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Abstract: The unraveling of the immuno-pathobiology of inflammatory bowel disease (IBD)
in the past three decades has ushered in a new era of translational medicine. The biotechnology
revolution has resulted in a paradigm shift in how clinicians view and treat IBD. Anti-tumor
necrosis factor (TNF)-o strategies using infliximab and adalimumab currently dominate the
therapeutic arena. Better understanding of how these biologicals work is driving the quest for
loftier therapeutic goals of achieving mucosal healing, sustaining deep remission, and even
modifying the natural history of IBD. However, not all patients respond to anti-TNF drugs.
Immune-mediated adverse reactions and loss of efficacy with time also limit their use. There are
many investigational drugs undergoing active clinical trials. Many have not fulfilled their early
promises but some are potentially making the transition from bench to trial and to the bedside
in the near future. Clinicians and investigators need to underpin our excitement with caution for
the unknown long-term consequences of modulating cytokines and selective adhesion molecules
in human. Here we provide an overview of investigational new drugs and other therapeutic
strategies currently undergoing clinical trials in IBD.
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Introduction

Inflammatory bowel disease (IBD) is estimated to affect about 250,000 individuals in
the United Kingdom, predominantly persons under the age of 60. Traditionally, IBD
was considered primarily a disease of developed countries; however, the incidence in
developing countries, such as India and China, is rising. Prior to the 1950s, there was no
truly successful treatment for IBD. The advent of corticosteroids and sulphasalazine in
the 1950s and thiopurines in the 1960s dramatically changed the outlook of patients with
IBD.! Indeed, the three classes of drugs (mesalazine, corticosteroids, and thiopurines)
have retained their place as mainstays of IBD therapeutics today.

The ‘biotechnology revolution’, spearheaded by anti-tumor necrosis factor (TNF)
monoclonal antibodies, marked a new chapter in IBD therapy. This was made possible
by the perfect timing of both a comprehensive elucidation of the pathophysiology of
IBD and advancement in biotechnology in the past two decades. A dysregulated immune
system, along with a genetic predisposition and environmental triggers, is thought to
be key to the development of IBD. Modern IBD therapeutic strategies are aimed at
modulating the gut adaptive and, to a lesser degree, the innate immune response to
downregulate inflammation. These strategies range from being targeted (antagonism
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of specific cytokines or chemokines) to a more global
approach (pharmabiotics, stem-cell transplant, leukopheresis,
helminths, etc).

Targeting cytokines

Targeting cytokines to interrupt the immune cascade prevent
their proinflammatory effect, and subsequent leukocyte
recruitment is an attractive option, and there are many
cytokines involved (see Figure 1).

The initial wave of biologic therapies has been directed
towards TNF-o.. This is a proinflammatory cytokine which
is central in the pathogenesis of Crohn’s disease.? Infliximab
is a chimeric monoclonal antibody directed against TNF-o
that was introduced into clinical practice in the USA about
12 years ago.’ There are now two additional anti-TNF
molecules in clinical use: adalimumab and certolizumab
pegol; and another (golimumab) currently undergoing
Phase III testing.** Anti-TNF agents have been shown to
induce apoptosis in peripheral blood mononuclear cells and
intestinal T cells; however, the exact effects of anti-TNF
therapeutics are not completely understood at the molecular
level.’ They are effective in inducing and maintaining remis-
sion in inflammatory and fistulizing Crohn’s disease. In the
United Kingdom, the National Institute for Health and
Clinical Excellence (NICE) have recently issued updated
guidelines on the clinical use of infliximab and adalimumab.
Despite the revolutionary nature of their clinical effi-
cacy, there remain many unmet needs in IBD therapy and
alternatives to TNF-antagonism are highly desirable.

Active immunization is an attractive novel strategy
in treating autoimmune diseases and the TNF-o-kinoid
immunotherapy platform, made possible by Neovacs, is
being evaluated in TNF-driven inflammatory diseases.
This has the added advantage of avoidance of anti-antibody
production. Data from an open-labeled study of TNF-kinoid
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Figure | The cytokine cascade in inflammatory bowel disease.
Abbreviations: IFN, interferon; IL, interleukin; Th, T helper; TLR, Toll-like receptor;
TNF, tumor necrosis factor.

demonstrating efficacy in Crohn’s disease has been presented
at the Digestive Diseases Week in May 2010, and a Phase 11
study is underway.

Interleukin (IL)-6 is secreted by lamina propria T cells
and macrophages and activates the T helper (Th)17 response.’
Tocilizumab is a humanized monoclonal antibody that blocks
both the membrane-bound and the soluble IL-6 receptor.
The results of the first clinical trial are promising: 80% of
the patients with Crohn’s disease given tocilizumab infusions
biweekly for 12 weeks showed a significantly higher response
rate than the placebo group.® Interestingly, there is also
growing experimental data that suggest a role for IL-6 not only
in chronic inflammation, but also in inflammation-associated
tumor development as seen in patients with IBD.>!° Therefore,
targeting IL-6 in patients with IBD might not only reduce
inflammation but may potentially prevent the development of
colitis-associated cancer. Currently tocilizumab is in clinical
use treating rheumatoid arthritis and Castleman’s disease and
is under development with a view to potentially using it in
IBD in the future. Although no clinical trials are currently
underway, there is a need for a randomized controlled trial
evaluating this therapy in patients with IBD.

The IL-12 family of cytokines which includes IL-12
and IL-23 are recognised to play a role in regulating T-cell
immune responses.'' Both of these cytokines (IL-12 and
1L-23) are heterodimers and share an identical subunit (p40).
In the case of IL-12, p40 builds a heterodimer with the subunit
p35, and in the case of IL-23 p40 builds a heterodimer with
the subunit p19. Both have been implicated in murine models
of Crohn’s disease.!*'* Ustekinumab is a human IgGlk
monoclonal antibody that binds to the shared p40 subunit of
IL-12 and IL-23. This inhibits IL-12 or IL-23 interactions
with the cell surface and therefore prevents IL-12- and
IL-23-mediated signaling cascades. Ustekinumab has been
examined in a Phase Ila trial of patients with moderate to
severe Crohn’s disease who have failed conventional or
anti-TNF therapy.”® This showed increased response rates,
which were greatest in patients who had previously received
anti-TNF treatment with infliximab. Therefore anti-IL-12 p40
treatments might pose an interesting alternative for patients
who have previously received anti-TNF treatment, and a
Phase IIb trial is currently underway. It remains inconclusive,
however, whether the effects observed are mediated via
effects on the IL-12 or the IL-23 pathway. Another anti-IL
12/23p40 monoclonal antibody, briakinumab has been shown
not to be effective for induction or maintenance of remission
in moderate to severe Crohn’s disease.!® In addition to the
above mentioned cytokines, targeting the signal transduction
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of other cytokines in human IBD has been evaluated, but
many have not successfully translated into clinical use. These
included attempts to modulate interferon-o., -B or -y, IL-10,
and IL-2.317%

Selective anti-migration (SAM)

strategies
Currently, some of the most promising new therapies
for IBD are directed against small adhesion molecules.
Movement of immune cells through the intestinal mucosa
is important in health for gut homeostasis. It allows antigen
sampling and the development of tolerance to bacterial
and food antigens.* This process relies on the movement
of leukocytes up a concentration gradient of chemokines
secreted by epithelial cells.* Firm adhesion is the last step
before leukocyte diapedesis through endothelial pores into
the lamina propria of inflamed tissue. Cellular adhesion
molecules, therefore, play a critical role in the pathogenesis
of IBD, allowing infiltration of T-lymphocytes into the
gastrointestinal (GI) tract. Upregulation of these adhesion
molecules on the surface of activated lymphocytes and also
epithelial cells results in an increased infiltration of activated
cells and consequently in an aggravation of the inflammatory
process.?* Blocking this process presents an exciting
therapeutic opportunity in inflammatory conditions.

Leukocyte adhesion to endothelial cells is a multistep
process that involves interaction of several adhesion and
signaling molecules on the surface of T lymphocytes with their
corresponding ligands on the endothelium. Alpha-4-integrin
is a selective adhesion molecule expressed on lymphocytes
that facilitates adhesion and subsequent leukocyte migration
into areas of inflammation. The 04p7 integrin mediates
the infiltration of the GI tract specifically, via binding to
mucosal addressin cell adhesion molecule 1 (MAdCAM-1)
on endothelial cells® (see Figure 2).

Inhibition of integrins has been proven from animal studies
to help in mucosal healing and reduce inflammation.?¢%’

The first of the new class of selective adhesion molecule
inhibitors is natalizumab. It is a recombinant humanized
IgG, monoclonal antibody to the o4 integrin subunit that
blocks adhesion and subsequent leukocyte migration.?’
Natalizumab, via its nondiscriminant blockade of systemic
o4 integrin, is linked to the development of the progressive
fatal infectious disease, progressive multifocal leucoenceph-
alopathy (PML). Natalizumab was suspended in March 2005
because of serious adverse events (including PML) in patients
affected by multiple sclerosis and treated with a combination
of natalizumab and interferon-B-1a and in one Crohn’s
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Figure 2 Migration of immune cells to the site of inflhammation in the gut.
Abbreviation: MadCAM-|, mucosal addressin cell adhesion molecule |.

disease patient treated with natalizumab monotherapy.?**
It is now only available through restricted prescribing for
multiple sclerosis.

More promising is vedolizumab, a recombinant
humanized IgG, monoclonal antibody which inhibits only
gut-specific MAACAM-1-mediated leukocyte adhesion by
binding to the 04B7 integrin on peripheral blood lymphocytes
and inhibiting adhesion of these ‘gut-homing’ lymphocytes to
MAdCAM-1.3 Targeting 0437 integrin theoretically confers
gut specificity for vedolizumab. a4B7 integrin is thought to
be specific to CD4+ memory cells, which are pathogenic
in IBD.3'3? Therefore, vedolizumab specifically targets the
CD4+ memory subpopulation that is pathogenic in IBD while
sparing other CD4+ memory subpopulations and monocytes
that are integral for immunosurveillance and host defense.
Data from a Phase II clinical trial of patients with colitis
suggest that vedolizumab may be effective for induction of
clinical response and remission in patients with moderately
severe ulcerative colitis and also in patients with moderately
active Crohn’s disease.*** Phase III trials in ulcerative colitis
and Crohn’s disease are currently underway.

Another antimigration therapy would be to target
chemokine receptors, eg, chemokine receptor 9 (CCRY),
to prevent leukocyte recruitment to the site of inflammation.
The Phase II/IIl PROTECT-1 trial looked at a new orally
available CCR-9 inhibitor, Traficet-EN™ (GSK-1605786
or CCX-282).> CCRY is a chemokine receptor central for
migration of immune cells into the intestine. Inhibition of
CCRY by Traficet-EN may inhibit B- and T-cell entry to
the small gut and ameliorate inflammation, while leaving
immune function at other anatomical sites unaffected. Data
from PROTECT-1 suggests that GSK-1605786 is effica-
cious in patients with Crohn’s disease, with the advantage
of being orally bioavailable. Other antimigration strategies

Journal of Experimental Pharmacology 201 I:3

submit your manuscript 15

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Williams and Goh

Dove

currently being tested include: anti-B7 monoclonal antibodies
in ulcerative colitis and anti-MAdCAM-1 antibodies in ulcer-
ative colitis.* Further data on efficacy and potential adverse
effect on gut homeostasis are awaited. Drugs currently in
development for use in IBD are summarized in Table 1.

Targeting T- and B-lymphocytes
Blocking T-cell receptors is thought to induce short-term
T-cell apoptosis or reduced response to cytokines and
therefore amelioration of disease. Reagents blocking the
CD4 T-cell receptor have been found to cause long-term
depletion of lymphocytes in some patients and have limited
clinical potential.*® In general, strategies directed against
naive T-cells have been disappointing in IBD.

Visilizumab, an anti-CD3 monoclonal antibody did show
promising results in Phase I and II trials. Disappointingly,
a Phase III study in subjects with intravenous steroid
refractory ulcerative colitis was withdrawn due to interim
analysis showing parity in colectomy rates in both visilizumab
and placebo groups and poor tolerance of the drug.’’

Basiliximab, a chimeric IgG, monoclonal antibody
directed against the a-chain of IL-2R (CD25), showed
good initial results in an open-labeled study and seemed
to exert a steroid-sensitizing effect. Repeated infusions

Table | Selected biological therapy trial update

seem to promote the development of human anti-chimeric
antibodies that may limit its clinical use.!® Daclizumab,
a humanized IgG1 monoclonal antibody against CD25, has
shown no efficacy.*®

More recently, Abatacept, a CTLA-4 fusion protein
that is effective in rheumatoid arthritis, has not fulfilled its
therapeutic promise in a Phase III study in Crohn’s disease
unveiled at the Digestive Diseases Week in 2010.%* There
is currently no convincing case to support B-cell depletion
strategy in IBD. Indeed, treatment with rituximab has been
linked to exacerbation of ulcerative colitis.*

Probiotics and prebiotics
The gut flora microenvironment is increasingly recognized
as a key contributor to gut health and perturbation of this
symbiotic relationship has been implicated in many GI
diseases including irritable bowel syndrome, GI infections
and IBD. Major investment in manipulation of these microbes
to restore gut health represents a burgeoning industry
undeterred by the complexity of the science behind it and
multiple false starts, and one sustained by much excitement
and hope.

Probiotics have been defined as ‘a preparation of a product
containing viable, defined microorganisms in sufficient

Drug Mechanism Development  Published IBD Trials underway Number of Significant
of action status studies patients treated results
Golimumab Anti-TNFo. Phase II/1I Nil published on IBD. Induction and Studies recruiting
Extensive evidence maintenance therapy
for use in rheumatoid in patients with
arthritis, psoriatic moderately to severely
arthropathy, ankylosing  active ulcerative colitis
spondylitis
Tocilizumab Anti-IL-6 Phase Il Ito et al® No trials underway 36 patients with 80% clinical
receptor at present Crohn’s disease response;
20% remission
Ustekinumab  Anti-IL-12/23 Phase Il Sandborn et al'® Moderately to severely 104 patients with 59% response in
active Crohn’s disease, Crohn’s disease patients previously
previously treated with treated with
anti-TNF therapy anti-TNF-o.
Vedolizumab  Anti-04p7 Phase IlI Feagan et al** Induction and 127 patients with 37% remission
integrin maintenance in patients ~ Crohn’s disease in higher dose
with moderately to treatment group
severely active Crohn’s
disease, ulcerative
colitis, and open labeled
observational study
(GEMINI 1/2/3)
TNF-kinoid Immunotherapy  Phase l/Il Rogler et al® Phase Il in patients with |3 patients with

moderate/severe
Crohn’s disease

Crohn’s disease

Abbreviations: IBD, inflammatory bowel disease; IL, interleukin; TNF, tumor necrosis factor.
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numbers, which, when administered in adequate amounts,
alters the microflora in a compartment of the host and by that,
exert beneficial effects in the host’.*! Probiotics are postulated
to exert several protective effects possibly by secretion of
antibacterial substances, adjusting the gut immune response
to commensal bacteria, prevention of colonization by
intestinal pathogens, and the stimulation of anti-inflammatory
cytokine production.*? Prebiotics are nondigestible (oligo)
saccharides, defined as ‘selectively fermented ingredients
that allow specific changes, both in the composition and/or
activity of the gastrointestinal microflora that confers benefits
upon host well being and health’.* Prebiotics reach the
colon undigested, where they are metabolized by commensal
bacteria into short-chain fatty acids (SCFAs) and lactate.
The potential protective mechanisms of prebiotics are still
not clear but are thought to be related to changes in the
composition of the intestinal microflora brought about by
selective stimulation of the growth of commensal protective
bacteria,” ¢ and amongst other things, an increase in SCFAs
which have a central role in the lifecycle of colonocytes.*’
Although the theory is attractive and logical, as yet there
is no evidence to support the routine use of prebiotics or
probiotics in IBD. There is, however, some data to support
their use in pouchitis and potentially in the maintenance of
remission in ulcerative colitis.*®>! This is an exciting area
that will continue to evolve in the coming years.

Worms

As mentioned previously, the development of IBD probably
results from an overly vigorous immune response to the
contents of the bowel lumen. Environmental factors clearly
play arole as supported by the reduced incidence of ulcerative
colitis in patients who have undergone appendicectomy,
increased risk of Crohn’s disease in smokers, and the striking
geographical variation in the incidence of IBD.?*7¢ Risk is
increased with a shift to a more affluent lifestyle.

There is epidemiological evidence to support a role
for helminths in protection from IBD.>” The rates of IBD
are inversely related to the rates of infestation with worms
globally. Helminths are recognized to induce immune tolerance
in the host, and there is murine evidence that infection with
certain helminths may protect from the development of IBD
and other immune-mediated conditions.*®* There were some
human studies looking at the use of helminths in IBD which
showed some improvement in symptoms, but the results were
not statistically significant.®*%! The jury is still out on its future
as a therapy. Larger clinical trials are needed and ways of
improving acceptance by patients are being devised.

Leukopheresis and autologous

stem cell transplant

Invasion of the intestinal mucosa by activated leukocytes
is characteristic of IBD. Therefore, removal of circulating
leukocytes is a reasonable approach for treating IBD.
Leukopheresis, using a selective adsorption apheresis device
with a column of polyethylenephtarate fibers that captures
monocytes, granulocytes, and lymphocytes, has been used to
treat ulcerative colitis in Japan and Europe.® A recent study
in Japan has shown a good response rate but is limited by
the short follow-up period and absence of randomization and
data on sustained response rates.®> Another sham-controlled
study of apheresis in ulcerative colitis found no difference
in response or remission rates.* Further studies are needed
to evaluate its efficacy, cost-effectiveness, and comparison
with biological therapy.

The potential of stem-cell transplant (SCT) as a treatment
option for Crohn’s disease arose following fortuitous
observations that patients with IBD had dramatic improve-
ment in their symptoms following high-dose chemotherapy
or SCT for another diagnosis. Both high-dose chemotherapy
and hematopoietic SCT are being explored as potential
treatments for IBD and other autoimmune diseases. The exact
mechanism by which high-dose immunosuppression or stem
cells ‘reset’ the immune system and provide remission for
these diseases is not yet clear. Results from the few animal
studies are positive, and multi-center human studies are
currently ongoing.%5-66

Antibiotics

Leading the plenary session at the United European
Gastroenterology Week in October 2010 was the study of
rifaximin in Crohn’s disease. This was a placebo-controlled
trial of 12-week therapy using an extended intestinal
release formulation of rifaximin, an antibiotic that has
low bioavailability, in moderately active Crohn’s disease.
Optimal efficacy was demonstrated for 800 mg b.d. dosing
with statistically significant benefit over placebo both in
inducing clinical remission (Crohn’s disease activity index
to less than 150) and maintaining remission in the 12-week
follow-up period following cessation of active treatment.®’

Conclusion

Classical models of chronic inflammatory diseases such
as IBD have benefited greatly from the unprecedented
strides made in translational medicine in the past decade.
What has underpinned the development of new drugs is
a paradigm shift in the way we approach treatment of the
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patient with IBD: the shift toward a time-bound, close to

top-down strategy; the shift away from ‘steroid-after-steroid’

and a passive ‘laisser faire’ mindset; our increasing awareness

of and vigilance toward infective and neoplastic sequelae

of increasingly powerful treatment; and the increasing role of

a multi-disciplinary team in the overall management of the

patient. Professional bodies sub-specializing in IBD such as
the European Crohn’s and Colitis Organisation (ECCO) will
play an increasing role in promoting collaborative research

and education, disseminating new ideas and setting standards

for best practice in IBD. With ongoing developments in new

drugs, we can aim toward a bespoke and individualized treat-

ment strategy as we continue to gain better understanding of

IBD genotypes and phenotypes.
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