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One year after its return to
market, MS specialists are
learning how to avoid both 

life-threatening risk and minor
adverse effects. But does the

drug hit the bull’s eye?

By Jeffrey I. Greenstein, MD
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W
hile the withdrawal of Tysabri from the

market in 2005 was not the first such

occasion for a drug to treat a neurolog-

ical disorder, it had a particular reso-

nance with neurologists because of the

occurrence of progressive multifocal leukoencephalopathy

(PML) in three of the clinical trial subjects, which led to the

withdrawal.1,2,3 The enthusiasm that greeted the fast-track

approval of natalizumab in late 2004 was quashed just a few

months later by the reports of PML, which jeopardized not

only the lives of patients but the future of this ground-break-

ing therapy itself.

The subsequent re-release last year of Tysabri for the treat-

ment of multiple sclerosis has left neurologists in a quandary

as to how aggressive we should be in instituting this therapy

for our patients, who we should treat and how to monitor

patients on the therapy. It is almost a year since the re-release

of Tysabri with stricter labeling, and it is appropriate to

review the experience of using the drug during this period of

time. This article will review how the drug’s performance in

clinical practice at our institute and in anecdotal discussions

with other immunotherapy specialists.



Targeted Therapy
Tysabri (natalizumab) is a humanized anti-integrin mono-
clonal antibody (mAb) which binds the α4 subunit of the
α4,β1 (VLA-4) and α4,β7 integrins, making it useful to treat
MS and Crohn's disease, respectively.4 Essentially, the com-
plementarity binding region 3 (antigen-binding portion) of
the molecule is derived from the mouse and the rest of the
molecule is derived from a human IgG4 gene. The selection
of an IgG4 framework for the immunoglobulin prolongs cir-
culating levels of the molecule. VLA-4 is expressed on all
mononuclear cells except for neutrophils. 

In the case of multiple sclerosis, binding of natalizumab to
VLA-4 prevents firm adhesion of mononuclear cells to
VCAM-1 which is expressed on the endothelium of the brain
and spinal cord vessels.4 This impedes egress of these cells into
the central nervous system. It is likely that this is the major
mechanism of action of the monoclonal antibody, as there is
little evidence that natalizumab binding to integrins produces
outside-in modulation of integrin-induced cell signalling. In
addition, the binding of natalizumab to fibronectin and
osteopontin may potentially influence tissue injury by
mononuclear cells.

Initially, the murine counterpart of natalizumab demon-
strated efficacy in reducing inflammatory activity in 
experimental allergic encephalomyelitis (EAE).5 The studies
demonstrated that the passage of encephalitogenic cells into
the central nervous system was blocked at the endothelium
by preventing mononuclear cell adhesion by inhibiting 
VLA-4 and VCAM-1 binding. These findings led to develop-
ment of the humanized molecule- natalizumab-and 
successful preliminary studies which indicated potential clin-
ical efficacy in MS.

The pivotal clinical trials of natalizumab in MS demon-
strated efficacy in delaying the progression of disease as well
as significantly reducing relapses.6,7 Additionally, the occur-
rence of Gadolinium-enhancing (Gd) lesions was substantial-
ly reduced (again, proof of principal of pathogenic disease
mechanism-break in the blood-brain-barrier (BBB)-was
modulated by the therapy) as well as the development of both
T2- and T1- weighted lesions and the slowing of the develop-
ment of brain atrophy.6,7,8 Further, the development of optic
nerve involvement was slowed,9 and quality of life was
improved in many aspects.10 Extended follow-up has demon-
strated continued and unchanged efficacy.11

Until the development of PML, the adverse event profile
of natalizumab had appeared relatively limited. A small pro-
portion of treated individuals developed antibodies against
natalizumab, which led to the recrudescence of disease activ-
ity and allergic reactions in some.6,7,12 Most of the allergic
reactions manifested as urticarial reactions though occasional

individuals appeared to develop bronchospasm. These mani-
festations were easily treated with antihistamines and IV
steroids if necessary. The occurrence of cancers or other infec-
tions were not increased in natalizumab-treated individuals.
However, the presentation of PML cast a different light on
the potential safety of the treatment. This led to voluntary
withdrawal of the mAb and an intensive evaluation of the
treatment trials.13

The occurrence of PML in Tysabri-treated individuals has
highlighted generic risks in treating individuals with autoim-
mune diseases. These include an increased risk of malignan-
cy, an increased risk of infections and of other autoimmune
disease. As the efficacy of treatment increases, so does the
risk. These complications of immunotherapy need to be
borne in mind in the context of treating multiple sclerosis
patients with a therapy demonstrably superior to other
approved therapies.

Pinpointing PML Risk
Progressive multifocal leukoencephalopathy is a demyelinating
disease caused by infection of oligodendroglia and astrocytes
by the JC virus, a Papovavirus1.4 It occurs in autoimmune dis-
orders and in those who are immunosuppressed as a result of
therapy or disease. The JC virus infects a majority of individu-
als by adulthood and remains latent in most, although 30 per-
cent of infected individuals pass live virus into the urine. The
site of latency is unclear but may include the bone marrow and
kidney or both. 

Immunity to the virus must be present in the majority of
individuals, and available evidence suggests that the presence
of CD8+ cytolytic T-cells is necessary for surveillance and dis-
ease prevention. However, the maintenance of CD8+ T-cells
is dependent on CD4+ T-cells, which are affected by
immunosuppression and many of the immune disorders in
which PML occurs. Spread of the virus to the central nervous
system is possibly both by viremia and the passage of infect-
ed B-cells. 

When PML occurs in the presence of multiple sclerosis,
both clinical and MRI evaluation are needed initially to iden-
tify the possibility of PML. While there are both clinical and
MRI differences between MS and PML, the distinction
between these disorders may still be difficult and examination
of the CSF by PCR for viral DNA and if necessary brain
biopsy for histology and in-situ DNA hybridization may be
necessary for diagnosis.14

In the clinical trials, PML occurred in two subjects treat-
ed with both interferon-β1a and natalizumab and in one
individual with Crohn's disease who may have had an under-
lying immune deficiency in addition to exposure to natal-
izumab as well as other drugs associated with increased risk
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for PML.1,2,3 A retrospective analysis of the trial subjects did
not uncover any other cases of PML. The risk of occurrence
of PML in natalizumab-treated individuals was estimated as
1:1000.13

However, PML did not occur in the subjects treated with
natalizumab alone. Whether this implies that the risk for
PML development is due to the combined immune-modulat-
ing effects of natalizumab and interferon-β1a compared with
the effects of natalizumab alone or whether there is still risk
for PML with natalizumab alone is unclear. In the latter case,
PML may occur after more individuals are treated
or after they are treated for longer periods
of time. 

PML has not been documented
in the use of interferon-β1a
alone. A study of the CSF cell
population in natalizumab-
treated individuals dem-
onstrated significant
lowering of both CD4+
and CD8+ T-cells.15

This is not unexpect-
ed given the reduc-
tion in cell passage
across the blood-
brain barrier in treat-
ed individuals. How-
ever, the study did not
analyze whether the cell
counts were lower than
normal control individu-
als and it is not clear
whether the reduced cell
counts reflect induced immuno-
deficiency in the CNS or normaliza-
tion of the CSF cell counts in treated
individuals. 

Lessons Learned
The re-release of Tysabri last year occurred in the setting of
an unresolved dilemma as to the real risk of PML for individ-
uals treated with the mAb as monotherapy. The recommend-
ed use is for relapsing MS with disease activity in the face of
prior immune-modulating therapy or intolerance to
injectibles. Given that the efficacy range for the interferons
and glatiramer acetate in the 30 percent range for relapses
and reduction of disease progression, it is likely that a major-
ity of individuals with MS being treated with these agents
will fail therapy as evidenced by the occurrence of relapses or
MRI activity such as Gd-enhancing lesions or the accumula-

tion of T1- and/or T2-lesions. At this time it appears that a
minority of neurologists in the United States are prescribing
natalizumab in their patients; worldwide less than 10,000
MS patients are being treated despite the presence of an
excellent risk-management program approved by the FDA
(TOUCH program). 

Many of the 10,000 MS patients on the TOUCH pro-
gram have received therapy for almost one year. In addition,
we have the experience in our center of treating 70 patients
with Tysabri. Anecdotally, most US neurologists with whom

I have been in contact have had the same experi-
ence with Tysabri to date. Occasional indi-

viduals have complained of headache,
fatigue or stiffness on the day of

the infusion. One individual
complained of nausea. These

symptoms resolved spon-
taneously after two or

three infusions. 
In my practice,

there has been no
unexpected occur-
rence or infections
and no malignancies
on treatment. Three
individuals have had
urticarial reactions

which responded to
Benadryl and Solu-

medrol IV. Treatment
was discontinued in all.

Of interest was the occur-
rence of urticaria in a father

and son, suggesting a genetic
predisposition to the development

of this adverse event. 
There have been a few relapses in our

patients. All relapses were investigated clinically and
with MRI studies. No evidence of PML was found. About
one half of the MRIs were associated with the presence of
Gd-enhancing lesions. The majority of subjects have had less-
ening of fatigue and a sense of well-being. They have had sta-
bilization of disease and in some instances a mild improve-
ment neurologically. Unfortunately, a small number of indi-
viduals may be progressing on therapy. 

To date, no additional cases of PML have been report-
ed.11,13,16 This is encouraging in that it may reflect the relative
rarity of PML with the use of natalizumab monotherapy.
However, one may not be able to draw a final conclusion
about the risk of PML until many thousands of patients have
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been treated for over three years. The infrequent use of natal-
izumab and the restriction to individuals with failure of other
treatments will give an underestimation of the therapeutic
efficacy of the treatment as the clinical trials suggested greater
efficacy with earlier treatment.6,7 Ideally it should be consid-
ered as initial therapy in MS but this is unlikely to be recom-
mended until safety issues related to the occurrence of PML
are clarified in the long-term. 

At this time it seems reasonable to consider the use of
natalizumab only in individuals who have failed convention-
al immune modulation therapy or in those who cannot toler-
ate injection therapy. In our center, patients are entered into
the TOUCH program after a thorough discussion of the
potential benefits and risks as well as a consideration of alter-
native therapies such as mitoxantrone. Treatment is delayed
for four weeks for those previously on interferon or glati-
ramer acetate; and 12 weeks for those on immunosuppressive
therapy. A baseline neurological evaluation, blood count and
chemistry and MRI with and without contrast are obtained.
Clinical evaluations are performed every three months and
the MRI is repeated at six and 12 months or as needed if
relapses occur. 

In the event of possible PML, a CSF would be obtained
for PCR evaluation. It would be reasonable to consider plas-
ma exchange and potentially leukopheresis to remove cells
with bound antibody, to attempt to reduce the amount of cir-
culating antibody and to stimulate the release of unbound
mononuclear cells. The issue of effectiveness of antiviral ther-
apy in PML is unresolved. However, in the event of PML
occurring, antiviral therapy seems reasonable.

Antibody titers to natalizumab should be obtained in indi-
viduals who fail therapy and when allergic reactions occur. In
our experience, the allergic reactions were effectively treated
with IV Benadryl and Solumedrol followed by a short course
of oral steroids. In the event of a more severe reaction, subcu-
taneous epinephrine, H2-blockers and potential intubation
may need to be considered with hospitalization of the
patient. 

There seems to be no point in continuing natalizumab
therapy in the face of reactions or the persistence of antibod-
ies on sequential testing. We have evaluated one individual
whose allergic reaction progressively worsened with repeated
infusions despite Benadryl pre-treatment. This course of
action does not seem worth pursuing and may precipitate
potentially life-threatening reactions.

Weighing the Risks
It seems reasonable at this time to consider the use of natal-
izumab in individuals with failure to respond to interferon or
glatiramer acetate therapy, or those who are unable to toler-

ate injections. While there is no assurance that PML will not
occur, the occurrence of clinical outcomes which parallel the
clinical trials and the relative absence of unexpected adverse
events—as well as the relatively minor adverse events which
do occur—make natalizumab a therapy worthy of serious
consideration.

For example, comparing natalizumab risks with the
adverse event profile of mitoxantrone (including leukemia
and cardiac injury) in MS patients, the unresolved issues of
PML do not exclude consideration of the use of natalizumab
in my opinion. This stance is consistent with a recent study
which quantifies the risks of using natalizumab.17 Here, the
benefits of natalizumab treatment were found to vastly out-
weigh the risks. Future research will no doubt continue to
elucidate the role of Tysabri in clinical practice. PN
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