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Background: Natalizumab (Tysabri) is a monoclonal antibody that was recently
approved for the treatment of relapsing-remitting multiple sclerosis (RRMS). Our
primary objective was to analyse the efficacy of natalizumab on disability status and
ambulation after switching patients with RRMS from other disease-modifying treat-
ments (DMTs).
Methods: A retrospective, observational study was carried out. All patients (n = 45)
initiated natalizumab after experiencing at least 1 relapse in the previous year under
interferon-beta (IFNB) or glatiramer acetate (GA) treatments. The patients also had
at least 1 gadolinium-enhancing (Gd+) lesion on their baseline brain MRI. Expanded
Disability Status Scale (EDSS) scores, and performance on the Timed 25-Foot Walk
Test and on the Timed 100-Metre Walk Test were prospectively collected every
4 weeks during 44 weeks of natalizumab treatment. Brain MRI scans were performed
after 20 and 44 weeks of treatment.
Results: Sixty-two per cent of patients showed no clinical and no radiological signs of
disease activity, and 29% showed a rapid and confirmed EDSS improvement over
44 weeks of natalizumab therapy. Patients with improvement on the EDSS showed
similar levels of baseline EDSS and active T1 lesions, but had a significantly higher
number of relapses, and 92% of them had experienced relapse-mediated sustained
EDSS worsening in the previous year. A clinically meaningful improvement in
ambulation speed was observed in approximately 30% of patients.
Conclusions: These results indicate that natalizumab silences disease activity and
rapidly improves disability status and walking performance, possibly through delayed
relapse recovery in patients with RRMS who had shown a high level of disease activity
under other DMTs.

Introduction

Natalizumab is the first monoclonal antibody approved
for the treatment of relapsing-remitting multiple scle-
rosis (RRMS). The pivotal phase III monotherapy trial
in RRMS (AFFIRM) [1] showed that natalizumab can
induce a major decrease in the cumulative probability
of disability progression. Approximately 37% of the

treated patients in the AFFIRM trial remained free
from combined clinical and radiological disease activity
compared with 7% in the placebo group [2]. Recent
observational studies have confirmed a similar range of
efficacy of natalizumab treatment [3–8]. Real-life expe-
riences have provided evidence that shifting to natal-
izumab can improve the control of breakthrough
disease insufficiently controlled by interferon-beta
(IFNB) and glatiramer acetate (GA) treatments. How-
ever, the precise place of natalizumab in the arsenal of
MS therapeutics remains debated. The extent to which
natalizumab might elicit disability improvement, and in
which patients, is also controversial. In Belgium,
according to European Medicines Agency (EMEA)
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recommendations [9], natalizumab is indicated in
patients with RRMS with an inadequate response to
IFNB, or in those initially presenting with a highly
active form of relapsing MS.

We report observational data obtained after a period
of 44 weeks of natalizumab treatment in a Belgian
population composed of patients with radiologically
and clinically active MS despite treatment with IFNB
or GA. Our primary objective was to analyse classical
MS outcomes in our population - annualized relapse
rate (ARR), confirmed disability progression assessed
by the EDSS, number of new or enlarging T2 lesions,
number of Gd+ T1 lesions and freedom from disease
activity. We also planned to perform analyses to iden-
tify factors that may determine natalizumab-induced
EDSS improvement in a subset of patients [10] and to
analyse ambulation performance using the Timed
25-Foot Walk Test (T25FWT) and the Timed 100-
Metre Walk Test (T100MWT) [11–13].

Methods

Observational cohort data were collected from two
major MS centres in the French speaking part of Bel-
gium (C.H.U. University Hospital of Liège and Erasme
Hospital in Brussels). The eligible patient population
consisted of men and women, 18–65 years of age, with a
diagnosis of RRMS according to the Poser [14] or
McDonald [15] criteria. Only patients who had initiated
natalizumab at least 44 weeks before the beginning of
this study were eligible. Monthly EDSS evaluation was
prospectively planned in accordance with the standard
procedures of the two centres.

According to the Belgian regulatory provision for
natalizumab administration, we included only patients
who had experienced at least one relapse in the previous
year despite an adequately taken first-line DMT (INFB
or GA) and who had at least nine T2 lesions and one
Gd+ T1 lesion on their baseline brain MRI scan.
Forty-five patients fulfilled the inclusion criteria.
Monthly ambulation assessment was performed in 21
patients from the C.H.U. of Liège.

Treatment consisted of 300 mg of natalizumab by
intravenous infusion once every 4 weeks for a period of
at least 44 weeks (i.e. 12 doses). Variables analysed
included the following: age; gender; disease duration;
DMT in the previous year; previous immunosuppres-
sive treatments if applicable; ARR in the previous year
and after 44 weeks of natalizumab treatment; history of
EDSS changes in the previous year and relapse-induced
EDSS worsening with subsequent recovery (complete
or incomplete) at the onset of natalizumab therapy;
delay between the last relapse and natalizumab onset;
EDSS evaluation at baseline and every 4 weeks until

the 44th week; number of Gd+ T1 and new T2 lesions
on brain MRI scans at baseline and after 20 and
44 weeks of natalizumab therapy (brain MRI scans are
mandatory every 6 months for natalizumab-treated
patients with MS in Belgium); ambulatory performance
measured by the T25FWT and T100MWT at each
infusion from week 0–44.

Relapses were defined according to the criteria pub-
lished by McDonald et al. (2005) [15]: a newly devel-
oping symptom or reactivation of a pre-existing deficit
for a minimum of 24 h (in the absence of increased
body temperature or infection) occurring at least
30 days after the preceding episode. T2-weighted and
T1-weighted (pre- and post-gadolinium infusion) MRI
scans of the brain obtained before initiation
(<3 months before natalizumab onset) and after 20
and 44 weeks of natalizumab therapy consisted of
contiguous, 3-mm-thick axial slices through the whole
brain. All adverse events were documented. The study
was conducted in compliance with appropriate laws and
regulations in Belgium, and no informed consent was
needed because of the retrospective nature of the study.
As the ambulation tests were part of the standard
clinical examination in the C.H.U. of Liège, no
informed consent was needed in this respect either.

The T25FWT was performed according to the pub-
lished instructions of the Multiple Sclerosis Functional
Composite score [12,13], and the T100MWT was
administered according to previously published guide-
lines [11]. Note that the T100MWT was performed
once, after the T25FWT (2 sessions) and prior to
natalizumab infusions.

GraphPad Prism 4 for Macintosh software (Version
4.0b, GraphPad Software Inc., La Jolla, CA, USA) was
used to perform statistical analyses (Student!s t-tests).

Results

Patients! clinical and radiological baseline

characteristics

Forty-five patients were included in the study (Table 1).
There was no drop out during the 44 weeks period of
follow-up. The ARR in the previous year, as well as the
median disease duration and the EDSS score at baseline
appeared to be higher compared to the AFFIRM
population (Table 1). Of the 45 patients, 41 (91%) had
experienced at least one EDSS-worsening relapse dur-
ing the previous year and, of this population, 12/41
(29%) showed a complete EDSS recovery at the onset
of natalizumab treatment. All patients had at least one
Gd+ T1 lesion on their baseline MRI scan compared
to only 51% of the natalizumab-treated cohort in
AFFIRM (Table 1).
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Natalizumab efficacy to control disease activity

ThemeanARRof our populationwas reduced from1.87
± 0.73 (mean±SD) at baseline to 0.29± 0.69 (mean±
SD) after 44 weeks of natalizumab treatment. The mean
EDSS value was 3.5 ± 1.3 (mean ± SD) at baseline and
3.0 ± 1.3 (mean±SD) after 44 weeks of treatment. The
mean number ofGd+T1 lesions was 1.7±1.2 (mean±
SD) at baseline, and 0.1 ± 0.3 (mean± SD) and 0.07±
0.25 (mean± SD) after 20 and 44 weeks of natalizumab
therapy, respectively. The mean number of new or
enlarged T2 lesions was 0.2 ± 0.5 (mean ± SD) at 20
weeks and 0.22 ± 0.26 (mean ± SD) after 44 weeks of
natalizumab therapy.

Freedom from clinical disease activity (i.e. no relapse
and no confirmed EDSS worsening at 3 months) was
observed in 82% (37/45) of the patients over 44 weeks.
Freedom from radiological disease activity (no new or
enlarging T2 lesions and no Gd+ T1 lesions) applied to
71% of the patients (32/45) combining the results of the
2 MRI scans at 20 and 44 weeks. A composite clinical
and radiological freedom from disease activity after
44 weeks of natalizumab treatment was observed in
62% (28/45) of our cohort.

Rapid and sustained EDSS improvement

During the 44 weeks of follow-up, 18 patients (40%)
remained stable on EDSS at all time points, 12 patients
(27%) showed a marginal improvement in their EDSS
(i.e. 0.5 point improvement or 1.0 point improvement
not confirmed at 3 months) and 13 patients (29%)
showed a ‡ 1.0 point EDSS improvement sustained at
3 months (Fig. 1a and b). Two patients (4%) experi-
enced a marginal worsening of EDSS (0.5 point) under
natalizumab therapy, and no patients experienced a 1.0
EDSS worsening sustained at 3 months (Fig. 1b).
Nearly all confirmed EDSS changes occurred during
the first 20 weeks of treatment (Fig. 1c and d).

Predictive parameters of EDSS improvement

We performed case–control analyses of EDSS changes
under natalizumab therapy based on the ARR in the
previous year, the number of Gd+ T1 lesions on the
baseline MRI scan, the baseline EDSS value and EDSS
history in the previous year. We also extracted these
baseline parameters from patients in whom natal-
izumab induced a confirmed EDSS improvement com-
pared to patients remaining EDSS stable or
experiencing non-sustained EDSS changes.

Of patients with an ARR ‡ 2 (n = 31), 13 (42%)
showed a 3-month-confirmed EDSS improvement un-
der natalizumab therapy, whilst none of the patients
with an ARR = 1 (n = 14) had the same evolution.
The mean ARR in the previous year was significantly
higher in the EDSS-improving patients (n = 13) than
in others (n = 32), i.e. 2.46 ± 0.66 vs. 1.63 ± 0.61
(mean ± SD, 95% confidence interval (CI), 0.43 to 1.3;
P < 0.001), respectively. The proportion of patients
experiencing confirmed EDSS improvement was only
slightly higher in patients who had two or more
(n = 17) vs. one (n = 28) Gd+ T1 lesions on the
baseline brain MRI scan, (35% vs. 29%). Consistently,
the mean number of Gd+ T1 lesion was slightly higher
at baseline in the EDSS-improving population,
although this was not significant (1.92 ± 1.44 vs.
1.66 ± 1.1; mean ± SD; 95% CI, )0.531 to 1.06,
P > 0.05). Regarding the baseline EDSS score, the
proportion of patients with confirmed EDSS improve-
ment was 26% for patients with a mean baseline EDSS
<3.5 (n = 26) and 31% for patients with an EDSS
‡3.5 (n = 19). The mean baseline EDSS value was not
significantly different between EDSS-improving
patients (n = 13) and others (n = 32) (3.65 ± 1.13 vs.
3.44 ± 1.35; mean ± SD; 95% CI, )0.643 to 1.08,
P > 0.05). Finally, we evaluated the impact of previous
EDSS history. Confirmed EDSS improvement under
natalizumab therapy was not observed in patients with

Table 1 Patients baseline characteristics

MYDREAM

N = 45

AFFIRM [ref. 1]

Natalizumab

N = 627

Age, years (mean ± SD) 37.0 ± 10.13 35.6 ± 8.5 [ref. 1]

Gender, Female (%) 73 72

Median disease duration,

years [range]

7.0 [1–24] 5.0 [0–34] [ref. 1]

Annual relapse rate in

the previous year

(mean ± SD)

1.87 ± 0.73 1.53 ± 0.91 [ref. 1]

EDSS worsening relapse

in the previous year

(% of patients)

91 n.a.

Complete EDSS recovery

from relapses in the previous

year (% of patients)

29 n.a.

EDSS score (mean ± SD) 3.5 ± 1.3 2.3 ± 1.2 [ref. 1]

Gd+ patients (%) 100 51 [ref. 1]

Gd+ T1 lesions at

baseline (mean ± SD)

1.7 ± 1.2 2.2 ± 4.7 [ref. 1]

GA in the previous year (%) 27 3a [ref. 18]

IFNB in the previous year (%) 73 6a [ref. 18]

Previous immunosuppression

(mitoxantrone, azathioprine) (%)

28 n.a.

SD, standard deviation; ARR, annualized relapse rate; EDSS,

Expanded Disability Status Scale; Gd+, gadolinium enhanced; GA,

glatiramer acetate; IFNB, interferon beta 1; n.a., not available.
aIn AFFIRM, the date refer to the previous use of GA and IFNB, not

necessarily in the previous year and according to exclusion criteria not

in the past 6 months, and not for more than 6 months.
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a stable EDSS in the previous year (no EDSS-increas-
ing relapse in the previous year, n = 4). In contrast,
confirmed EDSS improvement was observed in 8% of
patients who had experienced reversible EDSS-
increasing relapses in the previous year (n = 12), and in
41% of patients who had sustained EDSS worsening
because of relapses in the previous year (n = 29). The
percentage of patients with a history of sustained EDSS
worsening because of relapses in the previous year was
92% in EDSS-improving patients (12/13) and 50% in
others (16/32).

Early and sustained improvement in ambulation

We performed a thorough analysis of ambulation
parameters in a subpopulation of our cohort (n = 21,
patients from the C.H.U. of Liège only, with similar
baseline characteristics compared to the global popu-
lation of 45 patients) (Fig. 2). For the T25FWT
(Fig. 2a) and the T100MWT (Fig. 2b), we observed a
significant improvement in most patients during the

44 weeks of natalizumab treatment, from a mean value
of 5.5 ± 2.7 s to 4.3 ± 1.3 s (mean ± SD; 95% CI,
0.316 to 2.00, P < 0.05) and 72 ± 44 s to 55 ± 22 s
(mean ± SD; 95% CI, 3.07 to 29.1, P < 0.05),
respectively. Considering a cut-off value of 20% change
as a clinically meaningful change in ambulation per-
formance [16,17], we provided evidence that no patient
experienced such a 20% worsening at 44 weeks of
treatment for both tests. In contrast, the proportions of
patients who experienced at least 20% of 3-month-
confirmed improvement at 20 and 44 weeks of treat-
ment were 33.3% and 38.1% for the T25FWT and
28.6% and 23.8% for the T100MWT, respectively. All
patients who showed a confirmed improvement in their
performance on the T100MWT at 44 weeks (5/21) also
consistently showed a confirmed improvement in
T25FWT values (8/21). Interestingly, ±50% of patients
who significantly improved their ambulation speed (4/8
for T25FWT and 2/5 for T100MWT) were completely
stable with regard to their EDSS status throughout the
44 weeks of natalizumab treatment. Other patients

(a) (b)

(d)(c)

Figure 1 (a) Individual EDSS changes from baseline over 44 weeks of follow-up. Colour codes are consistent with the different subgroups

described in panel b, with grey lines representing EDSS-stable patients; light green lines for patients experiencing a marginal EDSS

improvement; dark green lines for patients experiencing a confirmed EDSS improvement; light red lines for patients experiencing a

marginal EDSS worsening; dark red lines for patients experiencing a confirmed EDSS worsening (b) Distribution of EDSS evolution in

our population after 44 weeks of natalizumab therapy (c) EDSS evolution (mean ± SD) over 44 weeks of natalizumab therapy (d) EDSS

evolution (median) over 44 weeks of natalizumab therapy.
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experiencing a confirmed walking improvement (4/8 for
T25FWT and 3/5 for T100MWT) showed a concomi-
tant 3-month-confirmed EDSS improvement at the end
of the 44-week observational period.

Adverse events

No serious adverse events were reported in our cohort
during the 44 weeks of natalizumab treatment. Nine-
teen patients (42%) experienced minor adverse events,
including upper respiratory tract infections (n = 7),
fatigue (n = 3), infusion reactions (n = 2), diarrhoea
(n = 3), urinary tract infections (n = 1), other minor
infections (n = 2), headache (n = 2), spastic angina
(n = 1), flu-like symptoms (n = 1), cutaneous zoster
infections (n = 2), pruritus (n = 1) and muscle cramps
(n = 1).

Discussion

The pivotal phase III trials were not designed to
examine whether natalizumab can improve disability
and walking performance in particular as an escalation
therapy. In the present study, the patient population
was comparable to the highly active subgroup of the
AFFIRM cohort [18] because of local registration cri-
teria. This probably explains why the baseline clinical
and radiological features of disease severity were more
severe than in the AFFIRM trial.

Our results were consistent with previous findings
regarding the established efficacy of natalizumab [3–8].
The clinical, radiological and combined freedom from
disease activity appeared to be higher in this study than
in previous study populations [3,6], despite a greater
stringency in the frequency of clinical and brain MRI
assessments.

EDSS improvement has already been described under
natalizumab therapy in other cohort studies [3,6] and
post hoc analyses from the AFFIRM trial [10]. We

observed here that 29% of patients showed a natal-
izumab-mediated confirmed EDSS improvement during
the 11 monthsof observational follow-up.Weperformed
an analysis of EDSS improvement related to EDSS his-
tory. This revealed that 41% of patients who had expe-
rienced a sustained EDSS worsening because of relapses
in the previous year showed a confirmed EDSS
improvement under natalizumab therapy, in contrast to
only 8%of the population having experienced a transient
EDSS worsening and 0% of the population with a stable
prior EDSS course. Hence, EDSS history in the previous
year seems to be a critical factor in determining the fate of
EDSS evolution throughout natalizumab therapy. On
the other hand, this study did not revealMRI parameters
that may predict clinical improvement under natal-
izumab therapy.

Beyond the EDSS, we also studied the ambulation
capacities of our population, because walking is obvi-
ously a crucial component of the quality of life of
patients with MS. It is noteworthy that EDSS does not
take ambulation into account below a score of 4.0. We
used instead a longer distance walking test, the Timed
100-Metre Walk Test (T100MWT), which in addition
to reflecting speed, may be more sensitive to essential
regulators of the actual maximal walking distance such
as gait and spasticity-related fatigue. After 11 months
of follow-up, 38% of patients had improved by more
than 20% on the T25FWT and 23% had improved by
more than 20% on the T100MWT. It is important to
note that half of the patients who significantly
improved their ambulation speed in both tests remained
EDSS stable throughout the 44 weeks of clinical
assessment.

EDSS and ambulation improvement under natal-
izumab therapy may be attributed to reduced inflam-
mation and resolution of oedema besides putative tissue
repair and plasticity to a limited extent. This improve-
ment seems to be critically linked to the history of
EDSS during the previous year, and further prospective

(a) (b)

Figure 2. (a) Individual Timed 25-Foot Walk Test (T25FWT) evolution over 44 weeks of natalizumab therapy (b) Individual Timed 100-

Metre Walk Test (T100MWT) evolution over 44 weeks of natalizumab therapy.
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larger-scale and longer-term trials are needed to eluci-
date its precise mechanisms.
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