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Abstract Natalizumab (Tysabri®) is highly efficacious in
controlling disease activity in relapsing multiple sclerosis
(MS) patients. As it is one of the more recent therapies for
MS, there remains a need for long-term safety and efficacy
data of natalizumab in a clinical practice setting. The Ty-
sabri observational program (TOP) is an open-label, mul-
ticenter, multinational, prospective observational study,
aiming to recruit up to 6,000 patients with relapsing-
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remitting MS from Europe, Canada and Australia. The
objectives of this study are to collect long-term safety and
efficacy data on disease activity and disability progression.
We report here the interim results of the 563 patients
included in TOP between December 2007 and 2012 from
Belgium. This patient cohort was older at baseline, had
longer disease duration, higher neurological impairment,
and a higher baseline annualized relapse rate, when com-
pared to patients included in the pivotal phase III AFFIRM
trial. Nevertheless, the efficacy of natalizumab was com-
parable. The annualized relapse rate on treatment was
reduced by 90.70 % (p < 0.0001) with a cumulative
probability of relapse of 26.87 % at 24 months. The
cumulative  probabilities of  sustained  disability
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improvement and progression at 24 months were 25.68 and
9.01 %, respectively. There were no new safety concerns
over the follow-up period. Two cases of progressive mul-
tifocal leukoencephalopathy were diagnosed. Our results
are consistent with other observational studies in the post-
marketing setting.

Keywords Multiple sclerosis - Natalizumab -
Observational study - Therapeutic efficacy - Safety

Introduction

Natalizumab (Tysabri®) is the first humanized monoclonal
antibody directed against o4pl-integrin authorized June
27th 2006 by the European Medicines Agency (EMA) for
the treatment of multiple sclerosis (MS). It is indicated as
monotherapy in patients suffering from breakthrough dis-
ease despite treatment with interferon-beta (IFN-f) for at
least 1 year or in patients with at least two relapses in a
single year. In Belgium, natalizumab has been available
since December 2007 with current reimbursement criteria
aligned on EMA recommendations.

In the pivotal trial AFFIRM, in which 627 patients were
randomized to receive 30 natalizumab infusions, both pri-
mary endpoints were met: the annualized relapse rate
(ARR) was reduced by 68 % at 1 year (p < 0.001) and the
3-month sustained disability progression rate [as assessed
by the Expanded Disability Status Scale (EDSS)], was
reduced by 42 % (p < 0.001) over 2 years compared with
placebo-treated patients [1]. However, during the extension
phase of the pivotal natalizumab trial, concerns were raised
about the occurrence of a rare but severe infection Pro-
gressive Multifocal Leukoencephalopathy (PML), an
opportunistic infection caused by the JC virus (JCV) [1-
3]. In the post-marketing setting, as of March 6th 2014,
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there have been 448 cases of PML recorded worldwide,
with an overall risk estimated at 3.55 per 1,000 treated
patients (95 % confidence interval of 3.23-3.89 per
1,000). Of note, this risk is calculated on the total number
of patients having been exposed to at least one dose of
natalizumab (Biogen Idec, medical information service,
March 20th 2014).

In view of the crucial need for long-term safety and
efficacy data of natalizumab in the post-marketing setting,
the Tysabri observational program (TOP) was started. TOP
is an open-label, multicenter, multinational, prospective
observational study, aiming to recruit up to 6,000 patients
with relapsing-remitting MS from Europe, Canada and
Australia. Fifteen countries are currently participating with
recruitment until December 31st 2013.

We report here the interim results of the 563 Belgian
patients included in TOP between December 2007 and
December 2012.

Methods
Patients

All patients gave written informed consent. The study proto-
col was approved by the central and local ethics committees.
Relapsing-remitting MS patients, fulfilling reimbursement
criteria and naive to natalizumab were eligible. Enrolment
was possible up to the 4th natalizumab infusion. Patient
characteristics and contraindications to natalizumab treatment
were verified, in accordance with prescribing information and
Belgian prescription requirements (Supplemental Table 1).

Study medication administration

Medication was administered once every 4 weeks, per IV
infusion in hospital setting.
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Study procedure
Data collection

All data were recorded electronically at study site into a
centralized database, using a Web-based electronic Case
Report Form (CRF; for an example of the baseline CRF,
see Supplemental Table 2). Source data are kept at the
prescribing physician’s site. Data from the registry was
extracted on December 1st 2012 for analysis.

Enrolment visit

Data concerning basic demographics, medical history, most
recent brain MRI, history of disease-modifying treatments
(DMTs), last EDSS score before enrolment and EDSS score at
enrolment and relapse history were recorded. In addition,
pregnancy status for female patient was also recorded.

Follow-up visits

Information from regular clinical visits were recorded in the
database and repeated every 6 months as per protocol. Infor-
mation was collected regarding treatment status, EDSS score,
relapse occurrence since the last visit, modification in DMTs
and serious adverse event (SAE) occurrence (for an example
of the Follow-up Visit Case Report Form, see Supplemental
Table 3). Female patients were asked about pregnancy and
spontaneous abortions since the last visit. Relapses were not
considered as an SAE for the purpose of this study.

Study endpoints

The primary endpoint of this study is the assessment of
long-term safety in patients receiving natalizumab, through
analysis of the incidence and pattern of SAEs. Secondary
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endpoints of the study include: analysis of relapse rate,
analysis of disability progression, evaluation of baseline
disease characteristics as prognostic indicators for disease
activity and disability progression over time, and finally,
evaluation of short-term disease outcomes as prognostic
indicators for disease activity and progression over time.

Statistical analysis

Continuous data changes such as EDSS and ARR values
were compared using Wilcoxon’s signed-rank test. Baseline
EDSS used for analysis was the first non-missing value of:
(1) physician-reported EDSS at enrollment; (2) calculated
EDSS at enrollment or (3) last EDSS reported before
enrollment. If baseline EDSS was calculated EDSS at
enrollment, calculated EDSS was used for follow-up; if
baseline EDSS was reported EDSS at enrollment or last
reported EDSS before enrollment, reported EDSS was used
for follow-up. Time to first relapse, time to sustained dis-
ability progression and time to sustained disability
improvement were estimated using the Kaplan—-Meier
method. Sustained disability progression was defined as an
increase of one point or more in the EDSS score from
enrolment, sustained for 24 weeks. Sustained disability
improvement was defined as a decrease in one point or more
in the EDSS score from baseline, sustained at 24 weeks. The
same definition of baseline EDSS was used as indicated
above for the disability progression or improvement analysis.

Results
Baseline demographics

As of December 1st 2012, 563 patients were enrolled in the
study. Of note 54 patients (9.6 %) were recruited in the study,
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Fig. 1 Baseline characteristics of Belgian patients included in the
TOP study. a Age distribution of patients at first dose is depicted.
b Distribution of disease duration in patients at first dose. Data are

%

Relapses prior to Tysabri

Table 1 Baseline demographics and disease characteristics compared to the pivotal trial AFFIRM

missing for 2 patients (0.4 %). ¢ EDSS distribution at enrollment.
Data are missing for 2 patients at baseline (0.4 %). d Distribution of
relapses 1 or 2 years prior to natalizumab in patients at enrollment

TOP Belgium N = 563

AFFIRM N = 627

Age (years)

Gender

Disease duration (years)

Number of relapses 1 year prior to natalizumab

Number of relapses 1 year prior to natalizumab
resulting in steroid treatment

Number of relapses 2 years prior to natalizumab

EDSS at enrolment

Any prior treatment

Prior IS treatment

DMT-use duration

1 or more Gadolinium-enhancing lesions
T2 hyperintense lesions

Mean (SD) Median (range)
%
Mean (SD) Median (range)
Mean (SD) Median (range)
Mean (SD) Median (range)
Mean (SD) Median (range)
Mean (SD) Median (range)
%
%
Mean (SD) Median (range)
%

<9
>9

37.4 (10.2) 35.6 (8.5)
37 (17-70) NA (18-50)
M 29.8 M 28.0

F 70.2 F 72.0

8.3 (6.95) NA 5.0 (0-34.0)
6.8 (0-40.2)

1.94 (0.96) 1.53 (0.91)
2 (1-8) NA (0-12)
1.46 (0.95) NA

1 (0-8)

2.7 (1.42) NA

2 (1-10)

3.4 (L.6) 23(1.2)
3.0 (0-8.5) NA (0-6.0)
89 0

8.3 0

42 (3.9) 0

3 (0-15.8)

67.5 51.0

11.1 5.0

84.2 95.0

Baseline MRI data were performed in 495 subjects (87.9 %) but with certain data missing

IS immunosuppressive, DMT disease-modifying treatment, EDSS Expanded Disability Status Scale, SD standard deviation, NA not applicable
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with a baseline visit but no follow-up visits recorded. Of the 563
patients included, 70.2 % (n = 395) were females, with a
median age of 37.0 years (range 17-70 years) (Fig. la;
Table 1). There was no significant difference in the age dis-
tribution across genders (data not shown). As a whole, the
female-to-male ratio was 2.35-1. Median disease duration was
6.8 years (range 0.040.2) (Fig. 1b; Table 1). Disease duration
was <1 year in 57 patients (10.1 %). Median baseline EDSS
was 3.0 (range 0.0-8.5) (Table 1). EDSS distribution at
enrolment is shown in Fig. 1c. Median relapse rate in the year
prior to natalizumab was 2.0 (range 1-8) and 2.0 (range 1-10)
inthe 2 years prior to natalizamab initiation (Fig. 1d; Table 1).
In the year before starting natalizumab treatment, 204 patients
(36.2 %) had 1 relapse, 238 patients (42.3 %) had 2 relapses
and 121 (21.5 %) had 3 or more relapses. Relapses were treated
by steroids in 501 patients (89 %). Two-hundred sixty patients
(46.2 %) had one relapse and 234 (41.6 %) had two or more
relapses resulting in steroid treatment in the year before the start
of natalizumab (data not shown).

Prior treatment

Five-hundred and one patients (89 %) had been previ-

ously treated with one or more DMTs and/or
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Fig. 2 Treatment history of patients included in TOP prior to natal-
izumab infusion. a Distribution of patients according to the number of
disease-modifying treatments (DMTSs) or IS for MS. b Distribution of
patients according to previous treatment duration (years)

immunosuppressive drug (IS). Among them, 47 (8.3 %)
had been previously exposed to one or more IS medica-
tions. Sixty-two patients (11 %) were treatment-naive,
296 patients (52.6 %) had one previous DMT and 205
patients (36.4 %) had 2 or more previous DMTs (Fig. 2a).
Median DMT-use duration was 3 years (range 0-15.8)
(Fig. 2b; Table 1). Medications that were ever used, used
in the past 24 months and the last medication used prior to
natalizumab are shown, respectively, in Fig. 3. Four-
hundred and fifty-one patients (80.1 %) had used IFN-3
products in the past. In 366 of these patients (65 %), IFN-
B was the last treatment before natalizumab. In 106

Medication ever used prior to Tysabri
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Fig. 3 History of DMT or IS use and treatment for MS Prior to First
natalizumab infusion. Distribution of enrolled patients according to
previous treatment is shown
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Table 2 Incidence of serious adverse events (SAEs) in descending
order of frequency

Incidence of

SAEs (%)
All SAEs 65/563 (11.5)
Not coded 15/563 (2.7)
Allergic reaction 4/563 (0.7)
Anaphylactic shock 2/563 (0.4)
Panic attack 2/563 (0.4)
Progressive multifocal leukoencephalopathy 2/563 (0.4)
Suicide 2/563 (0.4)
Acute cystitis 1/563 (0.2)
Acute myocardial infarction 1/563 (0.2)
Allergic urticaria 1/563 (0.2)
Anemia 1/563 (0.2)
Anxiety attack 1/563 (0.2)
Avascular necrosis 1/563 (0.2)
Bacterial infection 1/563 (0.2)
Bladder calculus 1/563 (0.2)
Bladder disorder 1/563 (0.2)
Cervical cancer 1/563 (0.2)
CMV infection 1/563 (0.2)
CSF leakage 1/563 (0.2)
Deep vein thrombosis 1/563 (0.2)
Drug-induced hepatitis 1/563 (0.2)
Endometriosis 1/563 (0.2)
Epileptic seizure 1/563 (0.2)
Generalized tonic—clonic seizure 1/563 (0.2)
Glioblastoma 1/563 (0.2)
Hemorrhoidal bleeding 1/563 (0.2)
Hemorrhoidal crisis 1/563 (0.2)
Hepatitis fulminant 1/563 (0.2)
Herniated disc 1/563 (0.2)
Hip arthrosis 1/563 (0.2)
Hip fracture 1/563 (0.2)
Hyperventilation 1/563 (0.2)
Incontinence 1/563 (0.2)
Infectious colitis 1/563 (0.2)
Influenza 1/563 (0.2)
Ischemic cardiomyopathy 1/563 (0.2)
Kidney stone 1/563 (0.2)
Lumbar discitis 1/563 (0.2)
Medical device complication 1/563 (0.2)
Meningioma 1/563 (0.2)
Migraine aggravated 1/563 (0.2)
Non-ST segment elevation myocardial infarction 1/563 (0.2)
Pneumonia 1/563 (0.2)
Polycystic ovarian syndrome 1/563 (0.2)
Postoperative infection 1/563 (0.2)
Primary sclerosing cholangitis 1/563 (0.2)
Pulmonary embolism 1/563 (0.2)
Rib fracture 1/563 (0.2)
Spontaneous abortion 1/563 (0.2)

@ Springer

Table 2 continued

Incidence of

SAEs (%)
Streptococcal meningitis 1/563 (0.2)
Thrombolysis 1/563 (0.2)
Trigeminal neuralgia 1/563 (0.2)
Urinary retention 1/563 (0.2)
Uterine leiomyoma 1/563 (0.2)
Vertigo 1/563 (0.2)
Viral infection 1/563 (0.2)

patients (18.8 %), glatiramer acetate (GA) was the last
treatment before the start of natalizumab. Thirty-eight
patients (6.7 %) had previously received mitoxantrone,
among which 11 (2 %) received it during the 2 years
preceding natalizumab treatment.

Baseline MRI

Baseline MRI characteristics were recorded for 495
patients (87.9 %). Eighty-four percent of patients had 9 or
more T2 hyperintense lesions and, 67.5 % had one or more
gadolinium-enhancing lesions. A few patients (11.1 %) had
<9 T2 lesions on brain MRI (Table 1).

Treatment discontinuation

One-hundred and thirty patients (23.1 %) did not receive na-
talizumab every month. Among them, 96 patients (17.1 %)
discontinued natalizumab. Reasons recorded for treatment
discontinuation are listed in Supplemental Table 4. Medication
change (n = 23) and insufficient efficacy (n = 17) were listed
as the main reasons. Twelve patients (2.1 %) discontinued the
treatment due to pregnancy desire, 6 (1.1 %) due to the occur-
rence of a SAE, 13 (2.3 %) due to JCV seropositivity and two
(0.4 %) due to anti-natalizumab antibodies. Twenty patients
(20.8 %) discontinued treatment due to safety concerns, treat-
ment duration, JCV seropositivity and previous exposure to
immunosuppressants.  Finally, 44/96 patients (45.8 %)
remained in the study, despite having stopped treatment.

Study drop outs

Eighty-seven patients (15.5 %) withdrew from the study
during follow-up. Among those, 28 were lost to follow-up
or moved away. A subgroup of these patients (n = 52)
discontinued the treatment, while 35 patients remained on
natalizumab. Reasons for study withdrawal, listed in Sup-
plemental Table 5, are globally similar to the ones for
treatment discontinuation.
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Safety

In total, 78 SAEs were recorded in 65 patients (11.5 %),
among which two cases of PML (Table 2). The first case
occurred in a 45-year-old female patient, with no previous
IS. At the 27th natalizumab infusion, she reported to be
more absent-minded. The 6-month brain MRI showed a
new suspicious right subcortical frontal lesion. Diagnosis
was confirmed by JCV DNA polymerase chain reaction
(PCR) on the cerebrospinal fluid, showing 186 viral copies
per ml. The patient recovered favorably after five plas-
mapheresis sessions and a 3-day course of intravenous
methylprednisolone followed by an oral taper for
2 months. The second case was diagnosed upon routine
brain MRI follow-up in an asymptomatic 27-year-old male
patient with no previous IS, after 38 natalizumab infusions
[4]. Diagnosis was confirmed by JCV DNA PCR showing
712 viral copies per ml. The patient recovered without
further symptoms after five plasmapheresis sessions and
intravenous corticosteroids followed by a two-month oral
taper. During treatment with natalizumab, severe infections
were rare and isolated events (pneumonia, colitis, cystitis,
streptococcal meningitis, lumbar discitis, influenza virus
infection, cytomegalovirus infection). Malignant tumors
were diagnosed in two patients (one with cervix cancer and
one with glioblastoma).

Efficacy

At the time of data extraction, 303 patients (53.8 %) had
completed more than 25 natalizumab infusions. A total of
1,134.05 person-years of exposure to the drug was reached.
In the subgroup of patients with data up to year 2

p<0.0001
f T T 1
p=0.0003
4 - f 1
g
g 2
(7}
»
a 24
w
f=
8
g
n=208 n=159 n=167 n=175 n=208
0 L} L} L} T T
Baseline 6 12 18 24
months
Range [0-6.5] [0-6.5] [0-6.5] [0-6.5] [0-7.5]

Fig. 4 Median EDSS score during the first two years of follow-up in
Belgian TOP patients. Results are shown for the subgroup of patients
for which baseline and year 2 data are available (number of patients
for which data are available is indicated in corresponding bars). EDSS
values were compared using Wilcoxon’s signed-rank test

Table 3 EDSS score according to treatment duration

N Mean Median Change from
(SD) (range) baseline p value

Baseline 561 3.4 (1.58) 3.0 (0-8.5) NA

Month 6 367 3.1 (1.63) 3.0 (0-7.5) <0.0001
Month 12 327 3.0 (1.62) 2.5 (0-7.5) <0.0001
Month 18 280 3.0 (1.72) 2.5 (0-7.5) <0.0001
Month 24 208 3.2 (1.73) 3.0 (0-7.5) <0.0001
Month 30 138 2.9 (1.75) 2.5 (0-7.5) <0.0001
Month 36 94 3.1 (1.73) 2.5 (0-7.0) 0.0069
Month 42 75 2.8 (1.81) 2.0 (0-6.5) 0.0007
Month 48 52 2.8 (1.70) 2.5 (0-7.5) 0.1164
Month 54 39 3.2 (1.72) 3.0 (0-6.5) 0.7336
Month 60 21 3.3 (1.62) 3.5 (0-6.5) 0.5984

Change from baseline was evaluated using Wilcoxon’s signed-rank
test

NA not applicable

p values inferior to 0.05 are indicated in bold

(n = 208), the median baseline EDSS score was 3.5. The
median EDSS score slightly decreased to 3.0 at 6 months
and remained stable thereafter at 12, 18 and 24 months of
natalizumab treatment (p < 0.0005) (Fig. 4; Table 3). The
subsequent variations of the EDSS score are unrepresen-
tative due to the low proportion of patients having reached
more than 24 months of treatments (Table 3). At
24 months, survival curve analysis shows a 25.68 %
cumulative risk of sustained disability improvement and a
9.01 % cumulative risk of disability progression for those
who reached the 24-month follow-up (Fig. 5). The ARR
was significantly reduced from a mean of 1.94 to 0.18
(90.7 % reduction, p < 0.0001) for a total of 1,170.8 sub-
ject-years followed (Table 4). Relapses requiring steroids
or hospitalization were both reduced following natal-
izumab (Table 3). The significant reduction in ARR was
independent of relapse history or treatment history
(»p < 0.0001, in all cases) (Table 4; Fig. 6a). Similarly,
treatment-naive patients showed a reduction in the mean
ARR from 2.26 to 0.19 (91.6 % reduction, p < 0.0001)
(Table 4). ARR in the subgroup of patients who were only
on IFN-B, GA or switched from one treatment to another
prior to natalizumab were similarly reduced following
therapy escalation (data not shown). In contrary to the
global data analysis, there was no significant difference in
the magnitude of the reduction of the ARR post-natal-
izumab according to baseline EDSS score (< or >3) (data
not shown) [5]. ARR in the subgroups according to treat-
ment duration remained low throughout the study period
(data not shown). During the course of the study, 133
patients experienced a relapse (23.6 %). The cumulative
relapse risk was 26.87 % at 24 months (Fig. 6b).
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progression up to 5 years. Time to sustained disability progression
and time to sustained disability improvement were estimated using
the Kaplan Meier method. a Sustained disability progression was
defined as an increase of one point or more in the EDSS score from
enrollment, sustained for 24 weeks. b Sustained disability improve-
ment is defined as a decrease in one point or more in the EDSS score
from baseline, sustained at 24 weeks

Discussion

Natalizumab has been licensed in the EU since June 27th
2006 for second-line monotherapy in relapsing-remitting
MS patients with clinically active disease despite IFN-f
treatment or in patients with rapidly evolving relapsing
disease. Concerns about long-term safety and efficacy have
prompted several national and international initiatives to
monitor patients starting treatment with natalizumab.

We report the interim results of the first 563 patients
included in the TOP study in Belgium, up to December 1st
2012. At that time, about 1,100 patients were receiving
natalizumab in Belgium. December 2012 was chosen as
cut-off to present this interim analysis, because 56.8 %
patients had reached a follow-up period of 24 months.

Baseline demographics of the patients included in TOP
show that compared to the patients in the pivotal study
AFFIRM, patients initiating natalizumab in Belgium were
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older, had a longer median disease duration, higher disease
activity and disability, as assessed by the EDSS score [1].
These results are in line with those from other published
national registries [6—14]. Another indicator of disease
activity, apart from the ARR prior to natalizumab, is the
baseline MRI, showing gadolinium enhancement in 67.5 %
of cases. This percentage is high in comparison to the
global TOP data (46.7 %), and this is due to specific Bel-
gian reimbursement criteria in the first 2 years where
gadolinium enhancement was required to start natalizumab
(from December 2007 to January 2010) (Biogen Idec, data
on file).

In the Belgian TOP cohort, disease duration was 1 year
or less in 10.1 % of patients, corresponding to most of the
treatment-naive subgroup (11 %). However, most patients
included in TOP have failed one or more DMT(s) before
starting natalizumab (89 %), as described by others [6—13].

In our cohort, 368 patients were enrolled up to
December 2010 prior to the use of the JCV stratify essay
and prior to general knowledge about the risk factors
established for PML [15]. Previous IS use was reported in
47 patients (8.3 %). In contrast, an Italian cohort and a
Danish one report even higher proportions of patients with
previous treatment by IS drugs (33 and 19.2 %, respec-
tively) [7, 11].

Clinical disease activity dropped significantly following
the start of natalizumab treatment, with a 90.7 % reduction
in the ARR. The effect was also present in patients with
highly active disease prior to natalizumab (i.e., with more
than one relapse in the preceding year). The drop in the
ARR was comparable, regardless of the treatment history
(treatment-naive, IFN- or GA as last treatment before
natalizumab; one or more than one treatment before natal-
izumab). Annualized relapse rate dropped also by 89.5 % in
patients with prior IS treatment. Interestingly, the magni-
tude of the effect is in line with the drop in ARR shown in
the AFFIRM study and also in subsequently published
national registries or observational studies [6—13]. Results
from the global TOP study indicate that post-baseline ARR
after 4 years for patients receiving natalizamab therapy
decreased from 1.99 at baseline to 0.28 [5, 16]. The pro-
portion of patients remaining relapse-free during the study
was 76.4 %. In this present subgroup of TOP patients from
Belgium, relapse risk was 15.95 and 10.92 % during the
first and second year of natalizumab treatment, respectively.

Median EDSS remained stable up to 24 months fol-
lowing the start of natalizumab, an effect also reported by
other groups and also demonstrated in the global TOP
cohort [5, 6, 8-10, 12, 13, 16]. EDSS data at 24 months
were only available in 36.9 % of the included patients. It
will be interesting to see whether these effects are sustained
on the long term, as an insufficient number of patients have
attained a longer follow-up period. The proportion of
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Table 4 Annualized relapse rates (ARR) pre- and post-treatment by natalizumab in different subgroups
Pre-infusion Post- p value
natalizumab

Overall ARR (n = 563) N 563 133/563 <0.0001
Mean (95 % CI) 1.94 (1.86-2.02) 0.18 (0.15-0.22)
Median (range) 2 (1-8) 0 (0-11)

ARR in subgroup resulting in hospitalization N 256/552 44/552 <0.0001
Mean (95 % CI) 0.66 (0.59-0.74) 0.05 (0.04-0.07)
Median (range) 0 (0-8) 0 (0-5)

ARR in subgroup resulting in steroid treatment N 494/556 103/556 <0.0001
Mean (95 % CI) 1.46 (1.38-1.54) 0.13 (0.10-0.16)
Median (range) 1 (0-8) 0 (0-7)

ARR in subgroup with one relapse prior to starting natalizumab N 204 45/204 <0.0001
Mean (95 % CI) 1 (NA) 0.13 (0.10-0.18)
Median (range) 1 (NA) 0 (0-5)

ARR in subgroup with >1 relapse prior to starting natalizumab N 359 88/359 <0.0001
Mean (95 % CI) 2.47 (2.39-2.55) 0.21 (0.16-0.27)
Median (range) 2 (2-8) 0 (0-11)

ARR in subgroup with IFN-f as last therapy prior to starting natalizumab N 366 88/366 <0.0001
Mean (95 % CI) 1.9 (1.80-2.00)  0.17 (0.14-0.22)
Median (range) 2 (1-8) 0 (0-9)

ARR in subgroup with GA as last therapy prior to starting natalizumab N 106 27/106 <0.0001
Mean (95 % CI) 1.92 (1.77-2.10) 0.18 (0.12-0.26)
Median (range) 2 (1-4) 0 (0-4)

ARR in subgroup treatment-naive prior to starting natalizamab N 62 11/62 <0.0001
Men (95 % CI)  2.26 (2.08-2.45) 0.19 (0.07-0.47)
Median (range) 2 (1-5) 0 (0-11)

ARR in subgroup with 1 treatment prior to starting natalizumab N 296 63/296 <0.0001
Mean (95 % CI) 1.95 (1.85-2.06) 0.17 (0.13-0.22)
Median (range) 2 (1-8) 0 (0-8)

ARR in subgroup with >1 treatment prior to starting natalizumab N 205 59/205 <0.0001
Mean (95 % CI) 1.81 (1.68-1.96) 0.20 (0.15-0.27)
Median (range) 2 (1-7) 0 (0-9)

ARR in subgroup with IS treatment prior to starting natalizumab N 47 15/47 <0.0001

Mean (95 % CI)
Median (range)

1.91 (1.68-2.18)
2 (1-4)

0.21 (0.13-0.35)
0 (0-4)

ARR values were compared using Wilcoxon’s signed-rank test

ARR annualized relapse rate, IFN-f interferon-beta, GA Glatiramer acetate, S immunosuppressive

progression-free patients was 92.2 %, whereas the pro-
portion of patients experiencing sustained disability
improvement was 21.9 %. Considering disability progres-
sion, it will be interesting to obtain long-term data on a
higher number of patients, as it is still unknown whether
natalizumab delays secondary progression of disease.
Globally, SAE occurrence was infrequent (11.5 %) and
consistent with natalizumab’s known safety profile. Two
cases of PML out of 563 patients enrolled have been
reported until December 2012 (0.4 %). Malignant tumors
were reported in two patients. No increased signals for

these cancers have been raised, either in post-marketing
observational studies or in Adverse Event Reporting’s to
national pharmacovigilance instances. Isolated cases of
serious infections were reported. It is noteworthy that no
other opportunistic infections were reported besides PML.
One case of fulminant hepatitis of unspecified origin was
reported. Anaphylactic shock and allergic reaction were
reported as SAEs in six patients (1.1 %). The numbers are
relatively low in comparison to what is reported in the
AFFIRM trial (4 % of hypersensitivity reactions) and in
other  post-marketing studies, maybe suggesting
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Fig. 6 Comparison of relapse
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underreporting by treating physicians [6—14]. This may
also be due to the design of the study, authorizing up to
three natalizumab injections before enrolment. Since
allergic reactions most often occur during the second and
third injections, some patients may have experienced these
reactions, without them having been reported following
inclusion in the study.

Treatment with natalizumab was discontinued in 18
patients out of 96 (18.75 %) due to adverse events (serious
or non-serious) or lack of tolerability. The discontinuation
rate reported is in line with other observational cohorts [6—

@ Springer

14]. Safety concern, natalizumab treatment duration con-
cern, prior immunosuppression or JCV seropositivity were
cited in 20 cases (20.8 %) as the reasons for treatment
suspension. This may be because only half of the patients
have reached 2 years of treatment. It also could be because
anti-JCV antibody status has been incorporated only since
the second half of 2011 in treatment decision algorithms.
Due to availability of other treatment options and imple-
mentation of risk stratifications strategies, the proportion of
treatment discontinuations might rise in the future. It must
be noted that a protocol amendment has recently been
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introduced to enable collection of patient anti-JCV anti-
body status within the TOP registry.

Although it provides strong and consistent data about
safety and efficacy, the TOP study presents certain weak-
nesses, inherent to its open-label and observational design.
Selection bias might influence certain outcomes. In the
absence of a control group, one might argue that the drop in the
relapse rate might, at least in part, reflect regression to the
mean. For this reason, the clinical endpoints of TOP patients
will be compared to those of an external, prospectively
determined control cohort derived from the international
MSBase Registry, by propensity score analysis [17]. Another
caveat in the study is the fact that follow-up data are missing in
54 patients (9.6 %) initially enrolled. Treatment discontinu-
ation rate (17.1 %) and subject withdrawal from the study
(15.5 %) may be considered high, depriving the study of
valuable datasets. For example, patients discontinuing natal-
izumab due to perceived lack of efficacy or medication change
might be secondary progressive patients. This may, therefore,
bias the results on the proportion of patients experiencing
disability progression within the study. At the end of 2012, the
occurrence of one suspected and six confirmed cases of PML
has been reported in Belgium, of which only two were
included in the TOP registry (Biogen Idec, Safety and Benefit-
Risk Management). This study does not therefore accurately
estimate the true incidence of PML within the Belgian patient
population treated with natalizumab.

In conclusion, efficacy and safety data collected in this
interim analysis of 514 patients from Belgium, in which
natalizumab is largely administered as a second-line
treatment, are consistent with the outcomes of the AFFIRM
pivotal study and the interim results of the global TOP
cohort [5, 16]. As in other observational studies, patients
starting natalizumab in Belgium are older, have longer
disease duration, higher disease activity and disease burden
than in the phase III pivotal trial [6—14]. The results
obtained from the various post-marketing studies are in line
with the post hoc analysis of the subgroups from the
AFFIRM study with highly active disease [18]. Hence we
can conclude that in the clinical practice setting, for
patients with active disease, regardless of treatment history,
EDSS and disease duration, a marked decrease in ARR and
stabilization of the neurological impairment was observed
with natalizumab after 2 years of treatment. Results after
more than 2 years of treatment are still waiting to be
confirmed in a greater number of patients. The planned
10-year follow-up period will provide crucial data on these
long-term efficacy and safety outcomes.
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