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Abstract

Inflammatory bowel disease (IBD) is a chronic disease that requires chronic
treatment throughout the evolution of the disease, with a complex
physiopathology that entails great challenges for the development of new and
specific treatments for ulcerative colitis and Crohn’s disease. The anti-tumor
necrosis factor alpha therapy has impacted the clinical course of IBD in those
patients who do not respond to conventional treatment, so there is a need to
develop new therapies and markers of treatment response. Various pathways
involved in the development of the disease are known and the new therapies have
focused on blocking the inflammatory process at the gastrointestinal level by oral,
intravenous, subcutaneous, and topical route. All these new therapies can lead to
more personalized treatments with higher success rates and fewer relapses. These
treatments have not only focused on clinical remission, but also on achieving
macroscopic changes at the endoscopic level and microscopic changes by
achieving mucosal healing. These treatments are mainly based on modifying
signaling pathways, by blocking receptors or ligands, reducing cell migration and
maintaining the integrity of the epithelial barrier. Therefore, this review presents
the efficacy and safety of the new treatments that are currently under study and
the advances that have been made in this area in recent years.

Key Words: Inflammatory bowel disease; Review; Emerging; Treatment; Ulcerative
colitis; Crohn’s disease
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Core Tip: This review is to present the efficacy and safety of novel treatments for
inflammatory bowel disease. The new treatments that may be available in the future are
new anti-tumor necrosis factor alpha, anti-integrines, anti-interleukines, modulation of
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sphingosine-1-phosphate, janus kinase inhibitors, toll like receptor agonist, therapy on
the integrity of the epithelial barrier, phosphodiesterase-4 inhibitors and antisense
oligonucleotide therapy, currently in clinical studies. Many of them with encouraging
results in clinical studies, while others have not been able to maintain significant
results in the final phases.
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INTRODUCTION

The pathogenesis of inflammatory bowel disease (IBD) is multifactorial and involves a
series of factors specific to the patient and the environment. The chronic inflammatory
process in ulcerative colitis (UC) and Crohn’s disease (CD) is causing damage to the
intestinal mucosa with gastrointestinal and systemic symptoms. The anti-tumor
necrosis factor alpha (TNF-a) therapy has impacted in the clinical course of IBD in
those patients who do not respond to conventional treatment. Up to 30.0% of patients
may not respond to initial anti-TNF alfa therapy and up to 46.0% may lose response
during disease evolution[l]. Therefore, there is a need to innovate with the
development of new treatments to be able to modify the clinical course of IBD
including fewer clinical relapses, hospitalizations, surgeries and better quality of life.
Currently, the approved biological treatments have great limitations such as their
route of administration and adverse events. In recent years, new therapies have been
developed to reduce the inflammatory process through different signaling pathways.
There are several new mechanisms of action available such as anti-integrines, anti-
interleukines, modulation of sphingosine-1-phosphate (S1P1), janus kinase (JAK)
inhibitors, toll like receptor (TLR) agonist, phosphatidylcholin, phosphodiesterase-4
(PDE4) inhibitors and antisense oligonucleotide therapy, which are promising
therapies currently in clinical studies. The mechanisms of action of the new biological
treatments are illustrated in Figure 1. The purpose of this review is to present the
efficacy and safety of novel treatments for IBD.

PATHOGENESIS OF IBD

IBD is now recognized as an immune-mediated disease that occurs in genetically
susceptible hosts and can be described as chronic perturbations in homeostasis
between the host and the external environment. The interface of these interactions can
be divided into three critical elements: intestinal epithelium, immune cells, and
commensal microbiota.

One consensus hypothesis is that each of these three major host compartments that
functions as an integrated supraorganism is affected by specific environmental
(enteropathogens, antibiotics, smoking efc.) and genetic factors that come together in a
susceptible host and lead to chronic dysregulation and development of inflammation
[2]. Thus, in both UC and CD, an inflammatory pathway likely emerges from the
genetic predisposition that is associated with inappropriate innate immune and
epithelial sensing and reactivity to commensal microbiota that secrete inflammatory
mediators, together with inadequate regulatory pathways that lead to activated CD4+
T cells within the intestinal epithelium and lamina propria, secreting excessive
quantities of inflammatory cytokines relative to anti-inflammatory cytokines. Some
activate other inflammatory cells (macrophages and B cells) and others act indirectly to
recruit other lymphocytes, inflammatory leukocytes, and mononuclear cells from the
vasculature into the gut, through interactions between homing receptors on leukocytes
(e.g., 04P7 integrin) and addressins on the vascular endothelium (e.g., MadCAM1).
Neutralization of TNF or a4p7 integrin is consistent with an effective treatment of IBD.
There are three major types of CD4+ T cells that promote inflammation in the gut, all
of which are possibly associated with colitis in animal models and humans: TH1 cells
(secrete interferon, TNF), TH2 cells [secrete interleukin (IL)-4, IL-5, IL-13] and TH17
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Figure 1 Mechanism of action of new therapies in inflammatory bowel disease. JAK: Janus kinase; TLR: Toll like receptor; IL: Interleukin; S1P1:
Sphingosine-1-phosphate; PDE4: Phosphodiesterase-4; TNF: Tumor necrosis factor.

cells (secrete IL-17, IL-21). Each of these subsets of T cells cross-regulate each other.
The TH1 cytokine pathway is initiated by IL-12, a key cytokine in the pathogenesis of
experimental models of mucosal inflammation. IL-4 and IL-23, together with II-6 and
transforming growth factor beta (TGF-), induce TH2 and TH17 cells, respectively. IL-
23 also inhibits the suppressive functions of regulatory T cells[3]. Activated
macrophages secrete TNF and IL-6.

Understanding inflammatory pathways has led to the development of new
therapies, such as monoclonal antibodies that block pro-inflammatory cytokines or the
signaling by their receptors (e.g., anti-TNF-a anti-IL-12, anti-IL-23, anti-IL-6 or JAK
inhibitors); molecules associated with leukocyte recruitment (e.g., anti-04f7); and the
use of cytokines that inhibit inflammation (e.g., IL-10) or promote intestinal barrier
function (e.g., epidermal growth factor), which may be beneficial to humans with
intestinal inflammation.

RESEARCH METHODS

We performed an exhaustive search, encompassing the last 10 years, in the
Medline/PubMed, the Cochrane Database, EMBASE (Ovid), and LILACS databases,
using the following MeSH terms: ulcerative colitis, Crohn’s disease, inflammatory
bowel disease, pathogenesis, biologic therapy, new anti-TNF-a agents, anti-integrin
therapy, vedolizumab, etrolizumab, abrilumab, ontamalimab, cytokine blockade, anti-
interleukin therapy, vercirnon, anti-interlukin 23, eldelumab, rizankizumab,
mirikizumab, brazikumab, guselkumab, briakinumab, anti-interleukin 17,
secukinumab, brodalumab, anti-interleukin 6, interleukin 22, JAK inhibitors,
upadacitinib, filgotinib, peficitinib, modulation of SIP1, ozanimod, etrasimod,
amiselimod, laquinimod, toll like receptor agonist, cobitolimob, phosphatidylcholine,
PDE4 inhibitor, apremilast, antisense oligonucleotide therapy, mongersen, GATA3
DNAzyme, alicaforsen. The search was limited to randomized controlled trials (RCTs)
conducted on human subjects. Language: English. We also searched for any relevant
RCTs included in the IBD Group Specialized Trials Register, the World Health
Organization International Clinical Trials Registry, the European Union Clinical Trials
Register, and the ClinicalTrials.gov to ensure identification of all eligible studies; and
recent conference proceedings (European Crohn’s and Colitis Organisation, United
European Gastroenterology Week, and Digestive Disease Week). Finally, we
conducted supplemental searches of the regulatory authorities” websites (European
Medicines Agency: www.ema.europa.eu; United States Food and Drug Adminis-
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tration: www.fda.gov) to obtain details on study characteristics or outcomes.

NEW ANTI-TNF-a THERAPY
AVX-470

This is a polyclonal anti-TNF antibody, currently in development and it has been
tested in patients with moderate to severe disease UC activity. There is few
information about its mechanism of action, it has been proposed to act locally in the
gastrointestinal tract named AVX-470 has shown to inhibit gut inflammation in mice
[4]. It is considered a large weight molecule of 160-900 kDa, with an oral adminis-
tration which can avoid systemic adverse events. In phase 1 clinical trial, patients
receive AVX-470 at doses of 0.2, 1.6 or 3.5 g a day, clinical response was an
achievement in 7 (25.9%) with AVX-470 groups vs 1 (11.1%) in the placebo group and a
significant reduction in serum C reactive protein (CRP) and IL-6. Low levels of anti-
TNF antibodies were observed in patients who received this treatment, the antibody
levels were lower compared to other anti-TNF therapies, having less immunogenicity
avoiding future loss of response to this treatment, with a good safety profile, there
were no serious adverse events in this human trial[5]. The phases of clinical trials of
these new treatments are listed in Table 1.

ANTI-INTEGRIN THERAPY

Integrins are receptors found on the cell surface for cell proliferation, signaling, and
migration, its subunits binds to cell adhesion molecules (CAMs). The a4p1 integrin
heterodimer binds VCAM-1 or fibronectin, 04p7 integrin heterodimer binds mucosal
vascular addressin (MAd) CAM-1 and the oEB7 integrin heterodimer binds E-cadherin
[6]. Inhibiting these molecules have a therapeutic effect since it decreases the cell
migration of pro-inflammatory cells in the gastrointestinal tract[7].

Ontamalimab (SHP647, PF-00547659)

This is a fully human anti-MAdCAM-1 antibody, reducing lymphocyte migration. In a
phase 2 study (TURANDOT trial) in patients with moderate to severe UC who failed
conventional treatment, were randomized to receive ontamalimab subcutaneously
(SC) at a dose of 7.5 mg, 22.5 mg, 75 mg, 225 mg or placebo every 4 wk, clinical
remission was presented in 8 (11.3%), 12 (16.7%), 11 (15.5%) and 4 (5.7%) in the groups
respectively and in the placebo group only in 2.7% of patients[8]. In the open label
study for UC patients (TURANDOT II trial) mucosal healing increased from 20.3%
from baseline to 28.5% at week 16 and was maintained until week 144 of follow-up[9].
The phase 3 study for patients with UC is currently recruiting patients[10]. In the
phase 2 study (OPERA) in patients with CD, the results did not show significant
differences compared to the placebo group[11], therefore, the phase 3 study in CD was
suspended by the sponsor[12].

Etrolizumab (rhuMAbBeta7)

This is a humanized IgG1 monoclonal antibody (mAb) for the B7 integrin subunit and
blocks the interactions of 04p7 with MAdCAM-1 and o«EB7 with E-cadherin[13]. This
therapy suppresses the trafficking of lymphocytes in the intestine and the retention of
lymphocytes in the intraepithelial compartment. In a phase 2 study, its efficacy for
induction of remission in patients with UC was demonstrated previously with
subcutaneous administration[11]. Currently, the phase 3 study is underway for
patients with UC and CD with moderate to severe activity, it is composed of multiple
randomized control trials HIBISCUS I and II, GARDENIA, LAUREL, HICKORY,
ERGAMOT and open-label extension trials COTTONWOOD and JUNIPER. Also the
purpose of these studies is not only to verify its efficacy and safety, but to compare
with other biological treatments such as adalimumab and infliximab[14].

Abrilumab (AMG 181)

This is a fully humanized IgG2 mAb, with the same mechanism of action like
vedolizumab, against the integrin a4f7[15]. A phase 2 study was conducted in patients
with moderate to severe UC refractory to anti-TNF alpha and immunomodulatory
therapy, were randomized to receive abrilumab SC at doses of 7, 21 or 70 mg on day 1,
week 2 and 4, then every 4 wk, abrilumab 210 mg on day 1 or placebo. The clinical
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Table 1 Phase of clinical trials for emerging therapeutic options for inflammatory bowel

Treatment UC CD Treatment UC CD Treatment UC CD Treatment uc ¢bD
Anti-IL Anti-integrin JAK inhibitors Other therapies

Rizankinumab I III Ontamalimab 111 II Upadacitinib III 111 AVX-470 I
Mirikizumab I I Etrolizumab I I Filgotinib I il Laquinimod - |
Brazikumab I I Abrilumab I II Peficitinib I - Cobitolimod I -
Guselkumab I 111 AJM300 11T - TD-1473 I I BL-7040 I -
Briakinumab - II Cytokine blockade Modulation of SIP1 Phosphatidylcholine I -
PTG1200 - I Vercirnon - 11T Ozanimod I I Apremilast I -
Secukinumab - I Eldelumab I I Etrasimod III - Mongersen - I
Brodalumab - I GSK3050002 I - Amiselimod - I GATA3 DNAzyme I -
PF-04236921 - II KRP-203 II - STNMO01 I

UC: Ulcerative colitis; CD: Crohn’s disease; IL: Interleukin; JAK: Janus kinase; S1P1: Sphingosine-1-phosphate.

remission rates were 98 (13.3%), 79 (12.7%) and 116 (4.3%) (P < 0.05) for abrilumab 70
mg, 210 mg and for placebo respectively at week 8. No serious adverse events
occurred during the study. The most frequent adverse events reported for both groups
was the reaction at the injection site, nasopharyngitis, headache, and arthralgias[16] .
For patients with CD, a phase 2 study was conducted and were randomized to receive
placebo or abrilumab at doses of 21 mg or 70 mg SC on day 1, weeks 2 and 4, and
every 4 wk for 24 wk or only one dose of 210 mg SC on day 1, the primary endpoint
was not reached and there were no significant differences in clinical remission
compared to the placebo group[17].

AJM300

AJM300 is an oral small molecule antagonist of a4 and target a4p7 and a4p1 integrin.
Previous studies have demonstrated, a significant decrease in the number of T
lymphocytes in the lamina propria in mice[18]. The therapeutic efficacy and safety of
AJM300 were tested in a phase 2a study with 102 UC patients and were administered
960 mg orally for 8 wk, 3 times a day or placebo, to evaluate the induction to clinical
remission. Clinical response rates were 32 (62.7%) and 13 (25.5%) (P = 0.0002), clinical
remission in 12 (23.5%) and 2 (3.9%) (P = 0.0099), mucosal healing in 30 (58.8%) and 15
(29.4%) (P = 0.0014) at week 8 in the AJM300 and placebo group, respectively. This
study demonstrated a significant improvement in clinical response, endoscopic
remission, and histological response. No serious adverse effects were documented and
only the most common adverse event was nasopharyngitis[19]. A phase 3 study with
the same doses is currently being conducted to evaluate the efficacy and safety in
patients with UC[20].

CYTOKINE BLOCKADE

Vercirnon (CCX282-B)

This is an antagonist against the receptor CCR9Y, inhibiting leukocyte traffic to the
small intestine[21]. In a study phase 2 in patients with CD, subjects received 250 mg
once daily, 250 mg twice daily, or 500 mg once daily of vercirnon or placebo for 12 wk
as induction therapy and then they receive 250 mg of vercirnon through week 16 if
they response were randomly assigned to receive 250 mg of vercirnon twice a day or
placebo for 36 wk. Response rates for the induction therapy at week 12 was about 55
(56.0%, P = 0.168), 47 (49.0%, P = 0.792), 59 (61.0%, P = 0.039) in vercinon groups and
68 (47%) in the placebo group. In the maintenance period, 68 (47%) of subjects on
vercirnon were in remission vs 29 (31%) in the placebo group (P = 0.012)[22] During
the phase 3 study, patients were randomized into three groups to receive vercirnon
500 mg once a day, 500 twice a day, or placebo, clinical response at week 12 was in 56
(27.6%, P = 0.546), 55 (27.2%, P = 0.648) and 51 (25.1%), respectively. The most frequent
adverse events were headache, worsening of CD and abdominal pain. This treatment
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failed to show the effectiveness of previous studies and no significant differences
between the all study groups[23], so subsequent studies were canceled.

Eldelumab (BMS-936557)

Eldelumab is a fully human mAb against the chemokine CXCL10, this chemokine is
also involved in the traffic of leukocytes to the colon, its receptor CXCR3 is expressed
on most T cells. In a phase 2 study in patients with UC, they receive 10 mg/kg of
eldelumab or placebo intravenously (IV) every other week. The primary and
secondary endpoints of clinical response, clinical remission and mucosal healing at
day 57 were not met, but the clinical response and clinical remission rates were
associated with higher drug exposure[24]. A phase 2 trial in patients with CD receives
eldelumab 10 mg, 20 mg or placebo at days 1 and 8 and alternate weeks. Clinical
remission was 29.3%, 22.5% and 20.0% in the 20 mg/kg, 10 mg/kg and placebo groups
at week 11, but they were not significantly superior to the placebo group[25]. Despite
the encouraging results of the clinical response related to drug exposure and a good
safety profile, the response rates were lower, so further studies were not continued in
IBD.

GSK3050002

This is a mAb IgG1 with affinity to chemokine CCL20, binds to its receptor CCR6
expressed mainly in dendritic cells and B cells. The chemokine CCL20 is up-regulated
in active IBD[26]. Currently, there are only phase 1 studies focused on patients with
UC. In a study with healthy volunteers, they were administered, dose escalation of IV
GSK3050002. With a half-life time of 2 wk, with a dose dependent decrease in CCR6,
and a good safety profile at doses from 0.1 to 20 mg/kg[27].

ANTI-IL THERAPY
Anti- IL-23

In genome association studies, a strong association with the production of IL-17 and
IL-23 has been shown, especially in patients with CD[28,29], as well as an increase in
the expression of messenger RNA of these molecules and their intracellular proteins in
the lamina propria of the gastrointestinal tract of patients with IBD[30,31].

Risankizumab (Bl-655066)

This is a mAb that targets the p19 subunit, specific for IL-23. In the phase 2 studies for
the induction of clinical remission in patients with moderate to severe CD, risank-
izumab was administered at doses of 200 and 600 mg IV where clinical remission was
obtained in 12 (31%) vs 6 (15%) patients in the placebo group at week 12[32]. The
maintenance of clinical remission with risankizumab in patients with CD, it was
maintained in 44 (71%) of patients, 50 (81%) patients had a clinical response, 22 (35%)
obtained endoscopic remission, 15 (24%) mucosal healing and 18 (29%) achieved
clinical and endoscopic (deep) remission at week 52[33]. A phase 2 and 3 studies are
currently recruiting patients with moderate to severe UC activity, with IV induction
doses and subcutaneous maintenance SC doses[34], a phase 3 study of maintenance of
remission is planned for patients who achieved clinical response and remission in the
induction study[35]. A phase 3 study for induction of remission in CD and its
maintenance until week 52[36].

Mirikizumab (LY3074828)

This is a mAb that blocks selectively the p19 subunit of IL-23. In the phase 2 study in
patients with moderate to severe activity of UC were randomized into four groups to
receive doses at 50 mg, 200 mg, 600 mg and placebo SC at 4 and 8 wk. Clinical
remission was obtained in 10 (15.9%), 14 (22.6%) and in 7 (11.5%) patients,
respectively, compared with only 3 (4.8%) patients in the placebo group at week 12.
The maintenance of clinical remission at doses of 200 mg every 4 wk, 200 mg every 12
wk and placebo, with 22 (46.8%), 17 (37.0%) and 1 (7.7%) of patients at week 52 in the
maintenance of clinical remission[37]. The most frequently reported adverse effects
were nasopharyngitis, nausea and worsening of UC. A phase 3 study (LUCENT 1) for
induction of remission in 12 wk for UC patients with moderate to severe activity is
currently under recruitment[38], as well as maintenance of remission (LUCENT 3)[39].
A phase 2 study for patients with CD (SERENITY) and a phase 3 study with an active
arm for ustekinumab[40].
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Brazikumab (MEDI2070)

This is a mAb selectively directed to the p19 subunit of IL-23. Efficacy was evaluated
in patients with CD and moderate to severe activity, who had a failure to anti-TNF-aq,
they were randomized with a dose of brazikumab of 700 mg IV or placebo at weeks 0
and 4. Followed by maintenance doses of 210 mg SC every 4 wk from weeks 12 to 112.
Clinical response was measured in 29 (49.2%) vs 16 (26.7%) response from the placebo
group at week 8. At week 24, the clinical response of 28 (53.8%) in the brazikumab
group vs 30 (57.7%) in patients in the placebo group. A secondary outcome was to
measure the expression of IL-22, a pro-inflammatory cytokine induced by the action of
IL-23. Patients with a higher expression of IL-22 at the start of treatment was
associated with a higher probability of response to brazikumab compared to the
placebo group. The most frequently adverse effects were headache, nasopharyngitis,
abdominal pain, arthralgia and proctalgia[41]. In patients with UC with moderate to
severe activity named the EXPEDITION, which is a long-term phase 2 study of
brazikumab in patients with UC with moderate to severe activity, is underway with IV
brazikumab on days 1, 15 and 43, followed by brazikumab SC starting on day 71 every
4 wk[42]. It is also being evaluated in CD patients in a phase 3 study with severe
activity, with IV brazikumab on days 1, 29, and 57, followed by SC brazikumab. For
CD, a phase 3 study with an active arm is being recruited to compare adalimumab in
which IL-22 was also included as a prognostic factor of response to treatment[43].

Guselkumab

This is a mAb against the p19 subunit, whose efficacy has been proven and was
approved for psoriasis treatment[44]. There are no data available so far on its efficacy
and safety in patients with IBD, data are only available in patients with psoriasis and
psoriatic arthritis where it has shown successful results with few adverse effects. There
is an ongoing phase 2 study with combined therapy with guselkumab and golimumab
in patients with moderate to severe UC activity. Participants will receive guselkumab
at first dose as an IV infusion and the second one as a SC injection in addition to
golimumab two doses as an SC injection and placebo[45]. For CD, a phase 2 study
(GALAXI 1) is underway, participants will be assigned to five treatment groups,
where groups 1 to 3will receive two doses of guselkumab IV and SC; group 4 will
receive ustekinumab IV infusion followed by SC dosing, and group 5 will receive IV
placebo at week 12. Those patients who do not respond will receive two doses of
ustekinumab IV and SC. In GALAXI 2 and 3 studies, participants will be randomized
to guselkumab, ustekinumab, or placebo[46]. A phase 3 study, is ongoing in patients
with moderate to severe CD activity with IV guselkumab (3 doses) followed by SC
guselkumab[47].

Briakinumab

This is a mAb antibody against the p40 subunit of IL-12 and 23. Early studies, showed
significant decreased in Th1 Lymphocytes in the gastrointestinal tract[48]. Currently it
is only being evaluated for the treatment of psoriasis. In a phase 2 study, patients with
CD were included in four treatment groups, they received briakinumab doses of 200
mg, 400 mg, 700 mg and placebo at weeks 0, 4 and 8. Patients who responded with
doses of 400 mg and 700 mg were included in the maintenance phase at doses of 200
mg, 400 mg, 700 mg and placebo at weeks 12, 16 and 20. At week 24, 21 (43%), 21
(48%), 21 (57%) and 14 (29%) patients were in remission in the respectively groups.
The most frequent adverse effect reported were respiratory infections in 20.7%, nausea
in 17.3%, abdominal pain and headache 14.3%[49]. No current studies are undergoing
in patients with CD and briakinumab.

PTG200 (JNJ67864238)

This is a selective inhibitor blocks the IL-23 receptor, it has the main advantage of oral
administration. In vivo studies, have demonstrated that a high concentration of this
molecule at the gastrointestinal level and a minimum concentration at the systemic
level. Phase 1 trials in healthy volunteers showed few adverse effects, none of them
serious, with a half-life of approximately 1.5 h[50]. A phase 2 study is currently
underway in patients with CD with moderate to severe activity to evaluate the efficacy
and safety for 12 wk, with daily oral administration of PTG-200[51].

Anti-IL-17

The IL-23 is involved in the signaling pathway of Th17 cells, these lymphocytes are
producers of cytokines that enhance or regulate immune responses by interacting with
other inflammatory cells such as macrophages, neutrophils, eosinophils, and
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basophils. These cells participate in the expression of subsets regulatory T cells and
Th1, Th2, and Th17 lymphocytes[52]. Stimulation of neutrophil activation and IL-23-
mediated induction of IL-17 and IL-22 production by neutrophils. All IL-17 producing
cells predominate in patients with UC, mainly in the lamina propria, and CD
transmurally[30].

Secukinumab (AIN457)

Is a mADb of the IgG type which binds selectively to IL-17, preventing its union with its
receptor, with this action the inflammatory process caused by this cytokine. In a phase
2 study carried out in patients with CD with moderate to severe active disease in
which 59 patients were included who received IV secukinumab or placebo, 31% of
patients in the secukinumab group discontinued the study prematurely due to lack of
response to treatment. Higher rates of adverse effects were observed compared to the
placebo group, 29 (74.4%) vs 10 (50%) patients. The most frequent adverse event were
infections, worsening of CD, abdominal pain and arthralgias[53]. Secukinumab was
approved for the treatment of psoriasis, but have been reported cases of IBD after the
application of these biological in this group of patients[54,55], therefore, its use in
patients with known IBD is not recommended and no new studies are undergoing.

Brodalumab (AMG 827)

Is a mAb that acts directed against the IL-17 receptor, inhibiting the inflammatory
activity of this interleukin with high affinity[56]. Its availability is limited to psoriasis
patients with moderate to severe disease. In the phase 2 study, patients with moderate
to severe CD were enrolled to receive different doses of brodalumab 210, 350 and 700
mg at weeks 0 and 4 compared to a placebo group. This study was interrupted for
aggravation of CD activity. Only 130 patients were randomized to receive treatment
groups with clinical response in 1 (3.1%), 5 (15.2%), 3 (9.1%) and 1 (3.1%) in the
brodalumab at 210 mg, 350 mg, 700 mg and placebo respectively at week 6. The most
frequent adverse effect was worsening activity of CD[57]. There are no ongoing
studies for Brodalumab in IBD.

Anti-IL-6

This cytokine has inflammatory effects and inhibits apoptosis of T lymphocytes in the
gastrointestinal mucosa[58]. Serum IL-6 concentrations are elevated in patients, with
CD and correlates with CRP levels[59].

PF-04236921

The PF-04236921 molecule is a IgG2 mAD that inhibits the action of IL-6, it has an
approximate half-life of 36 to 51 d. The induction of clinical remission was evaluated
with doses of 10 mg, 50 mg, 200 mg and placebo. The response rate at dose of 50 mg
was 49.3% vs 30.6% (P < 0.05) in the placebo group at week 8 and 27.4% and 10.9% (P <
0.05) respectively at week 12. Common adverse effects were headache, abdominal pain
and nasopharyngitis while serious adverse effects were presented in 3 (4.5%), in 7
(9.9%), in 8 (20%) patients in the 10 mg, 50 mg and 200 mg groups respectively, which
include perforation and abscess formation[60].

IL-22 THERAPY

Unlike the previous interleukins, IL-22 has an anti-inflammatory mechanism, it is
elevated during inflammatory processes, with multiple functions such as regulation of
the interaction between bacteria-host, protection and healing of the mucosa[59]. In
patients with CD, it is higher compared to patients with UC, since previous studies
have shown greater expression in the small intestine[61,62] and patients with active
ucC[63].

UTTR1147A

In a phase 1 stage in healthy volunteers, ascending doses of this molecule were used
by IV and SC routes where they showed adequate pharmacokinetics with a good level
of safety[64]. A phase 2 study is currently being recruited in patients with moderate to
severe active UC, which will also include active arms with vedolizumab for the
induction of clinical remission at week 8 as well as a maintenance phase will be
evaluated as the primary objective until week 30[65].
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JAK INHIBITORS

Upadacitinib

This is a selective oral inhibitor of JAK1 compared to JAK2, JAK3 and TYK-2[66,67].
Upadacitinib down-regulates multiple pro-inflammatory cytokines, including the
following interleukins: IL-2, 4, 6, 7, 9, 15, 21, and interferon gamma that are relevant to
the pathogenesis of IBD[68]. A total of 220 patients were included to evaluate the
induction of clinical remission in patients with CD who received upadacitinib orally
twice a day, the clinical remission was reach in 39 (13%) with 3 mg, in 37 (27%, P < 0.1)
with 6 mg, in 36 (11%) with 12 mg, 35 (14%) with 24 mg and 37 (11%) in the placebo
group once a day at week 16. Endoscopic remission was greater the higher the dose,
but not the clinical remission[66]. These results are similar for UC at doses of 7.5 mg,
15 mg, 30 mg or 45 mg once a day, with clinical remission in 4 (8.5%, P = 0.052), in
(14.3%, P = 0.013), in 7 (13.5%, P = 0.011), in 11 (19.6%, P = 0.002) respectively and 0%
in the placebo group at week 8[69]. Currently are conducting phase 3 studies for both
diseases[70,71].

Filgotinib

This is an inhibitor with higher selectivity for JAK1 over JAK2 and JAK3[72] in order
to assess the induction of remission in patients with moderate to severe CD, 200 mg
orally was administered once daily against placebo over a period of 10 wk, in 60
patients (47%) who received filgotinib achieved clinical remission at week 10 vs 10
(23%, P = 0.0077) patients in the placebo group, the most frequent adverse effects were:
nasopharyngitis and urinary tract infections[73]. It is currently in recruitment in phase
3 study for patients with CD[74] and UC[75] with moderate to severe activity naive to
biological therapy or who had failure or intolerance to any other biological treatment.

Peficitinib

Peficitinib inhibits selectively for JAK3 over JAK1, JAK2, and TYK2[76]. In phase 2
with UC patients, it was evaluated the efficacy at doses of 25 mg, 75 mg, 150 mg once a
day, 75 mg twice a day and placebo orally. The primary endpoint of dose-response
was not reached at week 8, but the clinical response, clinical remission and mucosal
healing were higher at doses of > 75 mg. Biochemical markers like fecal calprotectin
and CRP were not significantly reduced with peficitinib. The most frequent adverse

events were worsening of UC, increased blood creatine phosphokinase and anemia
[77].

TD-1473

TD-1473 is a gut-selective pan-JAK inhibitor, administered orally, inhibits cytokine
signaling directly in the gastrointestinal tract avoiding systemic effects. Phase 1 in mice
and healthy volunteers show high intestinal drug exposure compared with plasma.
The Phase 1 study was done in UC with moderate to severe active disease, and
evaluate 3 doses 20 mg, 80 mg and 270 mg orally once a day after an overnight fast for
28 d, no efficacy analysis was carried out but tendencies to decrease UC activity were
found[78]. A phase 2 study is currently being carried out in patients with CD (DIONE)
[79] and a phase 2 and 3 for patients with UC (RHEA)[80].

MODULATION OF SIP1

Small molecule drugs have intrinsic properties that distinguish them from biological
therapies: they are administered orally, have a short half-life and a low risk of
immunogenicity[81].

Ozanimod

This is an oral agonist of the S1P1 and 5 receptors, decreasing the number of activated
lymphocytes circulating to the gastrointestinal tract. The clinical remission occurred in
11 (16%, P = 0.048) who received 1 mg ozanimod and in 9 (14%, P = 0.14) who received
0.5 mg ozanimod, compared with 4 (6%) patients who received placebo at week 8. In
the maintenance period, the clinical remission was in 14 (21%, P = 0.01) in the
ozanimod 1 mg group, 17 (26%, P = 0.002) in the 0.5 mg group, and 6% in the placebo
group at week 32. The main adverse effects presented were anemia and headache[82].
Preliminary results in CD receiving ozanimod 1 mg orally daily showed improvement
in mucosal healing in patients with moderate to severe CD treated for 12 wk[83]. A
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phase 3 study, is currently being carried out to evaluate the induction and
maintenance of clinical remission for CD and a phase 3 for UC is completed pending
publication of official results[84,85].

Etrasimod (APD334)

This is a selective modulator of the S1P1, S1P4 and S1P5 sphingosine receptors,
decreasing the production of several cytokines[86]. After treatment with etrasimod 2
mg once daily, an approximately 53% decreased in mean lymphocyte count was
observed in healthy volunteer patients on day 3, with a continuous decrease in 69% of
patients by day 21. In a phase 2 study in UC, were randomized in 3 groups: 1 mg, 2 mg
and placebo for 12 wk orally once a day, the primary endpoint was an improvement in
the modified Mayo index that evaluates the frequency of stools, rectal bleeding and
endoscopic findings. Clinical remission was observed in 33.0% (P < 0.001) of the
etrasimod 2 mg group compared with 8.1% of the placebo group. Endoscopic
improvement occurred in 41.8% (P = 0.003) in the 2 mg group. No significant
differences were found concerning adverse effects compared with the placebo group
[87]. A phase 3 study is recruiting patients, with UC for the administration of
etrasimod 2 mg orally for 52 wk[88].

Amiselimod (MT-1303)

This is a S1P1 receptor modulator, with more favorable cardiac safety profile than
other S1P1 receptor modulators[89]. It was evaluated in patients with CD, with
clinically active disease and elevated biomarkers, in patients who were previously
treated with steroids, immunomodulators and/or anti-TNF-a treatment. The dose
evaluated was 0.4 mg orally once a day for 14 wk. The primary endpoint of CDAI100
was achieved in 19 (48.7%) in the amiselimod group vs 20 (54.1%) patients in the
placebo group. Adverse effects were observed in both groups, infections occurred in
26% vs 13% of the placebo group. Cardiac disorders such as ventricular tachycardia,
bradycardia, ventricular extrasystoles were observed[90].

KRP-203

This is a S1P1, 4, 5 receptor agonist and partial agonist of SIP3 receptor. In a phase 2
with moderate UC activity and 5-aminosalicylate refractory patients. They received 1.2
mg of KRP203 or placebo daily for 8 wk. No statistically significant differences were
found between both groups, but the frequency of clinical remission was 14% and 0% in
the placebo group. No adverse cardiac events were reported during the study, the
most frequent adverse events were gastrointestinal disorders and headache[91].

OTHER MECANISM OF ACTION

Laquinimod

This an oral small-molecule with a direct inhibitory effect on T cells and causes a
decreased pro-inflammatory cytokines in the gastrointestinal tract[92]. In a phase 2
study in patients with active CD, they receive 0.5 mg, 1.5 mg, or 2 mg a day of
laquinimod or a placebo, for 8 wk. The primary endpoint was a clinical response of 70
or 100 points of CDAI reduction from baseline or remission and no treatment failure.
A dose of 0.5 mg showed improvement on remission rates in 14 patients (48.3%) vs 10
patients (15.9%), a response of 100 CDAI of 55.2% vs 31.7% and response CDAI 70 in
62.1% vs 34.9% in the placebo group. The most frequents adverse events were
headache and abdominal pain[93].

TLR agonist

The TLR-9 is mainly expressed on dendritic cells and macrophages, the TLR recognize
pathogenic molecules to release anti-inflammatory mechanisms. TLR-9 expression is
upregulated in the mucosa of the rectum in UC patients with active disease compared
with healthy controls and patients with UC in remission. Activation of the TLR-9
receptor has been proposed to stimulate intestinal mucosal healing[94].

Cobitolimod (DIMS0150)

This is a TLR-9 agonist which is a synthetic oligonucleotide that induced the
production of IL-10 and other anti-inflammatory cytokines[95]. Furthermore, it has
been seen in cell studies to increase steroid sensitivity in patients with steroid-resistant
UC patients[96]. In UC patients refractory to conventional treatment and anti-TNF-a
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therapy, were included to receive rectally DIMS0150 30 mg or placebo. No statistical
differences between 30 mg and placebo were found, with the induction of clinical
remission at week 12 in 44.4% and 46.5% respectively. With symptomatic remission in
32.1% vs 14.0% in the 30 mg and placebo group (P = 0.020) at week 4, and 44.4% vs
27.9% at week 8 (P = 0.061). Mucosal healing at week 4 in 21.0% vs 4.7% (P = 0.01),
there were no major safety events during study development[97]. A phase 2 trial
(CONDUCT study) patients were randomized to receive rectal enemas at doses of 31
mg, 125 mg or 250 mg at weeks 0 and 3, and cobitolimod at doses of 125 mg or placebo
at week 0, 1, 2 and 3. There were statistically significant differences for clinical
remission at week 6 in the 250 mg group in the 21.0% vs 7% in placebo (P = 0.0025)[98].

BL-7040

This is a TLR-9 modulator, in phase 2, in UC with moderate clinical activity, received
BL-7040 orally, 12 mg for 19-21 d followed by 40 mg for an additional 14 d, clinical
remission was achieved in 12.5%, mucosal healing was achieved in 50%, and was well
tolerated with one serious adverse event not related to the study[99].

FOCUSED THERAPY ON THE INTEGRITY OF THE EPITHELIAL BARRIER
Phosphatidylcholine (LT-02)

Is usually found in the intestinal barrier, maintaining its integrity, it is decreased in
patients with UC and cause epithelial permeability[100], these changes have
developed in mice models and a probable role in the pathogenesis of IBD development
has been demonstrated[101]. In a phase 2 study in UC patients, the treatment was
administered orally with pellets, four times daily at doses of 0, 0.8, 1.6, or 3.2 g.
Clinical remission was achieved in the 31.4% of 3.2 g vs 15.0% in the placebo group (P
= 0.089). Mucosal healing was achieved in 47.4% vs 32.5% (P = 0.098), histologic
remission in 47 (40.5%) vs 8 (20.0%) respectively (P = 0.016)[102]. A phase 3 study was
recently conducted (PROTECT-2) compared with mesalamine and placebo for the
maintenance of remission in patients with UC, but the results have not been published
so far[103]. The study for induction of remission (PROTECT-3) in UC was terminated
because it did not show any efficacy for achieving induction of remission[104].

PDE4 inhibitor

Apremilast: This an oral small molecule that specifically inhibits PDE4[105] ,with
activation of intracellular cAMP levels and an increase the production of anti-inflam-
matory cytokines with effects on innate inmmunity[106] and is currently approved for
the use in psoriasis. In the phase 2 study in patients with UC, patients were
randomized to receive apremilast 30 mg, 40 mg or placebo twice daily for 12 wk and
subsequently randomized to receive 30 or 40 mg for 40 wk. Clinical remission was
achieved in 31.6% and in 12.1%, (P = 0.01) in the groups of 30 mg and placebo,
respectively at week 12, without significant differences for the group of 40 mg. During
the maintenance period, clinical remission was achieved in 40.4% in the 30 mg group
vs 32.7% in the 40 mg group[107].

Antisense oligonucleotide therapy

Mongersen GED0301: TGF-f is an important cytokine with an anti-inflammatory
functions, with a regulatory function of T cells[108]. The activation of this factor causes
a phosphorylation of the SMAD2/3complex complex, in this pathway SMAD? acts,
which is responsible for downregulating TGF-B, blocking the activation of the
SMAD2/3complex complex. TGF-B is normally produced in patients with IBD but it
did not achieve its anti-inflammatory effect due to the high production of SMAD7 in
these patients[109]. Mongersen is an anti-SMAD?7 oligonucleotide, against SMAD7
mRNA, decreasing the production of this inhibitor[110]. Mongersen is for oral use and
binds to the TGF-p receptor inhibiting the signal of SMAD2 and 3[111], and reduce pro
inflammatory cytokines[112]. A phase 2 study of Mongersen was conducted in CD
patients with doses of 10, 40, 160 and placebo, clinical remission at 2 wk was archived
in 55% and 65% in the groups of 40 and 160 mg respectively (P < 0.001), with no
significant differences in the 10 mg group[113]. A subsequent study was performed,
with a dose of 160 mg in three groups 4, 8 and 12 wk of follow-up with clinical
remission in 32%, 35% and 48% respectively[114]. In the phase 3 study was cancelled
for findings of non-effectiveness in this group of CD patients[115].
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GATA3 DNAzyme (SB010)

The inflammatory process is regulated by lymphocytes Th2 and the production of IL-4,
5 and 13 in UC. In CD the response is characterized by Th1 and release of interferon
gamma and TNF. This treatment was first studied in patients with asthma and the
evidence was shown a decrease in IL production[116]. GATAS3 is a transcription factor
for the transcription of cytokines of Th2 response[117], and GATA3 RNA transcripts
are higher in colonic UC biopsies[116]. Animal models treated with a DNAzyme anti-
GATAS3 with intrarectal administration showed a reduction in the production of pro-
inflammatory cytokines[118]. Phase 2 was conducted to evaluate the efficacy and
safety of a topical formulation by enema in patients with moderate to severe active
UC, but results have not been published yet[119].

STNMO1

In patients with CD, the development of fibrotic stenoses is common due to the
chronic inflammation that causes a remodeling process. The treatment of this issue is
endoscopic or surgical resection. In recent years, the enzyme carbohydrate sulfotrans-
ferase 15 (CHST15) was discovered, is responsible for regulating the production of
glycosaminoglycans that cause the fibrotic process in patients with CD[109]. STNMO01
is an RNA oligonucleotide against CHST15, inhibits the expression of mRNA with less
production of glycosaminoglycans in the colon. The first studies in mice were carried
out using direct submucosal injections into the colon[120]. The study in CD patients
with ulcerative lesions was randomized to receive a single submucosal injection by
endoscopic route or placebo, in the largest ulcerated lesion that was visualized by
colonoscopy. A decrease in the extent of fibrosis was documented by histology, and no
adverse effects were documented during the study[121]. A phase 2a study was
conducted in patients with refractory and left-sided UC in 24 patients. They were
randomized into 3 groups to receive a single dose of 25 nM, 250 nM or placebo by
submucosal injection. The primary endpoint was mucosal healing on days 14 and 25,
which was achieved in 62.5% vs 28.6% in the 250 nM and placebo group, respectively.
Clinical response was shown by 62.5% in the STNMO01 250 nM group (P = 0.3200) vs
28.6% in the placebo group and clinical remission in 50.0% in the 250 nM vs 14.3% in
the placebo group (P = 0.04), with a good safety profile[122].

Alicaforsen

This a 20-base ICAM-1 human antisense oligonucleotide that targets the mRNA of
ICAM-1 and causes its inactivation[123]. Initially, it was used in patients with CD, IV
and SC with few results, in recent years alicaforsen was reformulate to its use in
enemas for patients with UC and pouchitis. A randomized phase 2 study was carried
out in patients with UC with mild to moderate distal disease, they received a 60 mL
enema with 0.1, 0.5, 2 or 4 mg/mL or placebo once daily for 28 d. Alicaforsen
improves the disease activity index in 70% vs 28% patients in the placebo group (P =
0.004) at day 29. The most frequent adverse events were asthenia, infections, and
nausea. No serious adverse events related to the medical treatment[124]. In another
phase 2 clinical trial, no significant difference was observed between treatment arms
and placebo in the primary endpoint[125]. In a case series in patients with refractory
pouchitis, clinical improvement was achieved in 84.6%, but 81.8% patients had a
relapse after a median of 16 wk[126]. A phase 3 study was performed in patients with
pouchitis who failed at least one course of antibiotics and received alicaforsen 240 mg
or placebo once daily for 6 wk. Preliminary results showed reduction in the stool
frequency in 33.8% and 26.2% in the treatment group vs placebo, respectively[127].

CONCLUSION

The clinical course of the disease in IBD may change in the coming years with the
evolution of the new therapies that are being studied at this time. Most of these new
therapies are in advanced phases of study with promising results, with similar
response rates to currently approved therapies. The purpose of these new therapeutic
targets will allow us to personalize medicine to treat IBD, according to the charac-
teristic pathogenesis of each patient. More studies are needed to verify their efficacy
and safety, as well as studies comparing these therapies with emerging or approved
therapies to have accurate results.
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