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natalizumab (TYSABRI°) and multiple sclerosis
With longer follow-up: even more toxic than suspected

� The standard disease-modifying
treatment for patients with relapsing-
remitting multiple sclerosis is inter-
feron beta injection, in the absence of
a better alternative.

� In 2007, natalizumab had an unfa-
vourable harm-benefit balance in pa-
tients with severe multiple sclerosis
in whom interferon beta was ineffec-
tive, due to insufficient evidence of
efficacy and a risk of life-threatening
progressive multifocal leukoen-
cephalopathy.

� In 2014, we found no new compar-
ative trials focusing on the efficacy of
natalizumab monotherapy in its
authorised indications in the EU.

� Post-marketing data confirm the
adverse effects identified in clinical
trials, including serious and life-

threatening opportunistic infections,
particularly progressive multifocal
leukoencephalopathy in about two
per thousand treated patients (an
incidence twice as high as initially
estimated), and potentially severe
hypersensitivity reactions. An
increased risk of cancer in the long
term cannot be ruled out.

� Post-marketing data also show that
natalizumab can cause severe liver
damage. In addition, natalizumab with-
drawal because of progressive multi-
focal leukoencephalopathy almost
always triggers an immune reconsti-
tution syndrome that can lead to neur-
ological complications or even death.

� In practice, regardless of the sever-
ity of multiple sclerosis, it does not
seem reasonable to expose patients
to the many serious adverse effects of
natalizumab for such an uncertain
benefit.

Abstract

In late 2014, the standard “disease-
modifying” treatment for patients with
relapsing-remitting multiple sclerosis

was subcutaneous interferon beta,
despite its relatively modest efficacy
and numerous, often intolerable adverse
effects (see inset Compare before decid-
ing in teriflunomide review, p. 64).

Natalizumab (Tysabri°, Biogen Idec) is
an immunosuppressant authorised in the
European Union since 2006 for single-
agent therapy of highly active relapsing-
remitting multiple sclerosis, either imme-
diately in case of rapidly deteriorating
disease, or after failure of interferon beta
or, since mid-2013, failure of glatiramer.
Natalizumab is administered as a month-
ly intravenous infusion (1,2).

In 2007, after examining the initial
clinical data, we concluded that natali -
zumab had an unfavourable harm-
benefit balance: efficacy was poorly doc-
umented, while adverse effects were
potentially serious and included life-
threatening progressive multifocal
leukoencephalopathy (1).

Seven years later, we again examined
the evidence on natalizumab.

Still no robust comparative
evaluation in 2014

In 2007, we were deeply concerned
about the poor evidence of efficacy, and
the mismatch between available data
and the marketing authorisation (1).
Natalizumab had not been compared
with interferon beta as first-line treat-
ment, but only versus placebo in a trial
(Affirm) with 942 patients treated for
2 years. This trial indicated that natali -
zumab slowed disease progression and
prevented about one relapse every
2 years on average. A post hoc subgroup
analysis suggested that natalizumab
might be more effective on aggressive
disease. There were no trials of second-
line natalizumab monotherapy but sim-
ply a trial (Sentinel) comparing natali -
zumab plus interferon beta versus
continued interferon beta monotherapy
in 1171 patients followed for 2 years.

No new relevant trials. In late 2014,
we found no new comparative trials pro-
viding relevant information on the effi-
cacy of natalizumab monotherapy in its
authorised indications, in terms of either

frequency of relapses or progression of
disability (a).

2014: NOT ACCEPTABLE

In late 2014,
there was still
no evidence
that natalizu-
mab mono -

therapy is effective in patients with
relapsing-remitting multiple sclero-
sis. In contrast, natalizumab has
many serious and sometimes fatal
adverse effects. In practice, natal-
izumab should be avoided, even
when multiple sclerosis is severe
and interferon beta is ineffective or
poorly tolerated.
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2007: NOT ACCEPTABLE

�

natalizumab solution to be
diluted for IV infusion

TYSABRI°

• 300 mg of natalizumab per vial

immunosuppressant; 
anti-alpha4 integrin
monoclonal antibody

� Indication: “(…) highly active relapsing-
remitting multiple sclerosis for the following
patient groups: adult patients (…) with high
disease activity despite treatment with a
beta interferon or glatiramer acetate (...) or
(…) rapidly evolving severe relapsing remit-
ting multiple sclerosis”.
[EU marketing authorisation; centralised
procedure]

a- The Surpass trial, started in March 2010, was intended
to include 1 800 patients treated with interferon beta-1a or
glatiramer acetate, who were then to continue these treatments
or switch to natalizumab. The trial was termin ated prema-
turely in April 2012 because only 84 patients had been
recruited, making the results uninterpretable (ref 13).

see also p. 61 and 69
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Non-comparative follow-up stud-
ies: many limitations. Several cohort
studies of patients treated with natali -
zumab were conducted, mainly in Europe
(the Tysedmus and Bionat cohort studies
in France), the United States, Canada and
Australia (3-6). Non-comparative studies
of this type can only provide weak evi-
dence, however. Overall, the results sug-
gest that natalizumab has some impact on
the annual relapse rate in patients with
severe multiple sclerosis, similar to that
seen in clinical trials. The impact of natali  -
zumab on progression of disability is
poorly documented, especially after two
years, because EDSS scores generally
used to rate disability were only available
for a small percentage of patients.

Immune reconstitution
syndrome, hepatotoxicity

In 2007, initial evaluation of natalizu mab
suggested that about 1 in 1000 treated
patients developed progressive multifocal
leukoencephalopathy. A few cases of
other opportunistic infections (including
herpes) were also reported. Clinical trials
were too short in duration (2 years) to
determine whether natalizumab-induced
immunosuppression increased the risk
of cancer. Hypersensitivity reactions
occurred in 4% of patients and 6% of
patients developed persistent anti-
natalizumab antibodies, which reduced
efficacy and increased the incidence of
hypersensitivity reactions (1,7).

Progressive multifocal
leukoencephalopathy:
about 2 cases per
1 000 patients. The most

serious adverse effect of natalizumab is
progressive multifocal leukoen-
cephalopathy, a demyelinating brain dis-
order due to JC virus reactivation that
usually results in death or severe dis-
ability. There is no known effective treat-
ment (1,3,8). Natalizumab withdrawal is
mandatory when this unpredictable
opportunistic infection occurs (9).

In early 2012, two studies found con-
sistent results, suggesting that about
200 cases of progressive multifocal
leukoencephalopathy had occurred
among nearly 100 000 patients who
received natalizumab worldwide, giving an
incidence rate of about 2 cases per 1 000
treated patients (3,10). Among cases with
known outcomes, 20% of patients died
and one-third had major sequelae (3).

Three risk factors for progressive mul-
tifocal leukoencephalopathy have been
identified: longer duration of treatment

(especially beyond 2 years); prior use of
other immunosuppressants; and pres-
ence of antibodies to JC virus (4,9,10).
The risk appears to be lower in patients
without antibodies to JC virus (about
1 case per 10 000 treated patients) and
higher in patients with all three major risk
factors (about 11 cases per 1000 treat-
ed patients) (b)(4,10).

The seroprevalence of JC virus in the
general population is about 55% (3).
JC virus seronegativity is falsely reas-
suring, however: patients may still be
susceptible to progressive multifocal
leukoencephalopathy if they contract JC
virus infection; anti-JC virus antibody
levels can fluctuate; and serological tests
can give false-negative results (4,9).

The risk of progressive multifocal
leukoencephalopathy remains elevated
for about six months after natalizumab
withdrawal (9).

Immune reconstitution
syndrome after natalizu-
mab withdrawal. Natal-
izumab withdrawal is

mandatory when progressive multifocal
leukoencephalopathy occurs, but this
almost always triggers an immune recon-
stitution syndrome, especially if proce-
dures such as plasma exchange are
used to accelerate natalizumab elimi-
nation. This inflammatory syndrome can
occur a few days to several weeks after
natalizumab withdrawal and probably
results from virus elimination by the
immune system. Intense, extensive
inflammatory reactions of this type can
lead to neurological complications and
even death (4,8,11,12).

Other opportunistic infec-
tions. Natalizumab increas-
es the risk of developing
encephalitis and meningitis

due to varicella zoster virus and herpes
simplex virus. Severe opportunistic infec-
tions have been reported since market
release of natalizumab, including a fatal
case of herpes encephalitis (3,9,12).

Hepatotoxicity. Liver
enzyme and bilirubin eleva-
tion, as well as serious hepat-
ic adverse effects, including

cases of acute liver failure requiring trans-
plantation, have been reported in patients
treated with natali zumab. Sixteen cases
of severe liver cell damage were record-
ed by French pharmacovigilance  centres
between April 2007 (market release) and
January 2012 among about 6000 treated
patients (3). This hepatic toxicity was only
identified after market release. It can

occur at various times during treatment,
even after the first infusion (9,11,12).

Hypersensitivity reactions.
Hypersensitivity reactions,
sometimes severe, have also
been reported since market

release, including angioedema, arterial
hypotension or hypertension, dyspnoea
and cardiogenic shock, as well as more
frequent symptoms such as rash and
urticaria (3,7,9,11). A French pharma-
covigilance report released in 2012 men-
tioned 71 severe hypersensitivity reac-
tions to natalizumab among about 6000
treated patients, an incidence rate of
about 1.2% (3).

Cancer? A possible increase
in the risk of melanoma had
been suspected, but the data
are somewhat reassuring.

Longer follow-up is needed to rule out the
possibility of an increased risk of cancer
with natalizumab (3,9).

Sudden death? French
pharmacovigilance monitor-
ing from April 2007 to Janu-
ary 2012 identified five unex-

plained deaths among patients treated
with natalizumab, including four cases of
sudden death during sleep (3).

In practice: too toxic

Seven years after our first evaluation in
2007, new data on natalizumab in
patients with highly active relapsing-
remitting multiple sclerosis confirm that
this drug has an unfavourable harm-
benefit balance. Evidence supporting
the efficacy of natalizumab monother apy
remains weak.

Restricting treatment to patients with-
out risk factors for progressive multifocal
leukoencephalopathy does not fully elimi-
nate the risk of this life-threatening dis-
ease. Patients who develop this unpre-
dictable and untreatable opportunistic
infection almost always experience an
immune reconstitution syndrome when
natalizumab is withdrawn, placing them
at risk of neurological deterioration and
death. Natalizumab is also more hepa-
totoxic than expected, and severe hyper-
sensitivity reactions also weigh heavily
against any potential benefit.

In practice, regardless of the severity of
multiple sclerosis, it does not seem rea-
sonable to expose patients to the many
serious adverse effects of natalizumab
when the benefit is so uncertain. Pending
the arrival of a better treatment, patients
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with multiple sclerosis should continue to
receive interferon beta or, in some cases,
fingolimod or dimethyl fumarate.

Review produced collectively by the
Editorial Staff: no conflicts of interest

©Prescrire

b- 212 cases of progressive multifocal leukoencephalopathy
were taken into account in these estimates. Only 54 of the
patients had been tested for JC virus before the onset of leuko -
encephalopathy, and all of them were seropositive (ref 10).

Our literature search was based on contin-
uous prospective monitoring of the contents of
major international journals, Current Contents-
Clinical Medicine, and member bulletins of the
International Society of Drug Bulletins (ISDB),
at the Prescrire library; as well as routine con-
sultation of a clinical pharmacology textbook
(Martindale The Complete Drug Reference);
and routine access to the European Medicines
Agency (EMA) and U.S. Food and Drug Admin-
istration (FDA) websites, up to 4 October 2014.

Literature search
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We also accessed the following databases:
Embase (1980-2014 week 37), Medline (1950-
1st week of September 2014), Reactions (1983-
September 2014) and the Cochrane Library
(CDSR: 2014, issue 9; Central: 2014, issue 8;
DARE, HTA, Nhseed: 2014, issue 3); the fol-
lowing websites: Cadth, CVZ, Inami, Iqwig,
KCE, NICE, Scottish Consortium, SIGN; and
the following clinical trials registries: Clini-
calTrials.gov, ANSM, Ictrp, Ifpma and INCA, up
to 15 September 2014.

In response to our request for infor-
mation, Biogen Idec failed to provide
us with any documentation that might

modify our analysis of the evidence.
This review was prepared using the stan-

dard Prescrire methodology, which includes
verification of the choice of documents and
their analysis, external review, and multiple
quality controls.
1- Prescrire Editorial Staff “Natalizumab. Multiple
sclerosis: risky market approval” Prescrire Int 2008;
17 (93): 7-10.
2- Prescrire Rédaction “Natalizumab: élargissement
des indications” Rev Prescrire 2014; 34 (365): 185.
3- HAS - Commission de la transparence “Avis-
Tysabri” 29 February 2012: 29 pages.
4- Fernández O “Best practice in the use of natali -
zumab in multiple sclerosis” Ther Adv Neurol Disord
2013; 6 (2): 69-79.

5- Vukusic S et al. “Tysedmus: observational prospec-
tive follow-up study of patients with MS and treated
with natalizumab in France using the French EDMUS
(European Database for Multiple Sclerosis) network
- five year results” Mult Scler2012; 18 (4 suppl. 1):449.
6- Outteryck O et al. “A prospective observational
post-marketing study of natalizumab-treated mul-
tiple sclerosis patients: clinical, radiological and bio-
logical features and adverse events. The BIONAT
cohort” Eur J Neurol 2014; 21 (1): 40-48.
7- Prescrire Editorial Staff “Natalizumab: infections,
hypersensitivity, etc.” Prescrire Int2011;20 (122):297.
8- EMA-CHMP “Public assessment Report for
Tysabri. EMA/H/C/000603/A20/0029” 10 May
2010: 10 pages.  
9- European Commission “SPC - Tysabri” 26 August
2013: 17 pages. 
10- Bloomgren G et al. “Risk of natalizumab-asso-
ciated progressive multifocal leukoencephalopathy”
N Engl J Med 2012; 366 (20): 1870-1880.
11- EMA - CHMP “Procedural steps taken and sci-
entific information after the authorisation for Tysabri
(last updated)” 11 August 2014: 20 pages.
12- US FDA “Full prescribing information-Tysabri”
December 2013: 29 pages. 
13-Biogen Idec “Appendix 7.5.3 101MS325 surpass
CSP synopsis” 28 September 2012: 7 pages.

� Not better than metronidazole or
vancomycin.

Oral metronidazole is
often the first-choice
antibiotic for patients
with intestinal Clostrid-
ium difficile infection (1).

In France, alternatives to oral metron-
idazole include oral administration of
injectable vancomycin solution, and oral
fidaxomicin.

Teicoplanin (Targocid°, Sanofi Aven-
tis), an antibiotic closely related to van-
comycin, is active against aerobic and
anaerobic Gram-positive bacteria (2).
Initially administered by injection,
teicoplanin is now authorised in the
European Union for oral treatment of
C. difficile diarrhoea and colitis.

Clinical evaluation is based on three
trials published in the 1990s, in a total of
about 200 patients. These trials did not
show that teicoplanin provided an advan-
tage over metronidazole or vancomycin
in terms of either symptom relief or
recurrence (2-5).

The optimal dose is poorly docu-
mented. When administered orally,
teicoplanin seems to have an adverse
effect profile similar to that of van-
comycin, consisting mainly of gastroin-
testinal disorders (2-6).

Since an oral formulation is not avail-
able on the market, the oral solution is
prepared from the powder and solvent
intended for injection (6).

In practice, oral teicoplanin has no
advantages over other oral antibiotics
used to treat intestinal C. difficile infec-
tion.

©Prescrire

Selected references from Prescrire’s literature
search.

In response to our request for informa-
tion, Sanofi Aventis provided us with
minimal administrative documents and

packaging items.
1- Prescrire Rédaction “fidaxomicine-Dificlir°. Par-
fois une alternative à la vancomycine orale” Rev
Prescrire 2012; 32 (350): 894-897.
2- EMA - CHMP “Assessment report pursuant to
article 30 of Directive 2001/83/EC. Targocid and
associated names. EMEA/H/A-30/1301” 12 Sep-
tember 2013: 20 pages.
3- Wenisch C et al. “Comparison of vancomycin,
teicoplanin, metronidazole, and fusidic acid for the
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oral teicoplanin (TARGOCID°)and intestinal Clostridium difficile infection

Just another option

teicoplanin powder and solvent
for solution for injection/infusion or oral
solution

TARGOCID°

• 100 mg, 200 mg or 400 mg
of teicoplanin per vial

antibiotic; glycopeptide

� New indication: “(...) alternative oral
treatment for Clostridium difficile infection-
associated diarrhoea and colitis (...)”. 
[French marketing authorisation following a
European harmonisation procedure]

NOTHING NEW

treatment of Clostridium difficile-associated diarrhea”
Clin Infect Dis 1996; 22: 813-818.
4- de Lalla F et al. “Prospective study of oral
teicoplanin versus oral vancomycin for therapy of
pseudomembranous colitis and Clostridium difficile-
associated diarrhea” Antimicrob Agents Chemother
1992; 36 (10): 2192-2196.
5- de Lalla F et al. “Treatment of Clostridium diffi-
cile-associated disease with teicoplanin” Antimicrob
Agents Chemother 1989; 33 (7): 1125-1127.
6- ANSM “RCP + notices - Targocid 100 mg, 200 mg,
ou 400 mg” 19 March 2014: 66 pages.
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