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Abstract
Inflammatory bowel disorder (IBD) affects over 5.2 million individuals in North America
and Europe alone. IBD is a term used to describe a condition of chronic inflammation in the
Gastrointestinal tract-primarily the intestines. While the exact etiology is not fully
understood, it is generally accepted that the cause of the inflammation may be due to an
abnormal immune response to the gut bacteria. IBD is a progressive disease and can cause
various gastrointestinal-related complications. This makes it crucial to discover new
treatments and to improve the treatments that are already available. The aim of the study is
to answer the question, “What are the emerging therapies for IBD”?
In this section, the currently available therapies for IBD are discussed, among which some

have already been shown to be effective against IBD whereas some are still in various stages
of clinical trials. These therapies include drugs that affect janus kinase - signal transducer
and activator of transcription pathway, drugs that impact anti-adhesion molecules, drugs
that inhibit anti-interleukin, drugs that modulate sphingosine-1-phosphate receptor, drugs
that inhibit phosphodiesterase-4, and finally a technique known as fecal microbial
transplant.
Many treatments are available today, and new ones are constantly emerging. Some

therapies like phosphodiesterase-4 inhibitors and fecal microbiota transplantation that may
be the optimum treatment are still under clinical trials, and more research is required for
them to be safe, viable, and beneficial options, whereas others are available for usage by the
patient but have adverse complications and side effects such as anti-tumor necrosis factor-α
or janus kinase - signal transducer and activator of transcription inhibitors.
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Introduction

Inflammatory bowel disorder (IBD) is a term used to describe a
condition of chronic inflammation in the gastrointestinal tract –
primarily the intestines. While the exact etiology of the disease is not
fully understood, it is generally accepted that the inflammation results
due to an abnormal immune response to the gut bacteria with various
contributing genetic and environmental factors. IBD presents with
symptoms such as abdominal pains, weight loss, rectal bleeding,
persistent diarrhea, etc. It has two main subtypes – Crohn’s disease

(CD) and ulcerative colitis (UC).
IBD is a progressive disease that can lead to many complications,
such as anemia, strictures, perforation, and even cancer. These
complications increase the risk of hospitalizations and the need for
surgery and lead to an overall decrease in quality of life.
IBD affects over 2 million individuals in North America, 3.2 million
in Europe, and millions worldwide [1]. The rising incidence of IBD
around the world has made it crucial to discover and improve new and
existing treatment options for these conditions.
The current treatment protocol for IBD includes the use of biologics
to achieve mucosal healing and clinical remission [2]. Over the past
two decades, there have been many advancements in IBD therapies.
The most popular and common IBD therapy today is anti-tumor
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necrosis factor (anti-TNF). The use of anti-TNF in moderate to severe
IBD has resulted in a decrease in the need for surgical intervention and
improved health outcomes. Anti-TNF therapy has also been effective
in treating the extraintestinal manifestations of IBD.
However, despite its success in many patients, it is not a guaranteed

treatment option for all patients. Approximately 30% of the patients
suffering from IBD fail to respond to anti-TNF therapy, and 40% of
those patients that do initially respond to it eventually stop
responding. Additionally, anti-TNF agents have also been associated
with side effects such as the increased risk of infections and a possible
increased risk of malignancy [3].
This has led to the need to discover alternative therapies for IBD.

Today, following the developments in understanding the various
immunological mechanisms underlying the condition, we have many
emerging therapies for IBD that target the various etiopathological
mechanism of the disease. We have the use of janus kinase (JAK)
signal transducer and activator of transcription (STAT) – JAK-STAT
inhibitors, anti-adhesion molecules, anti-interleukin molecules,
sphingosine-1-phosphate receptor modulators as well as fecal
microbial transplants.
This review aims to consolidate the various existing and emerging

therapies for IBD, understand their mechanism of action, and evaluate
their efficacy through various clinical trials. The review also aims to
compare the benefits and risks of the available IBD therapies.

Body

Although there are many strategies to treat IBD, relapses and failures
are common. As a result, there is a constant need for research in this
area to find other modalities that may be more effective. The currently
available therapies for IBD are discussed in this section. Some of the
therapies have already been shown to be effective in the treatment of
IBD, while others are still in various phases of clinical trials. An
understanding of the mechanisms behind the various available
treatment options allows us to further study and come up with the
most effective treatment options for this condition.

Anti-TNF
TNF antibody is a pivotal proinflammatory cytokine in the
immunopathogenesis of IBD.
Anti TNF like infliximab, adalimumab, and certolizumab pegol have

shown clinical efficacy in CD and UC. The lamina propria CD14+
macrophages bound with TNF, showed more response in IBD while
TNF therapies acting at the periphery did not induce any cell
apoptosis [4].

JAK-STAT inhibitors
One of the main routes of pathogenesis in IBD is that the inflammatory
process is mediated by cytokines such as IL-9, IL-12, and IL-23, as well
as interferon Gamma.
The cytokines in turn are mediated by the activation of a signaling

pathway called the JAK-STAT pathway [2].
The JAK family comprises four intracellular tyrosine kinases –

JAK1, JAK2, JAK3, and nonreceptor tyrosine-protein kinase 2 – that
activate STATs through autophosphorylation. The binding of
cytokines to specific receptors on the JAK proteins activates the
transcription process which mediates the inflammation that is
characteristic of IBD. Inhibiting the JAK-STAT pathway would prevent
the inflammatory process from proceeding hence, making JAK-STAT
inhibitors one of the new forms of IBD therapies [3].
Drugs that inhibit the JAK-STAT pathway are many. However, few

of them have proven to be efficacious and many are still in clinical
trials at various stages. To name few, Tofacitinib, Filgotinib, and
Upadacitinib are the main drugs that utilize this mechanism of action.
Tofacitinib is an oral, non-selective JAK-inhibitor agent. Clinical

trials have shown that it is effective in treating UC as well as CD
resulting in remission in both cases [2, 3, 13].
Filgotinib is also an oral agent that is highly selective towards JAK1.

A randomized clinical trial proved its efficacy in treating CD. Its

effectiveness in the treatment of UC is still under study and results, as
of now, are still being determined. It was seen in the trials that those
patients who were treated with this drug showed higher rates of
infection post-treatment as compared to the placebo group [2, 3, 13].
Upadacitinib is yet another oral JAK-STAT inhibitor that selectively
inhibits JAK1. Trials have shown a certain degree of effectiveness with
higher doses of this drug in both UC and CD. However, this drug has
not yet been approved for public use [2, 3].
There have been speculations that selective inhibition may have
some beneficial effects in terms of efficacy and safety, but further
research needs to be done, as at this point, most of it is theoretical [8].

Anti-adhesion agents
Another route of pathogenesis in IBD is inflammation which results
from the migration of pro-inflammatory leukocytes into the gut
mucosa [3]. This migration process is mediated by interactions
between certain molecules on the surface of lymphocytes – called
integrins and vascular adhesion molecules present on the endothelial
cells in the gut. This interaction results in the movement of the
pro-inflammatory cells from the blood vessels into the gut – resulting
in inflammation [1].
This mechanism of pathogenesis has been used to develop drugs
called anti-adhesion molecules, which prevent the interactions
between the integrins and the adhesion molecules – therefore limiting
the inflammatory process that is characteristic of IBD. The integrins on
lymphocytes pertaining to the gut have two main subtypes – alpha-4
and beta-7 [3, 13].
The drugs in this class include – Natalizumab, Vedolizumab, and
Etrolizumab.
Natalizumab is a drug that blocks the alpha-4 subunit of many
integrins. Clinical trials have shown that it is effective for both UC and
CD. Patients treated with this drug showed remission. However, there
was a major adverse effect related to this drug – an elevated risk of a
CNS infection called progressive multifocal leukoencephalopathy. This
elevated risk was so significant that this drug was removed from the
market. It has recently been cautiously reintroduced with its use
limited to a very select group of patients [2, 3, 13].
Vedolizumab was the first medication in this class that was
approved for the use of UC and CD. It targets both the gut-specific
integrin subunits – alpha-4 and beta-7. Many randomized clinical
trials have shown it to be effective in treating UC and CD – resulting in
remission. It has also been shown to be particularly effective in
patients in whom the traditional treatment – anti-TNF agents – failed
to produce any effects after a while. It also has a relatively mild
adverse effect profile compared to Natalizumab – with no documented
cases of progressive multifocal leukoencephalopathy. It is therefore
the preferred drug for the treatment of IBD in this class [2, 3, 13].
Etrolizumab selectively targets the beta-7 subunit of integrins.
There are several clinical trials that have proved its effectiveness in
treating both UC and CD – with patients in remission as compared to
the placebo group. However, phase III of the clinical trials is still
underway and this drug has not yet been approved for public use [2,
13].

Inhibitors of interleukin (IL)
IL-12 and IL-23 are cytokines that induce the differentiation of naive
T-cells into helper T cells – Th1 and Th17 respectively [13]. These
helper T cells are central to the inflammatory pathogenesis of IBD.
Inhibition of these interleukins can be effective in treating IBD.
Ustekinumab is a drug that inhibits the p40 subunit of both IL-12 as
well as IL-23. It has been proven to be effective in treating mild to
moderate CD. However, the drug is yet to be extensively studied as its
safety profile has not yet been appropriately defined [3, 13].
There are a few more drugs under this class like Brazikumab and
Risankizumab, which are still under clinical trials.

Sphingosine-1-phosphate (S1P) receptor modulators
S1P is a signaling lipid found in the circulation and most tissues. S1P’s
biological functions have been linked to its ability to activate a family
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of five G protein-coupled receptors, S1P receptors 1–5, and also serve
as an activator of the IL-6/STAT3 pathway in IBD [9]. The binding of
sphingosine ligand to this receptor facilitates the migration of
lymphocytes from secondary lymphoid organs to blood and tissue
which mediates inflammation. By modulating these receptors, this
pathway of inflammation in IBD can be blocked [3].
There have been many experiments that have shown promising

results both in vivo and invitro for the treatment of IBD and that the
S1P inhibitors have many of the same effects of TNF-α that prevent
the deleterious activation of neutrophils, macrophages, and mast cells,
and neutrophil infiltration into the mucosa [10].
The only notable drug in this class is Ozanimodh. It is an oral agent

that acts as a selective agonist to the S1P receptor subtypes 1 and 5.
Upon binding, this drug causes the internalization of the S1P receptor
and its subsequent degradation – thereby reducing the migration of
lymphocytes into the gut [3].
A double-blind placebo-controlled trial showed that Ozanimodh was

effective in treating patients with UC. For patients with CD, this drug
has shown to have a certain degree of effect. However, results of phase
III trials are yet to be released [2].

Phosphodiesterase-4-inhibitors (PDE-4-inhibitors)
PDE-4 inhibitors are one of the enzymes responsible for the
breakdown of intracellular cyclic adenosine monophosphate – an
important component of the intracellular inflammatory cascade. The
PDE-4-inhibitors prevent this breakdown, which results in an
increased intracellular concentration of cyclic adenosine
monophosphate, thereby downregulation of the immune response
[13].
Apremilast is the one drug under this class that is being studied as a

treatment option for IBD. In phase II of a double-blind
placebo-controlled trial, this drug has shown tentative positive results
for the treatment of UC. However, it is not yet known, if this drug is
effective or not as phase III trials have not been initiated [2, 13].

Fecal microbiota transplantation (FMT)
One of the primary understating of the pathogenesis behind IBD is the
inappropriate response to the gut microbiota. This correlation
between the microbial environment of the gut and the immune system
has been studied for many years now.
The manipulation of the gut microbial composition has been shown

to alter the immune response, which is a very promising option for
IBD therapy.
FMT is a technique in which fecal matter from a healthy donor is

transplanted into a patient [14]. It is done by gastrointestinal
endoscopic administration of frozen stool [5], and it has been found
that O splanchnicus is a key component that promotes both metabolic
and immune cell protection from UC [6]. A recent meta-analysis that
included 53 studies, concluded that there was clinical remission in
36% of UC patients and 50.5% of CD patients who had undergone
fecal microbial transplants [13].
Inflammatory bowel disease at times may develop severe

complications such as toxic colitis, toxic megacolon, intestinal
perforation, fistulas, abdominal abscesses, malignancy, primary
sclerosing cholangitis, pouchitis, and other extraintestinal
complications are anemia, thromboembolic events or osteoporosis.
The prognosis for IBD depends on different factors, which include

the severity of the disease and the age at diagnosis. The disease is
life-disrupting, but it doesn’t shorten the life expectancy as such.

Results

With the latest IBD therapy treatment it is understood that IBD cannot
be completely cured however, one can have a better quality of life.
IBD is a disease exposed to a different type of exposome, the

genome, the microbiome, and the immunome may initiate the
different type of responses to different receptors, activate different
signaling molecules, bind different DNA loci, express and transcribe
different genes, translate different proteins, and produce distinct

pro-inflammatory products which all ultimately lead to IBD.
Current therapies that are being used include sulfasalazine
(Azulfidine, Salazopyrin) and its 5ASA derivatives,
glucocorticosteroids, immunomodulators/immunosuppressants in UC
and CD. Some of them are being used since the 90s, these have shown
symptomatic improvement and have been the mainstay treatment
providing a relief factor to patients but has not been able to act as a
cure but new therapies like interleukin 10 and 11 inhibitors have
shown complete remission in 50% of patient, its dosing strategies still
need to be investigated and researched before further use.
TNF-α, like infliximab, showed results in patients at first dose but
have adverse effects ranging from mild complications such as
headache, nausea, upper respiratory tract infection, fatigue, myalgia,
rhinitis, pain, pruritus and dyspnea, where as some patients showed
hypersensitivity which made these not a viable option to be
considered in these IBD patients.
S1P receptor modulators and agonists, Ozanimod efficacy and safety
needs to be researched upon further, as side effects include liver
damage, increase in liver aminotransferase levels which makes this
drug less appealing than the other emerging therapies.
JAK Inhibitors, tofacitinib for the treatment of moderate to severe
active UC has been approved. The long-term safety of tofacitinib
remains unclear and the main side effects include herpes zoster virus
infection and thrombosis; therefore, more clinical trials are needed.
One needs to consider the ratio of risk to benefit when using JAK
inhibitors.
PDE-4-inhibitors, apremilast have shown some benefit with the
patients of active UC.
However, more investigation is needed in the efficacy and safety
justifying the fact that this drug is still in phase 2 and phase 3 trials, no
specific data is available to support this as a treatment.
One of the best treatments available is FMT, which showed a
clinical remission of almost 36% in CD and 50.5% UC. The main
advantage of FMT lies in the complete ecosystem it provides from
healthy individuals, including full spectrum of microbial organisms
but things that still need research and investigation include the
long-term efficacy, which is unknown, and the route of transmission
which is most beneficial in FMT is still under investigation, the
implementation and management of FMT is unknown. FMT is
expected to be a new therapy option for the treatment of IBD,
hopefully with more clinical trials it may emerge as the most
beneficial treatment ever found.

Discussion

In this article we went through and stated the different therapies that
have been available and therapies that have been developed for the
one suffering from IBD, these include the likes of IL’s. JAK-STAT
inhibitors, S1P receptor modulators, PDE-4-inhibitors and FMT, the
reader has to consider that the patient suffering from IBD cannot lead
a normal life due to the adverse complications associated with it
leading to lowered quality of life, some may even be unable to carry
out their daily activities without extra assistance. The choice and
efficacy of a treatment must also take into consideration the positive
impact it has on the patient’s quality of life and of those around them,
but this does not rule out the fact that most of the therapies come with
their own set of adverse side effects that may cause more harm than
good for some individuals. During the research it has been made
evident that more research is required in this field not only to find and
refine the therapies available but to form a holistic treatment regimen,
and to answer questions such as the possibility of using multiple
therapy modalities and what effect they may have; positive and
negative both. The treatment of choice is solely based subjectively on
the condition of the patient and what they prefer and prioritize which
heavily impacts the choice and course of treatment that may be
suitable for them. More research will immensely benefit not only the
patients but also the health care providers in making a decision that is
in the patient’s best interest.
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Conclusion

IBD is a serious condition that affects a major population world-wide
and causes multiple serious complications prompting the health care
professionals to look for new therapies as well as improve on the ones
present. Over the decade multiple modes of treatments aimed at the
symptoms of IBD have been developed however they come with
adverse effects hence, one should consider the risks before they start
on a treatment, furthermore, most of the therapies available are aimed
at alleviating the adverse symptoms of IBD and granting the patient a
better quality of life. A comparison of the different available therapies
has been made in Table 1 to get a better and holistic view.

Table 1

Drug class Agent
Administr
ation CD UC

Anti-TNF
Infliximab,
Adalimumab,
Certolizumab

IV,
SC,
SC

Clinical
remission at
week 4,
approved in
EU and USA

Approved
in EU and
USA

FMT Fecal matter
Through
endoscop
y

50%
remission

36%
remission

Inhibitors
of IL

IL-12 and
IL-23,
Ustekinumab

SC
Phase III,
active

Not
involved

JAK-STAT
inhibitors

Tofacitinib,
Filgotinib,
Upadacitinib

Oral,
oral,
oral

Phase III
recruiting,
Phase III
recruiting,
Phase II
recruiting

Phase IIb
recruiting,
Phase III
recruiting,
Phase llb
/III
recruiting

S1P Ozanimodh Oral
Phase III
recruiting

Phase III
completed

Anti-adhesi
on agents

Natalizumab,
Vedolizumab,
Etrolizumab

IV,
IV,
IV

Approved
in USA,
N/A,
Phase III
recruiting

Phase II
completed
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