Natalizumab
Natalizumab is a humanized monoclonal antibody
against the cell adhesion molecule α4-integrin. Natalizumab is used in the treatment of multiple sclerosis and
Crohn’s disease. It is co-marketed by Biogen and Élan
as Tysabri, and was previously named Antegren. Natalizumab is administered by intravenous infusion every 28
days. The drug is believed to work by reducing the ability of inﬂammatory immune cells to attach to and pass
through the cell layers lining the intestines and blood–
brain barrier. Natalizumab has proven eﬀective in treating the symptoms of both diseases, preventing relapse,
vision loss, cognitive decline and signiﬁcantly improving
quality of life in people with multiple sclerosis, as well
as increasing rates of remission and preventing relapse in
Crohn’s disease.

clinical evidence suggests that it could be also used in
combination for the treatment of B-cell malignancies
where it overcomes the resistance to rituximab.[9]

1.1 Multiple sclerosis
Further information: Multiple sclerosis and Treatment
of multiple sclerosis
Natalizumab was evaluated in two randomized, doubleblind, placebo-controlled trials in people with multiple sclerosis. The studies enrolled individuals with
MS who experienced at least one clinical relapse during the prior year and had a Kurtzke EDSS score between 0 and 5. In these trials natalizumab was shown
to reduce relapses in individuals with MS by 68%
vs. placebo, a margin far greater than had been seen
for other approved MS therapies.[10] Natalizumab also
slowed the progression of disability in patients with relapsing MS.[10][11] In combination with interferon beta1a (IB1A), relapsing and disability progression were reduced more than IB1A alone.[12] Other beneﬁts of natalizumab use by patients with relapsing MS included reduced visual loss,[13] a signiﬁcant increase in the proportion of disease-free individuals,[14] signiﬁcantly improved
assessments of health-related quality of life in relapsing
individuals,[15][16] reduced cognitive decline of a portion
of individuals with MS,[17] reduced hospitalizations and
steroid use,[18] and prevention of the formation of new
lesions.[10][19] Approximately 6% of individuals receiving natalizumab have been found to develop persistent
antibodies to the drug, which reduces its eﬃcacy[12][20][21]
and produce reactions during the infusion of the drug, as
well as hypersensitivity.[12] Natalizumab is approved in
the United States and the European Union. It is indicated
as monotherapy (not combined with other drugs) for the
treatment of highly active relapsing remitting MS in spite
of prior treatments.[11] Natalizumab oﬀers a limited improvement in eﬃcacy compared to other treatments for
MS, but due to the lack of information about long-term
use, as well as potentially fatal adverse events, reservations have been expressed over the use of the drug outside
of comparative research with existing medications.[12]

Natalizumab was approved in 2004 by the U.S. Food and
Drug Administration (FDA) after years of testing. It was
subsequently withdrawn from the market by its manufacturer after it was linked with three cases of the rare
neurological condition progressive multifocal leukoencephalopathy (PML) when administered in combination
with interferon beta-1a, another immunosuppressive drug
often used in the treatment of multiple sclerosis. After a
review of safety information and no further deaths, the
drug was returned to the US market in 2006 under a special prescription program. As of June 2009, ten cases
of PML were known. However, twenty-four cases of
PML had been reported since its reintroduction by October 2009, showing a sharp rise in the number of fatalities
and prompting a review of the chemical for human use
by the European Medicines Agency.[1][2][3] By January
2010, 31 cases of PML were attributed to natalizumab.[4]
The FDA did not withdraw the drug from the market because its clinical beneﬁts outweigh the risks involved.[5]
In the European Union, it has been approved for human
use only for the treatment of multiple sclerosis and only
then as a monotherapy because the initial cases of PML,
and later the fatalities, were said by the manufacturers to
be linked to the use of previous medicines by the patients.
Biogen Idec announced the initiation of the ﬁrst clinical
trial of natalizumab as a potential cancer treatment as of
September 5, 2008.[6]

1

Indications
1.2 Crohn’s disease

Natalizumab is FDA-approved for the treatment of
multiple sclerosis and Crohn’s disease and approved Further information: Crohn’s disease
for treatment of multiple sclerosis in Europe.[7][8] Pre1
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Natalizumab has also been linked to melanoma, though
the association is unclear.[41] The long-term eﬀects of
the drug are unknown[42] and concern has been expressed
over the risks of infection and cancer.[12]
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Progressive multifocal leukoencephalopathy, an opportunistic infection caused by the JC virus, and that only
occurs in patients who are immunocompromised, has affected an estimated 212 patients as of 2012, or 2.1 in every 1,000 using natalizumab.[29] It was ﬁrst observed in
seven patients who received natalizumab in late 2008;[30]
three cases were noted in clinical trials in 2006[31] leading to the drug being temporarily pulled from the market;
two cases were reported to the FDA in August 2008;[32]
and, two cases were announced in December 2008.[30] By
January 21, 2010 the FDA noted a total of 31 conﬁrmed
cases of PML, with the chance of developing the infection increasing as the number of infusions received by a
patient increased. Because of this association, the drug
label and package insert accompanying the drug will be
updated to include this information.[33] As of February
29, 2012, there were 212 conﬁrmed cases of PML among
99,571 patients treated with natalizumab (2.1 cases per
1000 patients). All 54 patients with PML for whom samples were available before the diagnosis were positive for
anti–JC virus antibodies. When the risk of PML was
evaluated according to three risk factors, it was lowest
among the patients who had used natalizumab for the
shortest periods, those who had used few if any immunosuppressant drugs to treat MS in the past, and lastly who
were negative for anti–JC virus antibodies. The incidence
of PML in the low risk group was estimated to be 0.09
cases, or less, per 1000 patients. Patients who had taken
natalizumab for longer, from 25 to 48 months, who were
positive for anti–JC virus antibodies, had taken immunosuppressants before the initiation of natalizumab therapy
had the highest risk of developing PML. Their risk is fully
123 times higher than the low risk group. (incidence,
11.1 cases per 1000 patients [95% CI, 8.3 to 14.5]).[29]
While none of them had taken the drug in combination
with other disease-modifying treatments, previous use of

Common adverse eﬀects include fatigue and allergic reactions with a low risk of anaphylaxis,[40] headache,
nausea, colds and exacerbation of Crohn’s disease in
a minority of patients with the condition.[25] Adolescents with Crohn’s disease experience headache, fever
and exacerbation of Crohn’s disease.[26] Natalizumab is
contraindicated for people with known hypersensitivity to
the drug or its components and in patients with a history
of PML (see interactions).
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Adverse eﬀects
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Postmarketing surveillance in early 2008 revealed that
0.1% of people taking natalizumab experience clinically signiﬁcant liver injury, leading to the FDA, EMEA
and manufacturers recommending that the medication
be discontinued in patients with jaundice or other evidence of signiﬁcant liver damage.[35][36][37] This rate is
comparable to other immune-suppressing drugs.[38] Evidence of hepatotoxicity in the form of elevated blood
levels of bilirubin and liver enzymes can appear as soon
as six days after an initial dose; reactions are unpredictable and may appear even if the patient does not react to previous treatment.[39] Such signs reoccur upon
rechallenge in some patients, indicating that damage
is not coincidental.[39] In the absence of any blockage
these liver function tests are predictors of severe liver
injury with possible sequelae of liver transplantation or
death.[39]

C

In January 2008, the FDA approved natalizumab for both
induction of remission and maintenance of remission for
moderate to severe Crohn’s disease,[27] though it has not
been approved for this use in the European Union due to
concerns over its risk/beneﬁt ratio.[28]

MS treatments increases the risk of PML between 3 and
4-fold.[34]

C

Several randomized controlled trials have demonstrated
that natalizumab is eﬀective in increasing rates of
remission[22] and maintaining symptom-free status[23] in
patients with Crohn’s disease. Natalizumab may be
appropriate in patients who do not respond to medications that block tumor necrosis factor-alpha such as
inﬂiximab,[24] with some evidence to support combination treatment of Crohn’s disease with natalizumab
and inﬂiximab may be helpful in inducing remission.[25]
Treatment of adolescent patients with natalizumab
demonstrates an eﬀectiveness similar to that of adult
patients.[26]

MECHANISM OF ACTION
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Natalizumab is a humanized monoclonal antibody against
alpha-4 (α4) integrin, the ﬁrst drug developed in the class
of selective adhesion molecule inhibitors. α4-integrin is
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required for white blood cells to move into organs, and
natalizumab’s mechanism of action is believed to be the
prevention of immune cells from crossing blood vessel
walls to reach aﬀected organs.[43]

3.1

In multiple sclerosis

The symptom-causing lesions of MS are believed to be
caused when inﬂammatory cells such as T-lymphocytes
pass through the blood–brain barrier through interaction
with receptors on the endothelial cells. Natalizumab appears to reduce the transmission of immune cells into
the central nervous system by interfering with the α4β1integrin receptor molecules on the surfaces of cells. The
eﬀect appears to occur on endothelial cells expressing
the VCAM-1 gene, and in parenchymal cells expressing the osteopontin gene. In animals used to model
MS and test therapies, repeated administration of natalizumab reduced migration of leukocytes into the brain’s
parenchyma, and also reduced lesioning, though it is uncertain if this is clinically signiﬁcant for humans.[44]

the patient was being treated with natalizumab in combination with azathioprine, corticosteroids and inﬂiximab,
indications of PML infection appeared only after natalizumab monotherapy was re-introduced.[48] No deaths
from progressive multifocal leukoencephalopathy have
been linked to natalizumab when it was not combined
with other immune-modulating drugs[49] and other rates
of opportunistic infections are not increased in patients
taking natalizumab[50] possibly due to the drug’s mechanism of action.[51] Other than a prior history of PML,
there is no known method to identify patients at risk of
developing PML.[52] Natalizumab’s label indicates that it
is contraindicated for immunosuppressed individuals or
those with a history of PML.[44] Due to the uncertain risk
of PML, natalizumab is only available through a restricted
distribution program.[44] As of June 2009, ten cases of
PML associated with natalizumab have been reported.[3]
At least one of them had not previously taken any other
inmunomodulator therapy.[53] By January 21, 2010 the
United States Food and Drug Administration reported
a total of 31 conﬁrmed cases of PML associated with
natalizumab.[4]

Individuals with MS dosed with natalizumab demon- Though the small number of cases precludes conclusion
strated increased CD34-expressing cells, with research on the ability of natalizumab alone to induce PML, its
suggesting a peak in expression after 72 hours.[45]
black box warning states that the drug has only been
linked to PML when combined with other immunemodulating drugs and natalizumab is contraindicated for
3.2 In Crohn’s disease
use with other immunomodulators.[44] Corticosteroids
may produce immunosuppression, and the Tysabri preThe interaction of the α4β7 integrin and the addressin scribing information recommends that people taking
(also known as MADCAM1) endothelial cell receptor corticosteroids for the treatment of Crohn’s disease
is believed to contribute to the chronic bowel inﬂam- have their doses reduced before starting natalizumab
mation that causes Crohn’s disease. Addressin is pri- treatment.[44] The risk of developing PML was later estimarily expressed in the endothelium of venules in the mated to be 1 in 1,000 (0.1%) over 18 months[20][50][54]
small intestine and are critical in guiding T-lymphocytes though the longer term risks of PML are unknown.[20]
to lymphatic tissues in Peyer’s patches. In CD patients,
sites of active inﬂammation of the bowel in CD patients
have increased expression of addressin, suggesting a connection between the inﬂammation and the receptor. Na- 5 Legal status
talizumab may block interaction between the α4β7 integrin and addressin at sites of inﬂammation. Animal
Natalizumab was originally approved for treatment of
models have found higher levels of VCAM-1 expression
multiple sclerosis in 2004, through the FDA’s accelerin mice with irritable bowel syndrome and the VCAMated Fast Track program, due to the drug’s eﬃcacy in
1 gene may also play a part in CD but its role is not yet
one-year
clinical trials. In February 2005, four months
clear.[44]
after its approval, natalizumab was withdrawn voluntarily by the manufacturer after two cases of progressive multifocal leukoencephalopathy. Groups represent4 Interactions
ing individuals with MS lobbied to have the drug returned to the US market[55] and in June, 2006, after
Natalizumab appears to interact with other immune- recommendation by an advisory committee and a remodulating drugs to increase the risk of progressive view of two years of safety and eﬃcacy data, the FDA
multifocal leukoencephalopathy (PML), an often-fatal re-approved natalizumab for patients with all relapsing
opportunistic infection caused by the JC virus. In forms of MS (relapse-remitting, secondary-progressive,
2005, two people taking natalizumab in combination with and progressive-relapsing) as a ﬁrst-line or second-line
interferon beta-1a developed PML. One died, and the therapy.[56][57] Patients taking natalizumab must enter
other recovered with disabling sequelae.[46][47] A third fa- into a registry for monitoring.[55] Natalizumab is the only
tal case initially attributed to an astrocytoma was reported drug after alosetron withdrawn for safety reasons that rein a patient being treated for Crohn’s disease.[48] Though turned to the US market.
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External links
• Tysabri Natalizumab
• Elan’s Tysabri information center
• Biogen’s Tysabri information center
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BD2412, DePiep, Ketiltrout, Rjwilmsi, FlaBot, Ground Zero, Nihiltres, Epolk, RingMaruf, Rmky87, Samir, T-rex, Asams10, Zzuuzz,
Shawnc, Badgettrg, DVD R W, SmackBot, Dustinb, Boston2austin, Shushruth, Salamurai, Noelﬁrl, Gobonobo, Beetstra, Martious, Gveret
Tered, Fvasconcellos, Cydebot, DrunkenSmurf, Jayen466, Juansempere, Cimbalom, Faigl.ladislav, Pkcobb, EdJohnston, TimVickers,
João Carvalho, Magioladitis, Antelan, MastCell, WhatamIdoing, Guinness69, WLU, Doodah95, C4dn, DGG, CliﬀC, Dbs132, Nbauman,
Boghog, Yonidebot, BlakeCS, Mccmcc, TraumB~enwiki, Crohnie, Garrondo, Corvus cornix, Xwdl~enwiki, PDFbot, Dick Kimball, SieBot,
Ravensﬁre, Rena Silverman, Bﬁneman2, FV alternate, Stillwaterising, PipepBot, Icarusgeek, Infaustos, EoGuy, Tseverson, Barentsz, Sanjpatel1, Mccccmmcc, TheProf07, You're nicked son, Msladyinca, Io io editor, WikHead, Addbot, DOI bot, Luckas-bot, Yobot, CheMoBot,
Anypodetos, AnomieBOT, Citation bot, CXCV, Mathonius, BogBot, Trappist the monk, MiRroar, RjwilmsiBot, EmausBot, John of Reading, Davejohnsan, Boonshofter, Dcirovic, Hazard-SJ, H3llBot, AManWithNoPlan, Peryeat, The chemistds, Louisajb, BG19bot, Rob Hurt,
BattyBot, Cyberbot II, GoShow, Dexbot, Monkbot, Renamed user 51g7z61hz5af2azs6k6, JasperLawrence, GreenC bot and Anonymous:
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8.2

Images

• File:AntibodyChains.svg Source: https://upload.wikimedia.org/wikipedia/commons/b/bb/AntibodyChains.svg License: CC-BY-SA-3.0
Contributors: based on a .png image here Original artist: Original uploader was Yohan at fr.wikipedia, translated to English and converted
to .svg by Sbmehta
• File:Lock-green.svg Source: https://upload.wikimedia.org/wikipedia/commons/6/65/Lock-green.svg License: CC0 Contributors: en:File:
Free-to-read_lock_75.svg Original artist: User:Trappist the monk
• File:X_mark.svg Source: https://upload.wikimedia.org/wikipedia/commons/a/a2/X_mark.svg License: Public domain Contributors: Own
work Original artist: User:Gmaxwell
• File:Yes_check.svg Source: https://upload.wikimedia.org/wikipedia/en/f/fb/Yes_check.svg License: PD Contributors: ? Original artist: ?

8.3

Content license

• Creative Commons Attribution-Share Alike 3.0

