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Abstract: Ulcerative colitis (UC) is the most common form of chronic inflammatory bowel
disease and lacks a curative pharmacological treatment. Traditional therapies, which include
S-aminosalicylates, corticosteroids and immunosuppressants, aim to induce and maintain
remission. Biological therapy with anti-tumor necrosis factor-alpha agents has added to the range
of available treatments. Vedolizumab belongs to a new class of agents (integrin antagonists)
that inhibit leukocyte adhesion and aim to selectively inhibit the inflammatory pathway. This
article reviews the emerging data on the use of vedolizumab for UC. Evidence to date supports
its efficacy in inducing remission in UC, with no major safety concerns identified.
Keywords: inflammatory bowel disease, effectiveness, integrin antagonists

Introduction

Ulcerative colitis (UC) is one of two main forms of inflammatory bowel disease (IBD).
It affects the colonic mucosa in a continuous distribution from the rectum to a varying
extent of the colon. UC is more common than Crohn’s disease (CD), with an incidence
varying from nine to 20 cases per 100,000 person years and a prevalence of 156291
cases per 100,000.! Disease activity may be classified simply as mild, moderate, or
severe, but clinical trials typically incorporate one of the validated disease-activity
indices, which are based on scores for individual symptoms (eg, diarrhea, rectal
bleeding, abdominal pain), laboratory parameters, and endoscopic appearances.>

Traditional drug treatment
Standard medical therapy has remained consistent over time: aiming to induce
remission, oral or intravenous steroids are used for moderate-to-severe disease flares,
whereas first-line treatment for mild-to-moderate disease includes oral and/or topical
5-aminosalycilate (5-ASA) agents and topical steroids. The mainstay of maintenance
therapy for UC is 5-ASA formulations with the addition of immunosuppressant
medication, such as thiopurines, in cases of relapse or ongoing disease activity. For
acute severe (fulminant) disease, systemic glucocorticoids remain first-line, with
cyclosporine used in steroid refractory disease to prevent the need for colectomy.
Over the last decade, anti-tumor necrosis factor therapy has been used for moderate-
to-severe disease, depending on regulatory and funding decisions and local practices.
It has become an established “salvage” therapy in the management of acute severe
colitis not responding to glucocorticoid therapy.® Infliximab has been shown to be
effective in inducing and maintaining remission in UC.* Adalimumab has not had such

submit your manuscript
Dove

http:

Biologics: Targets and Therapy 2013:7 123-130 123
© 2013 Gledhill and Bodger, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:kbodger@liverpool.ac.uk
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/BTT.S30416

Gledhill and Bodger

Dove

promising results, yet higher doses have been shown to be
effective in inducing remission in those not responding to
steroids and immunosuppressants.® There is some evidence
for maintenance of remission with adalimumab, although
this is less convincing with small numbers of patients
who have failed treatment with other therapies, including
infliximab.%’

With improved understanding of the mechanisms
causing inflammation and the development of therapies
with alternative modes of action, there may be increasing
support for switching to an alternative class of biological
therapy in future.

Integrin antagonists

Integrin antagonists are a class of therapy that incorporates an
antibody that blocks the lymphocyte-homing mechanism on
T-lymphocytes. The first to be developed was natalizumab.
However, the use of natalizumab in patients with CD was
halted when this particular o3, -humanized antibody resulted
in serious adverse events and was withdrawn from use.
Natalizumab was reintroduced in the USA with a surveillance
program for the management of CD. An integrin antagonist
selective to the o, integrin has been developed and,
recently, Phase III trials have reported promising efficacy
on the background of safe and well-tolerated therapy. This
article will review the evidence produced in the development
of this novel therapy in the management of UC.

The role of the o, B, integrin in IBD

pathogenesis

In normal mucosa, there is a constant equilibrium between
proinflammatory and anti-inflammatory cytokines. Colonic
inflammation in IBD reflects the outcome of both a genetic
alteration in the innate immune system and the amplified
responses of adaptive immunity. The inflammation seen
in UC is thought to be associated with disturbance of the
homoeostatic balance between regulatory and effector
T-cells (eg, T-helper [Th] 1, Th2, and Th17) and an atypical
Th2 response mediated by non-classic natural killer T-cells
producing interleukin (IL) 5 and IL-13."

IL-13 is important because it exerts cytotoxic functions
against epithelial cells, impairing function of the epithelial
barrier and inducing apoptosis of the epithelial cells.® The
ongoing inflammatory response and activation of T-cells
with resulting cytokine production is in part due to the
upregulation of the normal lymphocyte-homing response,
recruiting high numbers of T-cells to the intestinal mucosa.
The o B, integrin is a molecule found on circulating

T-lymphocytes which is involved in the recruitment of
leucocytes to the gastrointestinal (GI) tract.’

The o8, integrin is activated on the lymphocyte surface
membrane and binds with its glycosaminoglycan ligand on
the endothelial surface membrane, the mucosal addressin-
cell adhesion molecule-1 (MAdCAMS-1). This is selectively
expressed on the endothelium of intestinal vasculature,
binding lymphocytes from the endothelial lumen as they
pass. These bound lymphocytes then migrate into the lamina
propria and tissue. Abnormal retention in these cells, forms
a critical part of the inflammatory process. The o8, integrin
mediates the infiltration of the GI tract by memory T-cells
and the MAdCAM-1. An endothelial receptor is believed
to contribute to chronic GI inflammation by mediating
lymphocyte homing to lymphatic tissues in the Peyer’s
patches and the recruitment of these cells into the intestine
during the process of inflammation.'

Studies have shown significantly higher levels of
the ligand o3, integrin and MAdCAM-1 in colons of
IBD patients than irritable bowel syndrome controls.!!
The engagement of these molecules is associated with
the homing in of gut-associated lymphocytes to areas of
inflamed and normal colonic mucosa.'? Lower numbers of
T-lymphocytes with the o, integrin have been shown to
be circulating in peripheral blood in patients with colonic
inflammation."

Mucosal inflammation is associated with enhanced
production of macrophage-derived cytokines including
tumor necrosis factor (TNF) o, IL-1[3, IL-8, and IL-18. These
cytokines continue to drive the inflammatory response and are
amajor stimulus for synthesis of tissue destructive proteases
from stromal cells, leading to ongoing inflammation.'

Infliximab and adalimumab, the two biological therapies
in routine use in IBD currently, act by neutralizing the
TNF-a cytokine. Infliximab is a 75% human, 25% murine
immunoglobulin (Ig G 1) monoclonal antibody that can
induce T-cell apoptosis by complement activation and
cytotoxicity." Infliximab also acts on cell adhesion molecule
expression by downregulating vascular cell adhesion
molecule-1 (VCAM-1). It also has wider anti-inflammatory
effects, including reducing the production of circulating
cytokines. Adalimumab is fully human IgG 1 monoclonal
antibody binding with high affinity to human TNF-a, which
has very similar broad effects to infliximab.'® Anti-TNF-o,
therapy produces remission in approximately one-third
of patients, with many losing response over time.® The
development of newer therapies continues to be an important
area of research.

124 submit your manuscript

Dove

Biologics: Targets and Therapy 2013:7


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

Dove

Vedolizumab for ulcerative colitis

Vedolizumab

Vedolizumab is a monoclonal antibody of the integrin
antagonist class of drugs developed for use in IBD. During
development, it has been known variously as LDP02,
MLNO02, MLN0002, and vedolizumab.!”

Efficacy

The inhibition of leucocyte adhesion using molecules that
block the integrins o3, and a3, binding to their ligand
MAdCAM-1 and VCAM-1, respectively, has provided
an alternative target for therapy through the use of a small
molecule that can act more selectively in inhibiting the
inflammatory pathway. A monoclonal antibody against o3,
integrin was first used to demonstrate resolution of colitis in
animal models in 1996." This was in a randomized controlled
trial using cotton-top tamarin monkeys and was the first
study to demonstrate efficacy of a monoclonal antibody to
the o3, integrin. When in captivity, the cotton-top tamarin
can develop spontaneous and often chronic colitis that
resembles that of UC in humans. The animals included in the
study were diagnosed endoscopically and histologically with
chronic colitis and assessed endoscopically and histologically
on two occasions prior to receiving the infusion. Eight
tamarin monkeys with chronic colitis were administered
either a monoclonal antibody to the o,f. integrin or a
nontherapeutic monoclonal antibody via intramuscular
injection. Those receiving the trial intervention had improved
inflammatory activity and rapidly improved stool consistency
with histological response. This improvement occurred
within 24—72 hours of infusion." The control animals showed
no improvement endoscopically or histologically and had
diarrhea throughout the study period.

A Phase I trial using humanized o,f, antibody was
reported in 2000 in abstract form.?® This was a double-
blind, placebo-controlled trial involving 29 patients with
moderately severe UC. Patients were included who had
endoscopic evidence of UC for at least 25 cm from anal
verge with a modified Baron grade of 2 and a Mayo score
of 5 or more??? with at least three bowel movements per
day. The median age was 38 years old and 59% were male.
The median Mayo score for all patients was 10. The majority
of patients continued stable dose 5-ASA medication (86%)
and 34% of patients received oral prednisolone during
the study. These doses remained unchanged throughout
the study. A single dose of the humanized antibody
(LDP02) was given to participants in an ascending dose,
0.15 mg/kg subcutaneously (SC), 0.15 mg/kg intravenously
(IV), 0.5 mg/kg IV and 3 mg/kg IV or placebo. These were

given at a ratio of 5:2 for each group. A dose of 0.5 mg/kg
was found sufficient to completely saturate the antibody
receptors, and an endoscopic response at day 30 was reported
as at least a two-grade improvement in the modified Baron
score. Results are shown in Table 1.

Complete endoscopic (modified Baron grade = 0) and
clinical remission (Mayo score = 0) were seen in 40% of
those patients receiving 0.5 mg/kg, although this is equal to
just two patients.

The efficacy of o, antibody, now named MLNO02,
was subsequently demonstrated in a randomized, double-
blind, placebo-controlled trial of 181 patients.?* Adult
patients with active UC and either on no therapy or stable
mesalazine therapy were eligible for inclusion. Active
disease was defined using the UC clinical score as a score
of 5-9 points, with a score of at least 1 for stool frequency
or rectal bleeding and a modified Baron score of at least
grade 2 on sigmoidoscopic assessment. Disease extent had
to be greater than 25 cm from anal verge. Patients were
excluded if they required oral steroids within the 4 weeks
prior to inclusion, intravenous steroids within 3 months,
and any immunosuppressive therapy within the preceding
3 months. Any patients with severely active disease were
also ineligible. Patients were randomly assigned into one
of three groups: placebo, MLNO2 0.5 mg/kg, and MLNO02
2 mg/kg. Each patient received two infusions, one on day 1
and one on day 29. Of the 181 patients who were randomized,
58 were assigned to receive 0.5 mg/kg, 60 to 2 mg/kg, and
63 to placebo. At week 6, the primary outcome of clinical
remission (defined as a UC clinical score of 0—1 and a
modified Baron grade of 0—1 with no evidence of rectal
bleeding) was significantly higher in the MLNO02 groups than
in the placebo group (Table 2).

Secondary outcomes of clinical response (defined as an
improvement in UC clinical score improvement by at least
3 points) were significantly higher in the MLNO2 groups
(0.5 mg/kg 66%; 2 mg/kg 53%) than in the placebo group
(33%; P =10.002).

Table | Results of a Phase | trial of an o3, integrin antagonist
involving 29 moderately severe ulcerative colitis patients®

Dose of LDP02 0.15 0.15 0.50 2.00 Placebo
(mglkg) SC v v v
Meaningful endoscopic 1/5 0/5 3/5 1/5 2/8

response (two-grade

improvement in modified

Baron score)

Median Mayo score 7 10 | 7 4.5

Abbreviations: |V, intravenous; SC, subcutaneous.
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Table 2 Results of a randomized controlled trial of MLNO2 involving 181 patients with active ulcerative colitis (UC)?

Dose of MLNO02 Patients (n) achieving

Patients (%) achieving

Patients (n) achieving Patients (%) achieving

(mgl/kg) clinical remission? clinical response® endoscopic remission® endoscopic response?
Placebo 9/63 (14%) 33% 5/63 (8%) 48%
051V 19/58 (33%) P = 0.02 66% 16/58 (28%) 35%
201V 19/60 (32%) P =0.02 53% 7/60 (12%) 16%

Notes: :Defined as a UC clinical score of 0 or | and a modified Baron score of 0 or | and no rectal bleeding; *defined as an improvement in UC clinical score of =3 points;
“defined as a modified Baron score of 0; defined as an improvement in modified Baron score of more than two grades.

Abbreviation: 1V, intravenous.

Endoscopic remission at week 6 was achieved in 28% of
those receiving 0.5 mg/kg of MLNO2, 12% of those receiving
2 mg/kg, and 8% of those receiving placebo. A significant
P value (0.007) was attained when placebo was compared
with the combined MLNO2 groups, although this would
appear to be largely based on the remission attained in the
0.5 mg/kg group. There was also a lower median modified
Baron score in the combined MLNO2 groups than in the
placebo group (1.0 vs 1.5; P =0.02). All groups showed an
improvement in the means of their IBD questionnaire scores,
suggesting an improved global quality of life in terms of their
underlying disease; however, significance was only achieved
in the 0.5 mg/kg MLNO2 group.

The maximal serum MLNO2 levels were 12.5 £ 2.5 ug/mL
and 52 £ 10.4 ug/mL in the 0.5 mg/kg and 2 mg/kg groups,
respectively. However, only eleven patients in each group
had their drug levels measured. This antibody (c.,3.) was
derived from the NSO mouse myeloma cell line.?* The
long-term outcome of patients included in the trial was not
reported within the study. The exclusion of patients with a
colitis severity requiring escalation of treatment does not
correspond to the current use of biological therapy in routine
clinical practice.?>%

A further Phase II randomized controlled trial was
undertaken by Parikh et al that specifically focused on
the pharmacology of increasing doses of vedolizumab.*
A new formulation of vedolizumab was developed using the
Chinese hamster ovary cell-based system. Inclusion criteria
were age 18—70 years and a diagnosis of UC, confirmed
either histopathologically or endoscopically, with a minimum
disease duration of 10 years. Patients were required to
undergo endoscopy with a confirmed partial Mayo score
(PMS) of between 2 and 7 and continue any stable doses of
medications, including those of steroids, thiopurines, and
methotrexate. The study took place in eleven sites in Canada
and Russia. Eligible patients were randomized to receive 2,
6, or 10 mg/kg of the new drug or placebo. Patients received
four infusions, one each on day 1, 15, 29, and 85. Patients
were followed to day 253, at which time they were eligible

to enroll in an 18-month open-label safety study. Primary
endpoints included disease activity using the PMS and fecal
calprotectin to provide quantitative analysis of mucosal
inflammation: >50 pg/g demonstrated active inflammation
and >250 nug/mL was considered consistent with active UC.
By including patients in the study with a PMS of 1-7, those
patients thought to be in remission (those with a PMS < 2.5)
were included in the study. Eighteen patients who received
vedolizumab had a PMS at baseline of =2 (accounting for
49% of patients who received vedolizumab); therefore, in
follow-up, these patients were more likely to be in remission
but were unable to meet criteria for a clinical response
(reduction in PMS of =2). Only 23 patients were enrolled
who were within the criterion of a PMS of 4-7 who were
able to attain clinical remission and a clinical response. At
day 43, clinical remission (patients with a PMS of 4-7 at
baseline) was 58% in the vedolizumab group and 50% in
the placebo group. There was no reported dose response
in remission or clinical response based on the PMS. The
investigators’ aims were to assess clinical pharmacology,
safety, and efficacy in a dose-ranging study of vedolizumab;
however, the number of patients was too small to draw
conclusions regarding long-term efficacy. Clinical response
was reported between days 29 to 253 with a wide-ranging
percentage (53%—79%), which nearly overlaps with that of
the placebo group (25%—50%). Of note, 24% of patients
enrolled in the study had been hospitalized with UC in the
preceding 12 months, suggesting a more aggressive disease
in those patients.

As mentioned, participants in this dose-ranging study
were given the option of receiving open-label vedolizumab
following day 253 for a total of 2.5 years. This case series has
been reported in abstract form.?” Following the completion
of the randomized trial, patients were assigned to receive
vedolizumab at 2 mg/kg or 6 mg/kg every eight weeks for
an additional 547 days. The efficacy was assessed using the
PMS and the safety, immunogenicity, and pharmacokinetics
were also analyzed and reported. Of the 38 patients who
received vedolizumab in the dose-ranging study, all
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continued into the open-label extension. A further 15
patients who had been in the placebo group enrolled in the
extension. Eighty-one percent of these patients continued
vedolizumab until day 547; five patients withdrew due to
lack of efficacy and three due to adverse events. Remission
rates remained between 70% and 80% in the study. The mean
PMS was 4.1 (standard deviation, 1.9) pretreatment and at
week 110 the mean was 0.7 (standard deviation, 1.1). There
is no report of induction of the treatment-naive patients
with vedolizumab and it is unclear if there were differences
between the treatment-naive patients and those who received
vedolizumab in the earlier study. Mucosal healing is also
not reported. Further, there is also no discussion of the
clinical response to dosing differences in longer-term use.
However, the high rate of participation in the extended study
of those who had received vedolizumab in the earlier study
suggests patients’ perceived tolerance and efficacy of the
drug was high.

Recently, the results of the Phase I1I Study of Vedolizumab
(MLNO002) in Patients with Moderate to Severe Ulcerative
Colitis (GEMINI 1) study were reported.?®** This was a
randomized, double-blind, placebo-controlled trial assessing
the efficacy and safety of vedolizumab in induction therapy
for UC. Unlike previous studies, this study included patients
who had received first-line treatment and still achieved
eligibility criteria. Patients were eligible if they had active
UC, a Mayo score of =6 and an endoscopic sub-score of
=2 despite steroids, thiopurines, and/or anti-TNF-a therapy.
Patients were randomized to receive either vedolizumab
300 mg IV or placebo on days | and 15. Baseline
characteristics of the 374 patients who were randomized
included a mean age of 40.5 years, with a median disease
duration of 6.5 years and mean Mayo score of 8.6. Of these
participants, 224 received vedolizumab and 149 received
placebo. Results showed a significantly greater proportion of
patients receiving vedolizumab achieved clinical response,

Table 3 Results of the GEMINI | study of vedolizumab induction
therapy for ulcerative colitis?

Endpoint Placebo  Vedolizumab Difference P value
(N=149) (N=225)

Clinical 255 47.1 21.7 <0.0001

response (%)

Clinical 54 16.9 .5 0.0009

remission (%)

Mucosal 248 40.9 16.1 0.0012

healing (%)

© 2012. BM] Publishing Group Ltd. Rutgeerts P. Vedolizumab induction therapy
for ulcerative colitis: results of GEMINI |, a randomized, placebo-controlled,
double-blind, multicentre phase 3 trial. Gut. 2012;2012(Supp 3):A65.

remission, and mucosal healing. Thirty-nine percent of the
intention-to-treat population had had previous anti-TNF-o
treatment failure and clinical response and remission was
higher in those receiving vedolizumab in both anti-TNF-o
naive and previously treated patients than in those receiving
placebo (Table 3).

Vedolizumab as maintenance therapy for UC was also
assessed in the GEMINI I study.*® Those patients achieving
clinical response after induction therapy at 0 and 2 weeks
(reduction in Mayo score of =3 points and =30% from
baseline plus a decrease in rectal bleeding sub-score
of =1 point or absolute rectal bleeding sub-score of =1 point)
were randomized 1:1:1 to receive vedolizumab 300 mg IV
at 4-week intervals, vedolizumab 300 mg IV at 8-week
intervals or placebo for 46 weeks. A total of 895 patients were
enrolled, of whom 373 met response criteria at 6 weeks and
were randomized into maintenance groups. Results showed
that a significantly greater proportion of patients who
received vedolizumab achieved clinical remission and
mucosal healing than those who received placebo.
A significant proportion of patients in all groups received
glucocorticoids at baseline; over 52 weeks, a significantly
greater proportion of vedolizumab patients were receiving no
further glucocorticoids than those receiving placebo. Of the
intention-to-treat population, 32% had had prior anti-TNF-o.
failure and clinical response and remission were greater in
those receiving vedolizumab than those receiving placebo in
both TNF-. naive and previously treated patients (Table 4).

A longer-term Phase III study is underway;’' those
enrolled in the GEMINI I or GEMINI II trials for UC or
CD retrospectively will have the option to enter an extended
study receiving vedolizumab every 4 weeks for up to
100 weeks. The study aims to enroll 1500 patients enrolment
into the study is due to be completed in November 2013.

Concomitant therapy

The use of 5-ASA medication at stable doses in participants
receiving vedolizumab has been shown in all trials. Corticos-
teroids at stable doses have been used in some studies?*** and
one dose-ranging study looked at a small number of patients
receiving concomitant thiopurine therapy (three patients) and
one with methotrexate.”* Numbers were too small to com-
ment on the effect on efficacy or development of antibodies.

Immunogenicity

Antibodies developed to vedolizumab have been reported
as “human anti-human antibodies.”?!*> The development of
these antibodies is thought to be associated with the reduced
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Table 4 Results of the GEMINI | study of vedolizumab as maintenance therapy for ulcerative colitis®

Endpoint Placebo Vedolizumab Vedolizumab Difference P value
(N =126) 8 weekly 4 weekly 8 weeks versus placebo/
(N=122) (N = 125) 4 weeks versus placebo
Clinical remission, 52 weeks (%) 15.9 41.8 44.8 26.1/29.1 <0.0001/<0.0001
Mucosal healing, 52 weeks (%) 19.8 51.6 56.0 32.0/36.3 <0.0001/<0.0001
Glucocorticoid-free remission (N=72) (N =70) (N=73) 17.6/31.4 0.0120/<0.0001
(in those taking oral glucocorticoids 13.9 314 452

at baseline), 52 weeks (%)

© 2013. BM] Publishing Group Ltd. Reproduced with permission from Rutgeerts P. Vedolizumab maintenance therapy for ulcerative colitis (uc): results of GEMINI I, a
randomized, placebo-controlled, double-blind, multicenter phase 3 trial. Gut. 2012;61 (Supp 3):A65.

efficacy of vedolizumab.?! There is currently no evidence
that infusion reactions are related to the development of
antibodies to vedolizumab. Feagan et al demonstrated that
44% of patients receiving vedolizumab developed antibodies,
of those with a higher titer (=1:125) of antibody, the clinical
remission seen was 12% (placebo was 14%).% Those patients
with no detectable antibodies or only a low level of detectable
antibodies had a clinical remission rate of 42%. A lower
proportion of patients developed antibodies in the higher
dose group (2 mg/kg vs 0.5 mg/kg). Over 2.5 years, these
were shown to have developed in three patients (6%).>” This
dose-related antibody response was further demonstrated in
the dose-ranging study using higher doses, although numbers
were small: three patients in the 2 mg/kg group and one in
6 mg/kg. One of these patients demonstrated accelerated
drug clearance, but the others did not.

Pharmacokinetics/-dynamics

Blockade of the a,f, receptors on T-lymphocytes has
been shown to occur for several weeks after a single
dose of vedolizumab.?® The drug concentration following
the infusion has been shown to be dose related,?! with a
mean maximum concentration of 12.5 pug/mL in those
receiving 0.5 mg/kg of vedolizumab and 52.0 pg/mL in
those receiving 2 mg/kg. The serum half-life of these two
doses was 9 and 12 days, respectively, and saturation of
o, B, receptors on T-lymphocytes was >90% at both 4 and 6
weeks following infusion. In a dose-ranging study, the serum
drug concentrations increased with increasing dose, and,
when regular induction infusions were used (on day 1, 15,
29 and 85), the serum half-life was between 15 and 22 days
across all groups.?* This saturation of receptors has been
shown to be related to the development of antibodies. Over
the longer term, trough levels of vedolizumab at one infusion
every 8 weeks remained steady and detectable throughout the
study, with nearly full inhibition of o 3, receptors.?” Trough
levels were dose proportional.

Adverse events

In the clinical trials reported so far, vedolizumab appears to
be well tolerated and have few serious side effects. However,
safety concerns raised by other members of this general class
of agent have inevitably led to a focus on any potential for
rare but serious adverse events.

Theoretical risk of progressive multifocal
leukoencephalopathy (PML)

PML is a potentially fatal demyelinating condition affecting
the central nervous system (CNS). Concerns regarding this
serious side effect seen in natalizumab patients have led
to further research in this area and requirements for closer
monitoring. Natalizumab, a selective adhesion molecule
antagonist, acts by binding to the o, of both the o3, and
0,3, integrins and blocks the interaction of integrins to their
receptors, including fibronectin, VCAM-1, and MAdCAM-1.
PML has been found to occur in patients treated with
natalizumab, initially when used in multiple sclerosis (MS)
and later in those with CD. Two cases (one fatal) occurred in
1869 patients receiving natalizumab and Pla interferon for
MS over a 2-year period and a fatal case occurred in a patient
receiving natalizumab for CD. Following this, natalizumab
was withdrawn in 2005. It was reintroduced into the market in
2006 with surveillance programs in place and remains licensed
in the USA for CD. Since its reintroduction, 52,000 patients
have received it as monotherapy, the majority for MS, and a
further ten patients have since developed PML. This concern
has remained throughout the development of vedolizumab.*
PML is thought to develop during immunosuppression and
reactivation of the John Cunningham (JC) virus, leading to JC
virus viraemia and thought to be related to the interaction of
the 0,3, integrin. Vedolizumab is thought to be more selective,
or “super-selective,”*** in targeting the o8 integrin only and
providing an improved benefit-risk profile.* Studies in primates
have shown vedolizumab is gut-tropic in primates, with no
alterations in cerebrospinal fluid or opportunistic infections,
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even with highly supratherapeutic doses (100 mg/kg).”” It does
not influence the o, 3, binding to VCAM-1 in the epithelial cells
ofthe CNS. Studies comparing vedolizumab with natalizumab
in primates suggest vedolizumab does not affect immune
surveillance of the CNS.*® Natalizumab has also been shown
to reduce white blood cells, CD4+ and CD8+ T-lymphocytes,
and the CD4+:CD&+ ratio in the cerebrospinal fluid of patients
with MS. In a study of a small number of healthy volunteers,
participants underwent a lumbar puncture before and after a
single dose of 450 mg of vedolizumab and no difference was
found in CD4+ and CD8+ or the ratio of these.* In a large
retrospective study* that included frozen samples from over 800
participants in Phase I/II/I1I clinical trials forup to 2.5 years, five
patients tested positive for JC virus viraemia, all of whom then
tested negative at a subsequent test. There was no relationship
between those who tested positive and the dose or duration of
vedolizumab treatment. In another study,?* which had a “PML
risk minimization programme,” of the 311 patients receiving
vedolizumab who had DNA for the JC virus, only one tested
positive and all subsequent samples from this patient returned
to undetectable. No patients were required to undergo magnetic
resonance imaging or lumbar puncture for possible PML.

To date, there have been no reported cases of PML in
patients treated with vedolizumab for UC or CD.?0#242741
Further, there have been no deaths attributable to vedolizumab
reported in the clinical trials. The Phase I trial®® reported in
2000 showed no acute drug reactions. Headache was the
most common adverse event reported in the small number of
drug-treated patients. In the larger Phase II trial, Feagan et al*
reported the most common adverse event was aggravation of
UC. Interestingly, this was reported in 50% of those receiving
0.5 mg/kg vedolizumab and 37% of those receiving 2 mg/kg,
suggesting a dose-response relationship is not present. There
was no significant difference between the vedolizumab groups
and the placebo group in any category of adverse event. Three
severe adverse events were attributable to vedolizumab: one
patient developed primary Cyfomegalovirus infection, which
required no treatment and another developed urticaria and
mild angioedema. In the dose-ranging study,? only two serious
adverse events were reported: one patient with a history
of osteoporosis developed multiple vertebral compression
fractures and one patient developed an exacerbation of chronic
gastroduodenitis 169 days after the last infusion. Both these
events were deemed of moderate intensity and unrelated to
treatment with the study drug.

Adverse events seen over a longer period have been
reported to be similar to those seen in shorter studies.?’ In an
extended study over 547 days, 70% of participants reported

at least one adverse event and 11% reported at least one
serious adverse event.?’ Nineteen percent reported headache,
while 17% reported nasopharyngitis. As before, worsening
symptoms of UC were seen in 8%. One patient required
hospitalization for infective gastroenteritis and one patient
had a severe infusion reaction. No other serious adverse
events were seen during the extended study.

Conclusion

Vedolizumab for the management of UC has shown promising
results in clinical trials, with more data expected from the most
recently published studies. It has shown efficacy in patients
not responding to initial therapy (glucocorticoids) and in those
whom have failed anti-TNF-o. therapy. To date, the safety profile
has been favorable, even in those continuing immunosuppressant
medication. The role of vedolizumab within the standard
management of UC remains uncertain over the long-term;
however, it may find a place as an alternative to anti-TNF-o
therapy or in those for whom thiopurine use is contraindicated.
As it has been shown to be efficacious in those who have failed
anti-TNF-o treatment, vedolizumab may find an important role
in refractory UC prior to surgical intervention.

Conventional therapies for UC are suboptimal and a
significant proportion of patients continue to experience
flares or chronic symptoms as well as the adverse effects of
nonspecific anti-inflammatory agents such as corticosteroids.
New drugs are emerging thanks to progress in technologies
for the identification and production of therapeutic antibodies
targeted against specific molecules involved in the immune
response. Vedolizumab is a novel anti-integrin agent that shows
early promise as a treatment for inducing remission in colitis.
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