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The discovery of gut-specific leukocytes and the ability to modulate their function has been a ground-
breaking development in the treatment of inflammatory bowel disease. Drugs target the interaction
between lymphocytes and endothelial cells via integrins and their ligand cellular adhesion molecules.
Safety, efficacy and sustainability of effect are key to this drug class, notwithstanding the association of

KGYWO'TdS-' natalizumab with fatal polyoma virus infection. Vedolizumab (2014) now licensed for the treatment of
Em{‘ns afficki Crohn's disease around the world provides gut-specific immunosuppression. Targets for modulators of
l::e;ic:ste trafficking leukocyte trafficking include (examples in brackets) ICAM-1 (alicaforsen, efalizumab); MAdCAM-1 (PF-

00547 659); 04 and related receptors (abrilumab, etrolizumab, natalizumab, vedolizumab); chemokine
receptor CCR9 (vercirnon); and sphingosine 1-phosphate receptors (etrasimod, fingolimod, ozanimod).
Oral and subcutaneous therapies are in development. The safety, efficacy and practice points of licensed
drugs are discussed, in addition to initial results from therapeutic trials.

Chemokines

Crown Copyright © 2019 Published by Elsevier Ltd. All rights reserved.

Introduction

A therapeutic revolution in the treatment of Crohn's disease
(CD) started with the discovery that dysregulated, organ-specific
lymphocytes are recruited to sites of inflammation [1]. Surface
molecules on gut-homing lymphocytes were identified and drugs
designed to target the interaction between these molecules and gut
endothelial cells. Safety issues plagued the early development of
therapies that interfered with lymphocyte trafficking, notably
natalizumab that was associated with progressive multifocal leu-
koencephalopathy (PML). Paradoxically, targeting gut-specific a4p7
integrins with vedolizumab has become a byword for safety.
Nevertheless, the subset of immune cells which traffic to the gut is
not entirely understood, nor are the reasons that response to
leukocyte-directed therapies differs between phenotypes.

This review discusses the mechanism of action of drugs that
modify leukocyte trafficking, outlines the efficacy and sustainability
of therapy, focuses on safety and provides practical guidance on
therapeutic strategies in Crohn's disease.
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Mechanisms of leukocyte trafficking in Crohn's disease
Leukocyte trafficking

Recruitment and retention of leukocytes in the gut is a hallmark
of chronic intestinal inflammation and a pivotal pathway in the
immunopathogenesis of Crohn's disease.

The gut is one of the largest reservoirs of immune cells in the
human body, both within the intestinal epithelium and in GALT
(gut-associated lymphoid tissue). Leukocyte trafficking is, there-
fore, a highly regulated process. Complex interactions between
circulating leukocytes and intestinal vascular endothelial cells
allow managed migration of leukocytes across endothelium and
into the intestinal mucosa [2]. Migration is controlled by the
orchestrated expression and regulation of adhesion molecules,
chemokines and chemokine receptors, present both in stromal and
in immune cells. Circulating immune cells are captured, roll, un-
dergo activation, firmly adhere, and finally migrate into damaged
tissue. Selectins on the surface of intestinal endothelial cells act as a
foot brake to slow the flow of circulating leukocytes; selectins form
low-affinity bonds with glycoproteins on the leukocytes and allow
the cell to begin to adhere to the endothelium. Integrins and cor-
responding adhesion molecules apply the hand brake: full adhesion
is mediated by the stable binding of integrin receptor molecules on
the leukocyte to inducible cell adhesion molecule ligands on the
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surface of the intestinal endothelial cell. Within the context of
inflammation, chemokines are induced on endothelial cells, which
act as chemoattractants for their receptors on rolling leukocytes to
promote their activation and subsequent migration across the
endothelium [3]. Drugs target all the different mediators of this
process: cell adhesion ligands, integrin receptors and chemokines

(Fig. 1).

Integrin-ligand signalling

Integrins are heterodimeric receptors expressed on the surface
of circulating leukocytes, composed of « and B subunits. Each
subunit is a transmembrane protein with a small cytoplasmic
domain and a much larger extracellular domain. Several forms of a
and B subunits exist, which make up different combinations of
integrin molecules expressed on human leukocytes. These combi-
nations can be specific to a particular type of leukocyte, or deter-
mine the target tissue for leukocyte trafficking. For example, CD11a
(LFA-1) is specific to T-lymphocytes, while 247 is a marker for
leukocyte trafficking specifically to the intestine. The terms ‘ligand’
and even ‘receptor’ are potentially confusing. They are best thought
of as ‘key’ (ligand) and ‘lock’ (receptor). Chemokines provide part of
the signalling that matches the two, in a rather more sophisticated
fashion than colour coding of keys and locks. Confusion can also
arise because the interaction is two-way; the ligand for a receptor is
in turn the receptor for its ligand. We will endeavour to be
consistent by using the term ‘receptor’ for the molecule on leuko-
cytes and ‘ligand’ for that on endothelial cells.

The natural ligands for integrin receptors are cellular adhesion
molecules (CAMs). CAMs are members of the immunoglobulin
superfamily that are expressed on the surface of vascular endo-
thelial cells. Three CAMs in particular are known to play a role in
leukocyte trafficking to the inflamed intestine: intracellular adhe-
sion molecule (ICAM)-1, mucosal addressin cellular adhesion
molecule (MadCAM)-1, and vascular cell adhesion molecule
(VCAM)-1. ICAM-1 is constitutively expressed at low levels on the
surface of intestinal endothelial cells and is induced by exposure to
pro-inflammatory cytokines during inflammation. ICAM-1 allows
migration of the leukocyte into the inflamed mucosa by binding to
its receptor, the CD11a/CD18 integrin (2LB2, or LFA-1) on circulating
leukocytes. MAdCAM-1 is expressed on vascular endothelial cells
within the Peyer's patches and intestinal lymphoid tissues and
binds to the 24f7 integrin receptor to regulate specific homing of
memory/effector T cells to the intestine. VCAM-1 is transiently
expressed on exposure to cytokines, and binds to one of its two
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Fig. 1. Leukocyte signalling and targets for drug therapy. Leukocyte adhesion is
mediated by integrins on leukocytes interacting with cellular adhesion molecules on
endothelial cells. ICAM-1: intercellular adhesion molecule-1, MAACAM-1: mucosal
addressin cellular adhesion molecule-1, VCAM-1: vascular cell adhesion molecule-1.

receptors, o4p1 or a4B7. The o4f1 integrin largely mediates
leukocyte trafficking to the central nervous system, while o437
mediates homing to the intestine. Consequently an inhibitor of a4
(such as natalizumab) blocks both pathways, while an inhibitor of
a4B7 (such as vedolizumab) only blocks leukocyte traffic to the gut.
Just how specific to the gut a4p7 expression is in all circumstances
remains to be determined, but at present it appears to be specific
for clinical purposes. B7 also associates with other subunits,
including oE, which is expressed in lung tissue as well as the gut.
There is a role for CAMs in the pathogenesis of CD, making blockade
of the integrin-ligand pathways an appealing strategy for drug
development.

Animal models

Animal models of IBD have been instrumental in testing modi-
fiers of leukocyte function [4]. DSS and TNBS models of chemical
colitis were used to show that selectin inhibition had no effect on
disease [5], but that targeting integrins and their receptors did.
Anti-ICAM-1 antibody attenuated colitis and there was prolonged
survival in DSS-treated ICAM-1 deficient mice [6,7]. When anti-
VCAM-1, anti-MAdCAM-1 and anti-ICAM-1 were compared, anti-
VCAM-1 proved superior in both DSS and TNBS models [8]. In an
experimental model of spontaneous ileitis, concomitant ICAM-1
and VCAM-1 blockade showed therapeutic effect [9].

Animal studies also demonstrated that ¢4 integrin blockade,
which inhibits both @41, the integrin receptor for VCAM-1, and
047, the gut-specific integrin receptor for MAdCAM-1, attenuated
colitis [10]. Murine models supported the relevance of the o437
axis in intestinal inflammation, since antibodies against f7 or
MAdCAM-1 reduced colonic inflammation [11].

Drug development in leukocyte trafficking
ICAM-1/LFA-1 targeting

ICAM-1 was the first intestinal CAM to be investigated as a
target for therapeutic intervention in IBD. ICAM-1 expression was
shown to be higher in areas of active inflammation in patients with
IBD [12].

Alicaforsen is an antisense oligonucleotide which hybridises to
a sequence within ICAM-1 and cleaves the heterodimer, leading to
reduced expression of [CAM-1. An initial pilot study showed benefit
in Crohn's disease but this was not confirmed in a randomised
controlled trial in 2007 [13] (see Table 1).

Efalizumab inhibits the binding of ICAM-1 to its receptor LFA-1
on the surface of circulating lymphocytes, via binding to CD11a. A
small open-label study evaluated the efficacy and safety of efali-
zumab in 15 patients with moderate to severely active CD [14]. By 8
weeks of treatment, 10/15 patients achieved clinical response

Table 1
Drugs, mechanistic target and phase of development.

Drug Target Development phase
Alicaforsen ICAM-1 Phase II; negative [13]
Efalizumab ICAM-1/LFA-1 Pilot trial [14]

Withdrawn before further testing

PF-00547 659 MAdCAM-1 Phase II; negative [15]
Natalizumab 24p1 and 04p7 Approved then withdrawn [16,17]
Vedolizumab 04p7 Approved [18]

Abrilumab 04p7 Phase II; negative [19]
Etrolizumab B7 Phase III trial in progress

CCX282 CCR9 Phase III; negative [20,21]
Ozanimod S1P1 and S1P5 Phase II trial in progress
Etrasimod S1P1, S1P4, and S1P5 Phase II trial planned
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(67%), and 6/15 patients achieved clinical remission (40%). No
serious adverse events were reported. Despite this promising early
result, efalizumab was voluntarily withdrawn from the US market
in 2009 after three reported cases of PML in patients treated for
psoriasis. Analysis of peripheral blood and cerebrospinal fluid
revealed that both patients had reduced transendothelial migration
of lymphocytes in vitro and decreased activation of CD8" T cells.
This suggests that LFA-1 plays a critical role in control of John
Cunningham polyoma (JC) virus and that inhibition impacts
recruitment of leukocytes to the central nervous system, where
they are important for maintaining homeostatic control over the
virus. This is relevant to all modulators of leukocyte trafficking,
notably natalizumab. Until the molecular mechanisms are fully
understood, all drugs in this class can be expected to be challenged
on this issue.

MAdCAM-1 targeting

MAdCAM-1 is constitutively expressed and is upregulated in CD
[22]. PF-00547659 is an anti-MAdCAM-1 monoclonal antibody
[23]. Although a phase II study showed efficacy for induction of
clinical remission at week 12 in UC, in CD the primary endpoint,
defined as aresponse at week 8 or 12, was not met [15,24]. The drug
was pharmacologically active, because there was a demonstrable
dose-related reduction in soluble MAdCAM-1. The functional result
of targeting the leukocyte integrin a4p7 or its ligand MAdCAM-1
would be expected to be similar, but perhaps not the same. Bind-
ing an epitope expressed on leukocytes or on endothelial cells may
have different effects, such as on antibody-dependent cytotoxicity
or induction of apoptosis.

c. a4(7 targeting

Natalizumab inhibits the biological activity of both #4p31 and
24f7.In 2003 a phase I clinical trial conducted in 248 patients with
moderate to severely active CD showed that patients randomised to
receive two infusions of either 3 mg/kg or 6 mg/kg of natalizumab
had higher rates of clinical response and remission at multiple
timepoints compared to placebo-treated patients, with similar
rates of adverse events occurring between the groups [25].

In 2005, after FDA approval in multiple sclerosis (MS), two phase
Il studies in CD reported the efficacy of natalizumab for induction
of remission (ENACT-1), as well as maintenance of response or
remission (ENACT-2) [17]. In ENACT-1, 948 patients with moderate
to severely active CD were randomised to receive 3 mg/kg natali-
zumab or placebo at 0, 4, and 8 weeks; the primary endpoint was a
70-point reduction in the Crohn's Disease Activity Index (CDAI) at
10 weeks. In ENACT-2, 339 patients who initially responded to
natalizumab during ENACT-1 were re-randomised to receive 3 mg/
kg natalizumab or placebo every 4 weeks through week 56; the
primary endpoint was the percentage of patients with a sustained
clinical response at week 36. The results showed that patients
treated with natalizumab had a similar clinical response at week 10
compared to placebo (56% vs 49%, P=0.05). Continuing natalizu-
mab as maintenance therapy among responders led to high
response rates compared to placebo (61 vs 28%: P < 0.001) at week
36.

However, during an open-label extension of ENACT-2 one pa-
tient treated with natalizumab died of JC virus-associated PML.
Natalizumab was removed from the market in 2005, but based on
the results of the ENACT and ENCORE trials [16], natalizumab was
approved by the FDA in 2008 for use as monotherapy in the
treatment of moderate to severely active CD. Approval required
strict postmarketing surveillance under the TOUCH programme for
education and monitoring for PML.

Vedolizumab is a humanised monoclonal antibody, approved
(2014) for the treatment of both moderate to severely active CD and
UC. Unlike natalizumab, vedolizumab targets the entire a4p7
integrin, which in theory should eliminate any associated risk of
PML since ¢47 is specifically expressed on T cells that home to the
intestine.

The phase III trial (GEMINI II) in patients with moderate to
severely active CD [18] had two primary endpoints for the induc-
tion phase, defined as clinical remission (CDAI < 150) and clinical
response (100-point decrease in CDAI) at week 6. The primary
endpoint for the maintenance phase was clinical remission at 52
weeks. During the induction phase, 14.5% of vedolizumab-treated
patients achieved clinical remission by week 6, compared to 6.8%
of patients given placebo (p = 0.02); no difference was observed in
clinical response rates (31.4% vs. 25.7%). Among responders, 39.0%
and 36.4% of patients maintained on vedolizumab every 8 and 4
weeks, respectively, were in remission at 52 weeks, compared to
21.6% of patients maintained on placebo (both p < 0.01) (see section
4a).

Abrilumab is a newer anti-a4p7 antibody, which did not meet
the primary endpoint of clinical remission at week 8 in two recent
studies in either CD [19] or UC [26]. However, higher rates of
remission and response in patients with CD were observed in the
active treatment arms at week 12 (41.7% remission in the 21 mg
dose vs 17.6% in placebo, p < 0.1). Slow onset of action of anti-a437
antibodies in CD may be due to transmural inflammatory infiltrates
showing resistance to apoptosis, leading to slower resolution of
active inflammation. On the other hand, inhibition of leukocyte
recruitment acts at an early stage of the inflammatory response, so
can reasonably be expected to achieve sustainable remission by
preventing recurrent inflammation.

Etrolizumab is a humanised anti-$7 mAb that blocks intestinal-
specific lymphocyte recruitment via a4p7/MAdCAM-1, as well the
interaction of «EB7 and its natural ligand, E-cadherin. A phase II
trial in UC [27] was notable because remission could be predicted
by higher levels of «E in biopsies. Etrolizumab is now being tested
in BERGAMOT, a phase III trial in CD. The proof of concept induction
cohort of BERGAMOT in Crohn's compared 105 mg 4-weekly or
210 mg at weeks 0, 2, 4, 8 and 12 weeks [28]. At week 14 there was
an improvement in symptoms and endoscopic score. Symptomatic
remission at week 14 was 11.9% in placebo vs 20.8% in etrolizumab
105 mg vs 24.8% in etrolizumab 210 mg. The open-label extension
study JUNIPER will continue the herbal theme.

d. Chemokine and chemokine receptor complex targeting

CCR9 is a chemokine receptor expressed on the cell surface of
memory/effector T cells that selectively binds to the potent small
intestinal lymphocyte chemoattractant CCL25. The interaction of
CCL25/CCR9 promotes adherence and migration of T lymphocytes
and IgA antibody secreting cells into the small intestine.

Vercirnon (CCX282) is an orally active small molecule CCR9
antagonist that acts as a selective and potent inhibitor of CCL25-
mediated lymphocyte chemotaxis. Although a phase II double-
blind, randomised, placebo-controlled trial (PROTECT-1) did not
achieve its primary endpoint of clinical response at 8 weeks, the
study was interpreted positively since a clinically significant
treatment effect was observed by 12 weeks (61% response rate in
vercirnon-treated patients vs. 47% with placebo) [20]. Drug devel-
opment proceeded with four planned phase Il multicentre rand-
omised controlled trials. However, in August 2013 the
manufacturers announced that the first of four phase III trials
(SHIELD-1) in patients with moderate to severely active CD did not
achieve its primary endpoint of clinical response at 12 weeks. There
was also a dose-dependent increase in the frequency of adverse



4 S. Biswas et al. / Best Practice & Research Clinical Gastroenterology 38-39 (2019) 101617

events. A further phase III trial failed to demonstrate efficacy in
induction therapy (treatment difference 2.5% (p =0.55) for once
daily and 2.1% (p = 0.65) for twice daily dosing) and maintenance
was not addressed [21]. Since CCL25 is predominantly expressed in
the small intestine, it is conceivable that this attractive treatment
target may yet be relevant to patients with isolated small intestinal
CD.

e. Targeting leukocyte circulation outside the intestine

Blockade of lymphocyte recirculation in lymph nodes can be
targeted through modulation of sphingosine 1-phosphate (S1P)
receptors. Sphingosine 1-phosphate is a bioactive lysophospholipid
metabolite that can act as an intercellular lipid mediator of
inflammation. Interaction between S1P and the five known S1P
receptors [1—-5] regulate the response and function of biological
processes, including cell differentiation, migration, proliferation
and trafficking of T and B cells.

Fingolimod was the first S1P receptor modulator to reach the
market, initially approved for the treatment of MS [29]. The drug is
phosphorylated in vivo, acquiring a structure similar to that of S1P,
and functions as a non-selective small-molecule agonist to four of
the five S1P receptors. Fingolimod causes peripheral blood lym-
phopenia due to sequestration of lymphocytes within lymphoid
tissue and is associated with cardiovascular side effects, such as
bradycardia and hypotension. This led to the development of more
specific S1P receptor modulators with preferential actions on
S1PR1, S1PR4 and S1PR5, since fingolimod also showed beneficial
effects in murine models of colitis [30].

Ozanimod (RPC-1063) is an oral agonist, primarily of S1P1 and
to a lesser extent of S1P5. The drug was also initially tested in MS: a
phase II trial met the primary endpoint, showing a reduction in
gadolinimum-enhancing lesions over a period of 24 weeks and has
now progressed to phase IIl studies. In a double-blind phase II
clinical trial in patients with active UC (2016), ozanimod at a dose of
0.5 or 1 mg daily was administered for 32 weeks [31]. The primary
outcome, defined as clinical remission at 8 weeks, was higher in
patients treated with ozanimod 1 mg daily (16.4%) than placebo
(6.2%, p=0.048). Treatment with ozanimod was also associated
with higher rates of clinical response and mucosal healing (34.3% vs
12.3%, 1 mg vs placebo respectively) at week 8, and higher rates of
remission at week 32 (26.2% vs 6.2%, 0.5mg daily vs placebo,
p=0.002). A dose-dependent decline in peripheral lymphocyte
counts was observed. A phase II trial is underway in CD.

Etrasimod (APD334) is an oral, next-generation S1P modulator
that selectively targets S1P1, S1P4, and S1P5 in in vitro signalling
assays. Preliminary results from the Phase II trial (OASIS) of etra-
simod in 156 patients with moderate-to severely active UC have
been presented, but not yet in CD [32]. Exploratory endpoint results
are most comparable to other studies, with clinical remission in
33.0% given 2 mg etrasimod and 8.1% in placebo (p <0.001) and
endoscopic improvement in 41.8% and 17.8%, respectively
(p=0.003). It seems to work faster, with less first dose-related
bradycardia than ozanimod.

Interfering with leukocyte trafficking in clinical practice:
vedolizumab

Of the drugs discussed above, only vedolizumab has entered
widespread clinical practice for CD, so its efficacy, safety, and pre-
scribing in pregnancy, the elderly and perioperative period merit
scrutiny.

Efficacy

The efficacy of vedolizumab in CD superficially appears less
convincing than in UC. The drug failed to meet the primary
endpoint in one of two induction trials (GEMINI II), but the timing
(6 weeks) was unreasonably short for the mechanism of action. It
was clearly effective by 10 weeks (29% vs 13% on placebo,
p = 0.001). The effect size doubled by week 10 compared to week 6
in all patients, whether anti-TNF exposed or not.

Compared to anti-TNF therapy, vedolizumab appears to have a
slower onset of action in CD. Nevertheless, symptomatic improve-
ment in stool frequency is significantly greater than placebo within
2 weeks. Slower onset of action is not synonymous with reduced
potency, since vedolizumab has high rates of remission and
mucosal healing over 26 weeks. Patience is required in managing
the expectations of patients, no different to using thiopurines.
Some patients with particularly active disease may benefit from
bridging treatment with steroids, which also enhance the effect of
vedolizumab (clinical response at week 10 in 30.9% in patients on
steroids in GEMINI III, compared to 16.5% on vedolizumab alone)
[33].

Side effects

Integrated data from registration trials included 2830
vedolizumab-exposed patients (4811 patient-years’ exposure, PYs)
and 513 placebo patients [34]. Higher, but statistically insignificant
rates of infection occurred with vedolizumab therapy (7.4/100 PYs;
95% ClI: 6.6—8.3) compared to placebo (6.7 PYs; 95% CI: 3.2—10.1).
Lower exposure-adjusted incidence rates of infection were re-
ported after vedolizumab (63.5/100 PYs; 95% CI: 59.6—67.3) and
serious adverse events (20.0/100 PYs; 95% CI: 18.5—21.5) compared
to placebo (82.9/100 PYs; 95% CI: 68.3—97.5) and (28.3/100 PYs 95%
Cl: 20.6—35.9) respectively. One case of hypersensitivity during
infusion was reported in a patient with CD.

The efficacy and safety of subcutaneous vedolizumab is
currently being tested in a phase III trial (NCT02611817). For anti-
TNF the mode of administration was similar in terms of efficacy and
safety when subcutaneous adalimumab and certolizumab pegol
were compared with intravenous infliximab [35]. For the right
patient, subcutaneous administration gives the advantage of self-
administration and fewer trips to hospital.

The GEMINI III study suggested that vedolizumab is appropriate
for the young, elderly, patients with previous malignancy and those
at risk of sepsis. Having been introduced into practice four years
ago, PML has been reported during vedolizumab on a single occa-
sion, in a patient with undiagnosed HIV infection with a CD4 count
<400 and after extended treatment with azathioprine [34,36]. It is
difficult to believe that this was a consequence of vedolizumab.

Infection

Vedolizumab therapy was not associated with an increased
incidence of respiratory tract infections compared with placebo
[37]. In the randomised controlled trials (n= 1731 patients), the
incidence of upper respiratory tract infections was numerically
higher in 84 patients receiving vedolizumab compared with those
on placebo, although this difference was not statistically significant
(38.7 vs 33.0 patients per 100 PYs; hazard ratio 1.12; 95% confidence
interval: 0.83—1.51; p =0.463). The rate of lower respiratory tract
infections (LRTI), including pneumonia, was numerically lower in
the vedolizumab versus the placebo group, but not statistically
significant (7.7 vs 8.5 per 100 PYs) [37]. Both URTIs and LRTIs were
more frequent in patients with CD compared with UC, partly due to
a higher rate of smoking in CD. Most RTIs in patients receiving
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vedolizumab were not serious and did not require treatment
discontinuation. In terms of opportunistic infections vedolizumab
has a favourable safety profile [38]. Safety data from six trials were
collated including 4811 patient years of vedolizumab exposure.
Serious infections, Clostridium Difficile and TB were reported in
<0.6% patients. Independent risk factors for serious infections in CD
were younger age, steroid use or use of narcotic analgesia. Overall
the safety data of vedolizumab in comparison to anti-TNF are
reassuring.

There are no data on the secondary transmission of infection by
live vaccines in patients receiving vedolizumab, so advice remains
as for anti-TNF treatment: live vaccines are best avoided.

Malignancy

Relative to the general population, patients with CD are at a
greater risk of gastrointestinal (GI) cancers. It has been estimated
that in patients with CD the risk is increased 1.9—2.5-fold for
colorectal cancer, 2.9-fold for upper GI and 27.1-fold for small bowel
cancer. Furthermore, some treatments for IBD have been associated
with an increased risk of malignancy, notably thiopurines, which
were found in a meta-analysis to increase the incidence of lym-
phoma in patients with IBD by 4.9-fold [39]. An increased risk of
melanoma has also been seen with the use of biologics [40], and the
risk of non-melanoma skin cancer is increased with the use of
thiopurines [41].

Patients with a previous malignancy were excluded from clinical
trials for vedolizumab, so it is not clear whether recurrence of
malignancy is increased due to reduced immune (especially GI)
surveillance. In the GEMINI studies covering 7694 patient-years of
vedolizumab exposure, 28 patients developed malignant neo-
plasms, corresponding to less than 1% of all patients reporting AEs
(n=16577). 1% of patients enrolled in the open label extension
developed a malignancy [42]. Post-marketing data can be difficult
to interpret, owing to difficulty in finding a suitable reference range
for patients with IBD. Optum's Clinformatics Data Mart database
(CDMD), a de-identified claims database, allows comparison of
patients with IBD treated with vedolizumab in the Takeda long
term safety study (LTSS) and global safety database (GSD) with
patients with similar comorbidity. Of 2243 patients followed up for
7746 patient-years in the LTSS, 31 experienced a malignancy (17
CD, 14 UC); this was fewer than expected from the CDMD (31 vs 62;
ratio: 0.50, p < 0.0001). The most common malignancies were renal
and bladder (6/31) and lower GI (5/31). Prior anti-TNF use was re-
ported in 61% patients and concomitant immunomodulators in
39%. In the post-marketing GSD, 299 malignancies were reported in
293 patients in the context of 208 050 patient-years of exposure
(including malignancies within 1 year of vedolizumab initiation).
The number of observed malignancies in the LTSS was lower than
expected from the CDMD.

Numbers are small and should not be over-interpreted, as well
as recognising the limitation that standardisation does not correct
for other potential confounders (e.g. smoking and body mass in-
dex). All that can be said is that the number of malignancies with
vedolizumab appeared low.

Immunogenicity

Emerging pharmacokinetic data indicate that vedolizumab
concentrations correlate with clinical outcomes, although the cor-
relation may be weaker for vedolizumab than with anti-TNF agents.
No link between drug concentration and individual patient
response has been observed [43], although preliminary reports
suggest that a level >18mcg/mL is associated with response [44].

Associations between concomitant use of immunomodulators

and decreased immunogenicity of vedolizumab have been re-
ported, but it does not make intuitive sense to convert gut-specific
immunosuppression into systemic immunosuppression. Co-
administration of azathioprine, mercaptopurine or methotrexate
did not affect predicted vedolizumab clearance in a population
pharmacokinetic-pharmacodynamic model [45]. However, data are
sparse and largely limited to post-hoc analyses.

Vedolizumab and anti-TNF drugs may differ in their immuno-
genicity. Among 620 patients with available blood samples in
GEMINI 1, only 23 (3.7%) were positive for anti-drug antibodies
toward vedolizumab at any time, with <1% showing persistence of
anti-vedolizumab antibodies. In GEMINI II for CD, only 56/1434
patients (4%) had detectable anti-vedolizumab antibodies at any
time during the 52 weeks of continuous treatment and these also
failed to persist in most. These observations suggest that anti-
vedolizumab antibodies are generated to a lesser extent than anti-
TNF antibodies. However it is not certain that the anti-drug anti-
bodies directed towards vedolizumab have the same functional
consequence as those directed towards anti-TNF.

Use in the elderly

The risks of systemic immunosuppression are increased in the
elderly. The trouble is that patients with IBD are getting older, so
while only 12% of patients have IBD diagnosed over the age of 60
(the definition of elderly varies widely!), many patients with IBD
starting at a younger age are now in their 70s and 80s, or older [46].
Adverse events are more commonly reported in older patients.
Post-marketing data identify events more commonly expected in
this group, including pneumonia or death [47]. Other AEs were
reported at similar frequencies in both age groups. Most patients
reporting AEs continued treatment. A single multicentre retro-
spective cohort study reported on vedolizumab initiated in patients
over the age of 60 (mean 67.1 years) in 29 patients (10 UC, 19 CD)
[47]. Median treatment duration was 30 weeks. Three patients
(10%) experienced adverse events, including worsening of pneu-
monia, gastrointestinal symptoms, and flu-like symptoms. Limita-
tions of post-marketing safety reports included voluntary reporting
and difficulty establishing a causal relationship between the drug
and event.

Use in pregnancy

Across six controlled trials, there were 27 pregnancies in female
patients and 19 pregnancies in partners of male patients [48].
Among 24 vedolizumab-treated females there were 11 live births,
five elective terminations, four spontaneous abortions and four
undocumented outcomes. A congenital corpus callosum agenesis
anomaly was reported in one live birth from a healthy volunteer
with extensive obstetric history exposed to single-dose vedolizu-
mab 79 days before estimated conception. Out of the 19 pregnan-
cies in partners of male participants, there were 11 live births, two
spontaneous abortions, three elective terminations and three un-
documented outcomes. Post-marketing reports recorded 81 preg-
nancies resulting in four live births, 11 spontaneous abortions and
66 pregnancies that were on-going or reported undocumented
outcomes.

The half-life of vedolizumab is 25 days, twice that of anti-TNF, so
a strategy of withholding dosing during the third trimester would
still theoretically result in a substantial concentration of vedolizu-
mab in the foetus prior to delivery. This could lead to prolonged
drug clearance in the newborn infant that could extend to 6—12
months. The implications are unclear. The global safety database
(GSD) maintained by Takeda, holds post-marketing data reported
by practitioners on 285 pregnancies in patients with CD related to
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vedolizumab. By the nature of voluntary post-marketing reports,
data are incomplete, but 205/285 reported no adverse event. 29
spontaneous abortions were reported; other AEs included exacer-
bation of CD (23 reports), exposure of the partner [27] and off label
use [45]. The largest amount of monoclonal antibody is transferred
across the placenta in the third trimester, whereas most of the AE
reports relating to spontaneous abortion occurred in the first
trimester. A low number of congenital abnormalities were re-
ported, with insufficient information provided to assess causality in
relation to vedolizumab treatment in most cases. No issues with
fertility or foetal harm were observed in animal studies of
vedolizumab.

It is not yet known whether vedolizumab is excreted in human
milk, but as a protein digestion and inactivation can reasonably be
anticipated in the neonatal gut. From a practical point of view,
uncertainty about drug safety of vedolizumab during pregnancy is
best discussed with patients with CD considering conception.
Although safety cannot be confirmed, patients can be reassured
that many patients have had normal pregnancies and that the
benefits of breast feeding are likely to outweigh any risks.

Peri-operative safety

The GEMINI trials did not analyse surgical outcomes. Theoreti-
cally vedolizumab could impair wound healing by inhibiting the
migration of leukocytes to sites of inflammation or repair in the
intestine. There are three retrospective, single-centre cohort
studies on patients who had received at least one infusion of
vedolizumab within 12 weeks of surgery. The largest cohort from
the Mayo Clinic compared post-operative complications after
vedolizumab exposure with biologic-naive and anti-TNF-exposed
groups [49]. Pre-operative treatment with vedolizumab was asso-
ciated with an increased post-operative complication rate, most
notably surgical site infection, although the anastomotic leak rate
was similar across all groups. Multivariate analysis showed that
vedolizumab increased the risk of surgical site infection 3—4 fold,
although it is difficult to postulate a mechanism by which wound
infection at the site of surgery could be increased by a drug that
affects intestinal leukocyte trafficking without an increase in
anastomotic leak rate. A smaller cohort study from California
included 36 operations on 27 patients, reporting an overall
complication rate of 53%, infectious complications in 44% and
anastomotic leak rate in 15% [50]. Two deaths were reported, sec-
ondary to culture-negative sepsis. The third study from 15 patients
undergoing intra-abdominal surgery reported just two post-
operative complications (a stitch abscess and ileus requiring hos-
pital re-admission) [51]. The data do not compare favourably to
meta-analyses on perioperative anti-TNF therapy, which reported
post-operative infectious complications in 15%—17% [52], but the
vedolizumab studies were all small and retrospective, so further
evidence is required before drawing conclusions.

Extra-intestinal manifestations

There are two studies evaluating vedolizumab in relation to
extra-intestinal manifestations (EIMs) of IBD. In a French cohort
(OBSERV-IBD), 173 patients with CD and 121 with UC treated with
vedolizumab had activity of EIMs assessed at weeks 0, 6, 14, 22, 30
and 54. At baseline, 49/294 (17%) patients had EIMs (47/49 in-
flammatory arthralgia/arthritis, 4/49 cutaneous lesions and 2/49
both). At week 54, 21/49 (45%) had remission of arthritis and 75%
remission of skin lesions, but 34/245 (14%) without EIM at baseline
developed an EIM and 14/245 developed paradoxical skin mani-
festations. The GETAID authors conclude that EIMs may improve on
VDZ, especially if IBD remission is achieved, but that EIMs may

develop while on VDZ [53].

The second study used a different approach, by examining re-
ports from a large US MarketScan claims’ database, of EIMs that
developed in all patients receiving vedolizumab compared to anti-
TNF therapy [54]. The incident rate ratio (IRR) for the development
of any EIM was 1.28 (95% CI 1.02—1.62), indicating a 28% increased
likelihood of an EIM developing on treatment with vedolizumab
compared to anti-TNF therapy. The incidence rate ratio for specific
EIMs was increase two-fold for episcleritis (IRR 2.51, 95% CI
1.02—6.14), four-fold for pyoderma gangrenosum (IRR 4.42, 95% CI
1.00—19.45)) and 7-fold for primary sclerosing cholangitis (IRR 7.79,
95% CI 3.32—18.27). This suggests that patients receiving vedoli-
zumab are more likely to develop EIMs than on anti-TNF therapy,
but unlike OBSERV-IBD could not examine the impact of vedoli-
zumab on EIMs.

Perianal Crohn's

The GEMINI II trial included 57 patients with draining fistulae at
baseline. At 52 weeks, 41.2% of the VDZ 8-weekly group achieved
fistula closure compared with 22.7% of the VDZ 4-weekly group and
11.1% of the placebo group (p=0.03, p=0.32 versus placebo
respectively). This suggests that vedolizumab may heal draining
fistulae, but a study (ENTERPRISE, NCT 02630966) designed spe-
cifically to evaluate the effect has been concluded prematurely after
34 of a planned 100 patients were recruited (2018).

Summary

Vedolizumab is safe and effective in CD and offers an appealing
treatment option compared to anti-TNF therapy in the elderly, in
those at risk of sepsis, or with a history of malignancy. The next
anti-integrin likely to be licensed is etrolizumab, which thus far
shows a similar safety and efficacy profile.

Small molecule, S1P modulators could be the first oral biological
agent available for the treatment of CD. Small molecules offer
several advantages compared to monoclonal antibodies: linear
pharmacokinetics, independent of pharmacodynamic factors, good
tissue penetration and improved renal clearance with short half-
lives. A short half-life is an advantage if an adverse event occurs.
The availability of novel, oral IBD therapies would increase options
for patients who prefer this route of administration, but currently
necessitate daily therapy whereas some patients prefer less
frequent parenteral therapy.

The last two decades have seen profound changes in the medical
management of CD and the rate of change has accelerated such that
within the next five years there may be several new drugs on the
market. IBD physicians will have an armamentarium of available
drugs, so choosing the appropriate biologic and deciding on pre-
cedence will remain a patient-centred decision until proteomic,
metabolomic or other biomarkers are identified to guide choice and
patient-specific outcome data are routinely reported.

Practice points

e Vedolizumab has led the way for leukocyte trafficking drugs to
treat Crohn's disease, demonstrating an excellent safety profile
and efficacy

e A slower onset of action may have to be traded off against a
better safety profile and sustainability of effect than anti-TNF
therapy

e Several other leukocyte trafficking agents are undergoing phase
Il trials, etrolizumab (inhibitor of «4p7 and «EB7) and etrasimod
and ozanimod (S1P modulators), with results expected in
2019-20
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Research agenda

e Combination biological therapy with vedolizumab and anti-TNF
or anti-IL23 therapy

e Role of therapeutic drug monitoring for vedolizumab

e Impact of early anti-integrin therapy on the course of Crohn's
disease
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