by Panaccione et al.
assessed the safety and efficacy of 52weeks of
treatment with UPA 15 or 30mg compared to
placebo in patients who achieved clinical response
following induction therapy. Subsequently,
patients were re-randomized in the U-ACHIEVE
maintenance study, receiving either 15mg QD,
30mg QD, or placebo. The primary endpoint of
clinical remission at week 52 was achieved at sig-
nificantly higher rates in patients receiving UPA
30mg QD and UPA 15mg QD compared to pla-
cebo (52%, 42%, and 12%, respectively;
p»<0.001). Notably, patients receiving UPA
30mg exhibited approximately 10% better
response rates across most endpoints compared
to those receiving UPA 15mg.155

The U-ACHIEVE maintenance study results
indicate that UPA 30mg QD provided a higher
maintenance remission rate compared to UPA
15mg QD, particularly in patients with a full
Mayo score >9 as opposed to those with moder-
ately active disease (31.2%-50.4% vs 53.1%—
54.2%, respectively). In conclusion, both 15 and
30mg UPA doses can be considered effective
maintenance regimens for UC. However, the
30-mg dose shows a trend toward greater benefit
compared to 15mg, especially in patients with
extensive disease. Additionally, findings from
Higgins et al.1>® suggest that while UPA 15mg
may be preferable for UC patients with a low
inflammatory burden, the 30-mg dose may be
more appropriate for those with more severe
disease.

According to a Bayesian network meta-analysis
conducted by Panaccione et al., UPA 45mg for
induction therapy and 30mg for maintenance
therapy, when compared with other advanced
therapies, emerged as potentially the most effec-
tive treatment in terms of inducing and maintain-
ing clinical response, remission, and endoscopic
improvement in patients with moderate-to-severe

active UC.157 In a separate study, Lasa et al. con-
ducted a systematic review and network meta-
analysis assessing the efficacy and safety of all
biologics and small molecules currently approved
or in late-stage development for UC treatment.
Their findings indicated that UPA was the most
effective agent for inducing clinical remission.
However, it was also associated with the highest
rate of adverse effects among patients with mod-
erate-to-severe UC.103

The mechanism of action of JAKi, which involves
the inhibition of multiple inflammatory pathways
and consequent immunosuppressant properties,
may increase the risk of infectious events and
malignancies in treated patients. In the ORAL
Surveillance trial, the safety and efficacy of tofaci-
tinib were evaluated in comparison to TNFi in a
cohort of patients with active rheumatoid arthritis
(RA), aged older than 65 years with comorbidi-
ties. The findings of the study brought attention
to elevated risks of major adverse cardiovascular
effects (MACE) and cancers associated with
tofacitinib use. Notably, these risks encompassed
lung cancer, lymphoma, breast cancer, and gas-
tric cancer.!>8 However, in trials for UC, tofaci-
tinib showed a more manageable safety profile
with minor risks compared to other conditions
treated with JAKi.141:143 The Integrated Summary
of Safety Data from the Global Clinical
Programme indicates its safety up to 7.8years.
Across both the tofacitinib 5- and 10-mg BID
groups (totaling 2440.8 patient-years (PY) of
exposure), the incidence rates (IRs; 95% ClIs) for
various AEs were as follows: deaths, 0.25 (0.09—
0.54); serious infections, 1.61 (1.14-2.20);
Herpes Zoster (HZ) (non-serious and serious),
3.16 (2.47-3.97); opportunistic infections, 0.87
(0.54-1.33); MACE, 0.16 (0.04-0.42); malig-
nancies (excluding non-melanoma skin cancer),
1.03 (0.67-1.52); non-melanoma skin cancer,
0.75 (0.45-1.19); deep vein thrombosis, 0.04
(0.00-0.23); pulmonary embolism, 0.21
(0.07-0.48).15°

As demonstrated by the aforementioned study,
the incidence of HZ infection has shown an
increase among patients undergoing treatment
with JAKI. Despite the relatively low risks associ-
ated with UC, where JAKi are often prescribed,
this rise necessitates a closer examination of the
prescribing practices. Moreover, it underscores
the critical importance of implementing preven-
tive measures, such as vaccination against
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HZ.1%0 However, caution must be exercised as
the live attenuated HZ vaccine is contraindi-
cated in JAKi-treated patients due to their
immunosuppressive properties. Instead, the
adjuvanted recombinant HZ subunit vaccine
(Shingrix) emerges as a suitable and recom-
mended alternative.'®! This vaccine is adminis-
tered intramuscularly as two doses 2 months apart
from each other!%2: the first vaccine dose should
be administered before starting tofacitinib
therapy. 161,163

Another potential AE of JAKi treatment is hyper-
lipidemia, although in an analysis of data from
five trials of patients with UC receiving tofacitinib
the increase in lipids with tofacitinib treatment
did not justify a significant increase in cardiovas-
cular events.!®¢ Nevertheless, monitoring lipid
profiles before initiation of therapy and during
treatment is advised, with the consideration of
additional cardiovascular risk factors: if signifi-
cantly abnormal lipid levels or if additional car-
diovascular risk factors are present, cardiac
work-up and consideration of lipid-lowering
agents may be indicated.!6!

Patients with IBD also have an increased risk of
thrombosis, requiring attention when prescribing
therapies. The Pharmacovigilance Risk
Assessment Committee (PRAC) has proposed
measures to address SAEs associated with JAKi
in IMID, recommending careful consideration of
patient characteristics and risk factors before
JAKi administration. The use of these drugs in
elderly patients, cardiovascular patients, active or
former long-term smokers, and the ones with
increased cancer risk should be carried out only
when there are no alternatives. An international
appropriateness study was carried out by Solitano
et al.1%5 to identify gaps and implement PRAC
recommendations, helping physicians to decide if
to administrate JAKi based on the unique charac-
teristics of each patient, with a tailored strategy
that aims to ensure effectiveness. Based on the
ORAL surveillance about tofacitinib risk profile,
the EMA has invited and suggested the assess-
ment before SMDs prescription of cardiovascular
events, cancer and immunological risks, as well as
of the smoking status.106,167

Treatment strategies should be personalized to
ensure effectiveness while minimizing risks.
Flexibility around age cut-offs, screening for risk
factors before selecting therapy and counseling on

modifiable risks, such as overweight, hyperlipi-
demia, hypertension, and smoking cessation, can
guide therapeutic choices. Additionally, the
appropriateness of JAKi in challenging cases
involving difficult-to-treat patients with multiple
failures and EIMs should be considered, with
rapid improvement in symptoms and PROMs
guiding treatment decisions.163

Finally, targeting the inflammatory cascade on
the JAK pathway level is getting ambitious and
relevant. However, more information and obser-
vational data are needed to fully understand
about tolerability, safety, and long-term out-
comes associated with JAKi therapy in UC
management.168

Moreover, the conversation is still open regarding
JAKIi therapy in IBD pregnant patients, given the
paucity of observational data on the matter. For
instance, findings in animals showed how filgo-
tinib may cause fetal harm in pregnancy.®® On the
other hand, newborn outcomes among patients
with maternal exposure to tofacitinib in UC
RCTs, safety databases, postapproval, and non-
interventional studies appear to be similar to
those reported for the general population.
Nonetheless, the very limited amount of data
regarding this topic makes JAKi currently con-
traindicated during pregnancy.16%170

S1P-R modulators

Promising preclinical and clinical studies about
oral Spinghosine-1-phospate-receptor (S1P-R)
modulators indicate that regulation of immune
cells trafficking by inhibiting lymphocyte egres-
sion from the lymphnodes to the bloodstream can
be useful to reduce inflammation in immune-
mediated diseases, including IBD. These small
molecules main advantages are oral administra-
tion route, rapidity, and reliable safety profile.!7!

The S1P pathway was firstly targeted in multiple
sclerosis (MS) management, and four S1P modu-
lators are approved for its treatment. New S1P-R
modulators are being studied not only for MS but
also for other immune-mediated diseases, includ-
ing IBD, RA, SLE, and psoriasis. Ozanimod and
etrasimod are approved by EMA for the induc-
tion and the maintenance of remission in UC
management: ozanimod targets SIP-R 1 and 5
subtypes while etrasimod selectively targets
S1P-R 1 and 4.172
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A systematic review and meta-analysis of RCTs
showed how SI1P receptors modulators are
strongly associated with increased clinical
response during the induction and the mainte-
nance phases in patients with moderate-to-severe
UC, and no difference in safety outcomes with
placebo was seen.!”? Ozanimod was proven to be
effective and well-tolerated in both the induction
and maintenance of UC disease remission.!74

Currently, there are no adequate and well-con-
trolled clinical studies on risks associated with the
use of SIP-R modulators in specific patient popu-
lations like in pregnant women with IBD. Data on
pregnancy outcomes for patients treated with oza-
nimod are limited and lack well-controlled clinical
studies. Animal research suggests that S1P recep-
tor modulators can cause adverse developmental
effects, including embryolethality and fetal mal-
formations. Consequently, prescribing guidelines
for these modulators recommend effective contra-
ception due to potential fetal risks.17>

Data from the ozanimod clinical development
program analyzed by Dubinsky et al.,17% involving
6057 patients (including 1271 with UC), showed
how the rates of spontaneous abortion, preterm
birth, and congenital abnormalities in those
exposed to ozanimod during early pregnancy
were similar to those in the general population.

Further research with larger cohorts is needed to
investigate pregnancy outcomes for patients and
partners treated with ozanimod, as well as those
exposed later in pregnancy, to better understand
ozanimod’s safety profile during pregnancy.
Therefore, given the lack of human data, ozanimod
is presently contraindicated during pregnancy.

Adverse outcomes, such as cardiovascular events
like bradycardia, HZ infections, lymphopenia,
and macular edema, have been noted in the treat-
ment of MS with the nonselective S1P receptor
modulator fingolimod. Consequently, selective
S1P-R modulators like ozanimod and etrasimod
have undergone comprehensive safety analyses.
These studies have shown that these medications
are not associated with an increased risk of AEs
and serious AEs compared to patients receiving a
placebo.147:16%:177 The findings of the True North
open-label extension study by Danese et al. sup-
port these conclusions regarding ozanimod.
Lymphopenia was the most frequently reported
AE in this analysis, with infections occurring in

approximately half of the patients. However, the
rate of serious infections remained low, and the
IR of HZ was 1.7 per 100 PY, with no serious
cases and few leading to treatment discontinua-
tion. Additionally, the occurrence for each of the
AEs of macular edema, bradycardia, and AV
block was equal to 0.2/100 PY.!”® Furthermore,
both preclinical and clinical studies have gener-
ally considered etrasimod to be safe. Across all
trials, the incidence of macular edema, serious
infections, and malignancies was low.1”° In both
ELEVATE UC 52 and ELEVATE UC 12, etrasi-
mod showed a favorable safety profile consistent
with previous studies; most events of bradycardia
in these trials were mild and asymptomatic, with
no serious events of bradycardia or atrioventricu-
lar block reported.172

These findings underscore the significance of vigi-
lant long-term safety monitoring of S1P modula-
tors. Although AEs are infrequent, their occurrence
highlights the necessity for continued surveillance.
AEs may be dose- and exposure-dependent,
necessitating a better understanding of the phar-
macokinetics of these molecules. For example, the
risk of bradycardia has been shown to be largely
mitigated with gradual dose escalation.180

Indeed, it is essential to exercise careful monitor-
ing and to select patients appropriately based on
their comorbidities and their risks. One way to
enhance the management of these pharmaceuti-
cals is by screening patients for potential AEs. In
case of other cardiac-related risk factors, ECG
abnormalities or a drug history for medications
which may cause bradycardia or delay in cardiac
conduction, a cardiologic evaluation may be indi-
cated.!81 Moreover, given the slightly increased
risk of macular edema, an ophthalmological eval-
uation at baseline is recommended in patients at
high risk, like the ones with history of diabetes or
uveitis. 182

A meta-analysis by Solitano et al. published in
2023 reviews most of the published efficacy and
safety studies from induction and maintenance
therapies of both JAKi and S1P-R modulators in
IBD. These SMDs were found to be effective as
induction and maintenance treatments for UC
adult patients, with significant higher clinical
remission rates compared to placebo. Moreover,
the study demonstrated the JAK-I and S1P-R
modulators capacity to guarantee endoscopic
remission in UC!%7 (Table 2).
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Dual therapy

In the era dominated by biologics, a considerable
portion of patients with IBD fail to achieve remis-
sion. Research indicates that most biologics only
achieve clinical remission rates of 30%—40% at
52weeks in IBD cases.!8* An important amount of
patients with IBD is considered tough to be
treated; however, a clear definition of “difficult-
to-treat” IBD does not exist. A global qualitative
survey involving 653 gastroenterologists from all
over the world with the support of the IOIBD was
conducted to record about the features and the
main aspects of the so called difficult-to-treat
IBD. Approximately 96% of participants agreed
that failure to biologics or SMDs can define diffi-
cult-to-treat IBD and 52% supported a cut-off of
failure of 2 or more advanced drugs, while 32%
supported a cut-off of failure of 3 or more of them.
In total, 56% of the involved gastroenterologist
agreed on the fact that immunomodulators failure
should not be considered as an element to define
a difficult-to-treat disease. Moreover, 55% of par-
ticipants considered difficult-to-treat patients the
ones with no response or LOR to advanced agents
with at least two different mechanisms of action.
Disease characteristics, comorbidities, refractori-
ness to medical therapy, treatment nonadherence,
need for surgery, and challenging disease features
like the concomitant presence of primary scleros-
ing cholangitis were considered relevant to define
this group of patients with IBD.185

The criteria for defining “difficult-to-treat”
patients serve as valuable indicators prompting
intensified and specialized care and monitoring,
referral to expert centers, or multidisciplinary
approaches. In this context, early patient stratifi-
cation and proactive therapeutic approaches are
crucial strategies in modern IBD management.
To overcome the limitations of current medica-
tions and break through the “therapeutic ceiling,”
selecting appropriate combination therapies may
prove to be a more practical and effective strategy
in real-world settings.12186

Combination therapies represent novel therapeu-
tic approaches with promising outcomes in terms
of both safety and efficacy for patients with IBD.
The rationale behind these treatments lies in drug
interactions and patient-to-patient variability.
Through either additive or synergistic effects,
combination therapies can offer therapeutic ben-
efits or increase the likelihood of a patient
responding to a specific drug.®®

One such approach is DTT, which involves com-
bining two or more targeted therapies. DTT has
emerged as an appealing option for selected
patients with IBD who have not achieved remis-
sion despite undergoing advanced therapy with
either biologic agents or small molecule mono-
therapy. DTT may be a reasonable choice in
patients with IBD refractory to conventional
strategies or with coexisting EIMs, like the rheu-
matologic ones.187

It is necessary to clarify that, to date, the optimal
combinations to be provided have not yet been
established, even though combining a gut-specific
agent like VDZ or UST, which have a similar
safety profile, with a systemic biologic could be
more reasonable. Naturally, the decision must be
individualized based on the patient’s prior treat-
ment failures, comorbidities, and the severity of
the disease. Although cases and studies suggest
that combining drugs may be efficient and rele-
vant in some patients with UC, the combinations
safety must be taken in account.!88

A systematic review and meta-analysis by Ahmed
etal. from 2022 summarized the results of 30
cohort studies and case series (each evaluating
more than 10 patients) reporting trials of dual
biologic or small molecule therapy in 279 patients
with refractory IBD, 24% of which were affected
by UC. The main indication for DTT were
refractory disease (81%) and EIMs or rheumato-
logic disease (12%). However, the most common
combinations of dual therapy used in IBD were
TNFi with anti-integrins and UST with anti-inte-
grins. The median follow-up was 32weeks:
pooled rate of clinical remission was 59%, pooled
rate of endoscopic remission was 34%, pooled
rate of AEs was 31%, pooled rate of SAEs was
6.5%. The largely heterogeneous observational
data on DTT demonstrated acceptable safety for
patients with refractory IBD-related intestinal
inflammation or EIMs,12:189

The VEGA study, a randomized, double-blind,
controlled, phase II, proof-of-concept trial assessed
whether guselkumab plus GLLM combination ther-
apy was more effective for UC than either mono-
therapy. Guselkumab is an IL-23 antagonist
monoclonal antibody approved for the treatment
of psoriasis and psoriatic arthritis. In this study,
data were collected from 54 hospitals, academic
medical institutes, or private practices in 9 coun-
tries about a total amount of 214 adult patients
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with moderate-to-severe active UC. Patients were
randomly assigned (1:1:1) to the GLM monother-
apy, the guselkumab monotherapy, or the combi-
nation therapy groups. At week 12, 83% of patients
in the combination therapy group had achieved
clinical response compared with 61% of patients in
the GLM monotherapy group and the 75% of the
guselkumab group. This proof-of-concept study
suggests that combination therapy with guselkumab
and GLM might be more effective for UC than
therapy with either drug alone. These findings
require confirmation in larger trials.190

The mentioned studies confirm the necessity of
large-scale RCTs to further explore the safety and
efficacy of drug combinations and identify new
therapeutic combination. This therapeutic strat-
egy still requires highly specialized care and close
monitoring: it should be performed on a specific
selected category of patients. The necessity of
studies to understand which patients to treat with
DTT, which drugs to combine, and to compre-
hend the efficacy and safety of DTT cannot be
overstated. Currently, there are no established
guidelines or sufficient data regarding patient
selection for DTT. Therefore, larger prospective
clinical studies are imperative to confirm the effi-
cacy and safety profiles of combined therapy and
to identify patient subgroups most likely to bene-
fit from this approach. Prospective clinical trials
using dual biologic therapy are now ongoing in
UC!0:187.172 (Table 2).

Surgical therapy and biologics after surgery
ASUC, dysplasia/colorectal cancer, and medi-
cally refractory UC are the primary indications
for surgery in patients with UC.1°! Up to 30% of
patients with ASUC do not respond to conserva-
tive treatment.192 Additionally, ASUC carries a
30%—40% risk of requiring colectomy after one or
more severe exacerbations, with 10%-20% of
patients needing surgical intervention during
their first admission.193:194

Postsurgical management of UC presents signifi-
cant challenges. A considerable number of
patients who undergo total proctocolectomy with
Ileal Pouch-Anal Anastomosis (IPAA) develop
pouchitis, a nonspecific inflammation of the
pouch with an unknown etiology.!%> Acute pouch-
itis can typically be treated with antibiotics,!9®
while chronic pouchitis is particularly difficult to
manage due to the lack of well-designed, specific

studies. Recommended treatments for these
patients include antibiotics, budesonide, and bio-
logical therapies; however, some patients still
require a permanent ileostomy.197

For patients with immune-mediated chronic
pouchitis who do not respond to glucocorticoid
therapy, biologic therapy is recommended, with
VDZ approved as the first-line treatment accord-
ing to current guidelines.!98:19° VDZ has been
shown to induce remission in chronic antibiotic-
refractory pouchitis (CARP), with a pooled anal-
ysis of seven studies indicating a 75% response
rate at week 12, among whom 52% had previ-
ously failed a TNFi agent.%*

Nonetheless, TNFi may lead to clinical remission
in CARP patients, with a systematic review and
meta-analysis by Segal et al.2% reporting that IFX
or adalimumab induced remission in 53% of
affected patients. UST may also be an option in
the treatment of CARP: a single-center retrospec-
tive study demonstrated that 50% of patients with
chronic pouchitis achieved a clinical response
with its use.?0!

Patients with CARP who respond to induction
therapy with a biologic agent should continue
the therapy for maintenance. Experience with
other drugs, such as small molecules, remains
limited.202,203

Discussion

Raising the bar in UC management entails achiev-
ing optimal disease control, necessitating the use
of objective parameters and evidence-based algo-
rithms. The T2T approach emerges as the most
effective strategy, allowing clinicians to tailor
treatment based on individual patient needs and
identified targets.204

Evaluation of disease activity and treatment
response in UC involves assessing symptoms,
endoscopic findings, and biomarkers. While endo-
scopic healing is a common treatment target, it
may not fully capture disease activity, as histologi-
cal disease activity can persist even in patients with
normal-appearing mucosa, predicting UC flares.205
Therefore, achieving histological remission may
offer additional benefits, including reduced risks of
corticosteroid use, hospitalization, and colorectal
cancer compared to endoscopic remission alone.200
These observations have led clinicians to challenge
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already accepted concepts of deep remission and
to explore whether histologic healing can confer
prognostic benefits.20

The concept of disease clearance, encompassing
clinical, endoscopic, and histological remission,
has emerged as a potential treatment target in
UC.38 The added value of disease clearance over
histology or clinical features or endoscopy taken
alone in long-term disease outcomes is still
unknown, and disease clearance definition may
evolve in the future depending on the results of
upcoming studies. The ongoing VERDICT trial
aims to assess whether the achievement of disease
clearance is the optimal treatment target for
patients with moderate-to-severe UC, providing
valuable insights into disease management and
guiding future recommendations.27

The exploration of new targets represents a sig-
nificant stride toward implementing a robust
T2T strategy, offering enhanced capabilities to
assess and manage patients effectively. Con-
currently, advancements in molecular research on
UC and its correlation with mucosal barrier func-
tions may unveil novel pathophysiological and
etiological targets, providing a deeper under-
standing of disease molecular activity. However,
we still do not know if this knowledge of molecu-
lar targets will translate into informed decisions
regarding therapeutic choice in the management
Of UC'38,48,49

Furthermore, the imperative for early initiation of
therapy emerges as a pivotal strategy in optimizing
UC management, facilitated by prompt diagnosis.
Regrettably, many patients with UC face diagnos-
tic delays postsymptom onset, posing a risk for
adverse outcomes and significant bowel damage
in IBD. Clinical evidence consistently underscores
the superior response rates to drugs in patients
with shorter disease duration. Thus, raising aware-
ness of UC symptoms in primary care settings is
crucial to ensure timely access to specialized care
and appropriate treatment. Early disease identifi-
cation enables patients to commence suitable
medications promptly, with studies consistently
linking timely access to immunosuppressants or
biologics to improved outcomes. 186

Moreover, the expanding array of new therapeu-
tic agents presents a challenge in selecting the
most suitable drug for UC management. With
numerous therapeutic options available for

mild-to-moderate as well as moderate-to-severe
forms of UC, choosing the right agent for each
patient has become increasingly complex and per-
sonalized. The T2T strategy offers guidance in
identifying the optimal treatment solution for indi-
vidual patients in a tailored manner. Additionally,
proper patient profiling is essential, involving the
assessment of patient risk stratification and prog-
nostication. Validated prognostic and predictive
tools, such as biomarkers, have the potential to
enable personalized therapy and facilitate the tar-
geted use of treatments. This approach ensures
that patients at lower risk receive less intensive
medical therapy, while those at higher risk of dis-
ease progression are treated with more intensive
strategies. However, a significant challenge lies in
the time required to develop, validate, and com-
mercialize biomarkers, highlighting the need for
ongoing research and innovation in this area.208

For those patients with IBD encountering pri-
mary nonresponse or suboptimal response to bio-
logics and SMDs, optimization of biological
therapy is crucial. Dose intensification, involving
increased dosages or shortened dosing inter-
vals,209:210 can potentially rekindle response and
lead to complete remission in patients facing
LOR.211 Dose escalation strategies are extensively
documented in the literature,?!? to sustain or
regain response.2!> However, it is important to
note that dose escalation comes with inherent
costs to healthcare systems and patients.214

Ensuring more stringent disease control and
optimizing therapies may be achieved through
TDM. TDM has emerged as a strategy to opti-
mize treatment efficacy, particularly with TNFi.
TDM can be implemented in two ways:
proactively, where drug levels are measured at
predetermined intervals, or reactively, where
measurements are taken in response to active dis-
ease.?!> Evidence suggests that proactive TDM
may offer greater benefits compared to reactive
TDM, and its role has been predominantly dem-
onstrated with TNFi agents.209:210 Proactive
TDM at the time of induction is likely to reduce
the risk of primary nonresponse, decrease the
development of immunogenicity, and provide
long-term clinical benefits.216

Available data indicate that serum trough levels
and ADAs correlate with clinical and endoscopic
responses not only to TNFi217:218 but also to
UST?2!° and VDZ.%0:%8 Although there appears to
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be an exposure-response relationship for UST
and VDZ in IBD, the role of drug levels in adjust-
ing these therapies and the target levels are less
well defined. Overall, TDM appears to be cost-
effective and may improve clinical and patient
outcomes. However, its role in other advanced
therapies other than TNFi remains unclear, neces-
sitating further research to appropriately integrate
TDM into clinical practice for these agents.220,221

Moreover, as the therapeutic landscape for UC
broadens, the combination of two or more targeted
therapies, known as DTT, is attractive, particularly
in refractory cases or those enriched with EIMs.
Despite the lack of guidelines on DTT execution
due to limited available studies, ongoing prospective
clinical trials are exploring its use in UC.
Comprehensive data are required not only to con-
firm its efficacy but also to ensure its safety.
Additionally, identifying the patient cohorts that
stand to benefit the most from DTT remains a criti-
cal aspect that warrants further investigation.187-189

Regardless of the therapeutic choices made, it is
also essential to ensure optimal patient engage-
ment and compliance, which in turn will lead to a
better recognition of flare symptoms and self-
management. Additionally, monitoring everyday
life aspects and disease burden, such as nutri-
tional status and diet, is crucial. Several emerging
studies are investigating the role of diet in patients
with IBD and the potential benefits of nutritional
counseling in UC management. Future clinical
research is needed to evaluate the impact of die-
tary recommendations on therapeutic outcomes
and maintain adequate nutrition222 (Figure 1).

Another relevant aspect in current and future UC
management is the potential impact of artificial
intelligence (AI) on clinical practice. As infra-
structure evolves, Al-powered disease measure-
ment tools may enable procedures to be performed
locally and analyzed via cloud-based platforms,
enhancing standardization and objectivity of
care.?23 Recent advancements have seen Al rep-
licate expert endoscopic interpretation with
efficiency and near-perfect reproducibility.
Moreover, Al holds promise for histologic inter-
pretation of remission and provides real-time his-
tologic information to IBD endoscopists without
the need for biopsy.224

Furthermore, the use of software to alleviate docu-
mentation burdens could reduce administrative

Figure 1. Strategies to raise the bar in UC management: treat-to-target
approach, tight monitoring, early therapy, and drug optimization.

UC, ulcerative colitis.

tasks and streamline care processes. Looking ahead,
technological advancements may offer superior,
specific, and personalized assessments of disease
activity across various modalities, including endos-
copy, histology, Magnetic resonance enterography
(MRE), and IUS. Machines may collect compre-
hensive IBD measurements to gain a contextual
understanding of individualized patient needs and
proactively follow up with patients, potentially rev-
olutionizing disease management.??>

In conclusion, to raise the bar in the management
of patients with UG, it is imperative to implement
thorough patient monitoring and ensure appropri-
ate drug selection through comprehensive patient
profiling. Fundamental to this approach is the
implementation of a precise scoring system to clas-
sify patients based on predictive markers of efficacy
and safety as well as to objectively define therapeu-
tic targets. In the era of precision medicine, the
ultimate aim should be to tailor treatment to indi-
vidual patient characteristics, providing them with
the most suitable drug regimen. As therapeutic
options continue to expand, there is a growing
need for guidelines to assist physicians in drug
selection and positioning. Efforts should be
directed toward promoting effective drug utiliza-
tion through timely optimization and, eventually,
considering dual therapy. The future holds prom-
ise for DTT, given the evidence that it can effec-
tively treat patients who fail to achieve remission
with targeted monotherapy or those with EIMs.
DTT may offer new opportunities to enhance
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patients’ quality of life and long-term prognosis,
potentially breaking through the current limita-
tions of UC treatment.!87

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Fabrizio Fanizzi: Writing — original draft.

Mariangela Allocca: Supervision; Writing —
review & editing.

Gionata Fiorino: Supervision; Writing — review
& editing.

Alessandra Zilli: Supervision; Writing — review
& editing.

Federica Furfaro: Supervision; Writing — review
& editing.

Tommaso Lorenzo Parigi: Supervision;
Writing — review & editing.

Laurent Peyrin-Biroulet: Supervision; Writing
— review & editing.

Silvio Danese: Conceptualization; Supervision;
Writing — review & editing.

Ferdinando D’Amico: Conceptualization;
Writing — original draft; Writing — review &
editing.

Acknowledgements
None.

Disclaimer

The article processing charges for this publication
have been waived under an educational grant
from Takeda Pharmaceuticals Limited.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Competing interests

F.D. has served as a speaker for Sandoz, Janssen,
Galapagos, Omega Pharma, Takeda, and Tillotts;
he also served as a consultant for Ferring and as
an advisory board member for Galapagos, Abbvie,

and Nestle. S.D. has served as a speaker, consult-
ant, and advisory board member for Schering-
Plough, AbbVie, Actelion, Alphawasserman,
AstraZeneca, Cellerix, Cosmo Pharmaceuticals,
Ferring, Genentech, Grunenthal, Johnson and
Johnson, Millenium Takeda, MSD, Nikkiso
Europe GmbH, Novo Nordisk, Nycomed, Pfizer,
Pharmacosmos, UCB Pharma, and Vifor. L.P.-B.
declares personal fees from Galapagos, AbbVie,
Janssen, Genentech, Ferring, Tillots, Celltrion,
Takeda, Pfizer, Index Pharmaceuticals, Sandoz,
Celgene, Biogen, Samsung Bioepis, Inotrem,
Allergan, MSD, Roche, Arena, Gilead, Amgen,
BMS, Vifor, Norgine, Mylan, Lilly, Fresenius
Kabi, OSE Immunotherapeutics, Enthera,
Theravance, Pandion Therapeutics, Gossamer
Bio, Viatris, Thermo Fisher; grants from Abbvie,
MSD, Takeda, Fresenius Kabi; stock options
from CTMA. F.F. received consulting fees from
Amgen, AbbVie, and lecture fees from Janssen
and Pfizer. G.F. received consultancy fees from
Ferring, MSD, AbbVie, Takeda, Janssen, Amgen,
Sandoz, Samsung Bioepis, and Celltrion. M.A.
has received consulting fees from Nikkiso Europe,
Mundipharma, Janssen, AbbVie, Pfizer, and
Ferring. The other authors have no conflict of
interest to declare.

Availability of data and materials
Not applicable. This manuscript is a review of
published articles all referenced in the draft.

ORCID iDs
Gionata Fiorino
0001-5623-2968

Laurent Peyrin-Biroulet
0000-0003-2536-6618

Ferdinando D’Amico https://orcid.org/0000-
0002-8591-6995

https://orcid.org/0000-

https://orcid.org/

Supplemental material
Supplemental material for this article is available
online.

References
1. Ungaro R, Mehandru S, Allen PB, et al.
Ulcerative colitis. Lancer 2017; 389: 1756-1770.

2. Rogler G. Chronic ulcerative colitis and colorectal
cancer. Cancer Lett 2014; 345: 235-241.

3. Burisch J, Jess T, Martinato M, et al. The burden
of inflammatory bowel disease in Europe. ¥
Crohns Colitis 20135 7: 322-337.

24

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://orcid.org/0000-0001-5623-2968
https://orcid.org/0000-0001-5623-2968
https://orcid.org/0000-0003-2536-6618
https://orcid.org/0000-0003-2536-6618
https://orcid.org/0000-0002-8591-6995
https://orcid.org/0000-0002-8591-6995

F Fanizzi, M Allocca et al.

4. Kaplan GG and Windsor JW. The four
epidemiological stages in the global evolution of
inflammatory bowel disease. Nat Rev Gastroenterol
Heparol 2021; 18: 56-66.

5. Loftus EV. Clinical epidemiology of inflammatory
bowel disease: incidence, prevalence, and
environmental influences. Gastroenterology 2004;
126: 1504-1517.

6. Olén O, Erichsen R, Sachs MC, et al. Colorectal
cancer in ulcerative colitis: a Scandinavian
population-based cohort study. Lancer 2020; 395:
123-131.

7. Lewandowska A, Rudzki G, Lewandowski
T, et al. Risk factors for the diagnosis of
colorectal cancer. Cancer Control 2022; 29:
107327482110566.

8. Ordas I, Eckmann L, Talamini M, et al.
Ulcerative colitis. Lancer 2012; 380: 1606-1619.

9. D’Amico F, Fiorino G, Furfaro F, et al. Patient’s
profiling for therapeutic management of
inflammatory bowel disease: a tailored approach.
Expert Rev Gastroenterol Hepatol 2020; 14:
765-773.

10. Raine T, Bonovas S, Burisch J, et al. ECCO
guidelines on therapeutics in ulcerative colitis:
medical treatment. § Crohns Colitis 20225 16:
2-17.

11. Allez M, Karmiris K, Louis E, et al. Report of
the ECCO pathogenesis workshop on anti-TNF
therapy failures in inflammatory bowel diseases:
definitions, frequency and pharmacological
aspects. F Crohns Colitis 2010; 4: 355-366.

12. Feng Z, Kang G, Wang ], et al. Breaking
through the therapeutic ceiling of inflammatory
bowel disease: dual-targeted therapies. Biomed
Pharmacother 20235 158: 114174.

13. Peyrin-Biroulet L, Sandborn W, Sands BE, et al.
Selecting Therapeutic Targets in Inflammatory
Bowel Disease (STRIDE): determining
therapeutic goals for treat-to-target. Am ¥
Gastroenterol 20155 110: 1324—-1338.

14. Turner D, Ricciuto A, Lewis A, et al.
STRIDE-II: an update on the Selecting
Therapeutic Targets in Inflammatory Bowel
Disease (STRIDE) initiative of the international
organization for the study of IBD (IOIBD):
determining therapeutic goals for treat-to-target
strategies in IBD. Gastroenterology 2021; 160:
1570-1583.

15. Khaki-Khatibi F, Qujeq D, Kashifard M, et al.
Calprotectin in inflammatory bowel disease. Clin
Chim Acta 2020; 510: 556-565.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Singh S, Ananthakrishnan AN, Nguyen NH,
et al. AGA clinical practice guideline on the role
of biomarkers for the management of ulcerative
colitis. Gastroenterology 2023; 164: 344-372.

. Yoon JY, Park SJ, Hong SP, et al. Correlations

of C-reactive protein levels and erythrocyte
sedimentation rates with endoscopic activity
indices in patients with ulcerative colitis. Dig Dis
Sci 20145 59: 829-837.

D’Amico F, Rubin DT, Kotze PG, et al.
International consensus on methodological
issues in standardization of fecal calprotectin
measurement in inflammatory bowel diseases.
United European Gastroenterol J 20215 9: 451—
460.

Kappelman MD, Long MD, Martin C, et al.
Evaluation of the patient-reported outcomes
measurement information system in a large
cohort of patients with inflammatory bowel
diseases. Clin Gastroenterol Hepatol 20145 12:
1315-1323.e2.

Bernklev T, Jahnsen ], Schulz T, et al. Course of
disease, drug treatment and health-related quality
of life in patients with inflammatory bowel disease
5 years after initial diagnosis. Eur ¥ Gastroenterol
Heparol 2005; 17: 1037-1045.

Han S-W, McColl E, Steen N, et al. The
inflammatory bowel disease questionnaire: a
valid and reliable measure in ulcerative colitis
patients in the North East of England. Scand ¥
Gastroenterol 1998; 33: 961-966.

Rochelle TL and Fidler H. The importance
of illness perceptions, quality of life and
psychological status in patients with ulcerative
colitis and Crohn’s disease. ¥ Health Psychol
20135 18: 972-983.

Colombel JF, Rutgeerts P, Reinisch W, et al.
Early mucosal healing with infliximab is
associated with improved long-term clinical
outcomes in ulcerative colitis. Gastroenterology
20115 141: 1194-1201.

Froslie KF, Jahnsen J, Moum BA, et al. Mucosal
healing in inflammatory bowel disease: results
from a Norwegian population-based cohort.
Gastroenterology 2007; 133: 412-422.

Pineton De Chambrun G, Peyrin-Biroulet

L, Lémann M, et al. Clinical implications of
mucosal healing for the management of IBD. Naz
Rev Gastroenterol Hepatol 20105 7: 15-29.

Rath T, Atreya R, Bodenschatz ], et al. Intestinal
barrier healing is superior to endoscopic and
histologic remission for predicting major adverse
outcomes in inflammatory bowel disease: the

journals.sagepub.com/home/tag

25


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
prospective ERIca trial. Gastroenterology 2023; systematic review and expert consensus. Inflamm
164: 241-255. Bowel Dis 20245 30(6): 1009-1017.

27. Rubin DT, Huo D, Kinnucan JA, et al. 39. D’Amico F, Fiorino G, Solitano V, et al.
Inflammation is an independent risk factor for Ulcerative colitis: impact of early disease
colonic neoplasia in patients with ulcerative clearance on long-term outcomes—a multicenter
colitis: a case—control study. Clin Gastroenterol cohort study. United European Gastroenterol ¥
Hepatol 2013; 11: 1601-1608.e1-4. 2022; 10: 775-782.

28. Laharie D, Filippi J, Roblin X, et al. Impact 40. Smith RL, Taylor KM, Friedman AB,
of mucosal healing on long-term outcomes et al. Systematic review: clinical utility of
in ulcerative colitis treated with infliximab: a gastrointestinal ultrasound in the diagnosis,
multicenter experience. Aliment Pharmacol Ther assessment and management of patients with
20135 37(10): 998-1004. ulcerative colitis. ¥ Crohns Colitis 20205 14:

. 465-479.

29. Boal Carvalho P, Dias De Castro F, Rosa B, 65
et al. Mucosal healing in ulcerative colitis — when 41. Horsthuis K, Bipat S, Bennink RJ, et al.
zero is better. ¥ Crohns Colitis 20165 10: 20-25. Inflammatory bowel disease diagnosed with US,

30. Barreiro-de Acosta M, Vallejo N, De La Iglesia MR, SCl?tlgriPEY’ ar;;l 5’1; meztg(—)a81ilazlis71's 602 79
D, et al. Evaluation of the risk of relapse in prospective studies. Kaatowogy ’ CUE
ulcerative colitis according to the degree of 42. Yan BM, Sey MSL, Belletrutti P, et al. Reliability
mucosal healing (Mayo 0 vs 1): a longitudinal of the endoscopic ultrasound ulcerative colitis
cohort study. J Crohns Colitis 2016; 10: 13-19. (EUS-UQC) score for assessment of inflammation

31. Magro F, Doherty G, Peyrin-Biroulet L, et al. lzrz)g?tlgn; 1“;1;2 uéiefggve colitis. Endosc Inz Open
ECCO position paper: harmonization of the > B )
approach to ulcerative colitis histopathology. ¥ 43. Maconi G, Nylund K, Ripolles T, et al.

Crohns Colitis 2020; 14: 1503-1511. EFSUMB recommendations and clinical

32. Gupta A, Yu A, Peyrin-Biroulet L, et al. Treat guldelmes for mtestma}l ultrasound (GIUS) in
to target: the role of histologic healing in inflammatory bowel diseases. Ultraschall Med
inflammatory bowel diseases: a systematic review 2018; 39: 304-317.
and meta-analysis. Clin Gastroenterol Hepatol 44. Allocca M, Fiorino G, Bonovas S, et al. Accuracy
2021; 19: 1800-1813.e4. of humanitas ultrasound criteria in assessing

33. Chateau T, Feakins R, Marchal-Bressenot disease activity and severity in ulcerative colitis:
A, et al. Histological remission in ulcerative a prospective study. § Crohns Colitis 2018; 12:
colitis: under the microscope is the cure. Am ¥ 1385-1391.

Gastroenterol 20205 115: 179-189. 45. Allocca M, Dell’Avalle C, Furfaro F, et al.

34. Yvellez OV, Rai V, Sossenheimer PH, et al. Early intestinal ultrasound predicts long-term
Cumulative histologic inflammation predicts endoscopic response to biologics in ulcerative
colorectal neoplasia in ulcerative colitis: a validation colitis. J Crohns Colitis 202335 17: 1579-1586.
study. Inflamm Bowel Dis 20215 27: 203-206. 46. Dubinsky M, Bleakman AP, Panaccione

35. Zezos P, Patsiaoura K, Nakos A, et al. Severe R, et al. Bowel urgency in ulcerat.ive C.OHti&
eosinophilic infiltration in colonic biopsies current perspectives and future directions. Am J
predicts patients with ulcerative colitis not Gastroenterol 2023; 118: 1940-1953.
responding 1o mmedical therapy. Colorectal Dis 47. Dubinsky MC, Clemow DB, Hunter Gibble T,

014; 16: 0-0430. et al. Clinical effect of mirikizumab treatment

36. Melson JE, Giusto D, Kwasny M, et al. on bowel urgency in patients with moderately to
Histopathology predictors of medically refractory severely active ulcerative colitis and the clinical
ulcerative colitis. Dis Colon Rectum 20103 53: relevance of bowel urgency improvement for
1280—1286. disease remission. Crohns Colitis 360 20225 5:

) otac044.

37. Colombel J-F, Keir ME, Scherl A, et al.

Discrepancies between patient-reported 48. Katsanos KH and Papadakis KA. Inflammatory
outcomes, and endoscopic and histological bowel disease: updates on molecular targets for
appearance in UC. Gut 2017; 66: 2063-2068. biologics. Gut Liver 2017; 11: 455-463.

38. D’Amico F, Magro F, Siegmund B, et al. Disease ~ 49. Fenton CG, Taman H, Florholmen J, et al.
clearance as a new outcome in ulcerative colitis: a Transcriptional signatures that define ulcerative

26 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

F Fanizzi, M Allocca et al.

colitis in remission. Inflamm Bowel Dis 2021; 27:
94-105.

50. Danese S and Gomollon F; on behalf of the
Governing Board and Operational Board of
ECCO. ECCO position statement: the use
of biosimilar medicines in the treatment of
inflammatory bowel disease (IBD). ¥ Crohns
Colitis 20135 7: 586-589.

51. D’Amico F, Solitano V, Magro F, et al. Practical
management of biosimilar use in inflammatory
bowel disease (IBD): a global survey and an
international Delphi consensus. 7 Clin Med 2023;
12: 6350.

52. Kirchgesner J, Lemaitre M, Carrat F, et al. Risk
of serious and opportunistic infections associated
with treatment of inflammatory bowel diseases.
Gastroenterology 2018; 155: 337-346.e10.

53. Hanauer SB. Review article: safety of infliximab
in clinical trials. Aliment Pharmacol Ther 1999; 13:
16-22.

54. Dixon WG, Watson K, Lunt M, et al. Rates
of serious infection, including site-specific and
bacterial intracellular infection, in rheumatoid
arthritis patients receiving anti-tumor necrosis
factor therapy: results from the British Society for
Rheumatology Biologics Register. Arthritis Rheum
2006; 54: 2368-2376.

55. British Thoracic Society Standards of Care
Committee. BTS recommendations for
assessing risk and for managing Mycobacterium
tuberculosis infection and disease in patients due
to start anti-TNF-treatment. Thorax 2005; 60:
800-805.

56. Stamatiades GA, Ioannou P, Petrikkos G, et al.
Fungal infections in patients with inflammatory
bowel disease: a systematic review. Mycoses 2018;
61: 366-376.

57. McConachie SM, Wilhelm SM, Bhargava A,
et al. Biologic-induced infections in inflammatory
bowel disease: the TNF-o antagonists. Ann
Pharmacother 2018; 52: 571-579.

58. De Jong ME, Smits LJT, Van Ruijven B, et al.
Increased discontinuation rates of anti-TNF
therapy in elderly inflammatory bowel disease
patients. ¥ Crohns Colitis 2020; 14: 888-895.

59. Lobaton T, Ferrante M, Rutgeerts P, et al.
Efficacy and safety of anti-TNF therapy in elderly
patients with inflammatory bowel disease. Aliment
Pharmacol Ther 2015; 42(4): 441-451.

60. Clement B, De Felice K and Afzali A.
Indications and safety of newer IBD treatments
in the older patient. Curr Gastroenterol Rep 2023;
25:160-168.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Gordon H, Biancone L, Fiorino G, et al. ECCO
guidelines on inflammatory bowel disease and
malignancies. ¥ Crohns Colitis 2023; 17: 827-854.

Ferretti F, Cannatelli R, Maconi G, et al.
Therapeutic management of adults with
inflammatory bowel disease and malignancies: a
clinical challenge. Cancers 2023; 15: 542.

Micic D, Komaki Y, Alavanja A, et al. Risk of
cancer recurrence among individuals exposed to
antitumor necrosis factor therapy: a systematic
review and meta-analysis of observational studies.
F Clin Gastroenterol 2019; 53: el—el1.

Nielsen OH, Gubatan JM, Juhl CB, et al.
Biologics for inflammatory bowel disease and
their safety in pregnancy: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2022; 20:
74-87.e3.

Mahadevan U, Long MD, Kane SV, et al.
Pregnancy and neonatal outcomes after fetal
exposure to biologics and thiopurines among
women with inflammatory bowel disease.
Gastroenterology 20215 160: 1131-1139.

Torres J, Chaparro M, Julsgaard M, et al.
European Crohn’s and colitis guidelines on
sexuality, fertility, pregnancy, and lactation. ¥
Crohns Colitis 2023; 17: 1-27.

Rogler G, Singh A, Kavanaugh A, et al.
Extraintestinal manifestations of inflammatory
bowel disease: current concepts, treatment,
and implications for disease management.
Gastroenterology 2021; 161: 1118-1132.

Panés J, Colombel J-F, D’Haens GR, et al.
Higher vs standard adalimumab induction and
maintenance dosing regimens for treatment of
ulcerative colitis: SERENE UC trial results.
Gastroenterology 20225 162: 1891-1910.

Palmer AC and Sorger PK. Combination cancer
therapy can confer benefit via patient-to-patient
variability without drug additivity or synergy. Cell
2017;171: 1678-1691.e13.

Armuzzi A, Pugliese D, Danese S, et al. Long-
term combination therapy with infliximab plus
azathioprine predicts sustained steroid-free
clinical benefit in steroid-dependent ulcerative
colitis: Inflamm Bowel Dis 2014; 20: 1368-1374.

Christophorou D, Funakoshi N, Duny Y, et al.
Systematic review with meta-analysis: infliximab
and immunosuppressant therapy vs. infliximab
alone for active ulcerative colitis. Aliment
Pharmacol Ther 2015; 41(7): 603—612.

Sandborn WJ. Preventing antibodies to infliximab
in patients with Crohn’s disease: optimize not

journals.sagepub.com/home/tag

27


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
immunize. Gastroenterology 2003; 124: 1140— broadening treatment strategies for inflammatory
1145. bowel disease. Expert Rev Clin Immunol 20235 19:

1143-1156.
73. Hanauer SB, Wagner CL, Bala M, et al.
Incidence and importance of antibody responses 83. Yoo D-H, Westhovens R, Ben-Horin S, et al.
to infliximab after maintenance or episodic Development of a subcutaneous formulation of
treatment in Crohn’s disease. Clin Gastroenterol CT-P13 (infliximab): maintenance subcutaneous
Hepatol 2004; 2: 542-553. administration may elicit lower immunogenicity
. compared to intravenous treatment. Arthrit.
74. Colombel J-F, Adedokun OJ, Gasink C, et al. par ravenou s
. . Rheumatol 2018; 70.
Combination therapy with infliximab and
azathioprine improves infliximab pharmacokinetic = 84. D’Haens G, Reinisch W, Schreiber S, et al.
features and efficacy: a post hoc analysis. Clin Subcutaneous infliximab monotherapy versus
Gastroenterol Heparol 2019; 17: 1525-1532.¢1. combination therapy with immunosuppressants
in infl tory bowel di : t h lysi
75. Westhovens R, Yoo DH, Jaworski ], et al. 11l IPATmatory bowe' cisease: & post HOE ana ysis
. of a randomised clinical trial. Clin Drug Investig
THUO0191 novel formulation of CT-P13 for
.. .. . . 2023; 43: 277-288.
subcutaneous administration in patients with
rheumatoid arthritis: initial results from a phase 85. Wyant T, Fedyk E and Abhyankar B. An
I/III randomised controlled trial. Ann Rheum Dis overview of the mechanism of action of the
2018; 77: 315.1-315. monoclonal antibody vedolizumab. ¥ Crohns
. Colitis 20165 10: 1437-1444.

76. Schreiber S, Jang BI, Borzan V, et al. Tu2018— onns >
novel formulation of CT-P13 (infliximab 86. Patel D, Martin S, Luo M, et al. Real-world
biosimilar) for subcutaneous administration: effectiveness of vedolizumab dose escalation
initial results from a phase I open-label in patients with inflammatory bowel disease: a
randomized controlled trial in patients with active systematic literature review. Crohns Colitis 360
Crohn’s disease. Gastroenterology 2018; 154: 2022; 4: otac020.

S-1371. . .
87. Perry C, Fischer K, Elmoursi A, et al.

77. Schreiber S, Ben-Horin S, Leszczyszyn J, et al. Vedolizumab dose escalation improves therapeutic
Randomized controlled trial: subcutaneous vs response in a subset of patients with ulcerative
intravenous infliximab CT-P13 maintenance colitis. Dig Dis Sci 20215 66: 2051-2058.
in infl tory bowel di .G / .

In mtammatory bowe' disease. Gasroenierology 88. Osterman MT, Rosario M, Lasch K, et al.
2021; 160: 2340-2353. . o
Vedolizumab exposure levels and clinical

78. D’Amico F, Solitano V, Aletaha D, et al. outcomes in ulcerative colitis: determining the
Biobetters in patients with immune-mediated potential for dose optimisation. Aliment Pharmacol
inflammatory disorders: an international Delphi Ther 2019; 49: 408—418.

. Autor Rev 20215 20: 102849. -
consensus. Autotmmun Kev > 89. Nassar IO, Cheesbrough J, Quraishi MN,

79. Little RD, Ward MG, Wright E, et al. et al. Proposed pathway for therapeutic drug
Therapeutic drug monitoring of subcutaneous monitoring and dose escalation of vedolizumab.
infliximab in inflammatory bowel disease— Frontline Gastroenterol 2022; 13: 430-435.

derstandi h kineti d
UNCEISENCINg PRATIACOKINEHCS dlc EXpostre 90. Pouillon L, Vermeire S and Bossuyt P.
response relationships in a new era of Vedoli b h level ..
subcutaneous biologics. ¥ Clin Med 2022; 11: v edohzuma troug eve monitoring in
6173 inflammatory bowel disease: a state-of-the-art
' overview. BMC Med 2019; 17: 89.
. ith P itchley L D 1. Effi
80. Smith P, Critchley L, Storey D, et al. Efficacy 91. Pudipeddi A, Ko Y, Paramsothy S, et al.
and safety of elective switching from intravenous . .
e Vedolizumab has longer persistence than
to subcutaneous infliximab [CT-P13]: a o . . .
. .. infliximab as a first-line biological agent but not
multicentre cohort study. ¥ Crohns Colitis 2022; . . . .
as a second-line biological agent in moderate-to-
16: 1436-1446. . .. .
severe ulcerative colitis: real-world registry data

81. Remy C, Caron B, Gouynou C, et al. from the Persistence Australian National IBD
Inflammatory bowel disease patients’ acceptance Cohort (PANIC) study. Ther Adv Gastroenterol
for switching from intravenous infliximab or 20225 15: 17562848221080793.
vedolizumab to subcutaneous formulation: the .
nancy experience. ¥ Clin Med 2022; 11: 7296. 92. Sabllc.h R, Urpano M.T’ Sca}rpa} M’ et .al. . .

Vedolizumab is superior to infliximab in biologic

82. Smith PJ, Fumery M, Leong RW, et al. Real- naive patients with ulcerative colitis. Sci Rep
world experience with subcutaneous infliximab: 2023; 13: 1816.

28 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

F Fanizzi, M Allocca et al.

93. Peyrin-Biroulet L, Loftus EV, Colombel J-F,
et al. Histologic outcomes with vedolizumab
versus adalimumab in ulcerative colitis: results
from an efficacy and safety study of vedolizumab
intravenous compared to adalimumab
subcutaneous in participants with ulcerative
colitis (VARSITY). Gastroenterology 2021; 161:
1156-1167.e3.

94. Travis S, Silverberg MS, Danese S, et al.
Vedolizumab for the treatment of chronic

pouchitis. N Engl ¥ Med 2023; 388: 1191-1200.

Biemans VBC, Van Der Woude C]J, Dijkstra
G, et al. Ustekinumab is associated with
superior effectiveness outcomes compared to
vedolizumab in Crohn’s disease patients with
prior failure to anti-TNF treatment. Aliment
Pharmacol Ther 2020; 52: 123—-134.

Loftus EV Jr, Feagan BG, Panaccione R,

et al. Long-term safety of vedolizumab for
inflammatory bowel disease. Aliment Pharmacol
Ther 20205 52(8): 1353—-1365.

Shashi P, Gopalakrishnan D, Parikh MP, et al.
Efficacy and safety of vedolizumab in elderly
patients with inflammatory bowel disease: a
matched case—control study. Gastroenterol Rep
2020; 8: 306-311.

Singh N, Rabizadeh S, Jossen J, et al. Multi-
center experience of vedolizumab effectiveness in
pediatric inflammatory bowel disease: Inflamm
Bowel Dis 20165 22: 2121-2126.

Bar-Gil Shitrit A, Ben Ya’acov A, Livovsky DM,
et al. Exposure to vedolizumab in IBD pregnant
women appears of low risk for mother and
neonate: a first prospective comparison study.
Am F Gastroenterol 20195 114: 1172-1175.

105.

95.

106.

96.

97.

98.

99.

100. Terjung B, Schmelz R, Ehehalt R, et al. Safety
of vedolizumab in the treatment of pregnant
women with inflammatory bowel disease: a
targeted literature review. Ther Adv Gastroenterol

2020; 13: 175628482095259.

101. Forss A, Flis P, Sotoodeh A, et al. Acute
interstitial nephritis in patients with
inflammatory bowel disease treated with
vedolizumab: a systematic review. Scand ¥

Gastroenterol 20245 59: 821-829.

102. Solitano V, Facciorusso A, Jess T, et al.
Comparative risk of serious infections with
biologic agents and oral small molecules in
inflammatory bowel diseases: a systematic review
and meta-analysis. Clin Gastroenterol Hepatol

2023; 21: 907-921.e2.

Lasa JS, Olivera PA, Danese S, et al. Efficacy
and safety of biologics and small molecule drugs

103.

104.

107.

108.

109.

110.

111.

112.

for patients with moderate-to-severe ulcerative
colitis: a systematic review and network meta-
analysis. Lancet Gastroenterol Hepatol 20223 7:
161-170.

Hu Q, Tang X, Liu F, et al. Vedolizumab
subcutaneous formulation maintenance therapy
for patients with IBD: a systematic review and
meta-analysis. Ther Adv Gastroenterol 2023; 16:
17562848231166227.

Leonardi CL, Kimball AB, Papp KA, et al.
Efficacy and safety of ustekinumab, a human
interleukin-12/23 monoclonal antibody, in
patients with psoriasis: 76-week results from a
randomised, double-blind, placebo-controlled
trial (PHOENIX 1). Lancet 2008; 371: 1665—
1674.

Ritchlin C, Rahman P, Kavanaugh A, et al.
Efficacy and safety of the anti-IL.-12/23

p40 monoclonal antibody, ustekinumab, in
patients with active psoriatic arthritis despite
conventional non-biological and biological
anti-tumour necrosis factor therapy: 6-month
and 1-year results of the phase 3, multicentre,
double-blind, placebo-controlled, randomised
PSUMMIT 2 trial. Ann Rheum Dis 2014; 73:
990-999.

Feagan BG, Sandborn WJ, Gasink C, et al.
Ustekinumab as induction and maintenance
therapy for Crohn’s disease. N Engl ¥ Med 2016;
375: 1946-1960.

Sands BE, Sandborn W], Panaccione R, et al.
Ustekinumab as induction and maintenance
therapy for ulcerative colitis. N Engl ¥ Med 2019;
381: 1201-1214.

Fiorino G, Allocca M, Correale C, et al.
Positioning ustekinumab in moderate-to-severe
ulcerative colitis: new kid on the block. Experz
Opin Biol Ther 2020; 20: 421-4217.

Schreiber SW, Lee S, van der Woude CJ, et al.;
POWER Investigators. P436 efficacy and safety
of intravenous ustekinumab re-induction therapy
in Crohn’s disease patients with secondary

loss of response to ustekinumab maintenance
therapy: week 16 results from the POWER trial.
F Crohns Colitis 2023; 17(Suppl. 1): 1564-1566.

Dalal RS, Esckilsen S, Barnes EL, et al.
Predictors and outcomes of ustekinumab dose
intensification in ulcerative colitis: a multicenter
cohort study. Clin Gastroenterol Hepatol 2022;
20: 2399-2401.e4.

Fumery M, Peyrin-Biroulet L, Nancey S,
et al. Effectiveness and safety of ustekinumab
intensification at 90 mg every 4 weeks in Crohn’s

journals.sagepub.com/home/tag

29


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
disease: a multicentre study. ¥ Crohns Colitis 124. Koudsi M, Martinez-Vinson C, Pigneur B, et al.
20215 15: 222-227. Ustekinumab use in pediatric inflammatory

bowel di :aF h multicenter study fi
113. Danese S, Vermeire S, D’Haens GR, et al. owel disease: a trench muiticentet study trom
o . the pediatric GETAID. ¥ Pediatr Gastroenterol
105 clinical and endoscopic response to treat-
; , Nutr 20235 76: 763-770.
to-target versus standard of care in Crohn’s
disease patients treated with ustekinumab: week 125. Greuter T, Rieder F, Kucharzik T, et al.
48 results of the stardust trial. Gastroenterology Emerging treatment options for extraintestinal
2021; 160: S-25. manifestations in IBD. Gut 2021; 70: 796—
802.
114. Vieujean S, Louis E, Danese S, et al. A critical
review of ustekinumab for the treatment of 126. Guillo L, D’Amico F, Danese S, et al.
active ulcerative colitis in adults. Expert Rev Ustekinumab for extra-intestinal manifestations
Gastroenterol Hepatol 20233 17: 413-430. of inflammatory bowel disease: a systematic
literat iew. ¥ Crohns Colitis 20215 15:
115. Singh S, Fumery M, Sandborn W7, et al. iterature review. J Crohns Colitis ’
. . . . 1236-1243.
Systematic review with network meta-analysis:
first- and second-line pharmacotherapy for 127. Rocchi C, Soliman YY, Massidda M, et al. Is
moderate-severe ulcerative colitis. Aliment ustekinumab effective in refractory Crohn’s
Pharmacol Ther 2018; 47(2): 162-175. disease of the pouch and chronic pouchitis? A
i iew. Dig Dis Sci 2022; 67: 1948—
116. Fiorentino D, Ho V, Lebwohl MG, et al. Risk of g atic review: Fug 8 e 2025 07: 1948
malignancy with systemic psoriasis treatment in ’
the Psoriasis Longitudinal Assessment Registry. 128. Sandborn W], Ferrante M, Bhandari BR,
F Am Acad Dermarol 2017; 77: 845-854.¢€5. et al. Efficacy and safety of mirikizumab in
i hase 2 f pati ith
117. Hasan B, Tandon KS, Miret R, et al. a randqnnzedp ase 2 study o pat1ents. Wit
. . . ulcerative colitis. Gastroenterology 2020; 158:
Ustekinumab does not increase risk of new or
.. . 537-549.e10.
recurrent cancer in inflammatory bowel disease
patients with prior malignancy. ¥ Gastroenterol 129. Sandborn W], Ferrante M, Bhandari BR, et al.
Hepatrol 2022; 37: 1016-1021. Efficacy and safety of continued treatment with
iriki b i hase 2 trial of patients with
118. Khanna R and Afif W. Ustekinumab for TrikZuman 1n a phase 2 trial of patients wi
. .. ulcerative colitis. Clin Gastroenterol Hepatol 2022;
ulcerative colitis. Gastroenterology 2021; 160: ]
20: 105-115.e14.
2184-2186.
130. K SJ. Miriki b: first 1. D
119. Gorodensky JH, Bernatsky S, Afif W, cam 8]. Mirikizumab: first approval. Drugs
. . 2023; 83: 1045-1052.
et al. Ustekinumab safety in pregnancy: a
comprehensive review. Arthritis Care Res 2023; 131. D’Haens G, Dubinsky M, Kobayashi T, et al.
75: 930-935. Mirikizumab as induction and maintenance
th for ulcerati litis. N Engl ¥ Med 2023;
120. Lamb CA, Kennedy NA, Raine T, et al. er.apy or Wweerative couus ngl J Me ’
.. . 388: 2444-2455.
British Society of Gastroenterology consensus
guidelines on the management of inflammatory 132. Rubin DT, Charabaty A, Jairath V, et al.
bowel disease in adults. Gur 2019; 68: s1-s106. P901 Extended induction response over time
i tients with moderately-to- ly acti
121. Wils P, Seksik P, Stefanescu C, et al. Safety 10 Patients With mocerately-to-severely acuve
¢ ki b doli bi ulcerative colitis treated with mirikizumab in the
ol ustekinuman or vecdolizuman in pregnant LUCENT-1 and -2 trials. ¥ Crohns Colitis 2024;
inflammatory bowel disease patients: a 18:11651-i1652
multicentre cohort study. Aliment Pharmacol ' '
Ther 2021; 53: 460-470. 133. Steere B, Schmitz J, Powell N, et al.
Miriki b lat involved i
122. Holvoet T, Truyens M, De Galan C, et al. Safety 1rzaman reguiates genes myoved in
. ; . ulcerative colitis disease activity and anti-TNF
and effectiveness of vedolizumab and ustekinumab . .
. . s resistance: results from a phase 2 study. Clin
in elderly patients with inflammatory bowel
. . . . . Transl Gastroenterol 2023; 14: e00578.
disease: a real-life multicentric cohort study. ¥ Clin
Med 20245 13: 365. 134. Coskun M, Salem M, Pedersen J, et al.
Invol t of JAK/STAT signaling in th
123. Dhaliwal J, McKay HE, Deslandres C, et al.; pvotvement o J signating im the
. . pathogenesis of inflammatory bowel disease.
Canadian Children IBD Network. One-year Pharmacol Res 2013: 76: 1-8
outcomes with ustekinumab therapy in infliximab- > ’
refractory paediatric ulcerative colitis: a multicentre ~ 135. Olivera P, Danese S and Peyrin-Biroulet L. Next
prospective study. Aliment Pharmacol Ther 2021; generation of small molecules in inflammatory
53(12): 1300-1308. bowel disease. Gut 2017; 66: 199-209.
30 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

F Fanizzi, M Allocca et al.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Hanauer S, Panaccione R, Danese S, et al.
Tofacitinib induction therapy reduces
symptoms within 3 days for patients with
ulcerative colitis. Clin Gastroenterol Hepatol
2019; 17: 139-147.

Loftus EV, Colombel J-F, Takeuchi K, et al.
Upadacitinib therapy reduces ulcerative colitis
symptoms as early as day 1 of induction
treatment. Clin Gastroenterol Heparol 2023; 21:
2347-2358.e6.

Berinstein JA, Steiner CA, Regal RE, et al.
Efficacy of induction therapy with high-intensity
tofacitinib in 4 patients with acute severe
ulcerative colitis. Clin Gastroenterol Hepatol 2019;
17: 988-990.el.

Ali NM and Shehab MA. Upadacitinib as a
rescue therapy in acute severe ulcerative colitis:
a case report and review of the literature. Am ¥
Case Rep 2023; 24: €940966.

U.S. Food & Drug Administration. FDA
approves new treatment for moderately to
severely active ulcerative colitis. Case Med Res.
Epub ahead of print May 2018. DOI: 10.31525/
fda2-ucm609225.htm.

Sandborn WJ, Ghosh S, Panes J, et al. Tofacitinib,
an oral Janus kinase inhibitor, in active ulcerative
colitis. N Engl ¥ Med 2012; 367: 616—624.

Rubin DT, Dubinsky MC, Danese S, et al.
P653 Efficacy and safety of an additional

8 weeks of tofacitinib induction therapy:
updated results of the OCTAVE open study for
tofacitinib 8-week induction non-responders. ¥
Crohns Colitis 2020; 14: S537-S539.

Sandborn W], Lawendy N, Danese S, 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: 464-478.

Sandborn W], Peyrin-Biroulet L, Quirk D,

et al. Efficacy and safety of extended induction
with tofacitinib for the treatment of ulcerative
colitis. Clin Gastroenterol Hepatol 20223 20:
1821-1830.e3.

Sands BE, Armuzzi A, Marshall JK, et al. Efficacy
and safety of tofacitinib dose de-escalation and
dose escalation for patients with ulcerative colitis:
results from OCTAVE open. Aliment Pharmacol
Ther 2020; 51: 271-280.

Irving PM, Leung Y and Dubinsky MC. Review
article: guide to tofacitinib dosing in patients
with ulcerative colitis. Aliment Pharmacol Ther
2022;56: 1131-1145.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Lasa JS, Olivera PA, Bonovas S, et al. Safety
of S1P modulators in patients with immune-
mediated diseases: a systematic review and
meta-analysis. Drug Saf 2021; 44: 645-660.

Feagan BG, Danese S, Loftus EV, et al.
Filgotinib as induction and maintenance
therapy for ulcerative colitis (SELECTION):
a phase 2b/3 double-blind, randomised,
placebo-controlled trial. Lancer 2021; 397:
2372-2384.

Danese S, Ferrante M, Feagan BG, et al. Rapid
and sustained symptom relief in patients with
ulcerative colitis treated with filgotinib: data
from the phase 2b/3 SELECTION trial. Am ¥
Gastroenterol 2023; 118: 138-147.

Gros B, Goodall M, Plevris N, et al. Real-world
cohort study on the effectiveness and safety of
filgotinib use in ulcerative colitis. J Crohns Colitis
2023; jjad187.

FDA/CDER/Dimitrakoff J. Testicular toxicity:
evaluation during drug development guidance
for industry.

Reinisch W, Hellstrom W, Dolhain RJEM, et al.
Effects of filgotinib on semen parameters and sex
hormones in male patients with inflammatory
diseases: results from the phase 2, randomised,
double-blind, placebo-controlled MANTA and
MANTA-RAY studies. Ann Rheum Dis 20235 82:
1049-1058.

Danese S, Vermeire S, Zhou W, 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.
Lancer 20225 399: 2113-2128.

Vermeire S, Danese S, Zhou W, et al. DOP41
efficacy and safety of extended induction
treatment with upadacitinib 45 mg once daily
followed by maintenance upadacitinib 15 or 30
mg once daily in patients with moderately to
severely active ulcerative colitis. Gastroenterol
Heparol (NY) 20225 18(Suppl 1): 3—4.

Panaccione R, Danese S, Zhouwen W, et al.
A145 Efficacy and safety of upadacitinib
maintenance therapy in patients with moderately
to severely active ulcerative colitis: results

from a randomized phase 3 study. ¥ Can Assoc
Gastroenterol 20225 5: 18-19.

Higgins P, Colombel JF, Reguiero M, et al.
DOP39 Effect of baseline disease characteristics
on clinical outcomes in moderate-to-severe
ulcerative colitis treated with upadacitinib:
results from a phase 3 trials programme. ¥
Crohns Colitis 20225 16(Suppl. 1): 1088-1089.

journals.sagepub.com/home/tag

31


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17

157. Panaccione R, Collins EB, Melmed GY, et al. 169. Gisbert JP and Chaparro M. Safety of new
Efficacy and safety of advanced therapies for biologics (vedolizumab and ustekinumab) and
moderately to severely active ulcerative colitis at small molecules (tofacitinib) during pregnancy: a
induction and maintenance: an indirect treatment review. Drugs 2020; 80: 1085-1100.
comparison using Bayesian network meta- .
analysis. Crohns Colitis 360 2023; 5: otad009. 170. lc\)/lahadevan U Dublns.ky M.C’ SuG, etal.

utcomes of pregnancies with maternal/paternal

158. Curtis JR, Lee EB, Kaplan IV, et al. Tofacitinib, exposure in the tofacitinib safety databases for
an oral Janus kinase inhibitor: analysis of ulcerative colitis. Inflamm Bowel Dis 2018; 24:
malignancies across the rheumatoid arthritis 2494-2500.
clinical development programme. Ann Rheum 171. Petti L, Rizzo G, Rubbino F, et al. Unveiling
Dis 2016; 75: 831-841. . .

role of sphingosine-1-phosphate receptor 2 as

159. Sandborn W], D’Haens GR, Sands BE, et al. a brake of epithelial stem cell proliferation and
Tofacitinib for the treatment of ulcerative colitis: a tumor suppressor in colorectal cancer. ¥ Exp
an integrated summary of up to 7.8 years of Chin Cancer Res 2020; 39: 253.
;ag:ghisatca,;;;?zghz%;glf ,17) :3132181?1;521 i .programme. 172. Sandborn W], Verrpeire S, Peyrin—Bi?'oulet L,

et al. Etrasimod as induction and maintenance

160. Spiewak TA and Patel A. User’s guide to JAK therapy for ulcerative colitis (ELEVATE): two
inhibitors in inflammatory bowel disease. Curr randomised, double-blind, placebo-controlled,
Res Pharmacol Drug Discov 20225 3: 100096. phase 3 studies. Lancer 2023; 401: 1159-1171.

161. Agrawal M, Kim ES and Colombel J-F. JAK 173. Suilik HA, Jaber F, Abuelazm M, et al.
inhibitors safety in ulcerative colitis: practical Sphingosine 1-phosphate (S1P) receptor
implications. § Crohns Colitis 20205 14: modulators as an induction and maintenance
S755-8760. therapy for ulcerative colitis: a systematic review

162. Lal H, Cunningham AL, Godeaux O, et al. and meta-analysis of randomized controlled
Efficacy of an adjuvanted herpes zoster subunit trials. Inflamm Res 2024; 73: 183-198.
vaccine in older adults. N Engl ¥ Med 2015; 372: 174, Bencardino S, D’Amico F, Faggiani I, et al.
2087-2096. Efficacy and safety of S1P1 receptor modulator

163. Winthrop KL, Melmed GY, Vermeire S, drugs for patients with moderate-to-severe
et al. Herpes zoster infection in patients with ulcerative colitis. ¥ Clin Med 2023; 12: 5014.
ulcerativ.e colitis receiving tofacitinib. Inflamm 175. Sandborn WJ, Feagan BG, Hanauer S, et al.
Bowel Dis 2018; 24: 2258-2265. Long-term efficacy and safety of ozanimod in

164. Sands BE, Taub PR, Armuzzi A, et al. moderately to severely active ulcerative colitis:
Tofacitinib treatment is associated with results from the open-label extension of the
modest and reversible increases in serum randomized, phase 2 TOUCHSTONE study.
lipids in patients with ulcerative colitis. Clin J Crohns Colitis 20215 15: 1120-1129.
Gastroenterol Hepatol 20205 18: 123-132.¢e3. 176. Dubinsky MC, Charles L, Selmaj KW, et al.

165. Solitano V, Facheris P, Petersen M, et al. Pregnancy outcomes in the ozanimod clinical
Implementation of regulatory guidance for JAK development program in patients with ulcerative
inhibitors use in patients with immune-mediated colitis, Crohn’s disease, and relapsing multiple
inflammatory diseases: an international sclerosis. Inflamm Bowel Dis 2024; izae011.
?}S};g%}zflateness study. Autoimmun Rev 2024; 23 177. Verstockt B, Vetrano S, Salas A, et al.

’ Sphingosine 1-phosphate modulation and

166. Ytterberg SR, Bhatt DL, Mikuls TR, et al. immune cell trafficking in inflammatory bowel
Cardiovascular and cancer risk with tofacitinib disease. Nat Rev Gastroenterol Hepatol 20225 19:
in rheumatoid arthritis. N Engl ¥ Med 2022; 386: 351-366.

316-326. 178. Danese S, Panaccione R, Abreu MT, et al.

167. Solitano V, Vuyyuru SK, MacDonald JK, Efficacy and safety of approximately 3 years of
et al. Efficacy and safety of advanced oral small continuous ozanimod in moderately to severely
molecules for inflammatory bowel disease: active ulcerative colitis: interim analysis of the
systematic review and meta-analysis. ¥ Crohns true north open-label extension. ¥ Crohns Colitis
Coliris 2023; 17: 1800-1816. 2024; 18(2): 264-274.

168. Harris C and Cummings JRF. JAK1 inhibition 179. Vermeire S, Chiorean M, Panés J, et al. Long-
and inflammatory bowel disease. Rheumatology term safety and efficacy of etrasimod for
2021; 60: ii45-ii51. ulcerative colitis: results from the open-label

32 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

F Fanizzi, M Allocca et al.

extension of the OASIS study. ¥ Crohns Colitis
2021; 15: 950-959.

Chun J, Giovannoni G and Hunter SF.
Sphingosine 1-phosphate receptor modulator
therapy for multiple sclerosis: differential
downstream receptor signalling and clinical
profile effects. Drugs 2021; 81: 207-231.

180.

181. Vargas WS and Perumal JS. Fingolimod
and cardiac risk: latest findings and clinical

implications. Ther Adv Drug Saf 2013; 4: 119-124.

182. Jain N and Bhatti MT. Fingolimod-associated
macular edema: incidence, detection, and

management. Neurology 2012; 78: 672—680.

Moens A, Van Der Woude CJ, Julsgaard M,

et al. Pregnancy outcomes in inflammatory
bowel disease patients treated with vedolizumab,
anti-TNF or conventional therapy: results of the
European CONCEIVE study. Aliment Pharmacol
Ther 20205 51: 129-138.

183.

184. Peyrin-Biroulet L and Lémann M. Review
article: remission rates achievable by current
therapies for inflammatory bowel disease.

Aliment Pharmacol Ther 2011; 33(8): 870-879.

Parigi TL, D’Amico F, Abreu MT, et al.
Difficult-to-treat inflammatory bowel disease:
results from a global IOIBD survey. Lancet
Gastroenterol Hepatol 20225 7: 390-391.

185.

186. Raine T and Danese S. Breaking through
the therapeutic ceiling: what will it take?

Gastroenterology 2022; 162: 1507-1511.

Berinstein EM, Sheehan JL, Jacob ], et al.
Efficacy and safety of dual targeted therapy for
partially or non-responsive inflammatory bowel
disease: a systematic review of the literature. Dig
Dis Sci 20235 68: 2604-2623.

Dai C, Huang Y-H and Jiang M. Combination
therapy in inflammatory bowel disease: current
evidence and perspectives. Int Immunopharmacol
2023; 114: 109545.

Ahmed W, Galati J, Kumar A, et al. Dual
biologic or small molecule therapy for treatment
of inflammatory bowel disease: a systematic
review and meta-analysis. Clin Gastroenterol
Hepatrol 2022; 20: e361-e379.

Feagan BG, Sands BE, Sandborn W7, et al.
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.
Lancer Gastroenterol Hepatol 20235 8: 307-320.

187.

188.

189.

190.

191. Yamamoto T, Carvello M, Lightner AL, et al.

Up-to-date surgery for ulcerative colitis in the

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

era of biologics. Expert Opin Biol Ther 20205 20:
391-398.

Turner D, Walsh CM, Steinhart AH, et al.
Response to corticosteroids in severe ulcerative
colitis: a systematic review of the literature and a
meta-regression. Clin Gastroenterol Hepatol 2007
5:103-110.

Dinesen LC, Walsh A]J, Protic MN, et al. The
pattern and outcome of acute severe colitis.
F Crohns Colitis 2010; 4: 431-437.

Aratari A, Papi C, Clemente V, et al.
Colectomy rate in acute severe ulcerative colitis
in the infliximab era. Dig Liver Dis 2008; 40:
821-826.

Bresteau C, Amiot A, Kirchgesner J, et al.
Chronic pouchitis and Crohn’s disease of

the pouch after ileal pouch-anal anastomosis:
incidence and risk factors. Dig Liver Dis 2021;
53:1128-1135.

Zuccaro G Jr, Fazio VW, Church JM, et al. Pouch
ileitis. Dig Dis Sci 1989; 34(10): 1505-1510.

Calvino-Suarez C, Ferreiro-Iglesias R, Baston
Rey I, et al. Managing ulcerative colitis after
surgery. Front Med 2022; 9: 1081940.

Shen B, Kochhar GS, Rubin DT, et al.
Treatment of pouchitis, Crohn’s disease, cuffitis,
and other inflammatory disorders of the pouch:
consensus guidelines from the International Ileal
Pouch Consortium. Lancet Gastroenterol Hepatol
2022; 7: 69-95.

Barnes EL, Agrawal M, Syal G, et al. AGA
clinical practice guideline on the management
of pouchitis and inflammatory pouch disorders.
Gastroenterology 2024; 166: 59-85.

Segal JP, Ding NS, Worley G, et al.
Systematic review with meta-analysis: the
management of chronic refractory pouchitis
with an evidence-based treatment algorithm.
Aliment Pharmacol Ther 2017; 45(5): 581-592.
(Erratum in: Aliment Pharmacol Ther 2018;
47(6): 864.)

Ollech JE, Rubin DT, Glick L, et al.
Ustekinumab is effective for the treatment of
chronic antibiotic-refractory pouchitis. Dig Dis
Sci 2019; 64: 3596-3601.

Tome J, Raffals LE and Pardi DS. Management
of acute and chronic pouchitis. Dis Colon Rectum
2022; 65: S69-S76.

Ribaldone DG, Testa G, Verstockt B, et al.
Treatment of antibiotic refractory chronic
pouchitis with JAK inhibitors and S1P receptor
modulators: an ECCO CONFER multicentre
case series. ¥ Crohns Colitis 2024; 18: 720-726.

journals.sagepub.com/home/tag

33


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology

Volume 17

Visit Sage journals online
journals.sagepub.com/
home/tag

S Sage journals

204

205.

206.

207.

208.

2009.

210.

211.

212.

213.

214.

. Restellini S, Chao C-Y, Martel M, et al. Clinical
parameters correlate with endoscopic activity
of ulcerative colitis: a systematic review. Clin
Gastroenterol Hepatol 20193 17: 1265-1275.e8.

Bryant RV, Burger DC, Delo ], et al. Beyond
endoscopic mucosal healing in UC: histological
remission better predicts corticosteroid use and
hospitalisation over 6 years of follow-up. Guz
2016; 65: 408-414.

Zenlea T, Yee EU, Rosenberg L, et al. Histology
grade is independently associated with relapse
risk in patients with ulcerative colitis in

clinical remission: a prospective study. Am ¥
Gastroenterol 20165 111: 685-690.

Jairath V, Zou G, Wang Z, et al. Determining
the optimal treatment target in patients with
ulcerative colitis: rationale, design, protocol and
interim analysis for the randomised controlled
VERDICT trial. BMY¥ Open Gastroenterol 2024;
11: e001218.

Verstockt B, Parkes M and Lee JC. How do we
predict a patient’s disease course and whether
they will respond to specific treatments?
Gastroenterology 2022; 162: 1383-1395.

Dreesen E, Faelens R, Van Assche G, et al.
Optimising infliximab induction dosing for
patients with ulcerative colitis. Br ¥ Clin
Pharmacol 2019; 85: 782-795.

Papamichael K, Van Stappen T, Vande Casteele
N, et al. Infliximab concentration thresholds
during induction therapy are associated with
short-term mucosal healing in patients with
ulcerative colitis. Clin Gastroenterol Hepatol 2016;
14: 543-549.

Annese V, Nathwani R, Alkhatry M, et al.
Optimizing biologic therapy in inflammatory
bowel disease: a Delphi consensus in the United
Arab Emirates. Ther Adv Gastroenterol 20215 14:
175628482110653.

Panaccione R, Lee W-]J, Clark R, et al. Dose
escalation patterns of advanced therapies

in Crohn’s disease and ulcerative colitis: a
systematic literature review. Adv Ther 2023; 40:
2051-2081.

Ghosh S, Kathe N, Umashankar K, et al. Dose
escalation of biologics in biologic-naive patients
with ulcerative colitis: outcomes from the
ODESSA-UC study. Crohns Colitis 360 2023; 5:
otad061.

Ehrenberg R, Griffith J, Theigs C, et al.
Dose escalation assessment among targeted
immunomodulators in the management of

215.

216.

217.

218.

2109.

220.

221.

222.

223.

224.

225.

inflammatory bowel disease. ¥ Manag Care Spec
Pharm 2020; 26: 758-765.

Dutt K and Vasudevan A. Therapeutic drug
monitoring for biologic and small-molecule
therapies for inflammatory bowel disease.
Medicina (Mex) 2024; 60: 250.

Sparrow MP, Papamichael K, Ward MG, et al.
Therapeutic drug monitoring of biologics during
induction to prevent primary non-response.

F Crohns Colitis 2020; 14: 542-556.

Karmiris K, Paintaud G, Noman M,

et al. Influence of trough serum levels and
immunogenicity on long-term outcome of
adalimumab therapy in Crohn’s disease.
Gastroenterology 2009; 137: 1628-1640.

Seow CH, Newman A, Irwin SP, et al. Trough
serum infliximab: a predictive factor of clinical
outcome for infliximab treatment in acute
ulcerative colitis. Gutr 2010; 59: 49-54.

Battat R, Kopylov U, Bessissow T, et al.
Association between ustekinumab trough
concentrations and clinical, biomarker, and
endoscopic outcomes in patients with Crohn’s
disease. Clin Gastroenterol Hepatol 2017; 15:
1427-1434.e2.

Adedokun O], Xu Z, Gasink C, et al.
Population pharmacokinetics and exposure-
response analyses of ustekinumab in patients
with moderately to severely active Crohn’s
disease. Clin Ther 20225 44(10): 1336-1355.

Dreesen E, Verstockt B, Bian S, et al. Evidence
to support monitoring of vedolizumab trough
concentrations in patients with inflammatory
bowel diseases. Clin Gastroenterol Hepatol 2018;
16: 1937-1946.e8.

Roncoroni L, Gori R, Elli L, et al. Nutrition in
patients with inflammatory bowel diseases: a
narrative review. Nutrients 20225 14: 751.

Stidham RW, Liu W, Bishu S, et al.
Performance of a deep learning model vs human
reviewers in grading endoscopic disease severity
of patients with ulcerative colitis. ¥4AMA Nerw
Open 2019; 2: €193963.

Tacucci M, Parigi TL, Del Amor R, et al.
Artificial intelligence enabled histological
prediction of remission or activity and clinical
outcomes in ulcerative colitis. Gastroenterology
2023; 164: 1180-1188.e2.

Ahmed M, Stone ML and Stidham RW.
Artificial intelligence and IBD: where are we
now and where will we be in the future? Curr
Gastroenterol Rep 20245 26(5): 137-144.

34

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

