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Intestinal inflammation is highly dependent on the recruitment
of white blood cells out from the circulation to the mucosal
immune system of the gut. Diapedesis and transmigration of
activated lymphocytes to the site of inflammation is tightly
regulated by a complex interaction between integrins on the
leukocyte surface and cell adhesion molecules on microvas-
cular endothelial cells of post-capillary venules (Fig. 36.1).
Already in the early nineties, increased expression of vascu-
lar cell adhesion molecules was demonstrated in inflamma-
tory bowel disease (IBD) [1-3]. This prompted investigation
of anti-adhesion therapy as a therapeutic strategy in IBD. In
1993, Podolsky and coworkers showed that a monoclonal
antibody targeting the leukocyte a4 integrin was effective in
the treatment of colitis in the cotton-top tamarin [4]. Some
years later, Hesterberg et al. found similarly beneficial effects
in this model with an antibody against the gut-specific integ-
rin dimer a4p7 [5]. These preclinical studies opened the gate
for clinical pilot trials with anti-adhesion agents in
IBD. Following a long developmental process, anti-adhesion
molecules have now entered the therapeutic armamentarium
of IBD. In this chapter, we summarize and discuss the evi-
dence for the use of natalizumab, vedolizumab, and anti-
MadCAM in CD.

Natalizumab

Natalizumab (Perrigo Company plc, Dublin, Ireland) is a
recombinant humanized antibody (containing 5% mouse-
derived protein) against the human a4 integrin. In 2001, a
first small-scale randomized, double-blind clinical trial was
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performed comparing a single dose of 3 mg/kg intravenous
natalizumab with placebo in active CD patients [6]. Although
the primary endpoint (change in the Crohn’s disease activity
index at week 2) was not met in this study, the results were
promising enough to warrant a large-scale multicenter phase
2 trial with natalizumab in moderate-to-severe CD, pub-
lished in 2003 [7]. Anti-TNF naive CD patients were ran-
domly assigned to four different treatment regimens (two IV
infusions of placebo or one infusion natalizumab at 3 mg/kg
and one infusion of placebo or two infusions of 3 mg/kg
natalizumab or two infusions of 6 mg/kg natalizumab). The
primary endpoint was clinical remission (CDAI<150) at
week 6. Patients receiving two infusions of 3 mg/kg natali-
zumab had a significantly higher rate of clinical remission at
weeks 4, 6, 8, and 12 compared to the placebo group (27 %
versus 44 % respectively at week 6) [7]. A few years later,
these results were confirmed in the phase 3 “Efficacy of
Natalizumab as Active Crohn’s Therapy” (ENACT-1) [8]. In
contrast to the previous studies, previous use of anti-TNF
agents was allowed and natalizumab was given at a fixed
dose of 300 mg at week 0, 4, and 8. The primary endpoint
was clinical response (drop in CDAI of at least 70 points) at
week 10 and was not reached in this study [8]. Patients who
had a response both a week 10 and week 12 were eligible for
the maintenance trial (ENACT-2) in which patients were re-
randomized 1:1 to placebo or 300 mg of natalizumab every 4
weeks [8]. The primary endpoint in ENACT-2 was sustained
response (with loss of response being defined by an increase
in the CDALI score of at least 70 points after week 12 and by
an absolute score of at least 220 or the need for intervention
after week 12) at week 36 which was observed in 61 % of
patients on natalizumab and 28 % on placebo (P=0.003) [8].
However, ENACT-2 was prematurely halted by the manu-
facturer because of three cases of JC virus-related progres-
sive multifocal leukoencephalopathy (PML), which was
considered to be associated with the study drug All published
as case reports. PML was caused by reactivation of the ubiq-
uitous JC virus in combination with impaired immune sur-
veillance in the central nervous system due to blockade of a4
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Fig. 36.1 Integrin heterodimers a4f1 and a4f37 on CCR9-expressing
gut-homing T-lymphocytes form a stable binding complex with cell
adhesion molecules (respectively VCAM-1 and MAdCAM-1) on the
endothelium of postcapillary venules in the gut, allowing them to dia-
pedesize into the lamina propria and feed the inflammatory process in

[9-11]. Retrospective analysis showed that an additional
patient had died from JC virus-related PML during an open-
label extension study of ENACT-2 [8]. As a result of this rare
but life-threatening adverse event the European Medicine
Agency (EMA) concluded that the benefits of natalizumab in
the treatment of CD did not outweigh the risk [12] and
refused marketing authorization in Europe for CD although
the agent was approved for multiple sclerosis under the name
Tysabri®. A later second induction trial, “Efficacy of
Natalizumab in Crohn’s Disease Response and Remission”
(ENCORE), showed that natalizumab was also effective as
an induction agent in patients with moderately to severely
active CD with an elevated serum CRP as an objective
marker of inflammation at baseline with the primary end-
point being induction of response (>70-point decrease from

IBD. Natalizumab is an anti-a4 antibody blocking both the a4dpl-
VCAM-1 interaction and the a4f7-MAdCAM-1 interaction.
Vedolizumab and anti-MAdCAM-1 only inhibit the gut-specific a4p7-
MAdCAM-1 interaction by respectively blocking the a4p7 dimer and
MAdCAM-1

baseline in the Crohn’s Disease Activity Index score at
week 8), sustained through week 12 [13]. In 2008 the FDA
approved natalizumab (Tysabri®) for the treatment of
moderate-to-severe Crohn’s disease not responding to, or not
tolerating, conventional therapies for CD including inhibi-
tors of TNF-a, albeit under a strict patient safety monitoring
program [ 14, 15]. In the meantime, risk factors for PML have
been identified: JCV seropositivity (in approximately 70 %
of patients), previous exposure to immunosuppressive drugs,
and exposure duration >2 years [16] leading to the recom-
mendation to use the drug without concomitant immuno-
suppression However, the future of anti-integrin therapy
was considered to lie in the development of more selective
blockade of the integrin 7 or the combination a4f7 which
would ensure higher gut-selectivity.



36 Biological Therapy of Crohn’s Disease: Natalizumab, Vedolizumab, and Anti-MadCAM

377

Vedolizumab

Vedolizumab is a recombinant humanized IgG1 monoclonal
antibody targeting the alpha4beta7 integrin on leukocytes. In
contrast to natalizumab, vedolizumab only inhibits adhesion
of leukocytes to the relatively gut-selective MAdCAM-1 and
not to VCAM-1, which is also expressed in the brain endo-
thelium [17].

In 2008, a dose-finding trial with the anti-a4f7 antibody
MLNO0002 (Millennium, Boston, MA) in 185 moderately
active anti-TNF-naive CD patients [18] did not meet the pri-
mary endpoint (clinical response CDAI70 at 8 weeks
although the results suggested a dose-dependent clinical
benefit of MLNOO0O2 therapy for the induction of remission,
necessitating a larger clinical trial [18]. After humanizing the
monoclonal antibody to “vedolizumab,” a large phase 3 pro-
gram was launched. In the GEMINI-2 study, 368 patients
with moderately to severely active CD and at least one objec-
tive sign of active inflammation (significant endoscopic
lesions, elevated CRP or elevated fecal calprotectin+ posi-
tive findings on imaging) were randomly assigned to treat-
ment with vedolizumab (300 mg IV at week 0 and week 2)
or placebo at a 3:2 ratio [19]. The primary endpoints were
clinical remission (CDAI< 150) and clinical response (CDAI
drop of at least 100 points) as early as at week 6. In contrast
to the previous trial, most of the patients were anti-TNF-
experienced and concomitant use of corticosteroids and/or
immunomodulators (in non-US patients) were allowed at
stable dose. In addition, a significant proportion of patients
had fistulizing disease and/or previous surgery for their
CD. Patients receiving vedolizumab were twice as likely to
be in clinical remission at week 6 as compared to patients
who had received placebo, although the absolute numbers
remained somewhat disappointing (14.5% versus 6.8 %
respectively) [19]. There was no statistically significant dif-
ference between vedolizumab- and placebo-treated CD
patients with regard to the CDAI-100 response (one of the
two primary endpoints) and there was surprisingly little
effect of the treatment on serum CRP concentrations [19]. A
later study (GEMINI 3) specifically investigated the efficacy
of vedolizumab as an induction agent in CD patients with
previous anti-TNF failure [20]. The primary efficacy out-
come was clinical remission at week 6 (!). Again, vedoli-
zumab treatment was not superior to placebo. However,
these relatively poor “early” results may be explained by the
slow mode of action, given the observation that vedolizumab
significantly increased clinical response and remission rates
beyond [20].

Also in GEMINI 2, 747 additional CD patients were
treated with open label vedolizumab to in a feeder study for

the maintenance study, in which patients with a clinical
response (CDAI70) were re-randomized to placebo, vedoli-
zumab 300 mg every 4 weeks or vedolizumab 300 mg every
8 weeks [19]. The primary endpoint was clinical remission at
week 52. The effects of vedolizumab in this maintenance
trial were quite robust, with 39 % of the patients in clinical
remission on vedolizumab compared to 21.6 % on placebo
and glucocorticoid-free remission in approximately one third
of the vedolizumab-treated patients, irrespective of the dose
interval (4 weeks or 8 weeks) [19]. The safety profile of
vedolizumab was comparable to placebo and no single case
of PML has been observed [19]. As a result, in 2014 both the
FDA and the EMA approved vedolizumab (Entyvio®) for the
treatment of Crohn’s disease (and ulcerative colitis) that is
insufficiently controlled by conventional treatment and/or
anti-TNF agents [20, 21]. Further data on mucosal healing,
effects on fistula, postoperative recurrence, and pouchitis
warrant further dedicated trials.

Anti-MAdCAM-1 Antibodies

The anti-MAdCAM monoclonal antibody PF-0547659 was
investigated in a phase-2 dose-finding induction study
(OPERA-1) in moderate—severe CD patients intolerant or
refractory to anti-TNF and/or immunosuppressant therapy
[22]. All patients had objective evidence of active disease
(elevated (hs) CRP and mucosal ulcerations on endoscopy)
and the primary efficacy parameter was a CDAI-70 response
either by week 8 or week 12. Although the active treatment
arms, in contrast to the placebo arm, were associated with
increased circulating a4p7+ central memory T cells as a
clear biological signal of the inhibitory effect of the active
agent on MAdCAM-1, the primary endpoint was not met,
most likely due to an unusually high placebo-response rate
(41% and 44% at week 8 and 12, respectively) [22].
However, sub analysis revealed that a higher treatment
effect was seen in CD patients with high hsCRP (>7.5 mg/
dl) at baseline, with significantly more patients in the treat-
ment arms being in remission at week 8 [22]. In addition,
the safety profile was very reassuring. In a open-label induc-
tion study (Tosca) immune surveillance in the CNS was
studied with repeated lumbar punctures. An induction
course of anti-MAdCAM MAD did not affect the cellular
determinants of immune surveillance in the central nervous
system [22, 23]. In summary, the results with anti-MAd-
CAM for Crohn’s disease are encouraging. The decision
towards further development will depend on the results of
the maintenance phase Opera-2 and the outcome of the UC
study Turandot (Table 36.1).
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The Place Of Anti-adhesion Therapy
in the Treatment Algorithm of Crohn’s
Disease

Currently, anti-adhesion molecules are being positioned as
second line biologics (after anti-TNF) in the therapeutic
armamentarium for CD (and IBD in general) in most juris-
dictions. The phase 3 trials, however, suggest superior out-
comes when the agent is given to patients who are naive to
anti-TNF agents and the mode of action suggests potentially
better effects in earlier disease stages. This warrants further
investigation and perhaps a head-to-head comparison with
anti-TNF agents.

The question is indeed how we could implement this new
class of drugs in the most effective way. Based on the results
of the completed trials, some general conclusions can be
drawn. Firstly, unlike most anti-TNF agents, the drugs seem
to have a rather slow onset mode of action in CD [6-8, 13,
18, 19, 22], possibly because of the more pronounced trans-
mural inflammatory infiltrate as compared to UC [24-26],
where the inflammation is limited to the mucosa. For daily
clinical practice, this means that anti-adhesion monotherapy
may not be the ideal monotherapy in CD patients with severe
disease that needs rapid remission. Combination with stron-
ger “induction agents” such as corticosteroids and perhaps
anti-TNF agents appears attractive. On the other hand, the
integrin-inhibitors were shown to very effective maintenance
drugs, with response and remission rates at least as high as
with anti-TNF agents [8, 19, 27-30]. Future studies includ-
ing real “strategy studies” will have to address where this
novel class of biological should be positioned in the treat-
ment algorithm of CD. Thus far, only one head-to-head trial
is running, comparing vedolizumab IV with adalimumab SC
in biological-naive UC patients [31].

Is there still a place for natalizumab with the advent of the
gut-selective integrin-inhibitor vedolizumab? In a recent edi-
torial by Scott and Osterman in Clinical Gastroenterology
and Hepatology, the authors state that natalizumab may
remain a good option for patients that are JCV antibody neg-
ative (roughly one third of the patients) as there has never
been a PML case described in this patient subgroup and sero-
conversion rates also seem to be low [32]. Nonetheless,
natalizumab remains only registered without concomitant
use of immunosuppressants.

Future studies will also have to address the immunogenicity
of the anti-adhesion antibodies and whether combination
therapy with immunosuppressant therapy is superior to
monotherapy, as it is the case for infliximab [33].

The potential registration/indication of anti-Madcam anti-
bodies in CD will depend on the maintenance phase 2 results
and the phase 3 data if such studies will be set up in the future.

In summary, anti-adhesion antibodies are the second
group of biologicals for the treatment of IBD. For CD, they

seem to be slow-acting for induction but very effective for
maintenance treatment. The advent of this new therapeutic
option opens a completely new era of clinical trials in which
therapeutic strategies will be compared in order to develop
the best care for the patients.
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