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Natalizumab: a promising
treatment for Crohn's disease

Jean Frédéric Colombel™ and Laurent Peyrin-Biroulet

A primary feature contributing to the pathology of Crohn’s disease (CD) is inappropriate
and persistent recruitment and migration of circulating leukocytes from the bloodstream to
affected tissues and organs. These processes are mediated by interactions between o,
integrin adhesion molecules expressed on leukocyte surfaces and cognate receptors on
vascular endothelial cells. Natalizumab is a humanized immunoglobulin G, monoclonal

antibody against o, integrins. Natalizumab has demonstrated efficacy in inducing and
maintaining sustained remission in patients with moderately to severely active CD,
including those intolerant of or unresponsive to infliximab. Maintenance therapy with
natalizumab in adult patients allowed elimination of steroids in a significant number of
patients and sustained patients’ quality of life. Natalizumab has been well tolerated in the
majority of patients. However, progressive multifocal leukoencephalopathy, a rare
opportunistic infection associated with the JC polyomavirus, occurred in

three natalizumab-treated patients; two multiple sclerosis patients and one CD patient. This
article reviews the properties of natalizumab and addresses its potential benefits and risks

in the tfreatment of CD.
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Crohn’s disease (CD) is a common disease
ranging in prevalence from 26 to 199 cases per
100,000 people in North America and from 8.3
to 214 cases per 100,000 people in Europe [11.
The incidence of CD continues to increase
globally in many areas and, in Europe, the
incidence of CD in children is increasing [1].
The course of CD is characterized by fluctuat-
ing periods of remission and relapse. CD is
frequently progressive and patients with moder-
ate to severe disease often require surgery.
However, surgery is not curative and additional
surgical intervention is commonly required.
Practice guidelines for the treatment of CD
in adults were published in 2001 by the Amer-
ican College of Gastroenterology and its Prac-
tice Parameters Committee [2] and recently in
Europe by the European Crohn’s and Colitis
Organization [3). These guidelines suggest a
‘step-up’ or ‘therapeutic pyramid’ approach
based on disease severity. Medications for
induction of remission in mild-to-moderate
disease include controlled-ileal release budeso-
nide, antibiotics and aminosalicylates (5-ASA).

Induction of remission may be attempted in
more severe cases with systemic cortico-
steroids or immunomodulators, such as
azathioprine  (AZA),  6-mercaptopurine
(6-MP) or methotrexate. Infliximab is
usually reserved for refractory CD or patients
with severe fistulizing disease.

Maintenance of medically or surgically
induced remission may be difficult to achieve.
AZA and 6-MP maintain medical remission
effectively and are considered the benchmark
by which other agents are measured [4]. How-
ever, these drugs may have significant side
effects. Nausea, vomiting and abdominal pain
are common adverse effects that occur usually
early in therapy and improve with time. More
serious side effects include pancreatitis,
hepatitis, malignancies, myelosuppression and
opportunistic infections. These may occur
regardless of dose or duration of exposure to
therapy. In clinical trials, up to 28% of
patients discontinued AZA because of adverse
effects (4. Once AZA/6-MP are started, they

should be continued indefinitely in most
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patients. A recent study from the Groupe d'Etude Thérapeu-
tique dans les Affections Inflammatoires du tube Digestif
(GETAID) demonstrated that AZA withdrawal is not equivalent
to continued therapy with AZA for maintenance of remission in
patients with CD who have been in remission on AZA for less
than 3.5 years [5]. However, the long-term benefits are tempered
by the potential long-term consequences of AZA/6-MP treat-
ment, which, in addition to the events noted above, has been
associated with potential lymphoma-inducing effects (6]. Inflixi-
mab, a chimeric monoclonal antibody against tumor necrosis
factor (INF)-a and the only approved biological therapy for CD
to date, is proven to maintain remission among those with
infliximab-induced remission and appears to have some steroid-
sparing effects [7]. Long-term use of infliximab may be limited by
and subsequent
remission [8]. As with AZA, infliximab use may be associated

immunogenicity loss of response and
with an increased risk of potentially life-threatening infections
and malignancies, including lymphoma [9].

Increasingly, data suggest that the current CD treatment
paradigm may need revision [10]. Traditional step-up treatments
do not alter the course of CD; up to 47% of CD patients
relapse within a year of remission [11,12]. In one estimate, the
risk of stenosing or penetrating complications was 40 and 70%
at 5 and 20 years, respectively [13]. Surgery does not alter the
disease’s natural history; recurrent lesions have been observed
endoscopically in the neoterminal ileum within 1 year of
surgery in 73% of patients [12]. In the more than 60% of CD
patients who require surgery, repeat surgery is common.

CD exerts significant costs on patients and society. The
majority of these costs are associated with surgery and in-
patient services [14]. Such estimates do not account for indirect
costs, such as those associated with work absences or reduced
quality of life (QoL). Clearly, therapies that are capable of
reducing dependence on steroids, maintaining long-term
remission, decreasing hospitalizations and reducing the need
for surgical intervention would go a long way towards reducing
morbidity and costs associated with CD.

The treatment of inflammatory bowel disease (IBD) has been
revolutionized by the introduction of immune modulators and
biological therapies. As recently as the 1990s, treatment was
symptomatic and little control of the underlying disease process
was possible. As more is known about the pathogenesis of IBD,
the range of the therapeutic targets available has increased in
parallel. These include agents that downregulate inflammatory
cytokines, promote anti-inflammatory cytokines and inhibit
leukocyte trafficking [15].

Adhesion molecules are a family of cell-surface glycoproteins
critical to leukocyte adhesion, migration and activation. Adhe-
sion molecules facilitate the movement of leukocytes from the
blood stream into target organs, where they may proliferate and
promote inflammatory cytokine production. Monoclonal anti-
bodies against adhesion molecules, in particular o, integrins,
are biological agents that can potentially restore imbalanced
immune function by decreasing leukocyte migration and
subsequent inflammation (FIGURE 1).

Most leukocytes, including lymphocytes, monocytes, eosino-
phils and basophils, express o integrin adhesion molecules [16,17].
The integrins are a large family of heterodimeric, transmembrane
glycoproteins that are capable of mediating both cell-cell and
cell-matrix interactions [17]. oy integrin subunits are most
frequently found adjoined with B, and B, subunits.

Endothelial ligands for o integrins include members of the
immunoglobulin superfamily (IGSF) of adhesion molecules,
vascular cell adhesion molecule (VCAM)-1, and mucosal
addressin cell adhesion molecule (MAdCAM)-1 [1s-21].
Adhesive stability provided by oy integrin—IGSF interactions
allows the leukocyte to resist the substantial shear forces of
circulating blood. This firm adhesion, mediated by interactions
between 0B, and a,pB; and their endothelial cell ligands, is a
requirement for their subsequent translocation, known as
diapedesis, into inflamed tissue.

The potential utility of o integrin as a therapeutic target and
the ability of o, integrin antagonists to attenuate chronic
inflammatory responses has been demonstrated in a number of
animal models of chronic inflammation and autoimmunity,
including IBD (colitis), experimental autoimmune encephalitis
(EAE; an animal model of multiple sclerosis [MS]), adjuvant-
induced arthritis, allergic airways inflammation, autoimmune
thyroiditis, cutaneous contact hypersensitivity, pancreatic
disease and diabetes [22].

Two humanized monoclonal antibodies targeted to
oy integrins have been tested clinically for the treatment of
IBD: MLNO2 and natalizumab. MLNO2 (formerly known as
LDP-02; Millennium Pharmaceuticals, Inc., Cambridge, MA,
USA) is a humanized, recombinant monoclonal antibody that
binds specifically to oB, integrin. The a,p, integrin interacts
with MAdACAM-1 on gut mucosal cells and plays an important
role in T-cell homing to the gut.

A 6-month, randomized, placebo-controlled, Phase II study
of MLNO2 in 185 patients with mild-to-moderate CD
demonstrated a significant difference in remission but not
response. Patients were randomized to receive MLNO2 (0.5 or
2.0 mg/kg) or placebo on days 1 and 29. At 2 months, neither
treatment group achieved the primary end point, which was a
statistically significant difference from placebo in achieving
clinical response (decrease of >70 points in CD Activity Index
[CDAI] score). Remission, defined as a CDAI score of 150 or
less, occurred in 36.9% of those given active drug, compared
with 20.7% receiving placebo (p < 0.05) 123]. The efficacy of
MLNO2 for the treatment of active ulcerative colitis (UC) was
also examined in a randomized, placebo-controlled study [24].
In this study, 181 patients with active disease (defined as an UC
clinical score of 5-9 points) who had received either no therapy
for UC or mesalamine, were randomized to receive two
infusions of either 0.5 mg/kg (n = 58) or 2.0 mg/kg (n = 60)
MLNO02, or placebo (n = 63) at baseline and day 29. At week 6,
clinical remission rates (defined as an UC clinical score of 0 or
1 and a modified Baron score of 0 or 1, with no evidence of
rectal bleeding) were significantly greater in patients in the
MLNO2 treatment groups compared with patients in the
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Figure 1. Key adhesion molecule interactions. E- and P-selectins are expressed on endothelial cells. L-selectin is expressed on leukocytes. Selectins interact with
sialyl-Lewisx-like carbohydrates on glycoproteins/glycoplipids and mucosal addressin cell adhesion-molecule (MAJCAM)-1. a, integrin heterodimers exist in
heterogeneous affinity states on the surface of leukocytes, which allows them to interact with their ligands even in the absence of cellular activation. Integrins
interact with vascular cell adhesion molecule (VCAM)-1 and MAdCAM-1. Natalizumab blocks the interaction between the o,B1 integrin and VCAM-1 and the
interaction between the a,B; integrin and MAdCAM-1. MLNO2 binds specifically to a,B; integrin.

placebo group (33% for the 0.5 mg/kg group, 32% for the
2.0 mg/kg group and 14% for placebo; p = 0.03). Rates of
clinical response (defined as a decrease of at least 3 points on
the UC clinical score) at week 6 were also significantly greater
in the MLNO2 treatment groups compared with placebo (66%
for the 0.5 mg/kg group, 53% for the 2.0-mg/kg group, and
33% for placebo; p = 0.002).

Another strategy directed against trafficking of leukocytes
has been blocking the endothelial cell adhesion molecules.
Trials with the anti-intercellular adhesion molecule
(ICAM)-1 antisense oligonucleotide ISIS-2302 (alicaforsen)
in steroid-refractory CD have provided conflicting efficacy
data [25.26]. Alicaforsen enema showed promising acute and
long-term benefit in patients
descending UC [27,28].

with mild-to-moderate

Introduction to natalizumab

The humanized monoclonal antibody natalizumab recognizes
both o,B; and a,pB, integrins. Natalizumab contains more
than 90% human sequences (FIGURE 2). To humanize the
murine precursor to natalizumab (AN100226m), its comple-
mentarity determining regions (CDR) were engineered into
the most homologous, naturally occurring heavy and light
chains to create a human immunoglobulin (Ig)G, with
reduced potential for immunogenicity. Decreased immuno-
genicity may increase the half-life, improve durability of
response and decrease the chance of an allergic reaction upon
retreatment [29]. The IgGy isotype was chosen as the frame-
work for natalizumab as this subclass does not promote
complement activation and appears to persist longer in
circulation than other forms of human IgG 30
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Figure 2. Natalizumab. The murine precursor to natalizumab (AN100226m)
was humanized by engineering its complementarity determining regions into
the most homologous naturally occurring heavy and light chains to create a
human immunoglobulin (Ig)G, with reduced potential for immunogenicity.
Decreased immunogenicity may increase the half-life, improve durability of
response and decrease the chance of allergic reaction upon retreatment. The
lgG, isotype was chosen as the framework for natalizumab, as this subclass
does not promote complement activation and appears to persist longer in
circulation than other forms of human IgG.

Studies with AN100226m demonstrated that it was a potent
inhibitor of interactions between B, and VCAM-1 in vitro and
that it was capable of suppressing and reversing EAE [31]. The
potential relevance of o antagonist therapy to IBD was first
shown in an animal model of colitis seen in cotton-top tamarin
monkeys (32,33]. These studies demonstrated that modulation of
leukocyte adhesion and migration was feasible in primate colitis
and could disrupt chronic inflammation.

Pharmacodynamics
Natalizumab recognition of o, integrins allows for selective
immune modulation, presumably by sparing neutrophil
function. This proposed selectivity is supported by analyses of
peripheral lymphocyte counts in the blood of patients with CD
and UC following

lymphocyte counts were increased owing to inhibition of trans-

natalizumab  infusion.  Peripheral
migration out of the vascular space, while the numbers of
neutrophils remained unaffected [34]. Increases in mean
circulating lymphocyte counts (not above the upper limit of
normal [ULN]) are expected because of the mechanism of
action of natalizumab and have been observed in all clinical
trials of natalizumab for IBD to date [35-40]; there have been no

reported incidences of increased neutrophil levels.

Pharmacokinetics

A Phase I randomized, placebo-controlled, dose-escalation safety
and tolerability study of a single intravenous dose of natalizumab
was conducted initially in 28 volunteers with MS 41]. Five dose
levels, ranging from 0.03 to 3.0 mg/kg of natalizumab, were
administered. Pharmacokinetic samples were obtained at base-
line, at 0.25-24 h and at the end of weeks 1, 2, 3 and 4. Addi-
tional samples were collected at the end of weeks 6 and 8 from
the group receiving 3.0 mg/kg and from a subset of patients at
weeks 10, 12 and 14.

Serum natalizumab levels fell below the detectable limits
shortly after infusion in patients receiving doses of 0.03 and
0.1 mg/kg. Patients receiving an infusion of 0.3 mg/kg had
detectable natalizumab concentrations for 1 week, while
those in the 1.0 and 3.0 mg/kg groups had detectable
concentrations for 3-8 weeks. These results suggested
superior persistence of natalizumab at the high dosages and
provided the rationale for the use of higher starting doses in
larger Phase II MS and CD trials.

Descriptive pharmacokinetics and o integrin saturation were
assessed subsequently in a Phase Il trial of natalizumab for
active CD [42). Patients in this trial were randomized to receive
one of four possible treatments: a single natalizumab 3-mg/kg
infusion followed by placebo infusion, two natalizumab
3-mg/kg infusions, two natalizumab 6-mg/kg infusions or two
placebo infusions given 4 weeks apart. Natalizumab concentra-
tions increased proportionally to the dose administered. There
was minimal drug accumulation with repeated dosing. The
volume of distribution was low and limited to the total blood
volume. Systemic clearance was unchanged across dosing
groups. The mean serum half-life of natalizumab ranged from
132 to 161 h. Maximal saturation of the oy -integrin receptor
was achieved for all groups receiving natalizumab.

An open-label safety and tolerability study in adolescent
patients (12-17 years of age) with moderate-to-severe CD also
evaluated the pharmacokinetic parameters of three monthly
natalizumab 3-mg/kg infusions. The apparent elimination half-
life of natalizumab in this study ranged from 48.7 to 170.6 h. In
contrast to studies in adult patients, mean o integrin receptor
percentage saturation fell from a peak of approximately 93 to not
more than 34% or less over the course of each monthly dosing
interval evaluated [39], suggesting that further studies may be
necessary to define optimal dosing in adolescent CD patients.

Subsequent trials of natalizumab in adult patients with active
CD and MS have employed fixed rather than weight-based
dosing. Pharmacokinetic mixed-effect modeling, using data
collected in Phase IT studies, provided the rationale for this
decision [43]. Drug clearance varied minimally across a range of
body weights. These data indicated that a fixed 300-mg dose of
natalizumab administered every 4 weeks should achieve a
consistent serum concentration. This assumption was further
confirmed by a comparison of natalizumab pharmacokinetics
in the Phase II dose-finding study with those in a Phase III,
double-blind,
study of three monthly fixed doses of natalizumab 300 mg.

randomized, multicenter, placebo-controlled
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Maximal o -integrin receptor saturation (100%) was achieved
with all doses in both studies. o integrin receptor saturation was
generally maintained above 70% throughout each monthly
dosing interval for the 6-mg/kg and fixed 300-mg dose
regimens only, similar to previous natalizumab clinical trials [44].

Finally, a randomized, double-blind, placebo-controlled,
multicenter, Phase II study investigating the safety and efficacy
of natalizumab in patients with active CD (not in remission)
despite ongoing therapy with infliximab demonstrated no
drug—drug interactions between natalizumab and infliximab
and natalizumab and infliximab serum concentrations were
unaffected when administered concomitantly [40].

Clinical efficacy

Phase Il studies

In the double-blind, placebo-controlled Phase IT study of
30 patients with active CD (defined as CDAI 150-450) a
single dose of natalizumab (3 mg/kg) resulted in a significant
improvement in CDAI (mean decrease of 45 points), a result
not seen in placebo-treated patients [35]. Among natalizu-
mab-treated patients, 39% achieved remission (defined as a
CDAI < 150) by week 2, compared with 8% among the
placebo-treated group.

The larger, double-blind, placebo-controlled, Phase IT dose-
finding trial yielded similarly encouraging results [37). Patients
with moderate-to-severe CD were randomized to receive
two infusions 4 weeks apart, consisting of either two infusions
of placebo, one infusion of natalizumab 3 mg/kg followed by
placebo, 3 mg/kg or
two infusions of natalizumab 6 mg/kg. While the predefined

two infusions  of  natalizumab
study end point (remission at week 6 in the 6-mg/kg treatment
group) did not differ between groups, the patients receiving
two infusions of natalizumab 3.0 mg/kg had statistically signifi-
cantly greater rates of response and remission compared with
placebo. Other important improvements were seen among
patients receiving natalizumab compared with placebo-treated
patients. These included significantly improved QoL and better
remission rates at multiple time points. Among those receiving
two infusions of natalizumab, C-reactive protein (CRP) levels
decreased significantly compared with placebo. Clinical benefit
was rapid, often within 2 weeks and the effect was sustained up
to 8 weeks after the last infusion.

The effects of combination biological therapy with natalizu-
mab were also examined in the Phase II, randomized, placebo-
controlled safety trial [40]. Patients with active CD who were not
in remission, despite ongoing infliximab treatment were rand-
omized 2:1 to receive natalizumab 300 mg or placebo along with
infliximab 5 mg/kg throughout the 10-week study. While this
study was designed to assess the safety of overlapping infliximab
and natalizumab therapy, short-term efficacy end points were
also studied. This small trial was not powered to detect differ-
ences in efficacy but efficacy analyses, while not statistically sig-
nificant, generated some interesting results. Patients who were
not in remission after receiving infliximab therapy and who were
randomized to receive natalizumab showed improved efficacy

Natalizumab

compared with those randomized to placebo. At week 10, 37%
(19/52) of patients receiving both infliximab and natalizumab
achieved remission compared with 30% (8/27) receiving inflixi-
mab alone. In addition, at week 10, 42% (22/52) of patients
achieved clinical response in the infliximab and natalizumab
group compared with 30% (8/27) of patients receiving inflixi-
mab alone. An analysis of durability of clinical response showed
that 25% of patients receiving natalizumab and infliximab met
the criteria for clinical response at all time points from weeks 6
to 10 compared with 11.1% of patients receiving infliximab
only. Many patients from this trial enrolled in an open-label
extension study where they had the opportunity to discontinue
therapy with infliximab. The results of continued maintenance
therapy in patients discontinuing infliximab have not yet
been reported.

Phase Il studies

Two large, international, randomized, Phase III controlled
trials have also examined the efficacy of natalizumab as induc-
tion therapy (3845]. The first of these trials, Efficacy of Natali-
zumab as Active Crohn’s Therapy (ENACT-1), randomized
905 patients with moderately-to-severely active CD (CDAI
220-450) 4:1 to receive placebo or natalizumab 300 mg at
weeks 0, 4 and 8. Patients were followed through to week 12.
The primary end point for ENACT-1 examined the ability of
natalizumab to induce a clinical response (270-point decrease
in baseline CDAI score from baseline) at week 10. A total of
56% of patients in the natalizumab group had a response
(408/724) compared with 49% of patients in the placebo
group (88/181; p = 0.051). Remission was achieved in 37% of
the natalizumab group (267/724) compared with 30% of
patients in the placebo group (55/181; p = 0.12).

ENACT-1 failed to achieve the primary end point of
response at week 10, potentially owing to an unexpectedly high
placebo response. However, there was evidence of an induction
benefit for natalizumab in many patients, particularly those
with biological evidence of inflammation (CRP > ULN;
2.87 mg/l) FIGURE3). CRP has been shown to be a useful
marker for identifying CD patients whose symptoms are due to
inflammation, rather than functional bowel disease [46]. The
second Phase Il induction trial, Efficacy of Natalizumab in
CD respOnse and REmission (ENCORE), was designed to test
this hypothesis and enrolled 509 patients with moderately-to-
severely active CD and biological evidence of inflammation
(defined as CRP > 2.87 mg/l) [45] at the screening visit. In the
ENCORE trial, patients were randomized 1:1 to receive natali-
zumab 300 mg or placebo infusions at weeks 0, 4 and 8. The
primary end point examined the ability of natalizumab to
induce a clinical response (270-point decrease in baseline
CDAI score) by week 8 that was sustained through to week 12.
Additional efficacy end points included the proportion of
patients achieving a clinical remission (CDAI < 150) by week 8
and through to week 12 and the proportion of patients in
response or remission at any assessment. A significantly higher
proportion of patients in the natalizumab group were in
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Figure 3. Response and remission at week 10 in ENACT-1: comparison of intent-to-treat
population with patients with elevated C-reactive protein.

at baseline response or remission at particular time
points (i.e., at 36 weeks) rather than
require sustained response and remission
at every timepoint through to the end

ENACT-1: Efficacy of Natalizumab as Active Crohn's Therapy; ULN: Upper limit of normal. point for analysis (ie., through to

36 weeks), response and remission at the

response at both weeks 8 and 12 compared

with patients in the prespecified time points of 36 and 60 weeks were also exam-

placebo group (48% [124/259] vs 32% [81/250]; p <0.001). ined. At week 36, 67% of patients in the natalizumab group
A clinical response was observed as early as week 4 (following met the criteria for response and 55% were in remission com-
the first infusion) (51% [133/259] for natalizumab vs 37%  pared with 37 and 24% in the placebo group (p < 0.05 for both
[92/250] for placebo; p =0.001) and remained significantly ~comparisons with placebo). Similarly, at week 60, 59% of the
higher in the natalizumab group at all subsequent assessments  patients in the natalizumab group met the criteria for response
(p<0.001 for all comparisons with placebo). Remission at and 55% were in remission compared with 30 and 22% in the
both weeks 8 and 12 was also achieved by a higher proportion  placebo group (p < 0.05 for both comparisons with placebo).

of patients in the natalizumab group
compared with placebo (26% [68/259] vs
16% [40/250]; p = 0.002) (45].

Phase III data on the efficacy of natali-
zumab maintenance therapy have also
been reported and are the longest control-
led data to date on any biological main-
tenance treatment for moderately-to-
severely active CD 38]. Evaluation of
Natalizumab As Continuous Therapy
(ENACT-2) examined the ability of natal-
izumab 300 mg to maintain a sustained
response (primary end point; at least a 70-
point decrease in baseline CDAI score)
and remission (contingent primary end
point; CDAI < 150) at every assessment
throughout 36 weeks in natalizumab-
treated patients who had achieved clinical
response or remission at both weeks 10
and 12 during ENACT-1. Additional
prespecified end points included the
proportion of patients who did not lose
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Figure 4. Maintenance of response in Evaluation of Natalizumab As Continuous Therapy
(ENACT-2): natalizumab responder population.
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Although concomitant immunosuppressants are required to
reduce immunogenicity and prolong response rates to inflixi-
mab (8], the clinical benefit of natalizumab maintenance
therapy in the ENACT-2 trial was the same regardless of
whether or not patients were taking concomitant immunosup-
pressives at baseline of the ENACT-1 induction trial. A total of
52% of patients who were on baseline immunosuppressants
had a sustained response throughout 60 weeks compared with
55% who were not receiving immunosuppressants at baseline.
Similarly, 37% of patients on baseline immunosuppressants
and 41% of patients not on baseline immunosuppressants
maintained sustained remission through to week 60 [47].

The ability to maintain response and remission and allow for
the elimination or reduction of steroids is

patient in clinical remission. Mean total
IBDQ scores of the patients randomized to maintenance
therapy with natalizumab exceeded 170 at each assessment
during the ENACT-2 trial, while the total IBDQ score in the
placebo group fell below this threshold by the week 12

assessment and continued to decrease over time [49].

Endoscopic healing

Natalizumab appears to induce endoscopic and histological
healing in patients with active CD [52]. A total of 53 patients
(natalizumab = 38; placebo = 15) were evaluated in a small,
exploratory, colonoscopy substudy in the ENACT-1 trial.
Week 0 (baseline) and week 10 colonoscopies were performed
and video-recorded. Endoscopic lesions were scored using the

-
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Figure 6. Evaluation of Natalizumab As Continuous Therapy (ENACT-2): patients withdrawn
from concurrent steroids.
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CD Endoscopic Index of Severity (CDEIS). The proportion of
patients with ulcers at week 0 who were ulcer-free at week 10
was also assessed through review of the videos. Biopsies from an
area of inflamed mucosa within the terminal ileum and colon
were obtained during colonoscopy and histological analysis of
biopsies was performed using the global histological activity
score (GHAS). In evaluable natalizumab-treated patients (those
with both a baseline and a week 10 endoscopic assessment;
n = 33), median CDEIS scores decreased by nearly 50% from
week 0 to week 10 (median of 18, range of 5-43 vs median of
10, range of 0-41, respectively). In evaluable placebo-treated
patients (n = 12), median CDEIS scores decreased by 7% from
week 0 to week 10 (median of 22, range of 6-67 vs median of
18, range of 0—41, respectively). Additionally, 22% of natalizu-
mab-treated patients with ulcers at week 0 (n = 37) were ulcer-
free by week 10. Only 8% of the placebo-treated patients
(n = 13) were ulcer-free at the same time point. A greater pro-
portion of patients in the natalizumab group achieved histo-
(GHAS <3) or healing (GHAS<2)
compared with those in the placebo group (80 vs 57% and 64

logical remission
vs 29%, respectively). There was a strong correlation between
the endoscopic and histological findings in the natalizumab
group (i.e., every natalizumab patient that was ulcer-free was
also in histological remission).

This substudy also assessed the ability of natalizumab to
inhibit the accumulation of leukocytes within inflamed colonic
lamina propria [53]. Biopsies were examined from a total of
40 patients treated with natalizumab (n=30) or placebo
(n = 10). At week 10, natalizumab decreased the number of
mononuclear cells in biopsy samples (n =30) by 60% from
baseline compared with 30% from baseline in the placebo
samples (p = 0.052). A 50% reduction in the number of macro-
phages compared with baseline values was observed in 53% of
the natalizumab samples compared with 30% observed in
placebo samples. A greater proportion of natalizumab samples
also had 50% reductions in T- and B-cell counts from baseline
compared with placebo samples (30 vs 10% and 20 vs 0%,
respectively) (53]. The decrease in leukocytes observed within
the lamina propria supports the proposed mechanism of action
of natalizumab, specifically the inhibition of migration and
activation of leukocytes or a combination of these events. Based
on these preliminary results, further investigation of the effect
of natalizumab on gut healing is warranted.

Safety & tolerability

Natalizumab is well tolerated in a majority of patients and has
demonstrated a consistent safety profile in controlled clinical
trials of moderately-to-severely active CD [35,57.38,54,55]. In the
Phase III ENACT-1 and -2 trials, the rates of all adverse and
serious and severe adverse events (AEs) were similar between
placebo- and natalizumab-treated patients (38]. No hemato-
logical cancers occurred during either study. Side effects in
ENACT-1 occurred equally between groups and consisted
most frequently of headache, nausea and abdominal pain.
Serious AEs were reported in 7% of both placebo- and

natalizumab-treated patients. This percentage is broadly
similar to those reported with various anti-TNF agents in CD
(7.56,571. No opportunistic infections or lymphomas were
reported during ENACT-1. Acute infusion reactions (any AE
occurring within 120 min of the initiation of an infusion)
occurred in 11% of patients in the natalizumab group and 8%
of patients in the placebo group. Hypersensitivity-like reactions
occurred in 5% of patients in the natalizumab group and 2% of
patients in the placebo group.

In ENACT-2, the accompanying long-term maintenance
trial, natalizumab demonstrated a similar safety profile [38].
Influenza and influenza-like illness were more frequent in the
natalizumab group than in the placebo group. During the trial,
there was one report each of varicella pneumonia (after expo-
sure to a child who had Varicella—Zoster virus) and Cyto-
megalovirus hepatitis (judged not to be serious by the investiga-
tor), both in patients receiving natalizumab. Both cases resolved
with appropriate treatment with no sequelae. Acute infusion
reactions occurred in 7% of patients in the natalizumab group
and 8% of patients in the placebo group. Hypersensitivity-like
reactions occurred in 3% of patients in the natalizumab group
and 1% of patients in the placebo group.

The incidence of adverse and serious AEs was also similar
between treatment groups in the Phase Il study of patients
concurrently receiving infliximab [40]. Results indicated that
natalizumab was well tolerated, with similar incidence and
severity of AEs between treatment groups. The most frequently
reported AEs for both treatment groups were headache, CD
exacerbation, nausea and nasopharyngitis. No patient had a
hypersensitivity-like reaction to natalizumab, while four
patients (5%) experienced a reaction to an infliximab infusion.
Notably, no patient had a hypersensitivity-like reaction to both
agents and patients who developed antibodies to infliximab did
not demonstrate an increased probability of developing
antinatalizumab antibodies.

In a small, short-term, open-label safety study, natalizumab was
also shown to be well tolerated by adolescent CD patients [55.56].
The most common AEs considered to be related to natalizumab
were headache (13%) and pyrexia (11%). There were eight
serious AEs, none of which were considered to be related to
natalizumab. No cdlinically-significant changes were noted in
physical examinations, vital signs or lab values. Although the
study was small and not powered to detect the occurrence of rare
AEs, no opportunistic infections or lymphomas were noted.

Immunogenicity to natalizumab has been consistently low in
both short- and longer-term Phase II and Phase III CD
studies [3537-40,54]. A total of 8% (53/650) of patients in
ENACT-1 and 9% (36/390) of patients in ENACT-2 had
38l. In
ENACT-2, patients were further classified as having persistent

detectable levels of anti-natalizumab antibodies
antibodies against natalizumab (defined as two positive anti-
body tests occurring at least 6 weeks apart or a single positive
test at the last measurement) or transient antibodies (defined as
antibody-positive but not meeting the definition of persistent
antibodies). A total of 6% (23/390) of patients were
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persistently positive for antibodies against natalizumab and
3% (13/390) were transiently positive. Occurrences of acute
infusion reactions and hypersensitivity-like reactions were more
frequent among patients with persistent, rather than transient,
antibodies against natalizumab. Although none of the patients
with persistent antibodies against natalizumab maintained a
response through to week 60, transient antibodies did not have
an effect on efficacy; 75% of patients with transient antibodies
continued to maintain a response through to week 60.

Although natalizumab has demonstrated a consistent safety
profile in clinical trials, concerns have arisen as a result of
reports of three cases of progressive multifocal leukoencephalo-
pathy (PML), which occurred in natalizumab-treated patients,
two of which were fatal [58-60]. Two of these cases occurred in
MS patients receiving concomitant interferon (IFN)-B,, treat-
ment and one of the two fatal cases occurred in a CD patient
receiving natalizumab as part of an open-label trial. This patient
had been treated with multiple therapies, including long-term
daily azathioprine and had suffered from severe intermittent
lymphopenia for approximately 6 years. Complete details of this
case have been reported elsewhere [s8]. Results of extensive safety
analyses of more than 3000 CD, MS, and rheumartoid arthritis
(RA) patients who had participated in natalizumab clinical
trials have been completed recently and have not identified any
additional confirmed cases of PML beyond the three cases
mentioned previously. This study suggested a risk of develop-
ment of PML of roughly one in 1000 patients (95% confidence
interval: 0.2-2.8 per 1000) treated with natalizumab for a
mean of 17.9 months (61]. The risk associated with longer treat-
ment is not known currently, although any therapy affecting
immune balance also has the potential to affect rates of oppor-
tunistic infections. Longer-term data is needed to define these
potential rates with natalizumab accurately.

Regulatory affairs

Natalizumab received initial approval for the treatment of relaps-
ing MS after accelerated review by the US FDA in November
2004. However, Elan and Biogen Idec, USA voluntarily
suspended the marketing and clinical trials on February 28,
2005. This decision was based on two serious AEs of PML that
occurred in MS patients treated with natalizumab in combina-
tion with IFN-B,, in clinical trials. On March 30, 2005, Elan
and Biogen Idec, USA announced that their ongoing safety
evaluation of TYSABRI® led to a previously diagnosed fatal case
of malignant astrocytoma being reassessed as PML, in a patient
in an open-label CD clinical trial. Safety evaluations of
TYSABRI in MS, CD and RA have been completed and resulted
in no new confirmed cases of PML [55]. On September 26, 2005,
a supplemental Biologics License Application (sBLA) for natali-
zumab was submitted to the FDA for the treatment of MS. The
FDA granted priority review for the sBLA on November 17,
2005 and the Advisory Committee meeting that convened on
March 7th and 8th, 2006 voted unanimously to recommend
reintroduction of natalizumab for relapsing forms of MS. The
FDA approved natalizumab for commercial availability in June

Natalizumab

2006. Natalizumab was also approved for use in Europe for the
treatment of MS in June 2006 and is currently under review for
CD. Approval in both jurisdictions is accompanied by enhanced
pharmacovigilance or risk management plans to better evaluate
the actual risk of serious infections, as well as ensuring that
patients and physicians are fully informed of the risks of therapy.
At present, clinical vigilance is the best method for early detec-
tion of symptoms suggestive of PML. Detection of JC polyoma-
virus DNA in plasma by PCR testing has shown low sensitivity
and specificity making its use as a monitoring tool uncertain.
This is being further explored in studies in MS patients.

Conclusions

Biological therapy has rapidly gained a central role in CD treat-
ment. While the efficacy of infliximab in inducing and
maintaining remission is proven, it is clear that, for some
patients, such treatment remains ineffective. Furthermore,
significant hurdles to the long-term use of infliximab, including
immunogenicity and long-term safety risks, have emerged.
Fortunately, an expanding armamentarium is poised to further
advance patient care.

Natalizumab offers significant promise. It appears to disrupt
leukocyte recruitment and disrupt activation of key compo-
nents of the inflammatory cascade. Long-term benefits have
been observed in clinical trials, including high steroid-free
remission rates and maintenance of a level of QoL for patients
with CD that approaches that of a cross-section of the general
population. The long-term efficacy of natalizumab has been
demonstrated in a number of patient types, including patients
with biological evidence of active inflammation, patients who
are steroid-dependent or refractory to steroids and patients with
active disease, despite a prior history of anti-TNF or immuno-
suppressive therapy. Natalizumab may eventually play an
important alternative role in the treatment of patients unre-
sponsive to or intolerant of TNF-targeted agents and may not
incur the same long-term immunogenic risks. Although natali-
zumab has been shown to be well tolerated by most patients,
longer-term data and continued research are required in order
to weigh the clinical benefit of natalizumab therapy against the
potential risk of rare but serious AEs. Encouraging results of the
amended safety assessment of natalizumab in MS, CD and RA
patients suggest that the occurrence of PML may be a rare
(~0.1%) event [61]. Larger, long-term studies will elucidate the
ultimate role of natalizumab in the treatment of CD.

PML has been associated previously with patients with
chronically depressed immune systems (e.g., HIV patients and
organ transplant recipients). The potential relationship
between inhibition of a integrin-mediated events and the
development of PML is unclear and remains an important area
of concern [62,63].

Expert commentary

Natalizumab has demonstrated efficacy among some of the
most difficult-to-treat patients with CD and may offer advan-
tages over existing traditional and biological therapy. Early data
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suggest it provides true disease modulation through inhibition
of leukocyte trafficking and effects on underlying inflamma-
tion, rather than merely symptomatic control. Immunogenicity
data suggest low rates of antibody development. This may
herald better long-term efficacy and fewer immunologically
mediated side effects.

If approved for CD, groups of patients who might benefit
particularly from the use of natalizumab therapy include
patients with active disease, despite the use of conventional
therapies, those who do not respond to, have lost response to or
can no longer tolerate infliximab, patients with refractory
disease on steroids and, with further study, possibly pediatric
and adolescent patients. In addition, the low rates of immuno-
genicity, strong maintenance data and steroid-sparing effects of
the drug make it a potential option for use prior to
conventional immunosuppressants.

Of special interest is the ability of natalizumab to eliminate
long-term steroid use. This may ultimately be of significant
importance for young patients in whom steroid use is of partic-
ular concern. While the short-term, open-label study in adoles-
cent patients demonstrated that natalizumab was well tolerated,
longer-term data and further studies on dosing in the adoles-
cent population are warranted, as is caution in the use of natal-
izumab in adolescent or pediatric patients until the overall
risk:benefit ratio is defined.

ay-integrin antibodies also show great promise in the treatment
of UC. MLNO2 has been shown to be effective for the treatment
of patients with UC and early data suggest that natalizumab may

also be effective. In a study of ten patients with UC and
Powell-Tuck scores greater than 4, a single intravenous infusion of
natalizumab 3 mg/kg resulted in a significanty improved
Powell-Tuck score at 1, 2, and 4 weeks post-treatment [36].

The use of natalizumab as postoperative maintenance may
also merit further study. Treatments, including corticosteroids,
mesalamine, AZA and 6-MP have been investigated for the
delay of postoperative recurrence of CD but, to date, there is no
standard of postoperative therapy [64].

Another CD treatment aim is healing of the bowel mucosa.
Current treatments that promote mucosal healing are limited;
corticosteroids are not effective at healing mucosal lesions,
while some data has shown that immunosuppressants
(i.e., AZA) or biologics (i.e., infliximab) may be effective (65,66].
Natalizumab appears to induce endoscopic and histologic
healing in patients with active CD and further studies are
warranted [52].

Natalizumab may ultimately be an important addition to the
armamentarium of therapies for the treatment of IBD in
general and CD specifically. Its mechanism of action, which
targets the underlying pathology of CD, may offer an alterna-
tive to conventional therapies, which have traditionally only
afforded symptomatic disease control.

At the present time, longer-term safety data are still
required to help define the overall risk:benefit profile of
natalizumab and to position this potential therapy among the
mainstays of maintenance treatment of moderate to severe
CD currently available.

Key issues

reactions and reduced efficacy.

synergistic safety risks.

that were attributed to the drug warrants caution.

suggest that the overall risk may be low.

® |onger-term safety data are needed.

e Crohn's disease (CD) is a chronic, progressive disease that often requires surgery.

e Standard treatment does not alter the natural disease course and available treatment has significant side effects.

® Biological therapies show significant promise in altering the natural disease course.

® Immunogenicity and carcinogenic potential may threaten long-term benefits of some biological therapies.

* Emerging agents, such as anti-a, integrin antibodies, have demonstrated significant efficacy in the CD management.
e Short- and long-term immunogenicity is low (<10%) in Phase Il and Il trials.

® The presence of persistent but not transient antibodies is not associated with an increase in infusion reactions, hypersensitivity-like

e Future therapy will incorporate earlier use of disease-altering biological therapy to attempt to avoid complications of chronic CD.
® Regimens of alternating biological therapies will become increasingly common.

® Use of combined biological therapies may be considered but must be approached cautiously because of potential additive or
e The report of three cases of progressive multifocal leukoencephalopathy (two in multiple sclerosis patients and one in a CD patient)

® Data from a thorough review of a large cohort of mulitple sclerosis, CD and rheumatoid arthritis patients treated with the drug

¢ Clinical guidelines should include strategies for surveillance and risk management.
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Five-year view

In the next 5 years, the ‘therapeutic pyramid’ on which CD care
is currently based will change significantly. The future paradigm
of CDcare will probably be a top-down approach based on
earlier, more aggressive, use of biological therapies, in the hopes
of changing the disease’s course substantially. New and existing
biological therapies will be used more widely in alternating,
combined and cyclic regimens to both induce and maintain
remission, and other novel therapeutic agents will join TNF
inhibitors as cornerstones of CD management. Ongoing research
will elucidate the specific regimens and identify patients for
whom they are suited over the coming years, which may reduce
the prevalence of, and reliance on, surgical treatment.

Significant advances in our understanding of the genetic and
immunological basis of IBD have been made in past decades;
however, our understanding of its pharmacogenetics and geno-
type/phenotype relationships is in its infancy. It is probable
that, in the coming years, biological therapies will play an
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