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O ur understanding of possible pathogenic
mechanisms of multiple sclerosis has grown
significantly in the past few decades. We have
gone from merely observing the symptoms of
MS to the rational development of therapeu-

tics designed to interrupt pathways that may lead to CNS
inflammation, demyelination and axonal injury. For now this
is the most advanced area of treatment, as the development
of strategies to slow or inhibit disease progression due to
axonal degeneration therapeutically has lagged behind those
interrupting inflammatory mechanisms.

The most recent breakthrough in this area was the devel-
opment of natalizumab (Tysabri), and this may also have
been the most dramatic treatment in the recent history of

neurology. In light of its life-changing potential, the Food
and Drug Administration fast-tracked this treatment in 2004
and ultimately gave it approval on November 23 of that year.
However, it was promptly withdrawn the following February
after reports of two patients involved in clinical trials con-
tracting progressive multifocal leukoencephalopathy, an ulti-
mately fatal disease. But when no further cases arose during
a safety review, the manufacturers Biogen Idec and Elan
Corporation submitted an application to return it to the
market in August. And in March of this year an FDA panel
recommended allowing the treatment to return to the mar-
ket, although the agency itself says it wants another 90 days
to review the safety plan.

By the end of June, the story of natalizumab’s fate could

            



The newest treatment in MS has quickly
become the most controversial. 

After a rocky start and abrupt withdrawal,
will the FDA give a “thumbs up” to 

Tysabri’s return?

be over. Barring an unforeseen new finding or development,
this treatment could be an option for our patients by early
summer… or the FDA may rule that the safety concerns
override the potential benefit and continue to ban the thera-
py from use indefinitely. Either way, this event shows how
the FDA seems more cautious about safety after the Vioxx
debacle, which may have long-reaching consequences in the
way all neurology treatments are handled in the future. In
this article, we’ll look at this specific case and its long-term
implications on the regulatory process.

The Science Behind the Controversy
Natalizumab humanized monoclonal antibody was produced
to inhibit the binding of integrins (α4β1, or VLA-4, and

α4β7) on leukocytes to their receptors (VCAM-1 and
MadCAM-1 respectively).1 In the case of MS, the binding of
α4β1 to VCAM-1 was assumed to be a major step in the
transit of mononuclear cells into the CNS based on EAE
studies.2,3 This assumption has been amply validated in stud-
ies with natalizumab in MS.1,4,5

The risks of allowing the development of infection, malig-
nancy and other autoimmune diseases must always be con-
sidered when implementing a therapy that modulates the
immune system. The approval of immune-modulating ther-
apies by regulatory agencies requires a balance between the
therapeutic efficacy of an agent and the risk of harm result-
ing from use of the agent. Until recently, the risk/benefit
ratio for MS therapeutics has clearly been in favor of the use
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of agents such as the interferons and glatiramer acetate. The
use of mitoxantrone carries a greater degree of risk, particu-
larly of cardiac damage and malignancy. However, it is gener-
ally used as a rescue therapy where patients and physicians are
more tolerant of risk. 

The dilemma facing neurologists is in the use of agents
with greater risk at an earlier stage of disease. In particular,
the unexpected risk of using natalizumab uncovered after a
relatively long period of use in clinical trials has divided opin-
ion on the future use of this agent amongst neurologists.

Leukocyte adhesion to the endothelium is the initial phase
in transendothelial migration of these cells in the process of
establishment of an inflamma-
tory response in tissue.6 This is
accomplished in three steps—
cellular attachment (selectins),
cellular activation (chemo-
kines), and arrest of cells fol-
lowed by strengthening of
adhesion (chemokines and
integrins)—which are followed
by transendothelial migration.
The last step requires integrin
adhesion to a receptor and
interruption of this step will,
therefore, inhibit the trans-
endothelial migration of leuko-
cytes effectively.3 In the case of
both EAE and MS preventing
the binding of α4β1 integrin
to the VCAM-1 accomplishes
to a major degree inhibition of
the third step in this process. 

Integrins are a family of 24
molecules required for cell-cell
adhesion as well as adhesion to extracellular matrix proteins.7

They are functionally active in a variety of ways including
development, regulation of immune responses, leukocyte
traffic, hemostasis and carcinogenesis. Binding of integrins to
their receptors leads to outside-in signaling with activation of
a multiplicity of intracellular signaling pathways.8

Conversely, intracellular changes can signal changes
including allosteric conformational changes of the integrin
molecules which then influences binding to the receptor.8 In
the case of lymphocytes, integrin signaling can influence cell
activation, proliferation and lymphokine production. Natali-
zumab has not demonstrated influence on signaling, so that
its effect in MS is presumed to be restricted to interfering
with transendothelial migration and possibly adhesion to the
extracellular matrix proteins fibronectin9 and osteopontin.10

Assessing the Safety
The safety, tolerability and efficacy of natalizumab in MS has
been evaluated in two pivotal studies.4,5 The subsequent
reports of progressive multifocal leukoencephalopathy (PML)
in two cases of MS and one of Crohn’s disease led to an exten-
sive safety analysis of natalizumab.11-14

The first phase III trial of natalizumab (AFFIRM) was a ran-
domized, double-blind, placebo-controlled, parallel-group trial
in relapsing-remitting MS (RRMS).4 Subjects were between the
ages of 18 and 50. They had one or more relapses in the preced-
ing 12 months and low levels of disability. The study was essen-
tially one of first treatment of MS. Natalizumub was infused at

300mg every four weeks and
compared to a placebo in a 2:1
ratio. The study randomized
942 subjects who were treated
for 116 weeks. The primary
end-point of the study at one
year was the rate of clinical
relapses, and at two years of sus-
tained progression of disability. 

The two groups were well
matched with no significant
baseline differences. The mean
number of relapses in the pre-
ceding year were 1.53 and 1.50
in the natalizumab and placebo
groups respectively. The mean
EDSS score was 2.3 in both
groups, indicative of relatively
mild disability. Both groups
essentially conformed to the
McDonald criteria for the diag-
nosis of MS. They had active
inflammatory disease on MRI

with means of 2.2 and 2.0 gadolinium-enhancing lesions per
patient in the natalizumab and placebo groups respectively.
Ninety one percent of subjects completed the study.

At two years, there was a 42 percent reduction in the risk of
sustained disability comparing the natalizumab and placebo
groups (17 percent versus 29 percent cumulative probability of
progression respectively: p<0.001). Natalizumab reduced the
annualized relapse rate to 0.26 compared with 0.81 in the
placebo group at one year (68 percent relative reduction,
p<0.001); a difference that was sustained into the second year.
The mean reduction in number of new or enlarging T2-
weighted hyperintensities on natalizumab was 83 percent
(p<0.001). Likewise, gadolinium-enhanced lesions were
reduced by 92 percent comparing natalizumab treatment with
placebo (p<0.001). 

At two years,
there was a 42

percent reduc-
tion in risk of

sustained
disability for
natalizumab
vs. placebo.

Natalizumab
reduced the 

annualized relapse rate
from 0.81 to 0.26.

            



Treatment with natalizumab, therefore, had a substantial
effect on inflammatory activity, both radiologically and on
MRI. While the effect on disease progression was significant
it appears to be relatively lower than might be expected from
the anti-inflammatory effect of the treatment. This is some-
what surprising as one might have anticipated a stronger
effect. Whether this represents dissociation between inflam-
mation and disease progression is not clear at this point.
Perhaps a longer period of observation is necessary to detect
the extent of natalizumab’s impact on this aspect of MS.
Alternatively, the findings may represent a generic weakness
in the use of anti-inflammatory therapies in MS, and the
requirement for concurrent
neuroprotective strategies.

Significant adverse events in
the natalizumab-treated cohort
were fatigue and infusion reac-
tions, including urticaria, der-
matitis and anaphylactic/ana-
phylactoid reactions. No case
of PML occurred in this group.
Persistently elevated neutraliz-
ing antibodies to natalizumab
were found in six percent of
the treated individuals. They
also had a higher incidence of
infusion reactions and a loss of
therapeutic efficacy. 

The second phase III trial
(SENTINEL) was also a ran-
domized, double-blind, place-
bo-controlled, parallel-group
trial.5 Subjects included must
have had at least one relapse
while on interferon beta-1a therapy in the preceding 12
months. Subjects continued interferon beta-1a and were ran-
domized to natalizumab 300mg every four weeks (589) or
placebo (582) for 116 weeks. The primary efficacy end point
at one year was the annualized relapse rate. At two years it
was the cumulative probability of sustained disability pro-
gression. Secondary end points included MRI metrics.
Eighty six percent of subjects completed the study. Baseline
demographics were not significantly different except for a
statistically longer disease duration in the interferon/placebo
group.

At two years, combination therapy reduced the risk of
sustained disability progression by 24 percent (23 percent
combination therapy versus 29 percent interferon/placebo;
p=0.02). The annualized relapse rate was reduced from 0.82
in the interferon group to 0.38 in the combination group

(54 percent reduction; p<0.001). This difference was sus-
tained at two years. The mean reduction in number of new
or enlarging T2-weighted lesions was significantly reduced
by the combination compared by interferon alone (83 per-
cent reduction; 5.4 interferon versus 0.9 combination;
p<0.001). Likewise, the reduction in mean number of
gadolinium-enhancing lesions was significant (89 percent
reduction; 0.9 interferon versus 0.1 combination; p<0.001).
The greater benefit in relapse and MR metric reduction than
the effect on progression is evident here as well. 

It is to be expected that the results in this cohort are not
as marked as in the AFFIRM study. In particular, the groups

here were older (38.9 years ver-
sus 36.0 years) and had a
longer duration of disease (7.0
years versus 5.0 years) in addi-
tion to manifesting disease
activity on prior therapy. Of
interest is the similar relapse
rate (1.47 versus 1.52) and
EDSS (2.4 versus 2.3) in both
study groups. Apart from a
possible dissociation between
treatment efficacy in control-
ling relapses compared with
progression as noted in
AFFIRM, the SENTINAL
study may have, in addition,
included individuals with
more aggressive and potential-
ly more resistant disease.

Hypersensitivity reactions
occurred in the combination
group and included urticaria.

No cardiopulmonary reactions occurred. Persistent antibod-
ies to natalizumab occurred in six percent with a loss of effi-
cacy as in the AFFIRM study. While there was no overall dif-
ference in the rate of infections between the two groups, two
subjects on combination therapy developed PML (after 29
and 37 doses).11,12 In retrospect, following a postmortem
evaluation, a subject with Crohn’s disease also developed
PML.13 One of the MS subjects died.

A comprehensive analysis of subjects who participated in
natalizumab studies (n=3116) was carried out and recently
reported.14 A mean of 17.9 monthly doses were infused in this
cohort. Cases presenting with either clinical or MRI findings
possibly related to PML, or a high plasma viral load of JC
virus, were referred to an expert committee for evaluation.
PML was excluded in all but one of 44 individuals reviewed.
Insufficient data were available to evaluate the one case.
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Two MS patients on combi-
nation therapy (natalizumab
plus interferon-1a)
developed
PML, as did a
patient with
Chrohn’s 
disease taking
natalizumab.
One of the MS
subjects died.
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Therefore, there are only three known cases of PML in indi-
viduals treated with natalizumab. The estimated risk for PML
based on the available data is 1:1000. However, we do not
completely understand the true risk for PML in natalizumab
treatment. No cases occurred with the use of natalizumab in
the absence of other immune-suppressants or modulators
(AFFIRM). The risk associated with treatment of larger num-
bers of individuals or with longer-term use of natalizumab
remains unknown.

Considering the Dangers
In order to evaluate the risk of natalizumab use fully, a Risk
Management Program has been proposed to the FDA by
Biogen and Elan.15 At present, there is no final decision
regarding the specifics of the program. This appears to be a
factor in the recent FDA decision to delay a final determina-
tion on the approval of natalizumab. This program is intend-
ed to improve risk-benefit decision making in using natal-
izumab and to minimize the risk of PML and the conse-
quences of contracting the infection. Some form of registry to
evaluate the occurrence of adverse events over a long time
period will be necessary. 

In addition, restriction of use of the antibody and con-
trolled follow-up of treated individuals is important. The
extent to which this program will be voluntary is under dis-
cussion. A well-defined plan producing solid data would have
inestimable value to prescribing neurologists, even if it is a
few years in coming. The results of this plan may help solve
the current dilemmas surrounding use of natalizumab.

The available data strongly indicate the efficacy of natal-
izumab therapy, particularly for early and initial use of the
antibody. Less impressive results are seen in those with treat-
ment failure, even though the data are still statistically signif-
icant. 

This poses a dilemma for prescribing neurologists in view
of the safety issues surrounding the occurrence of PML. Do
we risk this complication by using natalizumab in early cases?
Or should we wait until patients fail therapy so that we feel
more comfortable accepting the risk of PML, even though
the therapeutic result may be diminished? 

This dilemma may be lessened with experience 
using natalizumab and by the presence of a strong monitor-
ing program giving us more data in time. The fact that a
majority of MS patients face disease progression despite cur-
rent therapy is a cogent reason to accept greater risks in the
use of therapeutic agents.16,17 However, any decision on ther-
apy is ultimately dependent on the informed involvement
both the treating physician and the patient. The use of this
therapeutic agent over the next few years will be interesting
to follow.

Prospects for the Future
As of this writing the FDA says its review of Biogen’s and
Elan’s bid to return natalizumab still has a high priority.
While this review is ongoing, many physicians and market
analysts will be wondering what sort of restrictions the
agency will put on the treatment if (or when) it does return
to the market. Those on the clinical side are also thinking
about what portion of the patient population would benefit
the most from this treatment and what measures should be
taken to minimize the risk. 

From a researcher’s perspective, this shows the increased
emphasis on safety needed during the investigation process.
This is not to imply that there is not an emphasis on ethics
now, but after the withdraw of Vioxx it has become impera-
tive to collect comprehensive safety prior to seeking approval.
And after the natalizumab incident, it’s likely the FDA will be
more reluctant to give such an intense, inherently risky sub-
mission the fast-track to approval. We can only wonder what
will happen to the next application submitted for an MS
treatment, but it’s likely it will undergo more stringent scruti-
ny and receive less enthusiasm from the agency. PN
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