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Abstract: Inflammatory bowel disease (IBD) is a group of heterogeneous chronic inflammatory
diseases of the gut presenting with intestinal and extraintestinal manifestations. Most cases fit in
predominantly two types, namely, ulcerative colitis and Crohn’s disease. The incidence of IBD has
been increasing steadily in the past three decades. Focused research has resulted in many therapeutic
options. Biologics (derived from humans or animals) and small molecules have emerged as the
cornerstone in the management of IBD and have become widely available. Currently, monoclonal
antibodies against tumor necrosis factor-alpha (infliximab, adalimumab, certolizumab, and goli-
mumab), integrins (vedolizumab and natalizumab), and interleukin (IL)-12 and IL-23 antagonists
(ustekinumab), along with small molecules (tofacitinib), are approved for use. This article summa-
rizes various aspects of these drugs, like clinical pharmacology, indications for use in IBD, safety in
pregnancy and lactation, and the adverse effects profile based on the studies leading to their approval.
This review also focuses on the recent advances and future perspectives specific to biologics in IBD.

Keywords: inflammatory bowel disease; ulcerative colitis; Crohn’s disease; anti-TNF; infliximab;
adalimumab; anti-integrin; ustekinumab; vedolizumab; small molecules; JAK inhibitors; tofacitinib

1. Introduction

Inflammatory bowel disease (IBD) is a cause of an important problem to the healthcare
setup of any country, as both ulcerative colitis (UC) and Crohn’s disease (CD) require
long-term therapy and continuous monitoring. Although it is noted in high proportions in
northern and western Europe, North America, and Australia, the geographic distribution
is noticeably wider, with an increasing prevalence even in countries that were initially
considered low-risk areas [1,2]. Epidemiological studies from South Asia have shown UC
to be more prevalent than CD, with an increasing trend of CD [2,3].

The therapeutics of IBD have witnessed a rapid evolution over the past several decades
(Figure 1). From the advent of the chimeric monoclonal anti-tumor necrosis factor (TNF)-
alpha antibody infliximab in the 1990s [4], to the development of newer biologics and small
molecule agents, all reflect change in therapeutic targets with the common aim of achieving
deep remission, the amalgamation of clinical remission and mucosal healing in IBD [5].
Agents like anti-integrin (vedolizumab), anti-interleukin (IL)-12/23 p40 (ustekinumab),
anti-IL-23p19 (risankizumab), oral Janus kinase (JAK) inhibitors (tofacitinib, upadacitinib),
and sphingosine-1-phosphate (S1P) receptor modulator (ozanimod) have been recently
approved for management of IBD, thus expanding therapeutic armamentarium [6].

This review is an attempt in the direction of summarizing the available evidence on
the use of biologics and small molecules in the ever-changing therapeutic goals of IBD and
the emerging trends.
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Figure 1. Timeline for the different biologicals and small molecules approved by FDA and in the
development process for the treatment of IBD. Adapted from [7], MDPI, 2023.

2. Materials and Methods

A literature search was conducted using the following ‘MeSH’ terms in the ‘PubMed’
database: ‘Inflammatory bowel disease’, ‘Ulcerative colitis’, and ‘Crohn’s disease’. The
keywords “therapy”, “biologicals”, and “small molecules” were also used. Once the
relevant literature was identified, a literature search was performed using individual drugs
in the ‘PubMed’, ‘TEMBASE’, and “Web of Science’ databases. Identified titles, abstracts, and
some full-text articles were used by four independent reviewers while writing this review.

The majority of the articles included in this review are from the last three decades.

3. Anti-TNF Therapy in IBD: The Evidence

During the last decade of the last century, tumor necrosis factor (TNF) was implicated
(for the first time) in inflammatory bowel disease (IBD) when patients were shown to have
elevated levels in serum [1], stool [2], and mucosal biopsy [3]. Subsequently, the first report
of successful use of anti-TNF therapy was published [4] and established the clear association
of TNF in the pathogenesis of IBD. Amongst the anti-TNF medications, infliximab (IFX)
was the first monoclonal antibody that was approved for the management of IBD, and
subsequently, adalimumab (ADA) and golimumab (GLM) have also been approved.
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3.1. Infliximab

IFX, an intravenously administered chimeric IgG1 monoclonal antibody, was the
first biological to be approved for the management of IBD and has been in use for more
than 20 years. Data that have come from the past two decades are summarized in the table.
It is, however, important to note that 30% have a primary non-response (PNR), and of those
who respond, 50% have to stop or switch due to a loss of response (LOR) or develop serious
adverse effects (SAE), which mandate switching or stopping. A loss of response to IFX
is on most occasions due to low trough levels of the drug during the maintenance phase
because of non-immune or antibody-mediated immune clearance [5], justifying the need
for therapeutic drug monitoring (TDM) by the measurement of the drug concentration and
antibody titers. TDM helps a clinician to effectively optimize the therapy and favorable
outcomes [6].

3.1.1. Infliximab in Crohn’s Disease

The first double-blind placebo-controlled trial (TAGRAN Study) employed patients
with moderate to severe CD who were randomized to receive a single intravenous infusion
of either the placebo or IFX in a dose of 5, 10, or 20 mg/kg, with the primary outcome
being defined as a reduction of >70 in the Crohn’s Disease Activity Index (CDAI) at
4 weeks. It was also important that it was not accompanied by a change in any concomitant
medications. A significant response was seen at 4 weeks with 81%, 50%, and 64% in the 5,
10, and 20 mg/kg groups having a clinical response as compared to only 17% of patients
in the placebo group (p < 0.001). A secondary outcome (clinical remission defined by a
CDAI < 150) was achieved by 33% of patients treated with IFX as opposed to only 4% of
the patients given the placebo (p = 0.005). There was a difference in the rates of adverse
events [8].

The landmark ACCENT I trial was a randomized double-blind placebo-controlled trial
of IFX in the long-term management of patients with moderate to severe Crohn’s disease
with a CDAI score of at least 220. The patients received 5 mg/kg IFX at enrolment (week 0)
and were assessed at week 2, wherein they were randomized to receive the placebo (group
I), 5 mg/kg (group II), or 10 mg/kg IFX (group III) at 2 and 6 weeks and then every 8 weeks
thereafter until week 46. Primary outcomes included (a) the proportion of patients who
responded at two weeks and were in remission (CDAI < 150) at week 30 and (b) the time
to loss of response up to 54 weeks in patients who responded at week 0. At 2 weeks, 58%
of the patients had a documented response to a single infusion of IFX. At 30 weeks, 21%
(group I), 39% (group II), and 45% (group III) of patients had achieved the desired endpoint
(p = 0.003 and 0.0002, respectively). As a cohort, the patients in groups II and III when
combined were more likely to sustain clinical remission (odds ratio 2.7, 95% confidence
interval 1.6-4.6). Over the 54-week trial, the median time to a loss of response was 38 weeks
and >54 weeks for groups II and III, respectively, compared with 19 weeks for group I
(p = 0.002 and 0.0002, respectively). Like in the previous trials, the incidence of serious
infections was similar across treatment groups [9].

In another placebo-controlled RCT within 02 years of the TAGRAN study, patients
with CD with draining abdominal or perianal fistulas were assigned to the placebo, 5, or
10 mg/kg of IFX at 0, 2, and 6 weeks, with the primary outcome being a reduction of >50%
in the number of draining fistulas observed over subsequent visits. Complete closure of the
fistulas was also included as a secondary end point. At least a 50% closure of fistulas was
seen in 68% and 56% in the IFX group (5 and 10 mg/kg), which was significantly higher
than the placebo (26%). The secondary end point of closure was seen in 55% and 38% in
the therapeutic arms (5 and 10 mg/kg, respectively) as compared to 13% in the placebo
(p =0.001 and p = 0.04, respectively). Similar to the TAGRAN study, there was no difference
in the rates of adverse events, and the common adverse events included headache, upper
respiratory tract infection, and fatigue [10].

ACCENT 1II, a randomized, double-blind, placebo-controlled trial, assessed the role of
IFX in the long-term management of patients with fistulizing Crohn’s disease. It included
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patients with one or more draining abdominal or perianal fistulas for at least a 3-month
duration. All patients received an induction dose of 5 mg/kg of IFX in weeks 0, 2, and
6. A response was defined as a reduction from a baseline CDAI >220 by at least 25% or
70 points. Patients who showed a response (n = 195) or had no response (1 = 87) were
then randomized to the placebo (group I) or 5 mg/kg (group II) of IFX every 8 weeks and
were followed for 54 weeks. The primary endpoint, time to loss of follow-up, was longer
for patients on IFX maintenance than for those receiving the placebo (>40 weeks versus
14 weeks, p < 0.001). The secondary endpoint, the complete absence of draining fistulas
at 54 weeks, was achieved in 36% of patients on IFX compared to 19% of placebo-treated
patients (p = 0.009) [11].

The SONIC trial, a randomized, double-blind trial, evaluated the combinations of
azathioprine and IFX in 508 adults with moderate-to-severe CD who were naive to immuno-
suppressive or biologic therapy. Patients were randomly allocated to receive 5 mg/kg IFX
with or without azathioprine. Over 26 weeks of follow-up, patients on combination therapy
had a higher rate of steroid-free remission than those on IFX alone (56.8 versus 44.4%,
p = 0.02) or azathioprine monotherapy (56.8% versus 30%, p < 0.001). Mucosal healing was
also significantly better with combination therapy as compared to monotherapy with IFX
(43.9 versus 30.1%, p = 0.06) or azathioprine (43.9 versus 16.5%, p < 0.001). Two additional
important points were highlighted in the study. Firstly, the incidence of adverse events was
similar among the three groups, and, secondly, infusion reactions to IFX occurred in only
5% of patients in the combination therapy group compared with 16.6% in the IFX group
(p <0.001) [12].

In addition to the multiple RCTs that have been conducted for IFX, large data for the
clinical efficacy and adverse effect profile also exist in the way of large observational studies,
which typically reflect real-life clinical practice and have longer a follow-ups. Almost all
studies validate the results of the RCTs, a large observational cohort study at a single
center with 614 patients who were followed up for more than 04 years showed a primary
non-response rate of only 10.9% and two-thirds of the initial responders (63.4%) had a
sustained clinical benefit with a persistent improvement of the symptoms. The study also
noted that approximately half the initial responders required modifications in the dosing,
like frequent dosing (19.3%), increased dose or reinduction (26.3%), or a combination of
both (3.8%). Five patients had serious infections necessitating IFX discontinuation [13].

Another study from the same center compared the side effect profile between IFX-
treated patients (n = 734) and a control group (n = 666). Both groups had similar incidences
of serious adverse effects (13 vs. 19%, p = 0.45), serious infections (1.6 vs. 1.1/100 patient-
years), and mortality (0.3 versus 0.2/100 patient-years) [14].

A retrospective study analyzed the prediction of IFX failure in 261 patients who had
responded to IFX and were on scheduled maintenance therapy. IFX failure was seen in
24.9% of patients over a median follow-up of 2.4 years. IFX optimization was required
in 62.5% of patients, with the first modification at 41 weeks. A disease duration >1 year
(HR 2.5, 95% CI 1.2-5.2, p = 0.02), L1 disease (HR 2, 95% CI 1.1-3.5, p = 0.02), prior
anti-TNF use (HR 2.3, 95% CI 1.1-4.8, p = 0.03), Hb < 13.5 g/dL (HR 2.3, 95% CI 1.2-4 4,
p =0.02), not using TDM (HR 8, 95% CI 4.1-15.6, p < 0.001), and dose optimization within the
first year (HR 3.7, 95% CI 2.1-6.6, p < 0.001) were independent predictors of IFX failure-free
treatment [15].

Another retrospective, single-center study with 351 participants showed female gender
(HR2.1,95% CI 1.4-3.3, p <0.001) and body mass index (BMI) > 23.4 (HR 1.7, 95% CI1.1-2.7,
p = 0.034) as independent factors associated with the persistence of first-line treatment with
IFX [16].

Still, larger studies (registries and meta-analyses) have also evaluated IFX in the man-
agement of CD. The TREAT registry conducted a prospective study examining long-term
outcomes of CD in the community in patients receiving IFX (1 = 3400) or other therapies
(n = 2833). Serious infection rates were significantly higher for the IFX group (2.15 versus
0.86/100 person-years) with pneumonia being the commonest. The use of steroids, age,
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and disease duration at enrollment, moderate/severe disease, and colonic disease inde-
pendently predicted serious infections. Mortality (0.57 versus 0.67/100 person-years) and
malignancy rates (0.69 versus 0.71/100 person-years) were similar between patients [17].
A pooled analysis of IFX RCTs in CD has shown similar rates of malignancy (0.49 versus
1.61/100 person-years) and mortality (0.24 versus 0.8/100 person-years) [18]. A systematic
review of RCTs between January 1980 and May 2016 examined the efficacy of biological
or immunomodulator therapy in CD and showed significantly reduced hospitalization
(OR 0.46, 95% CI 0.36-0.6) and surgery (OR 0.23, 95% CI 0.13-0.42) compared with the
placebo [19].

A recently published network meta-analysis compared the efficacy (induction and
maintenance of clinical remission) and safety (SAEs and infections) of biological therapy in
patients with at least moderate CD using surface under the cumulative ranking (SUCRA)
probabilities. IFX ranked highest for the induction of clinical remission (SUCRA 0.93) and
ranked highest for the maintenance of remission (SUCRA 0.68) [20].

3.1.2. Infliximab in the Postoperative Recurrence of CD

IFX has also been evaluated in the management of prophylaxis of postoperative
recurrence after ileocolonic resection for CD. A double-blind RCT assessed the role of IFX
in preventing postoperative recurrence in patients following an ileocolonic resection for
CD, wherein patients were randomized to receive IFX or a placebo. The primary outcome
included the proportion of patients with endoscopic recurrence at 1 year. The rates of
recurrence were much higher in the placebo group at 84.6% vs. 9.1%, p = 0.0006) [21]. The
study was followed up as a prospective open-label long-term follow-up and the patients
were given the option to continue, stop, or start IFX therapy with the endpoint being
the time to endoscopic recurrence from the initial randomization to postoperative IFX or
placebo. Patients who received IFX in the first year post-surgery had a longer mean time
to first recurrence (1231 & 747 days vs. 460 £ 121 days, p = 0.003) [22]. Another RCT
included 21 CD patients after curative ileocolonic resection managed with IFX (group I)
and azathioprine (group II). The rate of recurrence was higher among the azathioprine
group (40% vs. 9%, p = 0.14). Histological activity was persistent in about 80% of patients
treated with azathioprine as compared to 18% of the IFX-treated patients (p = 0.008) [23].

The PREVENT trial was a prospective, multicenter, randomized, double-blind, placebo-
controlled trial evaluating the prevention of recurrence in 297 postsurgical resection CD
patients who were at an increased risk. Patients were randomized to the placebo or IFX
at eight weekly intervals for 200 weeks. The primary outcome was clinical recurrence
(CDAI > 200 or increase by 70) or the development of a new or redraining fistula or abscess.
The IFX group had lower rates of clinical recurrence (12.9% versus 20%, p = 0.097) and
endoscopic recurrence (30.6% versus 60%, p < 0.001) [22].

3.1.3. Pediatric CD

Baldassano et al. evaluated the efficacy and safety of a single dose of IFX infusion
in 21 children. The intervention resulted in a 100% clinical response, and remission was
achieved in 48% of the cases [23]. Cezard et al. evaluated the role of IFX (5 mg/kg) in
21 children at 0, 15, and 45 days. The patients had remission in 19 cases, and treatment was
also associated with 100% fistula closure [24]. The REACH study assessed the role of IFX
in the maintenance of remission. A total of 112 children underwent induction at 0, 2, and
6 weeks and then received eight weekly IFX infusions at 5 mg/kg. A clinical response was
seen in 88% of the patients, with 59% achieving remission [25].

3.1.4. Infliximab in Ulcerative Colitis

The role of IFX in UC has been evaluated in great detail. Landmark RCTs like ACT 1
and ACT 2 have assessed the efficacy of IFX in the induction and maintenance of remis-
sion in patients with moderate to severe UC. In ACT I, a randomized, double-blind trial,
364 patients were randomized into three groups based on the dosing of IFX at 5 mg/kg
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(group 1), 10 mg/kg (group II), and placebo (group III). All groups received induction
dosing at 0, 2, and 6 weeks followed by every 8 weeks for 46 weeks (8 doses, including
induction). The primary outcome was a clinical response defined as a decrease in the
Mayo score of at least three points and at least 30%, with an accompanying decrease in the
sub-score for rectal bleeding of at least one point or an absolute rectal-bleeding sub-score
of 0 or 1. The secondary outcome was clinical remission. At the end of 54 weeks, more
patients who received 5 mg or 10 mg of IFX had a clinical response at week 54 (45 and
44%, respectively) than those who received the placebo (20%, p < 0.001 for both compar-
isons). Clinical remission was seen in 22% of patients who had received IFX. ACT II also
enrolled 364 patients, and the randomized, double-blind trial categorized the patients
into three groups similar to ACT I. The dosing pattern was also the same, but the study
duration was 22 weeks. Similar to ACT I, the primary outcome in ACT II was a clinical
response defined as a decrease in the Mayo score of at least three points and at least 30%,
with an accompanying decrease in the sub-score for rectal bleeding of at least one point
or an absolute rectal-bleeding sub-score of 0 or 1. Clinical remission was seen in 23%
of patients who had received IFX as compared to 3% of the placebo group [26]. In both
studies, patients who received IFX were more likely to have a clinical response at week 30
(p < 0.002 for all comparisons).

In a small double-blind RCT, 45 patients with fulminant or severe UC were randomized
to receive either IFX (as a rescue therapy) or the placebo, with the primary outcome being
colectomy or death within 3 months of randomization. Although there was no mortality in
either group, the rates of colectomy were significantly higher in the placebo group (66.7%
vs. 29.2%, OR 4.9, 95% CI 1.4-17, p = 0.017) [27].

In another open-label randomized controlled trial, patients with an acute severe flare
of UC (Lichtiger score > 10 points) and steroid failure were randomized to cyclosporine
(2 mg/kg per day for 1 week, followed by oral drug until day 98) or IFX (5 mg/kg on
days 0, 14, and 42). The primary outcomes included the absence of clinical response at day
7, a relapse between day 7 and day 98, the absence of steroid-free remission, colectomy,
or death. Treatment failure occurred more frequently in the cyclosporine group (60% vs.
54%, p = 0.52). However, the incidence of serious adverse events was more common in the
IFX group (25% vs. 16%) [28]. These study subjects were also followed for 5 years, and
long-term outcomes showed higher colectomy-free survival (65.5% vs. 61.5%) in the IFX
group (p = 0.97) [29].

A retrospective study of the database of the British Columbia Ministry of Health
assessed 7227 patients. Patients in the pre-IFX era (2003-2004) were compared with the
IFX era (2008-2009). A lower colectomy rate was noted in the IFX era (8.88% vs. 9.97%,
p = 0.03). However, the study also noted that amongst the patients with severe UC (having
a history of steroid use), there was no significant difference (9.9 vs. 11.14%, p = 0.18) [30].

Another retrospective study of 191 patients with UC on IFX had an 18.8% rate of
colectomy over a follow-up of 18 months. The study assesses the independent predictors
of colectomy. Predictors of colectomy included the absence of clinical response after IFX
induction (HR 7, 95% CI 3.4-14.8), elevated baseline C-reactive protein > 10 mg/L (HR 5.1,
95% CI 1.8-14.8), and previous treatment with cyclosporine (HR 2.5; 95% CI 1.2-5.3) [31].

An observation study of 285 IFX-treated patients showed a relapse rate of 61% of
patients and a colectomy rate of 20% during a median follow-up period of 5 years. Multiple
independent predictors of colectomy-free survival included a rapid clinical response (OR
7.7,95% CI2.8-21.7; p < 0.001), mucosal healing (OR 4, 95% CI 1.2-14, p = 0.028), baseline
CRP < 5mg/L (OR 2.9, 95% CI 1.3-6.9, p = 0.012), and baseline albumin > 35 g/L (OR
3, 95% CI1.1-8.2, p = 0.029). The study also showed that IFX concentrations (at week
14) > 2.5 ng/mL predicted relapse-free survival (p < 0.001) and colectomy-free survival
(p =0.034) [30].
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3.1.5. Infliximab in Pouchitis

Almost 20-30% of the patients with UC undergo surgery in their lifetime with the
majority having total procto-colectomy and IPAA [32]. The pouch can develop an inflamma-
tory condition both in UC and CD. IFX has been evaluated in the management of pouchitis.
A Belgian study of 28 patients with IPAA along with refractory pouchitis evaluated IFX in
the management. A total of 56% of patients showed a sustained clinical response after a
median follow-up period of 20 months [33].

In a retrospective, multi-center observational study evaluating IFX, patients (n = 35)
with chronic, refractory pouchitis were treated with IFX and assessed at weeks 8, 26, and
52. Partial responses (63%, 33%, and 19%) and complete responses (21%, 33%, and 27%)
were achieved at weeks 8, 26, and 52, respectively [22].

Similarly, a study from Canada of 42 patients with chronic refractory pouchitis (n = 26)
or recurrence of CD after IPAA showed a complete clinical response in 29.6% of cases. It
also showed that 62.6% of the participants had a partial response, underlining the role of
IFX in the management of pouch-related inflammatory complications [31].

A recent meta-analysis of 313 patients on anti-TNF therapy showed short-term and
long-term remission rates of 50% and 52%, respectively. The study also showed a better
response for CD-like complications of the pouch than refractory pouchitis [34]. Landmark
trials of use of infliximab in UC and CD are enumerated in Table 1.

Table 1. Landmark trials of infliximab in UC and CD.

Fistula .
FU . C . Cres SAE Peads Infection
N (Wks.) Design Medication (%) (%) ) Clg)zt)lre (%) Ref.
Placebo (n = 25) 12
IFX 5 mg/kg (n =27 48 - - - -
108 12 DB, PC g/kg ) Tagran et al. [8]
RCT IFX 10 mg/kg (1 = 28) 29
IFX 20 mg/kg (n = 28) 46
Placebo (1 = 110) 21 29
DB, PC - 2 - B 4 Hanau et al. [9]
335 54 RET IFX 5 mg/kg (n = 113) 39 8 (ACCENT)
IFX 5 mg/kg (n = 112) 45 22
Placebo (n =31) 26 26
94 18 DI]%CI"}C IFX 5 mg/kg (n = 31) 68 68 Present et al. [10]
IFX 10 mg/kg (n = 32) 56 56
195 5 DB, PC Placebo (n = 31) 23 23 _ 36 6 Sands etal. [11]
RCT IFX 5 mg/kg (n = 31) 46 14 19 3 (ACCENT 1II)
IEX
CD AZA (n =170) 30 27 6
DB = 44 1 B ) Colombel et al. [12]
508 30 RCT IFX 5 mg/kg (n = 169) 8 5 (SONIC)
IFX + AZA (n=169) 57 15 4
614 200 OB IFX 5 mg/kg 64 - - Schnitzler et al. [13]
IFX 5 k =734 13 1.6#
1400 OB mg/ke (n =734) - - >®"  Fidderetal. [14]
Control (n = 666) 19 1.1#
IEX (n = 3400) _ _ _ . 2.15#
6233 650 REG ———— Lichtenstein et al. [17]
Others (n = 2833) 0.86 #
21 OB IFX 5 mg/kg 100 21 Baldassano et al. [35]
21 OB IFX 5 mg/kg 91 21 100 Cezzard et al. [36]
12 30 OB IFX 5 mg/kg 88 112 59 Hyams et al. [37]

(REACH)
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Table 1. Cont.

Fistula .
FU . o . Cres SAE Peads Infection
N (Wks.) Design Medication (%) (%) ) Cl((:)/sol)lre (%) Ref.
Placebo (n = 121) 20 26 4
DB, PC _ - NA Rutgeerts et al. [26]

364 54 RCT IFX 5 mg/kg (n = 121) 55 22 3 (ACT )

IFX 10 mg/kg (n = 122) 54 24 7

Placebo (n = 123) 26 20 1

DB, PC _ - - Rutgeerts et al. [26]

364 30 ReT X5 mg/kg (n=121) 47 12 2 (ACT TI)

IFX 10 mg/kg (n = 120) 60 9 3

Placeb 67

uc 45 12 DB,RCT 20 d - - - - Jarnerot et al. [22]
IFX 5 mg/kg 30%
Cyclosporine (1 = 58) 40 16 i}
i .2

115 14 RCT IEX 5 mg,/kg (1 = 57) % 25 Laharie et al. [28]
115 250 RCT Cyclosporine (1 = 58) 39% . _ _ _ Laharie et al. [29]

IFX 5 mg/kg (n = 57) 35¢%

Control 10% _ _ _ _
7227 REG IFX 88% Moore et al. [30]

#—calculated as person-years, $—assessed colectomy rates; DB—double-blind; FU—follow-up;

OB—observational study; PC—placebo-controlled; RCT—randomized controlled trial; REG—registries’
analysis; SAE—serious adverse event.

3.2. Adalimumab

For a long period after infliximab was approved as a therapeutic option in the man-
agement of IBD, IFX was the only choice available. A significant number of patients went
on to lose the response, primarily due to the development of anti-IFX antibodies [24].
Additionally, a higher rate of drug-mediated reactions was also noted in the patients with
these antibodies [35]. Many therapeutic interventions, like more frequent or higher dosing,
were tried but this also prompted research into alternative treatment options. Adalimumab
(ADA), like IFX, is a recombinant human monoclonal antibody targeting TNFx. Although
the mechanism of action is the same, there are significant differences in terms of the dosing
schedule and routes of administration. Moreover, it has been shown to be useful as a
primary biologic and in patients who have a loss of response to IFX due to antibodies.

3.2.1. Adalimumab in CD

The earliest trial to evaluate the role of ADA in the management of CD was the
CLASSIC I trial, which was a randomized, double-blind, placebo-controlled, dose-ranging
trial aiming to evaluate the efficacy of adalimumab induction therapy in patients with
CD. Patients with moderate to severe CD (n = 299) who were anti-TNF-naive were ran-
domized to receive two doses of different doses of ADA (40 mg/20 mg, 80 mg/40 mg, or
160 mg/80 mg or placebo) at 0 and 2 weeks. The primary endpoint was clinical remission at
4 weeks, which was defined as a CDAI < 150. The most significant rates of clinical remission
were seen in the 160/80 mg group (36%, p = 0.001) as compared to 18% (40/20 mg), 24%
(80/40 mg), and 12% (placebo). Adverse events occurred at similar rates in all 4 treatment
groups, except for injection site reactions, which were more common in patients treated
with adalimumab [36].

CLASSIC II followed up on patients from CLASSIC I. Out of the original 299 patients,
276 patients were enrolled in CLASSIC II and received 40 mg of ADA at weeks 0 (week
4 of CLASSIC I) and 2. Patients in remission at both weeks 0 and 4 (n = 55) were again
randomized into three groups: 40 mg alternate weekly, 40 mg weekly, or placebo for
56 weeks. Patients who had not achieved remission at weeks 0 and 4 were enrolled and
received open-label ADA (40 mg) every other week, which was escalated to weekly dosing
in the case of a non-response or flare. Patients with a non-response or flare could upgrade
to an alternate weekly or weekly schedule. The maintenance of remission (CDAI < 150)
was the primary endpoint. Of the 55 patients randomized at week 4, a higher number of
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patients in the weekly and alternate weekly arms were in remission as compared to the
placebo (83% vs. 79% vs. 44%, p < 0.05). Of the 204 patients in the open-label arm, 46%
were in clinical remission at week 56 [37].

3.2.2. Adalimumab in UC

Based on the evidence that ADA was successful in the induction as well as maintenance
of remission in CD, it has also been assessed as an anti-TNF agent in UC. The ULTRA 1 trial
was conducted to assess the efficacy of adalimumab in inducing remission in patients with
moderate-to-severe UC. ULTRA 1 was a multicenter randomized, double-blind, placebo-
controlled study that assessed the role of ADA in patients with a Mayo score of >6 points
and endoscopic sub-score of >2 points despite treatment with corticosteroids and/or
immunosuppressants who were randomized to subcutaneous treatment with ADA (160 mg
at week 0, 80 mg at week 2, or 40 mg at weeks 4 and 6) or placebo. Subsequently, a second
induction group (ADA 80 mg at week 0 followed by 40 mg at weeks 2, 4, and 6) was
established. The primary efficacy endpoint was clinical remission (Mayo score < 2 with
no individual sub-score > 1) at week 8. The study showed higher remission rates in the
160/80 group (18.5%) and ADA 80/40 group (10.0%) as compared to the placebo (9.2%).
Serious adverse events occurred in 7.6%, 3.8%, and 4.0% of patients in the placebo, 80/40,
and 160/80 groups, respectively [38].

ULTRA 2, a randomized, double-blind, placebo-controlled trial, assessed the role of
ADA in the long-term maintenance of remission in UC in 494 patients with moderate-to-
severe ulcerative colitis who also received treatment with oral corticosteroids or immuno-
suppressants. Patients were stratified in two groups based on previous anti-TNF exposure
and then each stratum was randomized to receive ADA 160 mg at week 0, 80 mg at week 2,
and then 40 mg every other week, or the placebo. The primary endpoints were remission
at week 8 (like ULTRA 1) and week 52. Clinical remission rates were higher in the ADA
group at week 8 (16.5% vs. 9.3%, p = 0.019) and at week 52 (17.3% vs. 8.5%, p = 0.004).
It was also interesting to note that amongst anti-TNF-naive patients, the rates were even
higher for the ADA group at week 8 (21.3% vs. 11.0%, p = 0.017) and week 52 (22% vs.
12.4%, p = 0.029). Amongst the patients with exposure to anti-TNF therapy, the results still
favored ADA at week 8 (9.2% vs. 6.9%, p = 0.559) and significantly more at week 52 (10.2%
vs. 3%, p = 0.039) [39].

Balint et al. assessed the rates of continuous clinical response, remission, non-response,
and loss of response at weeks 12, 30, and 52 with ADA in 73 patients with UC. As 67.1%
of the patients had received previous IFX therapy, the secondary endpoints compared a
difference in response between anti-TNF-naive and -exposed patients. Of the patients,
75.3% showed a clinical response at week 12 and remission was maintained in 48.6% at
week 52 [40].

The patients enrolled in ULTRA 1 and ULTRA 2 were followed up (ULTRA 3) as an
open-label extension for four years. Of the patients who were followed up in ULTRA 3
(n = 588), 61.2% of patients remained on ADA at 3 years. Remission according to the partial
Mayo score and mucosal healing was maintained by 63.6% and 59.9% of patients [41].

3.3. Golimumab
3.3.1. Golimumab in UC

Golimumab is a subcutaneously delivered human monoclonal antibody targeted
against TNFa. The PURSUIT-SC trial evaluated the golimumab response in patients with
moderate-to-severe UC who were naive to anti-TNF agents, but had failed to respond to
one or more of the other conventional medical therapies. It was conducted as a randomized
double-blind dose-finding and dose-confirmation study involving 774 patients. The trial
showed that 51% of patients receiving golimumab (200 mg followed by 100 mg 2 weeks
apart) and 54.9% receiving a higher dose of golimumab (400 mg followed by 200 mg 2 weeks
apart) achieved the primary endpoint of clinical response at week 6. The placebo group
achieved the endpoint in 30.3% of cases (p < 0.0001). Clinical remission at 6 weeks was
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also higher in the golimumab group: 17.8% (200 mg/100 mg) and 17.9% (400 mg /200 mg)
versus 6.4% in the placebo group (p < 0.0001) [42].

The PURSUIT-maintenance trial followed PURSUIT-SC to assess long-term clinical
efficacy and safety. The randomized, double-blind study enrolled 464 patients who had
responded to induction therapy in PURSUIT-SC into three groups: group I (Placebo), group
II (4 weekly 50 mg golimumab), and group III (4 weekly 100 mg) for 54 weeks. Golimumab
maintained remission in 47% (p = 0.010) in group III and 49.7% (p < 0.001) in group II as
compared to 31.2% in group I [42].

Similarly, Pursuit-] enrolled 144 patients with UC given open-label induction with
golimumab. The responders entered the double-blind phase and were randomized to
100 mg of golimumab or placebo every 4 weeks for 52 weeks. The clinical response at
54 weeks was the primary response, with secondary endpoints being clinical remission
and mucosal healing at weeks 30 and 54. Patients in the golimumab arm had a higher rate
of maintained clinical response until week 54 (56.3% vs. 19.4%). Additionally, during the
54 weeks, a significantly higher number of patients in the golimumab arm had remission
(50% vs. 6.5%), and a higher proportion of patients on golimumab (59.4%) experienced
mucosal healing than in the placebo group (16.1%) [43].

GO-COLITIS was an open-label, study with a pragmatic design reflecting clinical
practice. Adult UC patients (n = 205) with a disease duration > 3 months and partial
Mayo score (4-9) received golimumab induction (200 mg initially and 100 mg at week
2) followed at week 6 by weight-based golimumab every 4 weeks until week 54 with a
12-week follow-up. A sustained clinical response until week 54 was achieved in 24.9% of
the patients. An improvement in HRQoL was sustained through week 54. Serious AEs
leading to treatment discontinuation occurred in 8.8% of patients [44].

3.3.2. Golimumab in CD

A study by Greener et al. evaluated the role of golimumab in CD in a retrospective
observational study involving 45 patients with CD with a median follow-up of 22 months.
A clinical response at 12 weeks was seen in 77.7% of patients. Additionally, the cumulative
probabilities that patients would maintain the same response after the initial response for
12 and 36 months after the introduction of golimumab were 81% and 64%, respectively.
Over a year of follow-up, endoscopic improvement and mucosal healing were achieved in
73% and 47% of patients, respectively [45].

Another trial by Pichler et al. for adolescents with CD retrospectively analyzed the
role of golimumab in seven adolescents who received golimumab (median age—17 years)
for a median of 7.2 months. With golimumab, 71.4% of the participants were responders
and 28.6% entered remission. There were no serious side effects reported [46].

3.4. Anti-TNF in Pregnancy

As an immunoglobulin, IgG is actively transported across the placenta from the second
trimester onwards using the neonatal Fc receptor of the placenta [47]. Anti-TNF levels have
been measured in cord blood as a surrogate marker for exposure and cord levels of anti-TNF
often exceed maternal levels at birth. Anti-TNF clearance can take 6 months or more, with
slower clearance for infliximab than adalimumab [48]. Anti-TNF therapy has no negative
impact on pregnancy or newborn outcomes. Narula et al., in their meta-analysis of about
1300 anti-TNF exposed pregnancies, showed no increased risk of unfavorable pregnancy
outcomes, miscarriage, preterm birth, low birth weight or congenital malformations [49]. It
is important to note that most of the existing data regarding anti-TNF safety in pregnant
women is based on studies analyzing infliximab and adalimumab. The data for golimumab
are sparse. Based on the evidence, the American Gastroenterology Association (AGA)
recommends the continuation of anti-TNFs throughout pregnancy, without interruption in
the third trimester. It does recommend that the last dose should be timed to achieve the
lowest possible trough levels at the time of delivery. AGA recommends that the final dose
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of infliximab, adalimumab, and golimumab should be given 6-10 weeks, 2-3 weeks, and
4-6 weeks before the expected date of delivery, respectively [50].

Landmark trials of use of Adalimumab and Golimumab in UC and CD are enumerated
in Table 2.

Table 2. Landmark trials of adalimumab and golimumab in UC and CD.

FU Cres  SAE  Peads  JFistula  p e tion

N (Wks.) Design Medication (%) (%) ) Cl((;/sol)lre (%) Ref.
Placebo 12 3 17 16
299 . DB, PC ADA 40 mg/20 mg 18 1 i 10 Hanauer et al.
RCT ADA 80 mg/40 mg 24 1 75 17 [36] (CLASSIC )
D ADA 160 mg/80 mg 36 0 21
Placebo 44 11 0
276 56 DB, PC ADA 40 mg alt week 79 5 i i 0 ?aridbom etal.
RCT ADA 40 mg weekly 83 6 0 (CLASSIC II)
ADA ADA 40 mg weekly 46 18 4
B PC ADA 160/80/40 mg 19 8 ) ] 0 Reinisch et al.
8 , ADA 80/40 mg 10 4 0 [51]
RCT (ULTRA 1)
Placebo 9.2 1
Placeb 9 12 2 L
uc 494 5 DIE"CI%C acebo _ _ Earidborn eta
71 - OB ADA 160/80/40 mg 49 - - - 0 Balint et al. [40]
Colombel et al.
588 200 OB ADA 160/80/40 mg 62 30 - - 2 [53]
(ULTRA 1II)
45 12 OB GOL 200/100 mg 78 4.4 . - 11 [Cjﬁe“er etal.
CD
7 28 OB GOL 200/100 mg 72 0 7 - - Pichler et al. [46]
- Placebo 31 6.1 - 1.8 Sandborn et al.
774 6 , GOL 200/100 mg 51 - - [42]
RCT 30 — 05 (PURSUIT SC)
GOL 400/200 mg 55
Placebo 32 7.7 1.9
~—— a5 Sandborn et al.
GOL Uc 464 54 DIE,CI?FC GOL 50 mg 4 weekly 50 8.4 - - 3.2 [42]
PURSUIT M
GOL 100 mg 47 143 32 ( )
4 weekly
» 5 PC Placebo 20 12.9 ) _ ) Hibi et al. [43]
RCT GOL 100 mg 57 31 (PURSUITJ)
4 weekly ’
205 54 OB GOL 200/100 mg 25 - - - - Probert et al. [43]

*—open label; ADA—adalimumab; DB—double-blind; GOL—golimumab; FU—follow-up; OB—observational
study; PC—placebo-controlled; RCT—Randomized controlled trial; SAE—serious adverse event.

3.5. Effect on Extraintestinal Manifestations (EIMs)

A total of 50% of the patients of IBD will experience extraintestinal manifestations
(EIM) over their lifetimes, and some manifestations may be severely disabling and may need
therapies beyond conventional agents. Anti-TNF agents have been extensively evaluated
for the management of EIM in IBD. Broadly speaking, the two commonest types of EIM
are arthropathy (axial and peripheral) and skin manifestations [54]. The largest data
for the management of EIM in IBD comes from a retrospective analysis of the Swiss
IBD cohort [55]. The authors noted that in more than 40% of the cases, EIMs were the
reason for the initiation of the treatment with anti-TNFs. Response rates to anti-TINF
were good, with an improvement reported in more than 70% of the cases, and the best
responses were seen for psoriasis, aphthous stomatitis, uveitis, and peripheral arthritis.
Between axial and peripheral arthropathy, anti-TNF therapy is more likely to benefit
axial arthropathy due to a lack of treatment options for these patients as compared to



Future Pharmacol. 2024, 4

290

patients with peripheral arthropathy. It is also important to note that paradoxical articular
manifestations have also been described in IBD patients who have received anti-TNF
agents but do not warrant the need for the discontinuation of the medication [56]. All the
dermatologic and ophthalmologic manifestations respond favorably to anti-TNF therapies
and are generally utilized in severe cases like pyoderma gangrenosum [57] or uveitis [58].
Hepatic EIMs include primary sclerosing cholangitis, which can precede or follow IBD.
Anti-TNF therapy has a minimal role in the management of PSC.

3.6. Adverse Effects of Anti-TNF Drugs

Subcutaneous anti-TNF agents may commonly cause injection site reactions (occurring
in up to 40% of patients) and are considered minor [59]. These reactions, including signifi-
cant pain, typically occur within the first few months of therapy and can last 2 to 5 days
but rarely warrant stopping therapy. Multiple serious adverse events (SAEs) have been
reported across almost all studies and include drug-related lupus-like reactions, serious
infections (like tuberculosis), and malignancies (like non-Hodgkin lymphoma). The rate of
SAEs has been diverse across the studies and is shown in Tables 1 and 2.

4. Anti-Interleukin-12/23 p 40 Biologics
4.1. Introduction

There has been a paradigm shift in the therapeutic approach to managing inflammatory
bowel disease (IBD). The pendulum has shifted from achieving a clinical response, i.e.,
symptom control, to achieving histological remission characterized by mucosal healing.
The introduction of tumor necrosis factor-alpha (TNF-o) inhibitors marked a key turning
point wherein specific molecules involved in disease pathogenesis were targeted. Over
the years, we have realized that around 10-20% of patients may show no response to
these molecules (primary non-responders), and around 23-46% may lose the therapeutic
response by 01 year (secondary non-responders). In addition, research has highlighted the
incremental roles of a dysregulated immune response, mucosal barrier dysfunction, genetic
predisposition, and the environment, as well as the importance of the fecal microbiota in
disease pathogenesis [60].

Interleukin 12 (IL12) and interleukin 23 (IL23) have critical roles in propagating inflam-
mation in IBD. Our current understanding of the pathogenesis of IBD highlights the fact
that antigen-presenting cells activate cluster of differentiation (CD4+) T cells into effector T
cells, namely, T helper 1 (Th1), T helper 2 (Th2), T helper 17 (Th17), and T helper 9 (Th9)
cells. Traditionally it was believed that the dysregulatatory response of Th 1 and Th 2 cells
initiates the inflammatory process wherein Th1 cells favor the development of Crohn’s
disease (CD) and Th1 cells favor ulcerative colitis (UC [61]). Over the years, research has
evolved to implicate Th 17 cells as well. Their associated cytokines play a crucial role in
mediating the inflammatory process both in UC as well as CD [62]. Herein, it is imperative
to emphasize the role of two distinct interleukins that have fueled research and led to
the development of newer therapeutic molecules. IL 12 induces a Th1 response while IL
23 upregulates Th 17 cells [63-65]. IL 12 consists of two subunits, p 40 and p 35, whereas
p 40 and p 19 are the two subunits of IL 23 [66,67]. Thus, the common subunit, i.e., p 40,
plays a major role as an inflammatory mediator in IBD. The neutralizing antibodies target
the p 40 subunit and have therefore been rechristened as IL12/IL 23 antibodies [68].

4.2. Ustekinumab

It is a fully humanized IgG1 monoclonal antibody. Ustekinumab effectively prevents
the binding of human IL12 and IL23 to their receptors, namely IL12 R31/2 and IL-
23 R B1/p2, which, in turn, are located on the surface of T cells and NK cells. The
molecule, however, cannot bind to IL 12/IL 23, which are already bound to their receptors.
Ustekinumab, thus, inhibits IL12-mediated STAT 4 phosphorylation and IFy cytokine
production, as well as IL23-mediated STAT 3 phosphorylation and IL 17 A, IL 17 F, and IL
22 cytokine production [60]. The drug, which was originally approved for the treatment
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of plaque psoriasis, was finally approved for the treatment of moderate-to-severe active
CD in Sep. 2016. Data from ‘population pharmacokinetics and exposure-response analysis’
reveals that the drug has an elimination half-life of 19 days. For a 70 Kg individual, it has a
clearance of 0.192 L/day, and its volume of distribution is 4.62 L. The disposition of the
drug, available in intravenous (iv) and subcutaneous (sc) preparations, remains unaltered
despite concomitant corticosteroid, TNF«, or immunosuppressive drug usage [69].

4.2.1. Ustekinumab in CD

Proof of efficacy induction trials, namely, UNITI-I and UNITI-2 trials, included
moderate-to-severe CD patients. In total, 741 patients included in UNITI-1 were either
primary or secondary non-responders to TNFa antagonists or suffered intolerable side
effects from these agents. Patients were randomized to the three treatment arms as follows:
induction with Inj. ustekinumab 130 mg, induction with Inj. ustekinumab 06 mg/Kg, and
induction with placebo. The clinical response rate at week 06 (defined as a CDAI < 150 or a
decrease in the CDAI score > 100 from baseline following induction) was 34.3%, 33.7%, and
21.5% in all the above-mentioned three arms, respectively. A total of 628 patients enrolled
in the UNITI-2 trial had failed conventional therapy or had intolerable side effects from
these treatments. The clinical response rate was 51.7%, 55.5%, and 28.7% for those receiving
130 mg ustekinumab, 06 mg/Kg ustekinumab, and placebo at week 06, respectively. A total
of 397 patients who completed the induction trials were inducted into the maintenance trial,
IM-UNITT trial, with the primary endpoint being CDAI < 150 at week 44. These patients
were further randomized to receive Inj. ustekinumab 90 mg sc into either 08 weekly or
12 weekly cohorts or the placebo. In total, 53.1% of patients receiving 08 weekly doses and
48.8% receiving 12 weekly doses were in clinical remission at week 44 compared to 35.9%
receiving the placebo [70].

4.2.2. Ustekinumab in UC

The efficacy of ustekinumab in patients with moderate-to-severe UC was demonstrated
in 2019. These patients were assessed after 8 weeks of induction therapy and thereafter
at 44 weeks on maintenance therapy. This placebo-controlled double-blind RCT enrolled
961 patients who were randomized to receive Inj. ustekinumab (300 mg iv), a weight-
based regimen (06 mg/kg), or the placebo. After the initial induction phase of 08 weeks,
responders were again randomized to three different arms: those receiving 90 mg sc
in 08 weekly doses, 12 weekly doses, and the placebo. Clinical remission was defined
by a reduction in the Mayo score < 2 and no score > 01 on any of the Mayo subscale
components [70].

4.2.3. Long-Term Efficacy of Ustekinumab in UC and CD

Those patients who had demonstrated a clinical response/remission in induction
and maintenance trials were eligible to participate in trials providing long-term efficacy at
03 years and 05 years. Amongst all ustekinumab-treated patients who entered the long-
term extension, the clinical response rate was 56.3% for those receiving 12 weekly doses
and 55.1% for those receiving 08 weekly doses. Interestingly, only 4.6% of all randomized
patients developed anti-drug antibodies [71]. The results of long-term efficacy in patients
with UC showed clinical remission in 56.3% of patients receiving 08 weekly ustekinumab
doses vs. 54.1% in those receiving 12 weekly doses [72]. The 05-year cumulative data on
CD patients receiving ustekinumab showed a clinical response rate of 34.4% amongst those
who received Inj. ustekinumab 90 mg sc and 28.8% amongst those who required a dose
adjustment at week 256.

4.2.4. Safety Profile of Ustekinumab

Ustekinumab has generally been shown to have a favorable and comparable safety
profile to the placebo in patients with UC and CD. An analysis of data from phase II/11I
studies analyzing 2754 patients who received Inj. ustekinumab has reported 118.32 adverse
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events (AEs) per 100 patient-years vs. 165.99 for the placebo. Serious AEs, infections,
serious infections, and malignancies, except for non-melanoma skin malignancies, were
reported in 21.23, 64.32, 5.02, and 0.40 per 100 patient-years, respectively [73]. The majority
of AEs relate to the gastrointestinal system, with abdominal pain being the most frequently
reported AE [74].

4.2.5. Ustekinumab and Pregnancy

Available data suggest favorable pregnancy outcomes in pregnant females with IBD
treated with Inj. ustekinumab. A comparison of pregnant females suffering from IBD
treated with ustekinumab, TNF« agents, non-ustekinumab, and non-TNFa agents reveals
favorable pregnancy, neonatal, and newborn profiles across all therapeutic agents [75]. A
prospective study analyzing the safety profiles of ustekinumab and vedolizumab in preg-
nant females has demonstrated favorable pregnancy and newborn outcomes. Moreover,
when compared to anti-TNF preparations, these drugs have an inverse infant-to-maternal
ratio of drug levels [76]. Results from ‘Pregnancy in Inflammatory Bowel Disease and
Neonatal Outcomes (PIANO)’, which included 18 pregnant patients treated with ustek-
inumab, have reported no increased incidence of unfavorable outcomes among newborns
until 01 year of age [48]. An ongoing Spanish prospective study has included 17 patients
on ustekinumab with no reported increased risk of serious AEs until now [77].

4.2.6. Ustekinumab in the Pediatric Age Group

Data on the use of Ustekinumab in pediatric IBD is sparse. The results of a phase
I induction dosing, double-blind RCT in children (02 to <18 yrs., body weight > 10 kg)
with moderate-to-severe Crohn’s have shown that the safety profile and AEs were similar
to those in adults; however, serum concentrations of Ustekinumab were lower in chil-
dren <40 kg vs. those >40 kg [77]. A retrospective chart review of Ustekinumab use in
10 pediatric CD patients who were non-responders to other approved treatments required
more frequent doses (04-06 weekly) to maintain clinical remission [78].

4.2.7. Ustekinumab in Postoperative IBD

Postoperative CD recurrence is seldom studied and is a difficult-to-treat disease entity.
In a retrospective multicenter study, the efficacy of Ustekinumab vs. azathioprine was
studied in 63 CD patients who had had postoperative disease recurrence using a propensity
score analysis. Those who were treated with Ustekinumab had a 28% recurrence rate vs.
54.5% amongst those treated with azathioprine [79]. More promising data have recently
been published highlighting the efficacy in a cohort of patients who had recurrence after
surgery and had already been treated with TNF-« agents or vedolizumab. A total of 80%
achieved clinical remission and 73.3% achieved mucosal healing [80].

4.2.8. Ustekinumab in Stricturing CD

Three large clinical trials have studied clinical and endoscopic outcomes in structuring
CD patients. Treatment arms comprised infliximab, ustekinumab, and azathioprine. A
post hoc analysis of 150 such patients was performed. A total of 62.5% of patients showed
resolution. In addition, there was an improvement in strictures that were passable at the
end of 01 year of treatment [49]. Another recent abstract has highlighted data from 15 CD
patients with strictures. While on Ustekinumab therapy, 18% required a dose escalation
while 40% required an additional course of steroids [81].

4.2.9. Ustekinumab in Perianal Disease

Data from UNITI induction trials has shown a 26% overall fistula response rate vs.
16.9% in the placebo group after 08 weeks of Ustekinumab therapy. A total of 24.7%
achieved fistula resolution vs. 14.1% in the placebo arm during the same period of treat-
ment [82]. The perianal CD has been specifically analyzed in the Fresh cohort study. Among
148 patients with active perianal disease at baseline, the primary endpoint of >50% resolu-
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tion of draining fistulas was achieved in 38.5% of patients after Ustekinumab treatment [83].
A systemic review and meta-analysis have shown a cumulate response rate of 41% and
a 17.1% remission rate after 08 weeks of Ustekinumab treatment amongst patients with
perianal CD. After 54 weeks of treatment, the remission rate remained static at 16.7%, while
response rates increased to 55.9% [84].

4.2.10. Ustekinumab in Extraintestinal Manifestations (EIMs)

In the post hoc analysis of UNITI trials, the ustekinumab treatment group had no im-
provement in EIMs vs. the placebo-controlled group at 06 weeks and 52 weeks of treatment
(36.9% vs. 39.9% at week 06 and 76.4% vs. 80% at 52 weeks, respectively) [49]. Data from a
systemic review and meta-analysis show a beneficial response to ustekinumab treatment vis
a vis dermatological manifestations but no definite response in axial spondyloarthritis [85].
The results of these trials providing valuable evidence on the efficacy of ustekinumab in the
induction and maintenance of remission as well as long term efficacy in moderate-to-severe
CD and UC have been summarized in Tables 3 and 4.

Table 3. Trials demonstrating the efficacy of Ustekinumab in the induction and maintenance of
remission of ulcerative colitis and Crohn’s disease.

Trial Inclusion Criteria Study Cohorts Treatment Response
Cohort
Ustekinumab as induction Moderate-to-Severe UC Induction Divided into 3 groups
and maintenance therapy in ~ (51.1%) with prior o .
UC, double-blind, treatment failure (@ 130mgiv *  61.8% showed aclinical response
placebo-controlled RCT [86] (n = 320) . 15.6% had clinical remission
- . 27% achieved endoscopic remission
. 15.5% achieved mucosal healing
51.3% showed a clinical response
(b) 6mg/Kg . 26.3% achieved endoscopic
(n =322) remission
. 15.5% achieved mucosal remission
31.3% showed a clinical response
Pl ° P
© (na_ce;ig) . 13.8% achieved endoscopic
- remission
Divided into 3 groups
Ll\ﬁili?ﬁn?f;is . 71.0% had a clinical response
(@) 90 mgsc . 43.8% achieved clinical remission
3 we:agkl . 51.1% achieved endoscopic
y remission
. 42.0% achieved corticosteroid-free
remission
. 68.0% had a clinical response
. 38.4% achieved clinical remission
(b)  90mgsc e  43.6% achieved endoscopic
12 weekly remission
. 37.8% achieved corticosteroid-free
remission

(c)  Placebo

. 44.6% had a clinical response
. 24% achieved clinical remission
. 28.6% achieved endoscopic

IM-UNITI trial

ustekinumab as induction
and maintenance therapy for
CD, double-blind,
placebo-controlled RCT [68]

remission
. 23.4% achieved corticosteroid-free
remission
Pts with Maintenance Divided into 3 groups
derate-to-: CD :
ﬁfo faadem(;;sl‘gzg until 52 weeks e 59.4% had a clinical response
induction and had a (@ 90mgsc . 53.1% achieved clinical remission
clinical response 8 weekly . 46.9% achieved corticosteroid-free
remission
. 58.1% had a clinical response
(b) 90 mgsc . 48.8% achieved clinical remission
12 weekly . 42.6% achieved corticosteroid-free

remission

(c)  Placebo

. 44.3% had a clinical response

. 35.9% achieved clinical remission

. 29.8% achieved corticosteroid-free
remission
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Table 4. Trials demonstrating the long-term efficacy of ustekinumab in the maintenance of remission

of ulcerative colitis and Crohn’s disease.

Trial Inclusion Criteria Study Cohorts Remission (%)
UNIFI Long-Term Patients completing 44 Divided

i weeks of maintenance on into 2 groups
Extension study [72] ustekinumab for UC (n=399)

in the previous RCT

(@) 8 weekly cohort

67.6% had symptomatic remission at week 44
67.6% had symptomatic remission at week 92
56.3% had symptomatic remission at week 152
65.9% had corticosteroid-free remission at week
92

55.1% remained in corticosteroid-free remission
at week 152

(b) 12 weekly cohort

62.2% had symptomatic remission at week 44
64.5% had symptomatic remission at week 92
54% had symptomatic remission at week 152
61.6% had corticosteroid-free remission at week
92

51.2% remained in corticosteroid-free remission
at week 152

IM-UNITI
3-year safety, efficacy, and
immunogenicity of

Patients completing 44
weeks of maintenance on
ustekinumab for CD

Divided into 2 groups
(n =567)

ustekinumab in the previous RCT . 53% remained in symptomatic remission at week
[71] (@) 8 weekly cohort 92 among those who received 90 mg sc and 43%
Further divided into remained in symptomatic remission in the dose
a90 mg sc group adjustment group
and dose adjustment o 61.0% remained in corticosteroid-free remission
group at week 152 among those who reveived 90 mg sc
. 43% remained in symptomatic remission at week
(b) 12 weekly cohort 92 among those who received 90 mg sc and 38%
Further divided into remained in symptomatic remission in the dose
a 90 mg sc group adjustment group
and dose adjustment o 54.8% remained in corticosteroid-free remission
group at week 152 among those who reveived 90 mg sc
IM-UNITI Patients completing 44 Divided into two groups

5-year safety and efficacy
of ustekinumab in CD [87]

weeks of maintenance on
ustekinumab for CD
in the previous RCT

(n = 124)

(a) 8 weekly cohort
Further divided into

At week 252, 34.4% remained in symptomatic
remission among those who received 90 mg sc

a 90 mg sc group and 28.7% remained in symptomatic remission
and dose adjustment among those in the dose adjustment group
group

(b) 12 weekly cohort o Atweek 252, 34.4% remained in symptomatic
Further divided into remission among those who received 90 mg sc
90 mg sc group and 28.7% remained in symptomatic remission
;?guclgose adjustment among those in the dose adjustment group

5. Anti-Integrins
5.1. Leukocyte Trafficking and Role of ‘Integrins’ in Propagating Inflammation in IBD

The interaction of circulating lymphocytes with endothelial cells of the gut allows the
leukocytes to bind with selectins (Sialyl LewisX-modified glycoprotein) on the endothelial
cells at low affinity. Thus, these leukocytes infiltrate the intestinal mucosa. Integrins
are heterodimeric receptors that allow tissue-specific adhesion. These integrins, further
consisting of o and {3 subunits, bind to cellular adhesion molecules (CAMs) present in the
intestinal endothelial cells. This initiates the dysregulated inflammatory process in IBD.
Research has highlighted the critical roles of three CAMs, namely, intracellular adhesion
molecule (ICAM-1), vascular adhesion molecule (VCAM-1), and mucosal adhesion cellular
adhesion molecule (MAdCAM-1). Inflammation propagates the release of cytokines, which
in turn increases ICAM-1 expression. ICAM-1 binds to xL32 receptors on leukocytes.
VCAM-1 binds to o437 receptors in the intestine, and MAd CAM-1 binds to «437 memory
T cells. Thus, the blockade of the integrin-CAM interaction is a promising strategy in the
management of IBD [88-90].
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5.2. Vedolizumab in UC and CD

Vedolizumab is a 147 KDa recombinant humanized monoclonal antibody that binds to
the o437 heterodimer expressed on the surface of intestine-specific lymphocytes. Domains
from the mouse anti-human «4p7 antibody were fused with a conventional human IgG1
scaffold to generate this molecule. Further mutations introduced to the Fc region effectively
reduced Fc-related cytotoxicity [91]. The gut specificity of vedolizumab has been established
in clinical trials and, in contrast to natalizumab, another integrin inhibitor, it does not affect
T cell trafficking into the central nervous system [92]. Alternative mechanisms of action
include the blockage of monocyte and dendritic cell recruitment and changes in the innate
immune system [93]. Vedolizumab has an average linear elimination half-life of 25.5 days.
The linear clearance values have been estimated to be 0.159 L/day and 0.155 L/day for UC
and CD, respectively [94,95].

The initial proof of concept phase I trial included 29 patients with moderate-to-severe
UC. The anti a4p7 antibody then labelled as ‘LDP-2" provided evidence of deep remission
in those who received the antibody vs. no remission in the placebo arm [96]. In phase II
double-blind, placebo-controlled study, an anti-«437 antibody (labelled as MLNO02) was
administered intravenously. This study had three different cohorts: MLNO2 0.5 mg/kg,
2.0 mg/kg, and placebo. The trial demonstrated higher clinical and endoscopic remission
rates in both the treatment arms vs. the placebo [97]. GEMINI trials were the pivotal trials
documenting the efficacy of vedolizumab in IBD. The first GEMINI-1 trial demonstrated
the efficacy of vedolizumab for induction as well as maintenance therapy vs. the placebo
in patients with active UC [98]. The GEMINI-2 trial studied the efficacy of intravenous
vedolizumab in adult patients with active CD while the GEMINI 3 trial addressed the
usefulness in moderately severe-to-severe CD patients [99] who had either not responded
to, had developed an intolerance to, or had a loss of response to anti-TNF « agents.

A systemic review and meta-analysis analyzing the efficacy of vedolizumab in active
UC has shown improved rates of clinical remission with a relative risk (RR) of 0.86, 95%
CI 0.80-0.91), clinical response (RR: 0.82, 95% CI 0.75-0.91), and endoscopic remission
(RR 0.82, 95% CI 0.75-0.91). The therapy has proven to be superior to the placebo for
the maintenance of remission of UC (clinical remission, RR: 2.73, 95% CI 1.78-4.18) and
endoscopic remission (RR: 2.71, 95% CI 1.88-3.93) [100,101].

The only head-to-head RCT studying the utility of vedolizumab vs. adalimumab
randomized 771 patients to the two treatment arms. In total, 80% of patients were treatment-
naive, while 20% had failed to respond to the TNF-« antagonist, except for adalimumab.
The primary endpoint of clinical remission, i.e., cessation of bleeding and endoscopic im-
provement, and an improvement in the Mayo score, was met at 52 weeks with a statistically
significant 8.8% better improvement favoring the patient cohort on vedolizumab. Although
symptom-based endpoints and the rapidity of response favored vedolizumab, the point
estimate of corticosteroid-free remission favored adalimumab [102].

The latest phase IV placebo-controlled RCT has evaluated the effectiveness of
vedolizumab in 102 patients with chronic pouchitis after having undergone ileal pouch-anal
anastomosis (IPAA) for UC. The primary endpoint of a reduction in the modified Pouchitis
Disease Activity Index (mPDAI) of <4 or >2 reductions from baseline favored vedolizumab
(31% vs. 10% in the placebo group). This significant percentage point difference was also
seen at week 34 (17 percentage points; 95% CI, 0 to 35) [103].

5.3. Safety Profile of Vedolizumab

The GEMINI long-term safety (LTS) study enrolled 894 patients with UC and
1349 patients with CD. Over 08 years, patients with UC had received vedolizumab for
an average of 42.4 months and those with CD for an average of 31.5 months. Although
93% of patients with UC and 96% of patients with CD reported adverse effects (AEs),
vedolizumab discontinuation due to AEs occurred in 15% and 17% of patients with UC
and CD, respectively. Two out of ten deaths over the study period were drug-related [104].
In one of the largest post-marketing surveys to date spanning 208050 patient-years of
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vedolizumab exposure, 80218 AEs were reported. A total of 8810 patients reported serious
AEs: 10% with UC vs. 14% with CD. A total of 5876 patients developed infections, 19% had
serious infections, while 5% developed opportunistic infections [105]. Overall, the most
commonly reported AEs are fever, arthralgia, headache, and nasopharyngitis.

5.4. Vedolizumab and Pregnancy

The data on the use of vedolizumab in pregnant women have shown conflicting
results. The initial study that extrapolated data from clinical trials and post-marketing
studies found no adverse pregnancy outcomes in females either directly or indirectly
exposed to vedolizumab [106]. Recent studies, including a prospective study, have reported
no significant adverse pregnancy outcomes [107]. On the other hand, a recent systemic
review and meta-analysis including four studies have reported overall adverse pregnancy-
related outcomes (odds ratio [OR] 2.18, 95% confidence interval [CI], 1.52-3.13) in pregnant
females receiving vedolizumab, with increases in both preterm births (OR 2.16, 95% ClI,
1.28-3.66) and early loss of pregnancy (OR 1.79, 95% CI, 1.06-3.01) [108].

5.5. Vedolizumab in the Pediatric Age Group

Although the initial trials on vedolizumab had excluded pediatric patients with IBD,
safety, and efficacy have been analyzed in a multicenter study involving pediatric patients
(02-18 yrs.). Out of 64 children, all of whom were previously treated with TNF-x agents,
with a median follow-up of 24 weeks, steroid-free remission was achieved in 37% of patients
with UC and 14% of patients with CD [109]. Research has also characterized patients with
very early onset IBD, defined as an IBD onset at <06 years of age. This study included
16 patients, 12 with UC and 04 with CD, with a median age at diagnosis of 33.5 months and
06.5 years at the initiation of vedolizumab. The primary endpoint of a reduction in Pediatric
Crohn’s Disease Activity Index (PCDAI) by 12.5 points and Pediatric Ulcerative Colitis
Activity Index (PUCAI) of 20 points in 4th week was achieved in 56.3% of patients [110]. A
systemic review and meta-analysis including 455 patients and 10 studies reported clinical
remission rates of 36% at 06 weeks, 48% at 14 weeks, 53% at 22 weeks, and 45% at 01 year
for patients with UC. The same rates for patients with CD were 25% at 06 weeks, 28% at
14 weeks, 32% at 22 weeks, and 46% at 01 year. A total of 06% of patients reported serious
AEs [111]. The available evidence supports the use of vedolizumab at a dose of 06 mg/Kg
in patients <45 kg and 300 mg for patients >45 kg.

5.6. Vedolizumab in Fistulizing Crohn’s Disease

Management of Crohn’s fistula is one of the unmet needs of disease management. A
multicenter cohort study of 102 patients (99% had received at least 01 anti-TNF agent) with
active perianal disease has reported that 22.6% had no draining fistulas on vedolizumab
therapy at 52 weeks [112]. The “Enterprise study’, a phase IV, double-blind RCT, has
shown that >50% of vedolizumab-treated patients reported a reduction in the number of
draining fistulas [113]. A recent systemic review and meta-analysis included 04 studies and
198 patients with peri-anal fistulas. A total of 87% of these patients had failed anti-TNF
therapy. The authors have reported that the pooled complete healing rate was 27.6% (95%
CI, 18.9-37.3%) and the pooled partial healing rate was 34.9% (95% CI, 23.2-47.7%) [114].

5.7. Vedolizumab in Extraintestinal Manifestations

Data on the efficacy of vedolizumab in EIMs is uncertain. Experience gained by
a post-hoc analysis of RCTs has shown benefits, wherein the EIM is directly related to
luminal disease activity, e.g., erythema nodosum but no effect on other associations like
primary sclerosing cholangitis (PSC). A real-life study analyzing the efficacy of vedolizumab
on extraintestinal manifestations of 134 patients (56 with UC and 77 with CD) has not
reported any effect on the clinical evolution of EIMs. The majority of studies have multiple
confounding factors, like previous treatment with anti-TNF agents [115] (Table 5).
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Table 5. Landmark trials demonstrating the efficacy of vedolizumab in induction and maintenance

for IBD.
Trial Inclusion Criteria Study Cohorts Treatment Cohort Response
}Io)lhaacse% g;? ({(I)Ltrolled Moderate-to-severe In duzc ;ion Divided into 2 groups
: S - : .
RCT [95] (n ) (@)  05mg/Kgof 40% achieved endoscopic remission
LDP-2
(b)  Placebo None achieved endoscopic remission
Phase Il Moderate-to-severe Induction Divided into 3 groups
placebo—cqntrolled, (n = 181) . 33% achieved clinical remission
double-blind RCT [96] (@ 05 . 28% achieved endoscopic remission
mg/Kg(MLNO02)
. 32% achieved clinical remission
(b) 2.0mg/Kg . 12% achieved endoscopic remission
. 14% achieved clinical remission
(¢)  Placebo . 8% achieved endoscopic remission
GEMINI I ) Treatment-naive Induction Divided into 2 groups
phase(lﬂ double-blind patients with UC (n=374) e 47.1% had a clinical response
RCT [97] (@) 300mg . 16.9% achieved clinical remission
. 40.9% had mucosal healing
. 25.5% had a clinical response
(b)  Placebo . 05.4% achieved clinical remission
. 24.8% had mucosal healing
Divided into 3 groups
Maintenance e 44.8% had a clinical response
(a) 300 mg 4 weekly . 45.2% had corticosteroid-free remission
. 56.0% had mucosal healing
. 41.8% had a clinical response
(b) 300 mg 8 weekly . 31.4% had corticosteroid-free remission
. 51.6% had mucosal healing
. 15.9% had a clinical response
(c)  Placebo . 13.9% had corticosteroid-free remission
. 19.8% had mucosal healing
GEMINI 2 Adult patients with Induction Divided into 2 groups
Placebo controlled active CD (n=368) . 31.4% had a clinical response
11;}&%1?6[915 double blind (@) 300mg . 14.5% achieved clinical remission
. 25.7% had a clinical response
(b)  Placebo . 6.8% achieved clinical remission
Divided into 3 groups
Maintenance .
(n=747) . 45.5% had a clinical response
(@) 300 mg 4 weekly . 36.4% had corticosteroid-free remission
. 28.8% had mucosal healing
. 43.5% had a clinical response
(b) 300mg8weekly o 39% had corticosteroid-free remission
. 31.7% had mucosal healing
. 30.1% had a clinical response
(c)  Placebo . 21.6% achieved clinical remission
. 15.9% had mucosal healing
GEMINI-3 Adult patients with Inducti Divided into 2 groups
placebo-controlled, active CD with a loss (2 =u3c1150)n . — —
double-blind RCT [99] of response, . 5.2% achieved clinical remission
inadequate response, (@) 300mg
or intolerance to e  12.1% achieved clinical remission

TNF o antagonists

(b)  Placebo
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6. Small Molecules in IBD
6.1. Introduction

Recent advancements in our understanding of the pathophysiology and inflammatory
mediators implicated in IBD have led to a shift towards using targeted biological agents.
For patients with moderate-to-severe disease who are refractory, intolerant, or dependent
on corticosteroids, anti-TNF agents such as infliximab, adalimumab, and golimumab
are recommended [20,26]. However, nearly 30% of cases show primary non-response to
anti-TNFs, and up to 60% may experience a secondary loss of response after a year of
treatment [116,117]. As these agents are monoclonal antibodies administered parenterally
against specific cytokines, the risk of developing antibodies against them is a major concern.
Combining them with thiopurines reduces the formation of antidrug antibodies, but it
may also raise the possibility of adverse effects [118,119]. Recently developed agents,
including vedolizumab and ustekinumab, have been used to treat IBD patients who have
been exposed to anti-TNFs. However, vedolizumab’s slow onset of action, high therapy
cost, and non-response rates of up to 30% [120,121] and ustekinumab’s high cost, limited
availability in tropical countries, and lack of long-term efficacy and safety data [122] are
limitations to their use. Furthermore, in regions where tuberculosis is endemic, 8-11% of
patients with inflammatory bowel disease (IBD) treated with anti-TNF agents may develop
active tuberculosis, despite latent TB screening [123,124]. Types of small molecules with
their target are listed in Table 6.

Table 6. Classification of small molecules in IBD [7].

N a D T ¢ Clinical Trial
ru arge

o ass g g UcC D
Tofacitinib JAK1/JAK3 FDA approved Phase IIb
Filgotinib JAK1 Phase 111 Phase III

1. JAK Upadacitinib JAK1 FDA approved FDA approved
Izencitinib JAK1 Phase IIb -
Peficitinib JAK1 Phase IIb -
Ritlecitinib JAK1 Umbrella study -

2. JAK/TYK2 Brepocitinib TYK2/JAK1 Umbrella study
Ozanimod S1P1, S1P5 FDA approved Phase III

3 S1P receptor -

. modulators Etrasimod S1P1, S1P4, S1P5 Phase II Phase II/111

Amiselimod S1P, S1PR1 Phase II Phase 11/111

4. TLR9 agonist Cobitolimod TLRY Phase III -

5. PDE4 inhibitors Apremilast PDE4 Phase I

JAK—Janus kinase, TYK2—tyrosine kinase 2, SIP—sphingosine-1-phosphate, TLR—Toll-like receptor, PDE 4-
phosphodiesterase 4 inhibitors.

6.2. Targets of Small molecules and Mechanism of Action
6.2.1. JAK Inhibitors

Certain cytokines, including IL-9, IL-23, and interferon (INF)-y, rely on the Janus
kinases (abbreviated as “JAK”), which phosphorylate signal transducer and activator
(STAT) transcription factors [125,126], since their receptors are unable to do so. The JAK
enzyme family is composed of JAK1, JAK2, JAK3, and tyrosine kinase 2 (TYK2). After
phosphorylation, STAT proteins (comprising seven family members: STAT1-4, 5A, 5B, and
6) enter the nucleus and regulate gene transcription (refer to Figure 2). It is worth noting
that Barrett and coworkers identified JAK2-related gene loci in association with an increased
risk of developing CD, while Anderson et al. found similar results for UC [127,128]. It
is important to be aware that JAK inhibitors can have significant side effects, such as
infections and cardiovascular events. The most common infections include those of the
upper airways, including influenza.



Future Pharmacol. 2024, 4

299

.- synergistic effect. _

! d
complir‘oen}lzary effect
\\ l"

\ ]
complimen'fary effect

a."t,u‘:-%
MAd CAMT =
a odgle ® ® P-00547659 =
'] s = Blood
o
e (SNBSS0 ey, oy Vessel
) L eV o
. " U Q
overlapping effect ... Natalizumab ® )
P AJB 300 @
Infliximab Ibalizumab & Tecells
Adalimumab Vedolizumab :\ @ @
Golimumab AMG 181 ‘-:‘.‘
Certolizumab | | _ =« w. o o % sy
Pegol e s AR e
oSl Tee- .lUstekinumab\
X >
\ ~ N )
. 3 S k
\ Tofacitinib \
] Peficitinib
= Filgotinib
© I Upadacitinib @ Estramod
2 e SHR-0302 Ozanimod
R SMAD 7 1 Amiselimod
D o|e f) WS JAK IL-12 — ®
R Nl - I s,
> TNF.x A
2 ¢® <- Lymph
; Ea S Z ‘ % | me

N

‘\ ‘( °
L]
y
301 e 1123 e
[ ]

\
\
]
1
]
'
.
'
I
1
!
!
'
'
]
[ 1
o ]
]

.—‘.

---— synergistic effect

i Risankizumab
..---- Overlapping effect ‘ Risarkizurh
Macrophages Mirikizumab

complimentary effect

[ ]
(e
- '

IL-6

®
r

Dendritic Guselkumab
cell 2\
v
Intestinal
epithelium

Figure 2. Mechanisms of action of small molecules and biologicals. TAs-TLT, therapeutic agents
targeting leukocyte trafficking, TNF, tumour necrosis factor, NF-B, nuclear factor, JAK, Janus kinase;
IL, interleukin; MAdCAM, mucosal addressin cell associated molecule; TGF, transforming growth
factor; SMAD?, mothers against decapentaplegic homolog 7, STATS, signal transducers and activators
of transcription. Adapted from [129], Elsevier, 2023.

6.2.2. S1P Receptor Modulators

S1P is a type of bioactive lipid mediator that exerts its function by activating cell-
surface G protein-coupled receptors known as S1P1-S1P5. Among these receptors, S1P1 is
the most widespread and is present in both lymphocytes and endothelial cells. When S1P
binds to S1P1, it is taken up inside the cell, and consequently, the cell surface agonist does
not produce a signal. This results in a reduction in circulating lymphocytes and a decrease
in the inflammatory response. This mechanism has led to its use and further exploration
for the treatment of inflammatory bowel diseases (IBDs) [130].

6.2.3. PDE 4 Inhibitors

Phosphodiesterases (PDEs) are a type of enzyme that breaks down cyclic guanosine
monophosphate (cGMP) and cyclic adenosine monophosphate (cAMP). PDE4 is especially
interesting because it breaks down cAMP, which activates the nuclear factor kappa B (NF-
kB). NF-kB is responsible for the increased production of proinflammatory cytokines [131].

6.2.4. TLR 9 Agonist

Toll-like receptors (TLRs) are important in the innate immune system. Modulating
them is a promising approach to treating autoimmune disorders. Activation of TLR-9
induces anti-inflammatory cytokines such as IL-10 and type I interferons [132].

6.2.5. TYK 2 Inhibitors

TYK2 is a part of the JAK-STAT family and plays a crucial role in intracellular cy-
tokine signaling. Additionally, TYK2 has been found to boost interferon production in
macrophages [78]. Given its involvement in the immune response and inflammation,
inhibiting TYK2 could be a promising approach for managing IBD [133].
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Landmark trials of established small molecules and upcoming phase 3 trials for new
oral drugs are discussed in Table 7.

Table 7. Main published and ongoing trials for small molecule drugs (SMDs) in phase III trials/FDA

approved for IBD.
Types of SMDs Phase, Indication Design and Intervention Results
11, UC An 8-week induction trial conducted in 598  Higher clinical remission in the active
Tofacitinib OCTAVE1&2 [134] and 541 patients with moderate-to-severe group than in the p]acebo group
JAK (pankinase, disease, respectively, who were either (OCTAVE-1: 18.5% vs. 8.2%, p = 0.007;
inhibitor ~ JAK1, biologic- naive or biologic-experienced. OCTAVE-2: 16.6% vs. 3.6%, p < 0.001).
JAK3) Patients were given either 10 mg of the
drug or placebo (4:1).
11, UC A 52-week sustained trial for 593 Higher clinical remission in the 10 mg
OCTAVE Sustain responders from OCTAVE induction trials  group vs. the placebo group (40.6% vs.
[134] was conducted with three arms consisting 11.1%, p < 0.001), but not in the 5 mg group
of 10 mg, 5 mg, and the placebo (1:1:1). (34.3% vs. 11.1%).
III, UC A total of 944 patients included OCTAVE At month 36, 66.9% and 40.3% showed a
OCTAVE Open Induction 1&2 non-responders and clinical response, 64.6% and 37.1% had
[135] OCTAVE Sustain completers/ treatment endoscopic improvement, and 58.9% and
failures. Patients in remission at OCTAVE ~ 33.7% maintained or achieved remission
Open baseline received tofacitinib 5 mg with tofacitinib 5 and 10 mg b.d.,
b.d.; all others received 10 mg b.d. ;espectively. Demonstrated safety up to
yIS.
11, UC A total of 140 patients were randomised A total of 77.1% and 90.0% of patients in
RIVETING [136] [1:1] to tofacitinib 5 or 10 mg BID. Patients  the 5 and 10 mg BID groups, respectively,
had received tofacitinib 10 mg BID for >2 were in remission at month 6.
consecutive years and had been in stable
remission for >6 months before
enrollment.
IIb, CD An 8-week induction trial in No significant improvement in remission
[137] 180 patients with moderate-to-severe (43.0%/43.5%/36.7%, all tests vs. placebo
disease, naive or biologic-experienced 10 NS).
mg/5 mg/placebo (1:1:1).
A total of 180 patients from the induction Clinical response-100 or remission was
study were re-randomised to maintenance  55.8% with tofacitinib 10 mg twice daily
treatment with placebo or tofacitinib 5 or compared with 39.5% with tofacitinib 5 mg
10 mg twice daily for 26 weeks. twice daily and 38.1% with placebo
(p = 0.130 for 10 mg twice daily vs.
placebo). No significant difference between
the intervention and placebo.
111, CD [138] Induction: 526 and 495 patients with Clinical remission in U-EXCEL, 49.5% vs.
Upadacitinib U EXCEL moderate-to-severe Crohn’s disease to 29.1%; in U—EXCEED, 3890/0 vs. 21.1%; and
U EXCEED receive 45 mg of upadacitinib or p]aceb() an endoscoplc response in U-EXCEL, 45.5%

(2:1 ratio) once daily for 12 weeks,
respectively.

vs. 13.1%; in U-EXCEED, 34.6% vs. 3.5%
(p <0.001 for all comparisons).

U ENDURE [138]

Maintenance: 502 of those who had a
clinical response in induction were
assigned in the maintenance trial to receive
15 or 30 mg of upadacitinib or placebo
(1:1:1 ratio) once daily for 52 weeks.

At week 52, a higher percentage of patients
had clinical remission with 15 mg of
upadacitinib (37.3%) or 30 mg of
upadacitinib (47.6%) than with the placebo
(15.1%), and a higher percentage had an
endoscopic response with 15 mg of
upadacitinib (27.6%) or 30 mg of
upadacitinib (40.1%) than with the placebo
(7.3%) (p < 0.001 for all comparisons).

I, UC [139]
U-ACHIEVE (UC1)
(induction)
U-ACCOMPLISH
(uc2)

Induction: 474 and 522 patients with
moderate-to-severe active UC were
randomly assigned (2:1) to oral
upadacitinib 45 mg once daily or the
placebo for 8 weeks.

Statistically significantly more patients
achieved clinical remission with
upadacitinib 45 mg, 26% vs. 5% in UC1
and 34% vs. 4% in UC2; p < 0.0001.

U-ACHIEVE [139]
(Maintenance)

Maintenance: 451 patients who achieved
remission in induction study were
re-randomly assigned (1:1:1) to
upadacitinib 15 mg, upadacitinib 30 mg, or
the placebo for 52 weeks.

Statistically significant more clinical
remission in patients receiving
upadacitinib 15 mg [42%] and 30 mg [52%]
than in those receiving the placebo [12%];
p < 0.0001.
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Table 7. Cont.

Types of SMDs Phase, Indication Design and Intervention Results
I, UC A 10-week induction trial in 659 patients Efficacy (clinical remission) of 200 mg
Filgotinib SELECTION-I [140]  with moderate-to-severe biologic- naive filgotinib vs. placebo in both biologic-
disease and in 689 biologic-experienced naive (26.1% vs. 15.3%)
patients receiving 200 mg/100 mg/placebo  biologic-experienced patients (11.5% vs.
(2:2:1). 4.2%)
I, CD A 10-week induction in 172 patients with A higher remission rate for 200 mg of
FITZROY [141] moderate-to-severe CD, naive or filgotinib (47% vs. 23%, p < 0.001)
biologic-experienced 200 mg vs. placebo
I, CD Seventy-eight patients were randomly Clinical remission at week 24 for 200 mg,
DIVERGENCE assigned (2:2:1) to receive filgotinib 200 mg, 100 mg, placebo was 25% vs. 25% vs. 16.7%
1[142] filgotinib 100 mg, or the placebo orally (the difference was not statistically
once daily for up to 24 weeks. significant)
S1p I, UC [143] An 8-week induction trial in A higher clinical remission rate in the 1 mg
receptor Ozanimod (TOUCHSTONE) 197 patients with moderate-to-severe group vs. the placebo group (16% vs. 6%,
modulator disease, naive or biologic-experienced p = 0.048)

receiving 1 mg/0.5 mg/placebo (1:1:1).

1L, UC [130]

Induction: 10 weeks, cohort 1 received oral

Clinical remission was significantly higher

(TRUE NORTH ozanimod 1 mg or the placebo once daily among patients who received ozanimod
STUDY) ina double-bl'md manner, and cohort 2 than among those who received the
received open-label ozanimod at the same  placebo during both induction (18.4% vs.
daily dose. 6.0%, p < 0.001) and maintenance (37.0% vs.
Maintenance: Patients with a clinical 18.5% [among Patients with a response at
response to ozanimod in either cohort week 10], p < 0.001).
underwent randomization again to receive
double-blind ozanimod or the placebo for
the maintenance period (through week 52).
II, CD [144] An uncontrolled trial in 69 patients with A total of 39.1% (95% CI 27.6-51.6)
(STEPSTONE) moderate-to-severe disease’ naive or achieved clinical remission (CDAI < 150)
biologic-experienced received and 56.5% (95% CI 44.0-68.4) exhibited a
1 mg ozanimod for 11 weeks after a 7-day chmcgl response (CDAI decrease from
dose escalation. baseline > 100).
I, CD [145] Patients with an inadequate response to Expected 2023 (induction studies), 2024
(YELLOWSTONE) treatment are randomized to ozanimod (maintenance study), and 2026 (OLE)

0.92 mg or the placebo for 12 weeks during
induction. Those who respond to
ozanimod are rerandomized to continue
ozanimod or placebo maintenance therapy
for 52 weeks.

JAK, Janus kinase; S1P sphingosine-1-phosphate; UC, ulcerative colitis; CD, Crohn’s disease; CDAI, Crohn’s
disease activity index.

6.3. Use in Special Situations
6.3.1. ASUC/ Acute Flare of CD

Tofacitinib: It has a short half-life, and changes on endoscopy can be observed as
early as 3 days after administration [146]. Hence, the drug has the potential for use in
patients with acute severe colitis. In a retrospective case—control study, outcomes in patients
with acute severe ulcerative colitis (ASUC) who received tofacitinib were compared with a
control arm of patients who received either infliximab or cyclosporine. In a retrospective
study of 40 patients, the proportion of patients who underwent colectomy by 6 months
was significantly lower in the tofacitinib arm as compared to matched controls [147]. The
dose-stratified analysis revealed only 10 mg thrice daily as protective (hazard ratio: 0.11;
95% CI, 0.02-0.56, p = 0.008). Similarly, induction therapy with tofacitinib at a high dose
of 10 mg thrice daily has been used in patients with ASUC [148]. A multicenter study
from France of 55 patients with refractory ulcerative colitis (49 prior infliximab-exposed
patients and 19 prior cyclosporine-exposed patients) revealed colectomy-free rates of 78.9%
and 73.6% at 3 and 6 months, respectively, with tofacitinib. However, the majority (65%)
were also on concomitant steroids. In another series of eight patients, tofacitinib as rescue
therapy in severe acute colitis had shown a clinical response in five of eight patients [149].
The median time to discharge after the start of tofacitinib was 5 days (5-6 days). Multiple
short case series h been published on the use of tofacitinib in ASUC; long-term prospective
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RCTs are required to shed more light on the subject [147,150]. The higher dosages used in
the setting of ASUC may heighten the risk of adverse effects; there is one report of mortality
in a patient with underlying COVID-19 due to presumed pulmonary embolism, and cases
of herpes zoster in the elderly [150,151]. Other reports indicate that the risks may be similar
to conventional rescue therapies [147].

Upadacitinib: Gilmore et al., in their series, was the first to highlight the potential
role of upadacitinib as rescue therapy for infliximab-experienced, steroid-refractory ASUC
patients. All six patients demonstrated a clinical response to upadacitinib induction during
their inpatient admission. Four patients achieved corticosteroid-free clinical remission
by week 8, including the complete resolution of rectal bleeding and transmural healing
assessed by IUS, and sustained clinical remission at week 16. One patient proceeded to
colectomy at week 15 due to refractory disease. No adverse events directly attributable to
upadacitinib were identified [152].

Ozanimod: The role in ASUC has been limited to a couple of case reports where it was
used for maintenance after induction with cyclosporine [153].

6.3.2. Pregnancy

Tofacitinib: There is limited data regarding the transfer of the small molecule across the
placenta; however, being a small molecule, transfer across the placenta is expected. The data
from the rat model have shown that at very high doses (73 times), tofacitinib was teratogenic,
resulting in various soft tissue and skeletal malformations [154]. However, at doses as
high as 29 times the therapeutic dose of 10 mg BD, no such effects were noted. Tofacitinib
does not have any impact on fertility or sperm quality in males. Human data are scarce
for the use of tofacitinib in pregnancy. In an analysis of 1157 patients with UC, there were
14 patients with paternal and 11 patients with maternal exposure. There were two medical
terminations and two spontaneous abortions. There were no fetal deaths or malformations,
and the pregnancy and fetal outcomes were similar to the general population [155]. This is
in line with similar results from 47 pregnancies with tofacitinib in the setting of rheumatoid
arthritis and psoriasis. One case of fetal malformation in the form of pulmonary valve
stenosis was noted in a patient who was also on losartan [156]. However, given the limited
information, pregnancy is not recommended while on tofacitinib, and contraception is
recommended. Additionally, drug discontinuation should be considered in individuals
who become pregnant while on tofacitinib. In the rat model, tofacitinib was present at a
double concentration in rat milk than in the serum of lactating rats. Given the scarcity and
limitations of available human safety data, tofacitinib should be avoided during pregnancy
and lactation.

Upadacitinib is contraindicated in pregnancy and while breastfeeding [157]. Although
no human studies have assessed the safety of upadacitinib for pregnancy, this drug was
also found to be teratogenic in animal studies.

Ozanimod: The clinical experience with ozanimod during pregnancy is limited, there
has been no increased event of fetal abnormalities or adverse pregnancy outcomes seen
with ozanimod exposure in early pregnancy [158].

6.3.3. Pediatric Population

Tofacitinib: The pediatric experience of tofacitinib in UC is limited to a couple of case
series. The initial study of five patients with severe refractory UC demonstrated a clinical
response and steroid-free remission in all patients. The dose used was 10 mg BD. Another
series of five children used tofacitinib as a part of dual therapy with vedolizumab. Four
out of five patients had steroid-free remission at 6 months. Only one patient developed
VTE with the combination, and the dose was reduced from 10 mg BD to 5 mg BD. A phase
III trial is underway for efficacy in induction as well as maintenance [159].

Upadacitinib in children is not yet FDA-approved for both UC and CD. Data are only
limited to case reports [160].
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Ozanimod: The safety and efficacy of ozanimod in children and adolescents aged
below 18 years has not yet been established. A phase II study investigating its role in
moderate and severe ulcerative colitis is underway [161].

6.3.4. EIM

Tofacitinib: In OCTAVE (1, 2, and Sustain) post hoc analyses, there were 27% of the
patients with a history of prior EIMs, and 9% with a history of active EIMs. In OCTAVE
induction trials of patients with active peripheral arthritis, there was an improvement
in 15.6% of the patients with tofacitinib and 14.3% of the patients with the placebo. The
majority (81.3% of patients on tofacitinib and 85.7% of patients on the placebo) had no
change in symptoms. The study revealed that the history of EIMs did not influence the
efficacy of tofacitinib [162]. Small case series have shown improvements in pyoderma
gangrenosum, erythema nodosum, and ocular EIMs [162].

Upadacitinib: It has been shown to induce clinical benefit in extraintestinal manifesta-
tions in both CD and UC. In the phase II Celest study of moderate-to-severe CD, compared
with the placebo at 16 weeks, a numerically greater proportion of patients achieved the res-
olution of any EIM, classic EIMs, and arthropathy with upadacitinib 12 and 24 mg BID, and
upadacitinib 24 mg QD doses [163]. In a phase III study of UC EIMs, symptom resolution
was improved versus the placebo following induction treatment with UPA 45 mg and after
maintenance treatment with UPA 15 or 30 mg, with the 30 mg dose providing statistically
significant improvements versus the placebo [164].

Ozanimod: The role of ozanimod in extraintestinal manifestations is not clear.

6.3.5. Post-Surgery

Tofacitinib: Postoperative results have primarily been limited to small retrospective
series. In a study of 53 patients with refractory UC, there was an increased risk of venous
thromboembolism in 13.2% of the cases [165]. On the contrary, a cohort of 35 patients who
underwent colectomy within 28 days of tofacitinib had no postoperative complications
after exposure to tofacitinib [166].

Data on postoperative results for IBD patients on upadacitinib and ozanimod are lacking.

6.4. Adverse Effects
6.4.1. Jak Inhibitors (Tofacitinib/Upadacitinib/Filgotinib)

Infections: JAK inhibitors carry a high risk of herpes zoster virus (HZ) infection. A
post hoc analysis, pooling data from induction, maintenance, and open-label studies on
UC patients treated with tofacitinib, showed that 5.6% of the patients developed HZ. The
incidence rate (IR) over a mean of almost 2 years was 4.07. The risk factors were an age of
65 years or older (9.55), Asian race (6.49), prior anti-TNF failure, and a tofacitinib 10 mg bid
dose (4.25). The multivariate analysis identified age and prior anti-TNF failure as the only
independent risk factors [167].

The immune system’s primary response to the HZ virus is initiated through the type
I and II IFN pathways, which are facilitated and transmitted at the transmembrane level
by various JAK pathways, such as JAK1-TYK2 and JAK1-JAK2. When activated, these
pathways signal the STAT protein system. A recent network meta-analysis has shown that
even low doses of JAK inhibitors, such as tofacitinib, increase the risk of herpes zoster
infection. The higher risk was specifically with tofacitinib 10 mg bid (RR = 6.90; 95% CI
1.56-30.63) and upadacitinib 45 mg o.d. (RR =7.89; 95% CI 1.04-59.59) [168].

During the phase III clinical trials for filgotinib in UC, only one case of HZ was
reported in the 200 mg group and another in the 100 mg group. When analyzing the pooled
data of patients with RA, it was found that the 200 mg group had a higher risk of HZ
compared to the 100 mg group, with an IR of 8.7. It was also observed that a previous
history of HZ, Asian race, and age >50 years were linked to an increased risk [124,169].

Three HZ cases were reported during the induction period of upadacitinib in CD
patients and one in the upadacitinib UC trial [170].
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Thus, it is recommended that the adjuvanted recombinant HZ subunit vaccine (Shin-
grix) be administered intramuscularly in two doses 2 months apart to prevent HZ in
patients older than 50. Live vaccines (Zostavax®) are contraindicated in patients under
immunosuppressive therapy, including JAK inhibitors [154,171].

Hyperlipidemia

Tofacitinib can cause a reversible rise in serum levels of lipids, mainly in the first 6 weeks.
After 4-8 weeks of treatment, the levels remain stable and can return to baseline upon
cessation of the drug. Previous studies of IBD have shown that inflammation can lower lipid
levels; therefore, controlling the inflammatory response may result in higher levels [172].

In the pivotal studies for upadacitinib, it was observed that total cholesterol concentra-
tions were increased in all treatment arms. In contrast, the ratio of low-density lipoprotein
and high-density lipoprotein cholesterol remained normal [139]. In filgotinib studies, dur-
ing induction, there were modest increases in total fasting cholesterol, LDL, and HDL in all
treatment groups. However, during maintenance, there was no elevation of blood lipids in
the filgotinib groups, and the levels remained stable [173].

Venous Thromboembolism

The FDA and EMA recommend avoiding JAK inhibitors in patients at risk of venous
thromboembolism (VTE), including deep vein thrombosis (DVT) and PE (pulmonary em-
bolism). The ORAL Surveillance safety study of tofacitinib in patients with RA > 50 years
old with one or more cardiovascular risk factors showed a higher risk of PE in patients on
tofacitinib 10 mg bid compared to patients on an anti-TNF [174].

The safety and efficacy of tofacitinib were described in the OCTAVE Open study [135].
The authors concluded that tofacitinib had an acceptable safety profile during long-term
therapy for UC. The IRs for thromboembolic events in tofacitinib-treated patients corre-
spond to those reported for UC patients in general. However, the label for tofacitinib in UC
was updated to include this risk.

The incidence rate of VTE for upadacitinib was 1.1 per 100 patient-years; in the case
of filgotinib, one PE episode was reported in the 100 mg dose arm, and two DVTs were
reported in the placebo arm. At this moment, it is unknown if this is a drug class adverse
event or due to the inhibition of a specific pathway, data that must be confirmed in long-
term studies; therefore, it cannot be established that selective JAK-1 inhibition is a measure
to decrease the risk of VTE [175,176].

Cytopenias

Tofacitinib is known to cause a mild and temporary decrease in blood cell counts, but
this is usually resolved over time in long-term studies. In a trial involving patients with
RA, the incidence rates for neutropenia and lymphopenia were 0.52 and 1.11, respectively.
However, none of the patients developed severe infections within a month of their lowest
neutrophil count. In cases where patients experienced severe lymphopenia (defined as
<0.5 x 103 cells/ mm3), there were five instances of associated severe infections. This is
believed to be due to the JAK2 signaling blockade, which affects hematopoiesis. Although
izencitinib is also a pan-JAK inhibitor, there are no reports of it causing pancytopenia [177].

6.4.2. Ozanimod
Hypertension

Blood pressure should be monitored during ozanimod treatment due to the potential
for increased blood pressure. Regardless of the hypertension history, blood pressure should
be checked after 3 months of ozanimod treatment, when blood pressure changes were
first observed in clinical trials [178,179].

Clinical trial data demonstrated a low incidence of serious infections [<2.7%] with
long-term ozanimod treatment in patients with UC for up to 142 weeks in the phase III
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True North OLE and in pooled phase II and phase III UC trials examining ozanimod over
2196 patient-years of exposure [180,181].

Infections

Ozanimod treatment should be interrupted or discontinued with certain infections [i.e.,
serious infection, progressive multifocal leukoencephalopathy, cryptococcal meningitis,
and posterior reversible encephalopathy] [179].

Increased Transaminases

Liver enzymes and function should be assessed periodically during treatment (i.e.,
after 1, 3, 6, 9, and 12 months on ozanimod [per the EU summary of product characteris-
tics] and every 3 months thereafter [per the authors’ recommendation]) or assessed with
symptoms of hepatic dysfunction. Treatment should be interrupted if transaminases are
confirmed to be >5 times the ULN [per the EU summary of product characteristics] and
discontinued in the event of liver injury [178].

6.5. Summary

Small molecules enrich the therapeutic landmark enormously in IBD. The lack of
immunogenicity, the comfort of an orally administered compound, and the rapid onset of
action justify their increasing use in the treatment of UC and CD patients and could enhance
medication adherence. Nevertheless, the place of SMDs in the therapeutic path deserves
to be better defined. While antibodies attach to cells and cytokines, small molecules
develop effects within the cells, e.g., by inhibiting or promoting transcription. Furthermore,
production seems to be cheaper and easier than the manufacture of biologicals. Yet, both
patients and physicians need to learn how to handle the new side effects that may limit
the usage of small molecules. In conclusion, SMDs are a promising alternative to anti-
TNF-« treatments and present many advantages that will possibly make them outdo
anti-TNF-« treatments soon, assuming that no serious safety issues occur as their duration
of follow-up increases.

7. Role of the Combination of Biologics and/or Small Molecules
7.1. Indications

There are multiple pathways of inflammatory activity activated in patients with IBD,
and for this reason, treatment with monotherapies may not be sufficient for the management
of all patients [181]. In patients with IBD, there are two distinct scenarios in which it can be
used: (1) patients with refractory IBD without EIM; and (2) patients with IBD in remission,
but with active EIMs or immune-mediated inflammatory diseases (IMID) [182].

7.2. Evidence

A recent systematic review and meta-analysis by Ahmed and colleagues investigated
the safety and efficacy of dual biologic therapy in combination or with tofacitinib in
288 patients with refractory IBD [183]. Most patients were treated with two biological
therapies simultaneously while a small proportion of subjects were treated with tofacitinib
in combination with vedolizumab (11%), ustekinumab (6%), or anti-TNFx (3%). After
a median follow-up of approximately 8 months, the pooled rates of adverse events and
serious adverse events were in line with the literature data for biological drugs and small
molecules alone. However, more than half of these refractory patients achieved clinical
remission, and about a third of them experienced endoscopic remission, suggesting that
the combination of two therapies is feasible in selected cases.

Another systematic review with meta-analysis by Alayo et al. assessed the safety
and efficacy of dual biologic therapy (DBT) or a small molecule combined with a biologic
therapy (SBT) in IBD patients, stratifying the results according to each drug combina-
tion [183]. Although DBT was the most frequent approach, the most used combination
was tofacitinib with vedolizumab (57 patients, 21.4%) followed by vedolizumab and anti-
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TNFax (56 patients, 21.0%). Surprisingly, a higher rate of serious adverse events was
reported in the vedolizumab-anti-TNFo group (9.6%, 95% CI, 1.5-21.4) compared with the
tofacitinib—vedolizumab arm (1.0%, 95% CI, 0.0-7.6). On the other hand, no increased risk
was detected with ustekinumab-anti-TNF«, tofacitinib—ustekinumab, tofacitinib—anti-
TNFa, and natalizumab—anti-TNFo. Clinical remission was reported in approximately
50% of all combinations, while endoscopic/radiological remission ranged from 18% with
vedolizumab-anti-TNF« to 37.4% with tofacitinib—ustekinumab [184].

Although these data on the use of dual therapy appear promising and reassuring, it
must be emphasized that the number of patients analyzed is small and that we need long-
term data to draw strong conclusions on the safety profile. While the efficacy advantage
associated with the use of two drugs is evident, the data concerning its safety are less clear.

7.3. Pros and Cons of Combination Therapy

The main limitation to the wide use of biologics and small molecules is the risk of
infections in patients, but there are no data to support an increased risk of malignancy [185].
Another limitation to the widespread use of dual therapies is the relevant increase in direct
healthcare costs. On the other hand, these therapies, allowing for greater treatment efficacy,
could reduce the number of IBD-related hospitalizations and surgeries and improve patient
productivity by reducing the number of working days lost due to illness. It is, therefore,
legitimate to hypothesize that the association of two different therapies is a possible option.
However, it is essential to define when this approach should be recommended to avoid
over-treatment and expose patients to the risk of adverse events.

7.4. Expert Opinion

In the absence of data, we hypothesize that the combination of a biologic and a small
molecule can be considered in patients with severe disease, a high risk of complications,
relative contraindications to surgery (i.e., high risk of short bowel syndrome), or con-
comitant extraintestinal manifestations and active luminal disease where one drug is not
enough. Further data confirming this hypothesis or opening new scenarios for the use of
this combination are strongly needed.

In conclusion, dual therapy with biologics and small molecules is a promising thera-
peutic option that could allow the achievement of therapeutic targets and make the goal of
a deep and lasting remission more concrete. However, in the absence of long-term safety
data, it is right to be cautious and choose this option on a case-by-case basis, sharing the
pros and cons of therapy with the patient.

8. Newer and Emerging Modalities

Since multiple inflammatory pathways are activated in the inflamed intestine, blocking
one of them might not be sufficient to control inflammation, as we now do with targeted
monotherapies. Meanwhile, therapeutic approaches with different mechanisms of action
have been investigated from various perspectives. In this section, we discuss several
possible future therapeutic targets.

8.1. Gut Microbiota Modulation

In our understanding of IBD, a disturbed gut ecosystem and the inflammatory re-
sponse to the host microbiota are important concepts. Clinical remission was observed
in three out of four ulcerative colitis trials when the fecal microbiota was transferred to
reestablish biodiversity [186]. However, there is no agreed protocol for this intervention,
and its effects are short-lived. The use of fecal microbiota transfer is restricted to patients
with IBD and Clostridium difficile infection. Physicians have been alerted to the serious
risk of transmission of multidrug-resistant organisms by the FDA. Early-stage interventions
with specific microbial strains or products, as well as prebiotic compounds, are being
developed to address this issue [187].
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8.2. Stem Cell Therapy

Allogeneic mesenchymal stem (stromal) cells are harvested from adipose tissue
through liposuction. After debridement with a curette, flushing with saline, and closure
of internal fistula tract openings, cultured and expanded cells (darvadstrocel) are injected
next to the tract. Their local exposure to TNF-oc and interferon-y or Toll-like receptor
3 engagement by double-stranded RNA (dsRNA) is believed to induce an immunosup-
pressive phenotype with the secretion of indoleamine (IDO), prostaglandin E2 (PGE2),
nitric oxide (NO), transforming growth factor 3 (TGF-f3), hepatocyte growth factor (HGF),
heme oxygenase (HO), and soluble HLA-G (sHLA-G), all of which are known to suppress
T cell proliferation and drive differentiation into regulatory T cells (Tregs). Moreover, the
production of interleukin-6, IDO, and PGE2 by the mesenchymal stem cells, together with
cell—cell contacts, transforms M0 macrophages into anti-inflammatory M2 macrophages.
M2 macrophages secrete interleukin-10 and chemokine (C-C motif) ligand 18 (CCL18) and
thereby also promote Treg differentiation [188].

8.3. Regqulation of Fibrosis

Gastrointestinal stricture is a condition where there is a narrowing of the gastrointesti-
nal tract due to the formation of fibrotic tissue. This is a common complication of Crohn’s
disease (CD), a condition that causes chronic inflammation. Fibroblasts get activated due
to this inflammation, leading to an excessive accumulation of extracellular matrix (ECM)
and the expansion of mesenchymal cells. The production and degradation of ECM are con-
trolled by enzymes called matrix metalloproteinases (MMPs) and MMP inhibitors. When
the production of ECM exceeds the degradation rate, it leads to fibrosis. Recent studies
have identified some potential therapies for this condition, including anti-fibrotic drugs,
anti-MMP9 antibodies, and the inhibition of pH-sensing ovarian cancer G-protein-coupled
receptor 1 and BCL2 [189].

8.4. Regulation of Innate Lymphoid Cells

Intestinal lymphoid cells (ILCs) play a significant role in the development of inflam-
matory bowel disease (IBD) by interacting with the microbiota, regulating the integrity of
the epithelial barrier, and producing cytokines. During an active state of IBD, there is an
increase in IFN-y-producing ILC1s and IL-17-producing ILC3s, whereas IL-22-producing
ILC3s decrease. While ILC3s are the primary component of intestinal ILCs in their normal
state, ILC2s contribute to IBD by sensing the microbiota and maintaining the intestinal
barrier. Further research is required to understand the mechanisms that change the subpop-
ulation and function of ILCs and how these cells exert their protective and inflammatory
effects [190].

8.5. Regulation of B Cells

B cells at the intestinal mucosal surface are important for immune balance. A dys-
regulated B cell response is a potential therapeutic target for IBD patients. Inhibiting
CD40L may reduce inflammatory IgG1 responses while preserving T cell-independent IgA
responses. BAFF is overexpressed in IBD, and belimumab, a human monoclonal anti-BAFF
IgG1 antibody, may help alleviate intestinal inflammation. Vedolizumab may inhibit the
infiltration of circulating «4p7+ plasmablasts into inflamed mucosa. Blocking the Fcy
receptor function may be an attractive approach for steroid-refractory IBD patients [191].

8.6. Regulation of the Gut-Brain Axis

The gut-brain axis involves bidirectional communication between the gut and nervous
system, and it is driven by various signals. The VN is a crucial component of the autonomic
nervous system and plays a significant role in the brain—gut axis. Dysregulation of the
gut-brain axis is linked to gastrointestinal and neurological diseases and a high risk of
developing Parkinson’s disease and MS in IBD patients. The major factors for altered struc-
ture and function in the CNS are enteric dysbiosis, translocation of microbial metabolites,
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and inflammatory factors derived from the inflamed intestinal mucosa that cross the gut
epithelial barrier (leaky gut) and blood—-brain barrier [192,193].

9. Conclusions

Although the armamentarium for optimizing the therapy of IBD is expanding at a
brisk pace, the point of genuine concern is far from satisfactory remission rates, which
need a lot to be optimal and desirable. There is a felt need for better-designed clinical
trials incorporating a wider population to promote generalizability, the detection of novel
biomarkers, and the discovery of new treatment targets to achieve substantial development
in the therapy of IBD. There is a requirement for a multimodality approach with probably
precision medicine to attain the goal of lasting remission and the probable cure of this
enigmatic illness.
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