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ABSTRACT

The current mainstay treatment modalities

for inflammatory bowel disease (IBD) include
immunomodulators (methotrexate and thiopurines),
biologics (antitumour necrosis factor alpha (TNF-or) being
the most commonly used) and other monoclonal antibodies
such as the anti-integrins and anti-interleukins (IL-12/23).
While ideally treatment should be initiated early in the
disease process to avoid relapses and complications,

the major recurring issue continues to be primary and
secondary loss of response, with often ‘diminishing
returns’ in terms of efficacy for the next line of therapies
prescribed for patients with IBD. Additional concerns
include the long-term risk factors such as malignancy
and susceptibility to infections. Recently, there has been
an influx of new and emerging medications entering

the market that are showing promising efficacy results

in patients with moderate-to-severe disease who have
previously failed to respond to multiple drugs. This review
will focus on these novel and emerging therapies—in
essence, ‘horizon scanning’—which includes the
antiadhesion agents, cytokine inhibitors, Janus kinase
inhibitors, phosphodiesterase inhibitors, sphingosine-1
phosphate receptor modulators and MicroRNA-124 (miR-
124) upregulators.

INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease
(CD) are chronic inflammatory diseases
that affect the gastrointestinal tract. Just a
few decades ago, these conditions carried a
poor prognosis but there have been signif-
icant improvements in both the under-
standing of the disease processes and the
development of novel therapeutic modal-
ities." The International Organisation for
the Study of Inflammatory Bowel Diseases
developed the Selecting Therapeutic
Targets in Inflammatory Bowel Disease
(STRIDE-1 and STRIDE-2) programmes,
which recommend specific treatment goals
to help direct clinical management strate-
gies in both UC and CD for children and
adults.””® The steering committee identified
and endorsed the importance of targeting
clinical response and remission, endo-
scopic healing, normalisation of C reactive

protein/erythrocyte sedimentation rate and
faecal calprotectin, prevention of disability,
restoration of quality of life and normal
growth in children.

The current mainstay treatment modali-
ties for inflammatory bowel disease (IBD)
include immunomodulators (methotrexate
and thiopurines), biologics (antitumour
necrosis factor alpha (TNF-o0) being the
most commonly used) and other mono-
clonal antibodies such as the anti-integrins
and (IL-12/23). While
ideally treatment should be initiated early
in the disease process to avoid relapses and
® the major recurring issue
continues to be primary and secondary loss of
response,6 7 with often ‘diminishing returns’
in terms of efficacy for the next line of thera-
pies prescribed for patients with IBD. Indeed,
most clinical trials demonstrate a response
rate of under 60%, which only worsens with
each failing drug particularly when the with-
drawal reason from the first drug is primary

anti-interleukins

. . 4
complications,

failure.® Recently, there has been an influx
of new and emerging medications entering
the market that are showing promising effi-
cacy results in patients with moderate-to-
severe disease who have previously failed to
respond to multiple drugs. This review will
focus on these novel and emerging thera-
pies—in essence, ‘horizon scanning’—which
will include therapies that are currently in
late phase 2 and phase 3 studies and should
become globally available in the next 1-2
years. Subsequently, we will focus our discus-
sion on the subcutaneous and oral anti-TNFo
preparations, antiadhesion agents, cyto-
kine inhibitors, Janus kinase (JAK) inhibi-
tors, phosphodiesterase (PDE) inhibitors,
sphingosine-1 phosphate (SIP) receptor
modulators and Micro-RNA-124 (miR-124)
upregulators. Figure 1 provides an overview
of the mechanisms of action for new and
future therapies in this review.
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Figure 1

Overview of the mechanisms of action for new and future therapies in the management of inflammatory bowel

disease. Antitumour necrosis factor alpha (anti-TNFa) agents include infliximab, adalimumab, golimumab, AVX-470 and
OPRX-106. Janus kinase (JAK) inhibitors: tofacitinib, filgotinib and upadacitinib. Cytokine inhibitors: ustekinumab, which
targets interleukin (IL) 12, subunit p40/p35; risankizumab, mirikizumab, guselkumab and brazikumab target IL-23, subunit p40/
p19. Sphingosine-1-phosphate (S1P) receptor modulators: amiselimod, ozanimod, etrasimod and fingolimod. Antiadhesion

agents: vedolizumab, etrolizumab and ontamalimab. The microRNA-124 agent is obefazimod. *

indicates the cells which

phosphodiesterase (PDE) inhibitors such as apremilast act upon. Image created through the use of www.biorender.com.
MAdCAM-1, mucosal addressin cell adhesion molecule 1; STAT, signal transducer and activator of transcription; T cell, T
lymphocytes; TL1A, tumour-necrosis factor-like cytokine 1A; a4B7, alpha 4 beta 7.

ANTI-TNFa

The introduction of anti-TNFa therapies in the late 1990s
revolutionised the realm of medical therapy and is still
considered as the best first-line treatment for both UC
and CD.? Infliximab has also consistently demonstrated
to be the most effective drug in the treatment of perianal
fistulating CD.1* ! The development for subcutaneous
and oral routes of administration are underway and show
promising preliminary results.

CT-P13

The infliximab biosimilar CT-P13 (Remsima, Inflectra)
is identical to the reference infliximab with similar phys-
iochemical characteristics. In 2017, the NOR-SWITCH
trial demonstrated that switching from infliximab orig-
inator to CT-P13 was not inferior to continued treat-
ment with infliximab originator.'® This study, however,
combined all disease conditions including UC, CD,
rheumatoid, psoriatic and spondylarthritis and was not
powered to show non-inferiority in individual diseases. Ye
et al demonstrated the intravenous formulation (CT-P13
IV) to be non-inferior from the infliximab originator in
patients with active CD."

Soon thereafter, the subcutaneous CT-P13 formula-
tion arrived, providing the opportunity for patients to
self-administer their medication. Schreiber et al initially
demonstrated non-inferiority of subcutaneous CT-P13 to

intravenous CT-P13."* Moreover, the efficacy, safety and
immunogenicity outcomes did not differ between patients
receiving the subcutaneous or intravenous groups. The
REM-SWITCH study published in 2022 confirmed that
switching from intravenous to subcutaneous infliximab
120mg every other week was safe and well-accepted,
with a low risk of relapse in patients with IBD. The study
further recommended to increase the subcutaneous dose
to 240mg for those patients receiving 10mg/kg intra-
venous infliximab."” Colombel et al recently presented
the findings of their LIBERTY-CD phase 3 study.'®
Patients with CD were initially given intravenous 5mg/
kg CT-P13 at weeks 0, 2 and 6 as induction therapy and
patients who had a clinical response at week 10 were
randomised to receive either the subcutaneous 120mg
CT-P13 or placebo every 2 weeks for 54 weeks. Results
demonstrated that at week 54, the subcutaneous CT-P13
was more effective than placebo in maintaining clinical
remission (62.3% and 32.1%, respectively, p<0.0001)
and response (65.8% and 38.4%, respectively, p<0.0001),
endoscopic response rate (51.1% and 17.9% respectively,
p<0.0001) and corticosteroid-free remission (39.8%
and 22.7% respectively, p=0.04). A real-world study that
included 181 patients with IBD demonstrated high treat-
ment persistence rate of 92.3% when switching from
intravenous infliximab to subcutaneous CT-P13 with no
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difference between weekly versus alternate weekly injec-
tions.'” This study included 25 patients with perianal CD,
of which only two patients developed disease worsening
and had to be switched back to the intravenous formu-
lation. While median infliximab levels increased from a
baseline of 8.9 pg/dL to 16 pg/dL at 3 months, only 7.7%
developed antibodies to infliximab. Importantly, patient
acceptance and satisfaction rates were high in this study.

It is known that being able to self-administer medica-
tion improves ease of convenience for patients, optimises
medical resources and reduces hospital-associated costs."®
There are multiple additional patient benefits including
reduced travel, loss of productivity and costs associated
with fuel and hospital parking.'” Unfortunately, the risk
of serious side effects remains, including reactivation of
tuberculosis, opportunistic infections and long-term risk
of malignancy.'**’ It would be ideal to be able to develop
an anti-TNFo antibody therapy that not only delivers anti-
bodies directly to the site of inflammation in the gut but
simultaneously avoids systemic exposure and immuno-
suppression. Of great interest is the ongoing production
of two oral anti-TNFo therapies that are exploring the
efficacy of treating IBD while hopefully also reducing the
systemic side effects.

AVX-470

AVX-470 and AVX-470m are oral polyclonal bovine-
derived anti-TNFo, therapies produced from the
colostrum of cows that have been immunised with recom-
binant human or murine TNF, respectively. Bhol et al
demonstrated these oral medications to be functionally
comparable with infliximab in in vitro studies with mice.”'
Furthermore, orally administered AVX-470m effectively
reduced disease severity in several mouse models of IBD by
penetrating the colonic mucosa and delivering anti-TNF
to the site of inflammation with minimal systemic expo-
sure. Human trials thus far have showed AVX-470 to be
safe and well tolerated in patients with UC at a dose of 3.5
g/day.** Further studies are ongoing.

OPRX-106

OPRX-106 is an oral plant-cell expressing recombinant
TNF fusion protein (rTNFR-Fc). The rTNFR-Fc consists
of the soluble form of the human TNF2 receptor fused
to the Fc fragment of a human IgG, antibody domain,
which imparts it a longer serum half-life. The plant cell
wall contains cellulose which serves as a natural protec-
tive agent against the gastric environment.** Preclinical
studies with OPRX-106 demonstrated improvement in
colitis-induced mice.”” Safety and exploratory immune
modulatory effects of orally administered OPRX-106 has
recently been shown in a phase 1 human study.*® Almon
et al published their results in 2021 demonstrating clin-
ical response and remission with OPRX-106 in 67% and
28%, respectively, in patients with mild to moderate UC.**
No immune suppression was noted by the lack of bone
marrow suppression or alterations in subsets of lympho-
cytes. While further data are awaited, these results no

doubt provide an exciting avenue to explore for larger
controlled studies in patients with IBD.

PRA023

Tumour-necrosis factorlike cytokine 1A (TL1A) is an
upstream regulator of pro-inflammatory cytokines and
fibrosis signals. PRA023 is an anti-TL1IA monoclonal
antibody currently in development for multiple inflam-
matory/fibrotic diseases. A phase 2 induction study
(ARTEMIS-UC) assessed the efficacy and safety of intra-
venous PRA023 (1000mg on day 1 and 500mg at weeks
2, 6 and 10) in moderately to severely active UC.”” The
primary endpoint was clinical remission at week 12 with
secondary endpoints being endoscopic and histological
improvement and patient-reported outcome measures.
Forty-eight per cent of patients in the treatment group
had been exposed to at least one advanced therapy, which
included biologics and/or JAK inhibitors/SIP modula-
tors. A significantly greater proportion of patients who
received PRA023 achieved clinical remission at week 12
compared with placebo (26.5% vs 1.5%, respectively;
p<0.0001) and endoscopic improvement in 36.8% vs 6%,
respectively; p<0.0001. No serious adverse events, oppor-
tunistic infections or infusion reactions were reported in
the treatment group. The treatment group, however, did
report a higher number of COVID-19 infections.

A similar phase 2a study for patients with CD (APOL-
LO-CD) demonstrated clinical remission rates at week 12
of 499% in the treatment group vs 16% in placebo group
(p<0.001) and an endoscopic response of 26% vs 12%,
respectively (p<0.001).%® At least 70.9% of patients were
previously treated with at least one biological therapy and
over 50% had two or more biological therapies. Phase 3
studies for both UC and CD are now ongoing.

ANTIADHESION AGENTS

Akey contributor to chronic inflammation is altered leuco-
cyte recruitment and there are multiple molecules that
regulate the trafficking of leukocytes out of lymph nodes
and into sites of inflammation within the gastrointestinal
tract.” One of the targets is the 04B7 integrin, which is
a glycoprotein that resides on the surface of leukocytes,
including T and B cell lymphocytes, natural killer cells
and eosinophils.” It interacts with the mucosal addressin-
cell adhesion molecule 1 (MAdACAM-1) on the intestinal
vasculature allowing for the efflux of lymphocytes into the
intestine.”’ MAACAM-1 is predominantly expressed on
the endothelium of high endothelial venules in the gut
and gut-associated lymphoid tissues, and has been shown
to be upregulated in IBD.* Table 1 summarises the phase
3 trials of all the antiadhesion agents in both UC and CD.

Subcutaneous vedolizumab

Vedolizumab is a humanised monoclonal IgG, anti-
body specific for the o4f7 integrin, which allows for
gut-specific blockage of lymphocyte trafficking. The
intravenous route is currently used for the induction

Kumar A, Smith PJ. eGastroenterology 2023;1:¢100012. doi:10.1136/egastro-2023-100012 3

‘1ybuAdoa Ag pardaloid "pue|bu3 uoneonp3
yiesH Apawlo) ‘puelbug SHN 1B £20¢ ‘T 1@qwanoN uo jwod fwq ABojolsiuaonseba//:dny woly papeojumoq "€z202 1890190 /Z U0 ZT000T-£20Z-01seba/geTT 0T Sk paysiignd 1sii :onseba


http://egastroenterology.bmj.com/

Table 1 The evidence for the use of anti-adhesion agents in phase 3 maintenance studies for both Crohn’s disease (CD) and ulcerative colitis (UC)

uc

CD

Results

Results

(treatment vs
placebo)

Primary

(treatment vs
placebo)

Primary

Dose and

Route of

endpoint

Study name
VISIBLE 1

endpoint

Study name
VISIBLE 2

frequency

108 mg

administration

Name of drug

Subcutaneous: 46.2%
Intravenous 42.6%

Placebo 14.3%
None of the
maintenance

Clinical

Clinical remission 48% vs 34%

at week 52

Subcutaneous

Vedolizumab

remission at
week 52
Clinical

0.008

p:

2 weekly

HIBISCUS
HICKORY
LAUREL

Clinical remission Clinical:

BERGAMOT

105mg

Subcutaneous

Etrolizumab

remission at

35% vs 24%

and endoscopic

4 weekly

trials showed a

week 10, 66,

62, 54

0.0088
Endoscopic:

p:

improvement at
week 66

significant benefit

GARDENIA

with etrolizumab over
placebo in the primary

24%vs 12%

0.0026

p:

or coprimary endpoints

Study ongoing

FIGARO-UC

Study ongoing

75mg or CARMEN-CD

225mg

Subcutaneous

Ontamalimab

4 weekly

and maintenance of both UC and CD.* ** In 2021, a
randomised trial (VISIBLE 1) investigated the efficacy
of subcutaneous vedolizumab compared with intrave-
nous vedolizumab or placebo in patients with UC.* All
patients received 300mg of intravenous vedolizumab at
weeks 0 and 2. Patients who had a clinical response at
week 6 were then randomly assigned maintenance treat-
ment with either 2-weekly subcutaneous vedolizumab
108 mg, 8-weekly intravenous vedolizumab 300mg or
placebo. The primary endpoint was clinical remission
at week 52, defined as a total Mayo score of <2 with no
subscore >1. The subcutaneous group demonstrated clin-
ical remission rates of 46.2% compared with 42.6% intra-
venous and 14.3% placebo (p<0.001). The subcutaneous
group also demonstrated greater endoscopic improve-
ment. Subcutaneous and intravenous safety profiles were
similar although the incidence of injection-site reactions
was more frequent in patients receiving the subcutaneous
route. However, majority were mild and none resulted in
discontinuation. The VISIBLE-2 study similarly investi-
gated the subcutaneous use in patients with CD, showing
clinical remission rates of 48% compared with 34% in the
placebo group (p=0.008).” Real-world data have since
confirmed its efficacy and also demonstrated consider-

able cost-effectiveness against intravenous treatment of
15%.%

Etrolizumab

Etrolizumab is a monoclonal anti-integrin antibody that
specifically binds to the B7 subunit of both 047 and oEB7
integrins. This allows etrolizumab to regulate inflamma-
tory cell migration to the intestinal system and modulates
its actions on the intestinal epithelium.*

Four phase 3 studies have been published investigating
the use of 105mg subcutaneous etrolizumab given 4
weekly in moderately to severely active UC.**™* Two of
these studies directly compared the efficacy against an
anti-TNF agent and placebo.” ** Only two trials demon-
strated a significant benefit in induction of remission—
HIBISCUS trial® (19.4% etrolizumab vs 6.9% placebo,
p=0.017) and the HICKORY trial*’ (18.5% etrolizumab vs
6.3% placebo, p=0.0033). None of these trials, however,
demonstrated a significant benefit in maintenance of
remission in the primary or coprimary endpoints. Etroli-
zumab also did not prove to be superior to anti-TNF
(adalimumab™® or infliximab*?) with numerically similar
results in both primary and secondary endpoints. No
unexpected safety signals were reported in any of the
trials.

The BERGAMOT study was a phase 3 trial investigating
the efficacy of etrolizumab in moderately to severely
active CD.* Induction dosing was randomised to either
105 mg (every 4 weeks) or 210mg (at weeks 0, 4, 8 and 12)
of subcutaneous etrolizumab compared with placebo. At
week 14, all patients who responded were rerandomised
to receive either 105 mg etrolizumab or placebo every 4
weeks for 52 weeks. Coprimary endpoints were clinical
remission and endoscopic improvement (250% reduction
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Rani therapeutics has partnered with Celltrion to
develop an oral drug delivery programme for a usteki-
numab biosimilar, RT-111.°* This is designed to be a
capsule, RaniPill, that is, ingested into the stomach and
once it reaches the intestine, the capsule injects the drug
into the intestinal wall. The RaniPill intends to replace
subcutaneous or intravenous injection of biologics and
drugs with oral dosing and is designed to administer
drugs with bioavailability that is comparable to a subcu-
taneous injection. While initial phase 1 trials have shown
promising results, further work is still needed to deter-
mine its future within the IBD armamentarium.

In the meantime, there are other monoclonal anti-
bodies that are being developed to specifically target
IL-23 through their subunit p19.

Risankizumab

This is 2 new humanised monoclonal antibody that has
only recently been released in the UK and the USA for use
in moderate to severely active CD.” *® This was following
the release of two induction studies (ADVANCE and
MOTIVATE)57 and one maintenance study (FORTIFY),”®
which demonstrated that subcutaneous risankizumab
was a safe and efficacious treatment for both induction
and maintenance of CD. At week 52, greater clinical
remission and endoscopic response rates were reached
with 360 mg risankizumab versus placebo (clinical: 52%
vs 41%, respectively; endoscopic: 47% vs 22%, respec-
tively). Adverse event rates were similar among groups
with worsening disease, arthralgia and headache the most
frequently reported in all treatment groups.

A phase 3 induction study (INSPIRE) for patients with
UC is currently ongoing. AbbVie has released an early
press statement with preliminary results demonstrating
that risankizumab has met the primary endpoint of clin-
ical remission at week 12 compared with placebo (20.3%
vs 6.2%, respectively, p<0.00001).” The patients enrolled
in this study were intolerant or showed inadequate
response to conventional and/or advanced therapies. Key
secondary endpoints were also met at week 12, including
endoscopic improvement (36.5% vs 12.1%, p<0.00001)
and histological endoscopic mucosal improvement
(24.5% vs 7.7%, p<0.00001).

Mirikizumab

Mirikizumab is a humanised IgG, monoclonal antibody
that is administered intravenously or subcutaneously
every 4 weeks and studies have explored induction doses
of 200mg, 600mg and 1000mg. The phase 2 trial for
patients with UC demonstrated mirikizumab to be effec-
tive in inducing a clinical response after 12 weeks (50 mg:
15.9%, p=0.066; 200 mg: 22.6%, p=0.004; 600 mg: 11.5%,
p=0.142 vs placebo 4.8%).” The subsequent phase 3
study (LUCENT-2) met its primary endpoint with clin-
ical remission achieved by 63.6% from the treatment
arm 200mg vs 36% from the placebo arm at week 40
(p<0.001).61 Furthermore, the rates of corticosteroid-
free remission, endoscopic remission and histological

endoscopic mucosal remission were all superior in the
treatment arm compared with the placebo, regardless of
patients receiving previous advanced therapy. Similarly,
D’Haens et al conducted two randomised control phase
3 trials of mirikizumab in UC with an induction dose
of 300mg for 12 weeks followed by maintenance dose
of 200mg. Significantly higher percentages of patients
in the mirikizumab group compared with the placebo
group had clinical remission at week 12 (24.2% vs 13.3%,
p<0.001) and at week 40 (49.9% vs 25.1%, p<0.001)."

The phase 2 study for CD (SERENITY) has also shown
superiority in its primary endpoint of inducing endo-
scopic response at week 12 with intravenous miriki-
zumab (200mg: 25.8%, p=0.079; 600mg: 37.5%, p=0.003;
1000 mg: 43.8%, p<0.001 vs placebo 10.9%). Patients who
responded were rerandomised to either intravenous or
subcutaneous 300mg. Endoscopic response at week 52
was 58.5% and 58.7% in the intravenous and subcuta-
neous groups, respectively.” The frequency of serious
adverse events and discontinuations were higher in the
non-randomised maintenance cohort with the most
commonly reported adverse events being headache,
weight gain and nasopharyngitis. The phase 3 study
(VIVID) is ongoing.

Guselkumab

The humanised IgG, monoclonal antibody, guselkumab,
is being investigated for its intravenous use in CD with
results from the GALAXI-1 phase 2 study.’* Of the patients
recruited, 50% had refractory disease to prior biological
therapy. At week 12, all three dose regimens (200mg,
600mg and 1200 mg at weeks 0, 4 and 8) of guselkumab
induced greater clinical and endoscopic improvements
compared with placebo, with a favourable safety profile.
Preliminary results from the phase 3 induction study
outcomes for patients with UC (QUASAR) has shown a
significantly greater proportion of patients treated with
either 200 mg or 400 mg guselkumab achieved the study’s
primary endpoint of clinical response compared with
placebo at week 12 (200mg: 61.4%, p<0.001; 400mg:
60.7%, p<0.001; placebo: 27.6%).” Adverse events were
similar in both treatment and placebo groups, with no
reports of serious infections, malignancy or death.

The VEGA trial was a proof-of-concept study that
explored the combination use of guselkumab with goli-
mumab in UC.%® In this study, patients were randomly
assigned (1:1:1) to either combination therapy (subcu-
taneous golimumab at weeks 0, 2, 6 and 10 followed by
subcutaneous guselkumab at week 0, 4 and 8 and then
8 weekly thereafter), golimumab monotherapy or gusel-
kumab monotherapy. At week 12, 83% in the combina-
tion group achieved clinical response compared with 61%
in the golimumab monotherapy group and 75% in the
guselkumab monotherapy group. At week 50, however,
this reduced to 63% in the combination group, 76% in
the golimumab group and 65% in the guselkumab mono-
therapy group.
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Brazikumab

Brazikumab is an IgG, monoclonal antibody which has
gone through phase 2 trials in both CD®” and UC.* To
recruit into the CD study, patients had to have failed a
TNFo-inhibitor. Clinical response at week 8 demonstrated
significant improvement in patients receiving 700 mg
brazikumab subcutaneously every 4 weeks compared with
placebo (49.2% vs 26.7%, p=0.010), however, this was not
sustained at week 24 (53.8% vs 57.7%). EXPEDITION was
the long-term phase 2 study exploring the use of brazi-
kumab in UC. The company affiliated with brazikumab,
AstraZeneca, released a press statement in June 2023
announcing the discontinuation of the brazikumab IBD
programme, which includes the phase IIb/III INTREPID
trial for CD and the EXPEDITION trial for UC and their
respective open-label extension trials.” The cause for the
study discontinuation is unknown.

JAK INHIBITORS
Thus far, the drugs described that are in development
are administered either intravenously or subcutaneously,

resulting in significant costs associated with their delivery
and monitoring.” This is a burden for both the healthcare
system and for patients. The JAK inhibitors are unique
and attractive with their route of oral administration.

The JAK family comprises four intracellular tyrosine
kinases—JAKI1, JAK2, JAK3 and tyrosine kinase 2 (TYK2),
and seven transcription factors (STATs). The binding of
these factors activates the JAK-STAT pathway via different
cytokine receptors and leads to changes in the levels of
the immune mediators, such as interferons and interleu-
kins”' (figure 2). Table 3 summarises the phase 3 studies
of the JAK inhibitors in UC and CD.

Tofacitinib

Tofacitinib is a reversible, competitive inhibitor of JAKI
and JAK3 with a lesser degree of interaction with JAK2.
While tofacitinib has been approved for use in UC in
2018 by the European Medicines Agency,” testing in CD
was stopped after phase 2 trials failed to meet its primary
endpoints.73 ™ The OCTAVE induction and mainte-
nance UC studies demonstrated greater improvement
in patients receiving 10mg two times per day of oral
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Figure 2 The JAK/STAT pathway. Distinct intracellular signalling pathways are mediated by the JAK family of tyrosine
kinases. The JAK-STAT pathways use second messengers to convey extracellular information to the nucleus to affect target
gene expression and cellular responses. Image created through the use of www.biorender.com. GM-CSF, granulocyte-

macrophage colony-stimulating factor; IFN, interferon; IL, interleukin, JAK, Janus kinase; STAT, signal transducer and activator
of transcription; TYK, tyrosine kinase.
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Table 3 The phase 3 maintenance trial evidence for the use of Janus kinase inhibitors in both Crohn’s disease and ulcerative colitis

Ulcerative colitis

Crohn’s disease

Results

Results
(treatment vs

placebo)

(treatment vs
placebo)

Primary
endpoint

Primary

Dose and

Route of

Study name

Study was stopped after phase OCTAVE

2 trials failed to meet primary

endpoint
endpoints

Study name

administration frequency
Oral

Name of drug

Tofacitinib

10mg: 41%
5mg: 34%

Clinical

50r10mg
Twice daily

remission at
week 52
Clinical

Placebo: 11%

37.2%vs 11.2%

SELECTION

Study ongoing

200mg DIVERSITY

Oral

Filgotinib

remission at
week 58
Clinical

Once daily

30mg: 52%

U-ENDURE Clinical 30mg: 47.6%  U-ACCOMPLISH

Induction: 45mg

Oral

Upadacitinib

15mg: 42%

remission at
week 52

15mg: 37.3%
Placebo: 15.1%

p<0.001

remission at
week 52

Once daily for 8-12

weeks

Placebo: 12%
p<0.0001

Maintenance:

30mg or 15mg
Once daily

tofacitinib compared with 5mg two times per day tofac-
itinib and placebo.” ™ At 52 weeks, clinical remission
was achieved in 41% in the 10mg group compared with
34% in the 5mg group and 11% in the placebo group.
In both trials, however, the rates of overall and severe
infection were higher in the tofacitinib group than the
placebo group. Further studies demonstrated that tofac-
itinib was effective and safe in patients previously unre-
sponsive to TNF inhibitors”” ™ and could be used as an
effective induction strategy with intravenous corticoste-
roids in patients hospitalised with acute severe UC.”” A
great concern for the ongoing use of tofacitinib is the risk
of deep vein thrombosis and pulmonary embolism, with
a pooled analysis demonstrating thrombotic events occur-
ring in patients receiving the higher dose of tofacitinib
10 mg two times per day.*’ Animal studies have also shown
tofacitinib to be feticidal and teratogenic.*’ While human
data are limited with small sample sizes, the findings thus
far do not suggest an adverse safety profile in pregnancy.
However, best practice recommendations including the
European guidelines state tofacitinib is contraindicated
in pregnancy.82

Filgotinib
Filgotinib is an oral JAKI selective inhibitor with a half-
life of 6 hours for the parent compound and 23 hours for
the active metabolite.*® This allows for once-daily dosing
at either 100mg or 200 mg. The SELECTION phase 2b/3
study for UC demonstrated greater clinical remission rates
with 200 mg compared with placebo at week 58 (37.2% vs
11.2%, respectively).** The incidence of adverse events
was similar between the treatment and placebo groups.
The comparative FITZROY study for patients with
CD also demonstrated greater induced clinical remis-
sion rates in the 200mg group compared with placebo
(47% vs 23%, p=0.0077).* The phase 8 DIVERSITY study
results for CD should be released soon. The phase 2
DIVERGENCE study is exploring the efficacy and safety
of filgotinib for the treatment of perianal fistulating CD,
with preliminary abstract results at the recent European
Crohn’s and Colitis Conference demonstrating a greater
fistula response at week 24 with the 200mg filgotinib
group (47.1%) compared with placebo (25%).*°* Fistula
remission had similar results with 47.1% in the 200 mg
group compared with 16.7% in the placebo group.
Filgotinib is considered harmful to the fetus according
to animal study findings and thus remains contraindi-
cated in pregnancy.”

Upadacitinib

Upadacitinib is an oral and highly selective JAK1 inhib-
itor with a 74-fold selectivity for JAK1 over JAK2. It has
a half-ife of 4hours, of which 80% is metabolised in the
liver and 20% is renally excreted.” Studies in both UC®
(U-ACHIEVE, U-ACCOMPLISH) and CD* (U-EXCEL,
U-EXCEED, U-ENDURE) have demonstrated a supe-
rior response with upadacitinib compared with placebo
in patients where corticosteroids, immunosuppressants
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and/or biological therapies resulted in an inappro-
priate response, a loss of response or intolerance. For
patients with UG, statistically significantly more patients
achieved clinical remission with upadacitinib 45mg at 8
weeks. In the maintenance study, clinical remission was
achieved by more patients receiving upadacitinib 30 mg
(52%) vs 15mg (42%) and placebo (12%) at week 52,
p<0.0001. Adverse events with upadacitinib in the UC
studies included worsening of disease, acne, arthralgia,
nasopharyngitis and elevation in creatine phosphokinase
levels.

For patients with CD, a significantly higher percentage
of patients receiving 45 mg were in clinical remission than
placebo at week 12. At week 52, a higher percentage of
patients had clinical remission with 15mg (37.3%) or
30mg (47.6%) than with placebo (15.1%), p<0.001 with
an endoscopic response of 27.6% with 15mg compared
with 40.1% with 30mg and 7.35 with placebo. Herpes
zoster infections occurred more frequently in the 45mg
and 30 mg groups, whereas hepatic disorders and neutro-
penia were seen more frequently in the 30mg group.
Gastrointestinal perforations developed in four patients
in the 45 mg group and one patient each in the 30 mg and
15mg group. It is unclear, however, whether these perfo-
rations were a result of the drug or disease itself.

Although no human studies have assessed the safety of
this drug in pregnancy, upadacitinib was found to be tera-
togenic in animal studies and thus is not currently recom-
mended for use in pregnancy.90

PDE INHIBITORS

PDEs are a group of enzymes that catalyse cyclic guano-
sine monophosphate and cyclic adenosine monophos-
phate breakdown, which results in the upregulation of
proinflammatory cytokines.” PDE-4 is of greater interest
in IBD as it regulates the inflammatory response by
increasing the production of proinflammatory mediators,
such as TNF-o, IL-23, and decreases the production of
anti-inflammatory mediators, such as IL-10%% (figure 3).
Table 4 summarises the current phase 3 trials for the PDE
inhibitors being studied in UC and CD.

Apremilast

Apremilast is an oral PDE4 inhibitor that inhibits TNF-o,
and matrix metalloproteinase-3 production in the lamina
propria mononuclear cells of patients with IBD.” It is
currently approved for the treatment of psoriasis and
psoriatic arthritis.” The phase 2 trial for UC published
in 2020 did not meet the primary endpoint of clinical
remission.” Doses were set at 30mg or 40 mg, however,
minimal benefit was observed with dose escalation. At
week 12, clinical remission was achieved by 31.6% of
patients receiving 30mg of apremilast compared with
21.8% in the 40mg group and 12.1% in the placebo
group. The most common adverse effect reported
was headache in 21.1% in treatment group vs 6.9% in
control group. In previous studies with psoriatic disease,
apremilast has been associated with wei%ht loss and an
increased, but rare, risk of depression.9 There are no
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Figure 3 The inflammatory response regulation through the inhibition of the phosphodiesterase-4 enzyme. Image created
through the use of www.biorender.com. GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IL,

interleukin; TNF-a, antitumour necrosis factor alpha.
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3

Table 4 The phase 3 maintenance trial evidence for the use of sphingosine-1 phosphate receptor modulators in both Crohn’s

disease (CD) and ulcerative colitis (UC)

CcD uc
Results Results

Name of Route of Dose and Primary (treatment vs Study Primary (treatment vs
drug administration frequency Study name endpoint placebo) name endpoint placebo)
Ozanimod  Oral 0.92mg YELLOWSTONE Studies ongoing TRUE Clinical 37%vs 18.5%

Once daily NORTH remission at p<0.001

week 52

Etrasimod  Oral 2mg Once CULTIVATE ELEVATE- Clinical 32% vs 7%

daily ucC remission at p<0.0001

current studies to explore the effects of apremilast in
patients with CD.

Other PDE inhibitors are in the very early stages of
development currently.

S1P RECEPTOR MODULATORS

S1P is a bioactive lipid mediator that activates the 5cell
surface G protein-coupled receptors S1P, - SIP_. S1P, is
the most ubiquitous of the S1P receptors and is found in
both lymphocytes and endothelial cells.”® The interac-
tion between S1P and S1P| regulates lymphocyte move-
ment from the spleen and lymph nodes into the systemic
circulation. S1P, receptor modulators bind to SIP recep-
tors, which prevents the cell surface agonist from signal-
ling.100 This causes the degradation of SI1P inside the cells
with an overall effect of fewer circulating lymphocytes
into the bloodstream, leading to decreased inflammation

week 52

. 101
and tissue damage

(figure 4).

but also absolute lymphocyte count

Fingolimod

Fingolimod was the firstgeneration non-selective SIP
receptor modulator developed for the treatment of multiple
sclerosis in 2010.%2
for IBD due to its numerous serious adverse reactions,

including brady-arrhythmias, atrioventricular blocks, basal
103 104

However, it is not currently being used

cell carcinoma and respiratory and lung injuries.

0Ozanimod

Ozanimod is an oral selective immunomodulatory
agonist for SIP, and SIP, receptors, which are located
on endothelial cells and oligodendrocytes, respectively.
Ozanimod has a halflife of up to 11 days, requiring 55
days for complete washout after treatment cessation.'” It
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Figure 4 Lymphocyte migration and the effect of sphingosine-1 phosphate (S1P) receptor modulators in the gut. S1P receptor
modulators regulate sequestration of T cell lymphocytes. S1P receptor modulators regulate sequestration of T lymphocytes
via (1) binding to the S1P receptor, (2) leading to the internalisation of the S1P receptor, (3) altering the S1P gradient and (4)
inducing downregulation of T lymphocytes into the bloodstream. This has an overall effect of blocking lymphocyte trafficking to

the gut. Image created through the use of www.biorender.com.
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was approved for the treatment of multiple sclerosis in
2020.""

Ozanimod was granted approval by the Food and Drug
Administration for treatment of moderate to severe
UC in 2021. This was following positive results from a
phase 3 study (TOUCHSTONE and TRUE NORTH),
demonstrating a higher proportion of treatment group
patients compared with placebo achieving clinical remis-
sion during both induction (18.4% vs 6%, respectively;
p<0.001) and maintenance at week 10 (37% vs 18.5%,
respectively; p<0.001).'” Recent results further demon-
strated that remission was maintained long-term with
comparable efficacy at 46 and 94 weeks.'” Initial phase
2 results for CD (STEPSTONE) have shown endoscopic,
histological and clinical improvements within 12 weeks of
initiating ozanimod.'” Phase 3 placebo-controlled trials
(YELLOWSTONE) are underway.110

Ozanimod avoids interaction with SIP, and SIP,,
thereby reducing the risk of serious adverse effects seen
in fingolimod."”” However, the risk of cardiovascular
events is still present and precautions must be taken prior
to treatment initiation. Due to the risk of bradycardia, a
baseline ECG should be performed in all patients prior
to initiating therapy. Cardiology evaluation is recom-
mended in patients with a prolonged QT interval, history
of arrhythmias or heart block, ischaemic heart disease
or heart failure.""" A slow uptitration is also advised over
7days such that the effective dose is first used on day
8, potentially delaying the onset of symptom relief.'"’
Contraindications to ozanimod include the use of mono-
amine oxidase B inhibitors, which increases the risk of
drug—drug and drug—food interactions. Other contrain-
dications include severe untreated sleep apnoea, second-
degree or third-degree heart block, sick sinus syndrome
or sinoatrial block (unless the patient has a pacemaker
in situ), and a history of myocardial infarction, stroke,
transient ischaemic attacks, unstable angina or class III/
IV heart failure in the last 6months.'"! Due to the lack
of human data, ozanimod is contraindicated during
pregnancy.*

Etrasimod

Etrasimod is an oral selective immunomodulator agonist
for the SIP,, S1P, and S1P, receptors. It has a half-life
of 33 hours, resulting in a relatively fast wash-out period
of 1week,” " % which is particularly important for
family-planning patients. Earlier studies also demon-
strated that etrasimod partly reduces circulating levels of
specific subsets of adaptive immune cells (T and B cells)
with no notable effects on the innate immunity cells
such as natural killer cells and monocytes,'™* allowing
for the assumption that etrasimod would not result in an
increased incidence of infections.

Following the positive response from the phase 2 and
open-label extension trials for etrasimod in UC,""*''° the
phase 3 ELEVATE UC were recently published to eval-
uate the safety and efficacy of the 2mg oral daily dose of
etrasimod compared with placebo in moderate-to-severe

UC.' The primary endpoint was clinical remission
at weeks 12 and 52 with secondary endpoints of endo-
scopic improvement, symptomatic remission, histolog-
ical remission and corticosteroid-free remission. In the
study, approximately 30% of recruited patients had previ-
ously failed or were intolerant to at least one conven-
tional, biological or JAK therapy. Results demonstrated
that a significantly greater proportion of patients in the
etrasimod group achieved clinical remission compared
with the placebo group at week 52 (32% vs 7%, respec-
tively; p<0.0001). In fact, by week 52, all key secondary
endpoints had been met, including sustained clinical
remission (18% vs 2%, respectively) and corticosteroid-
free remission (32% vs 7%). While adverse events were
reported in 71% of patients in the etrasimod group vs
56% in the placebo group, most were considered mild or
moderate. The most frequently reported adverse events
included anaemia, headache and worsening of UC or UC
flare. Overall infections, serious infections and oppor-
tunistic infections were similar between the treatment
groups. No malignancies were reported but elevated
liver enzymes were seen with a higher incidence in the
treatment group. Nine events of bradycardia were seen
in the treatment group, all discovered by day 2 of treat-
ment initiation, with none reported in the placebo group.
Five of these bradycardia events, however, led to study
discontinuation.

The phase 2/3 CULTIVATE study reported induction
data from the first substudy (substudy A) exploring the
doses of 2mg and 3mg of oral etrasimod in patients with
CD."° The primary endpoint of endoscopic response was
achieved in 21.4% and 9.8% in the 2mg and 3 mg groups,
respectively. There were a greater number of adverse
events reported in the 3mg vs 2mg groups although most
were mild or moderate and general incidence (4.8% and
2.4%, respectively) and rate of discontinuation (7.3% and
4.8%, respectively) was low in both groups. The exten-
sion phase of substudy A and phase 2b substudy 1 are
forthcoming.

Amiselimod

Amiselimod is an oral drug that modulates the SIP,
receptor. Trial results for patients with CD were published
in 2021 and updated in 2022, which demonstrated that
after a 12-week course of 0.4 mg, amiselimod was not supe-
rior to placebo for inducing clinical response. Moreover,
seven participants had serious adverse events including
infections and cardiac disorders, of which four patients
had to discontinue the drug.""” The phase 2 Study for UC
is ongoing (NCT04857112).

MICRORNA-124 (MIR-124) UPREGULATOR

MicroRNAs (miRs) are small non-coding RNA oligonu-
cleotides that regulate the expression of a large number
of genes and are centrally involved in the pathogenesis
of different human inflammatory diseases."”® Studies
have shown that certain miRs are deregulated in IBD,
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specifically miR-124, leading to increased levels of STAT3
expression and the transcription activation of its down-
stream targets.''? STATS is known to be upregulated in
UC and has also been implicated in the progression of
UC to colon cancer.'*"™*

Obefazimod

Obefazimod is designed to upregulate miR-124, an
anti-inflammatory microRNA. It enhances the selective
splicing of a single long non-coding RNA to generate
miR-124, which downregulates cytokines and chemokines
shown to promote inflammation including TNFa, IL-6,
IL-17 and Th17+cells. Interestingly, obefazimod was orig-
inally developed for the treatment of HIV as ABX464 but
has been repurposed for inflammatory conditions due to
its anti-inflammatory effect.

A phase 2b double-blind, randomised, placebo-
controlled induction trial for obefazimod demonstrated
an improvement of 5 points or higher in the modified
mayo score in patients with moderate-to-severe UC
at week 8 of treatment.'” Three different doses were
explored and all showed a significant least-squares-
mean change from baseline in the modified mayo score
compared with placebo (-2.9 for the 100mg group, -3.2
for the 50 mg group, -3.1 for the 25mg group compared
with -1.9 for the placebo group). The most frequently
reported adverse event was headache and the only serious
adverse event was UC with two patients seen in the treat-
ment group and three in the placebo group. The phase 3
96-week trial results are ongoing and will aim to assess the
safety and efficacy of the two doses of obefazimod 25mg
and 50mg. The global phase 3 programme will include
two induction studies (ABTECT-1: NCT05507203 and
ABTECT-2: NCT05507216) and the maintenance trial
(ABTECT: NCT05535946) with results expected in 2024
and 2025, respectively.

ADVERSE EFFECTS AND CONTRAINDICATIONS FOR THE NEW
SMALL MOLECULES

Table 5 summarises the adverse effects and contraindica-
tions for the new small molecules that are known to date.

COMBINATION THERAPY

The most successful example of combination therapy
was demonstrated in the Study of Biologic and Immuno-
modulator Naive Patients in Crohn’s Disease trial, where
infliximab and azathioprine together were superior to
monotherapy.124 The use of azathioprine enhanced the
bioavailability of infliximab and the prevention of anti-
bodies to infliximab. The data from the UK PANTS
study further demonstrated that higher remission rates
in patients receiving concomitant immunosuppressive
therapy were independent of drug concentration and
antibody development.125 Current research has shifted
focus towards the use of advanced combination treat-
ment where two or more advanced treatments (biological

agents and/or oral small molecules) are used concomi-
tantly. This approach may be useful in patients with refrac-
tory IBD; high-risk phenotypes such as extensive small
bowel disease and/or stricturing or fistulising disease;
patients with extraintestinal manifestations or concomi-
tant immune-mediated inflammatory diseases. The most
common biological combination regimen is with vedol-
izumab and ustekinumab, vedolizumab and anti-TNF,
ustekinumab and anti-TNF. The most frequently evalu-
ated combinations with oral small molecule drugs have
been with tofacitinib and either vedolizumab or usteki-
numab.'#*'¥” The body of evidence for the use of advanced
combination therapy, however, is largely composed of
uncontrolled retrospective case series and cohort studies
in highly refractive patients. Thus, itis difficult to extrapo-
late safety and efficacy of combination therapy. Although
the first randomised controlled trial (RCT) evaluating
dual biological therapy was in 2007 exploring the use of
infliximab with the anti-integrin agent natalizumab, the
primary objective was to evaluate safety and tolerability
and was not powered to measure efficacy.'* The VEGA
study was a phase 2 induction trial that evaluated the use of
the anti-IL-23 agent guselkumab with the anti-TNF agent
golimumab in patients with UC.*® Results showed that
patients receiving combination therapy achieved clinical
response at week 12 (83%) compared with monotherapy
with either guselkumab (74.6%) or golimumab (61.1%).
There are now two further phase 2 RCTs investigating
combination therapy with guselkumab and golimumab in
both UC (DUET-UC; NCT05242484) and CD (DUET-CD;
NCT05242471). A triple combination therapy with vedoli-
zumab, adalimumab and methotrexate is being evaluated
in the EXPLORER trial (NCT02764762) in patients with
CD.

Currently, the practice of advanced combination
therapy is ‘off-label’ (ie, unlicensed) and carries serious
risks of infections and unknown longer-term compli-
cations. The risks of ongoing active disease should be
balanced against the potential risks of combination
therapy with full disclosure to the patient. Choosing
agents that modulate different pathways and are further
apart in the cross-talk maps may increase the chance of
improved efficacy. Preference of agent should be given
to those with the most favourable safety profile, such as
vedolizumab and ustekinumab.'* '

FAECAL MICROBIAL TRANSPLANT

The gut microbiome has become of great interest in the
management of IBD. FMT, dietary exclusions and modifi-
cations, prebiotics and probiotics have had varied success,
with the most promising therapy being FMT in patients
with UC. The first international Rome consensus confer-
ence on gut microbiota and FMT in IBD was published
in 2023.""" This stated that FMT may be effective in the
induction of remission in mild to moderate UC, however,
there is insufficient evidence to recommend its routine
use for UC and should be limited to the research setting.
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Table 5 Adverse effects and contraindications for use of the new small molecules (where this information is known)

Name Adverse effects Contraindications Check prior to initiation
Etrolizumab Injection site erythema  Pregnancy and breast feeding Hepatitis B, C, HIV status
Arthralgia VZV status
Headache TB T-spot test
Chest X-ray
Risankizumab Worsening disease Pregnancy and breast feeding Hepatitis B, C, HIV status
Arthralgia VZV status
Headache TB T-spot test
Injection site reactions Chest X-ray
Anaemia
Infections
Mirikizumab Headache Pregnancy and breast feeding Hepatitis B, C, HIV status
Weight gain VZV status
nasopharyngitis TB T-spot test
Chest X-ray
Tofacitinib vzv Deep vein thrombosis Hepatitis B, C, HIV status
Headache Pulmonary embolism VZV status
Infections Pregnancy and breast feeding TB T-spot test
VTE Active TB Chest X-ray
Filgotinib Nasopharyngitis Active malignancy
Headache Caution in: .
Nausea Current or past long-time smokers
VTE risk factors
Upadacitinib HzZV Malignancy risk factors
Hepatic dysfunction Major adverse cardiovascular risk factors
Neutropoenia Diabetes
Ozanimod Lymphopaenia Cardiovascular: Ml, unstable angina, stroke, TIA, FBC
Increased ALT decompensated heart failure requiring hospitalisation, ECG
Headaches class IlI/IV heart failure, Mobitz type Il second degree or LFTs
Nasopharyngitis third-degree atrioventricular block, sick sinus syndrome, VzVv
Headaches arthralgia  sinoatrial block (unless pacemaker), Ophthalmic assessment if
Respiratory: severe untreated sleep apnoea history of uveitis or macular
Medication: concurrent use of monoamine oxidase inhibitor oedema
Pregnancy and breastfeeding
Etrasimod Anaemia Pregnancy and breast feeding* FBC
Headache ECG
Worsening of disease LFTs
Liver dysfunction vzv

Bradycardia

*Based on current information available.

Ophthalmic assessment if
history of uveitis or macular
oedema*

ALT, alanine aminotransferase; FBC, full blood count; HIV, Human immunodeficiency virus; HZV, herpes zoster virus; LFT, liver function
tests; MI, myocardial infarction; TB, tuberculosis; TIA, transient ischaemic attack; VTE, venous thromboembolism; VZV, varicella zoster

virus.

This is based on RCTs that have demonstrated patients
with UC do not sustain remission beyond 1year after FMT
treatment.””*** In CD, there is currently insufficient
evidence to recommend FMT in clinical practice and
should only be used for research purposes. The data for
the use of FMT in CD are very limited with mainly case
reports and pilot studies rather than RCTs.**'%7

BEYOND THE HORIZON

This section provides a brief overview of therapies that
are in the early phase 1 or 2 trials and are still distant
on the ‘horizon’ before (and if) they can become widely

available as future therapies. Table 6 summarises these
drugs and their current phases of development.

UTTR1147A

This drug is a fusion protein consisting of a linked human
IL-22 and crystallisable fragment of the human IgG,.
The primary aim of activating IL-22 is to promote tissue
regeneration without causing systemic inflammation, by
increasing epithelial tight junctions, promoting mucous
production and secreting antimicrobial peptides.™ A
phase 1b study has shown the intravenous UTTR1147A
to be safe and well tolerated in both patients with UC
and healthy volunteers with the most common adverse
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Table 6 New drug therapies currently in the early phases of development

Current study phase

Route of
Drug class Name Target administration Ulcerative colitis Crohn’s disease
Human IL-22 Fusion UTTR1147A IL-22 Intravenous Phase 1b N/A
Protein
Toll-like receptor nine  Cobitolimod TLR-9 Topical (enema) Phase 2b N/A
agonist completed
Spore-based SER-287 Firmicutes Oral Phase 1b N/A
microbiome complete
Anti-interleukin Spesolimab IL-36 Intravenous Phase 2a N/A
PF-04236921 IL-6 Subcutaneous N/A Phase 2
completed
IL-10 fusion biologic AMT-101 IL-10 Oral Phase 1a N/A
Anti-adhesion AJM300 a4 integrin ral Phase 3 recruiting N/A

molecules

IL, interleukin; N/A, not applicable; TLR-9, toll-like receptor 9.

effects being dermatological, such as dry skin, erythema
and pruritis.'”

Cobitolimod

Cobitolimod binds and activates toll-like receptor 9
(TLR-9) on lymphocytes and antigen presenting cells.
Activation of TLR-9 leads to the induction of regulatory
T-cells that produce anti-inflammatory molecules such
as IL-10 while also suppressing proinflammatory TH-17
cells."* The benefit of this drug lies in its topical enema
route, which should ideally have low systemic absorption.
Although early phase 2 studies for UC are promising
(COLLECT and CONDUCT) phase 3 studies have not
yet been registered.'*! '**

SER-287

SER-287 is an oral formulation that fractionates spore
forming bacteria to specifically target Firmicutes. The
spore-forming Firmicutes, particularly the families Clos-
tridiaceae, Lachnospiraceae and Ruminococcaceae, produce
metabolites, which enhance and maintain the gastroin-
testinal barrier and mucosal immunity.'*® This bacterium
has been shown to be reduced in the intestinal microbiota
in patients with UC and has become a target of interest.'**
A phase 1b study demonstrated that patients with mild
to moderate UC who were preconditioned with 6days of
oral vancomycin followed by 8 weeks of oral SER-287 had
significantly higher rates of clinical remission compared
with placebo.'*

Spesolimab

Spesolimab is a humanised monoclonal antibody that
targets the IL-36 signalling pathway, which has been shown
to be increased in UC. A phase 2a study demonstrated
that while intravenous spesolimab was well tolerated in
patients wth UC, efficacy endpoints were not met.'*

PF-04236921

PF-04236921 is a fully human IgG, monoclonal antibody
that binds IL-6, suppressing its proinflammatory effects. A
phase 2 study was completed for patients with CD which
showed the subcutaneous form of PF-04236921 50 mg was
more efficacious than placebo in inducing response and
remission at week 12. However, significant adverse events
of gastrointestinal perforation and abscesses were seen in
the treatment group and there are currently no phase 3
trials underway.'*”

AMT-101

IL-10 is a central anti-inflammatory cytokine that is able to
modulate pro-inflammatory signals. However, producing
a targeted IL-10 drug requires precarious balancing of the
benefits of IL-10 without perpetuating its dose-limiting
systemic side effects. AMT-101 is a novel oral human IL-10
fusion protein that is genetically fused to a non-toxic and
poorly immunogenic fragment of the cholic exotoxin.
Phase 1 studies on colitis-induced mice demonstrated a
gut-selective response by reaching the intestinal lamina
propria before delivering biologically-active IL-10 across
the intestinal epithelium, thereby potentially reducing
dose-limiting side effects. Phase 1b trials are currently
underway in patients with uc.'®

AJM300

AJM300 is an oral small molecule that targets and inhibits
04 integrin. While it has the advantage of having a very
short 1 day duration of action, there is a potential risk for
progressive multifocal leukoencephalopathy due to the
04 blockade. Phase 2a and 2b studies showed AJM300
to be more effective than placebo in inducing clinical
response, remission and mucosal healing in moderately
active patients with UC but the studies were of a small
sample size and a short duration of 8weeks. Phase 3 trials
are currently underway for uc.!'®
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Stem cell therapy

Achieving sustained remission and mucosal healing
continues to remain a challenge with medical drug ther-
apies. Stem cells have the potential to directly improve
chronic intestinal inflammation by modulating immune
cells and repairing the intestinal mucosal barrier.
Although haematopoietic stem cell therapy has been
shown to improve disease activity and maintain disease
remission in CD, safety is a main concern with risk of
severe immunosuppression, lethality and graft rejec-
tion."” " Clinical studies with mesenchymal stem cell
therapy have primarily focused on patients with refractory
perianal fistulous CD with mixed results."”** The main
challenge is maintaining homogeneity with uniform stan-
dards and control comparisons in the tissue source and
culture of stem cells."”® '*” The heterogeneity between
individuals in study results ultimately affects the consis-
tency of IBD clinical studies. There also needs to be a
standardised protocol regarding infusion mode and dose
and time interval of stem cells, with clear indications and
contraindications yet to be established. While stem cell
therapy in IBD is still very much in its preclinical stages,
it has the potential to become a true cure for this debili-
tating disease.

CONCLUSION

The therapeutic arsenal for the management of IBD is
being developed and repurposed at an accelerated rate.
What has been discussed in this review is simply the ‘tip
of the iceberg’. Small molecules have the added advan-
tage of not carrying the risk of immunogenicity that
occurs with biological drugs. Therefore, there is poten-
tial to use these medications on demand such as during
disease flares, to avoid corticosteroid use, or in combi-
nation with a biologic to improve clinical remission by
targeting multiple immune pathways.'”™ However, long-
term, real-world and safety data for many of these new
medications remain unclear. Furthermore, data in preg-
nancy and breast feeding are lacking and therefore limits
their use in a large subset of the IBD population.*” The
benefits of these new medications include oral adminis-
tration which is more patientfriendly and eases the extra
hospital costs required for the intravenous/subcutaneous
agents. However, non-compliance with oral therapies has
been well documented in patients with IBD, which may
offset the advantages of these oral therapies."” Thus,
it is now important to understand and develop a preci-
sion medicine strategy that targets the right medication
for the individual patient, which factors in their medical
history, predictors of response, preference of administra-
tion, future family planning and disease characteristics.
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