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Abstract
Background and Objectives For chronic diseases like multiple sclerosis (MS), real-world evidence on long-term treatment 
outcomes is essential. The study aimed to provide long-term data on the safety and effectiveness of natalizumab in patients 
with relapsing-remitting MS (RRMS) treated in a routine care setting in Greece.
Methods TOPICS Greece was a multicenter, single-country, prospective 5-year observational study.
Results Between 19-Apr-2012 and 18-Dec-2014, 304 eligible adults [females: 63.2%; median age at natalizumab initiation: 
38.0 years; median disease duration: 6.2 years; median Expanded Disability Status Scale (EDSS) score at baseline: 3.5] 
were enrolled in the study by 20 hospital-based neurologists. The 1-year annualized relapse rate (ARR) before treatment 
initiation was 1.859, while the ARR during the first year of treatment was 0.131, representing a significant 93% reduction 
(p < 0.001). The ARR over the median treatment period of 59.4 months was 0.109. Patients with ≤1 relapse in the pre-
natalizumab year (46.1%) and those having received ≤1 prior disease-modifying therapy (57.9%) displayed significantly 
lower on-natalizumab ARR. The 1-, 2-, 3-, 4- and 5-year cumulative probabilities of EDSS progression were 3.2, 6.2, 9.7, 
13.4, and 17.4%, respectively; the respective probabilities of EDSS disability improvement were 18.3, 25.1, 27.4, 28.0, and 
30.1%. Over a median safety data collection period of 48.7 months, 4.6% of the patients experienced ≥ 1 serious adverse 
event, with infections (reported in 1.0%) being the most common.
Conclusion In real-world settings in Greece, natalizumab displayed beneficial long-term effects on disease activity and dis-
ability progression consistent with previous studies with no new serious safety signals emerging.
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Key Points 

In patients with relapsing-remitting multiple sclerosis 
(RRMS) treated with natalizumab in routine care setting 
in Greece, natalizumab yielded long-term benefits in 
terms of lowering the number of relapses and reducing 
disability progression.

The results of TOPICS Greece complement previous 
studies, indicating that natalizumab is a highly effective 
treatment for RRMS with an expected list of serious 
adverse events, thus, supporting its use, under the recom-
mended risk minimization measures, for patients with 
highly active disease.

1 Introduction

Multiple sclerosis (MS) is a chronic inflammatory central 
nervous system disease causing physical and cognitive dis-
ability [1, 2]. The disease is more common among women 
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and is usually diagnosed in young adulthood. Relapsing-
remitting MS (RRMS) is the most common type of MS, 
characterized by episodes of acute demyelination in the brain 
and the spinal cord (known as attacks or relapses), which last 
more than 24 h and result in the formation of lesions and the 
impairment of neuronal structure and function; these attacks 
are usually separated by at least one month of remission 
from the next episode. During remission, symptoms are less 
severe, though with progressing neurodegeneration residual 
disease becomes more pronounced.

Although the underlying pathogenetic mechanisms are 
not entirely understood, lymphocyte migration across the 
blood-brain barrier is recognized as a critical step in lesion 
formation in RRMS [3]. At the molecular level, this pro-
cess is mediated by interactions between the α4β1 integrin 
on the lymphocyte surface and the vascular-cell adhesion 
molecule 1 on the vascular endothelial cell surface [4, 5]. 
Interaction of α4β1 integrin with other molecules, such as 
fibronectin and osteopontin, is also implicated in modulation 
of leukocyte survival, priming, and activation, promoting 
inflammation [6, 7].

Natalizumab is a humanized recombinant monoclonal 
antibody approved for the treatment of RRMS [8]. The 
drug binds to the α4 subunit of integrins and blocks their 
binding to their endothelial receptors and other ligands, 
thereby inhibiting inflammation [9–11]. The safety and effi-
cacy of natalizumab as a monotherapy for the treatment of 
RRMS was established in the Phase 3 randomized placebo-
controlled clinical trial AFFIRM [12]. Over the course of 
two years, natalizumab reduced the annualized relapse rate 
(ARR) by 68%, and the risk of sustained disability progres-
sion by 42%, while it also reduced the number of new or 
enlarging brain lesions as visualized by magnetic resonance 
imaging (MRI).

For chronic diseases, such as MS, real-world data on 
long-term treatment outcomes are essential when evaluat-
ing a particular therapy. To this end, a number of real-world 
studies have been designed to assess effectiveness of natali-
zumab over longer observation periods than those commonly 
employed in clinical trials. In addition, these studies include 
a population with broad eligibility criteria that is more repre-
sentative for the RRMS population receiving the drug under 
routine care conditions, compared to the strictly selected 
groups described in the clinical trial setting.

In light of the above, the TOPICS Greece 5-year prospec-
tive observational study was designed to assess the long-
term safety and effectiveness of natalizumab in patients with 
RRMS treated in routine clinical care conditions in Greece. 
The present manuscript focuses on the effectiveness of natal-
izumab on disease activity and disability progression and 
examines baseline characteristics and short-term outcomes 
as prognostic indicators of disease activity.

2  Methods

2.1  Study Design and Patient Population

‘TOPICS Greece’ was a real-world, multicenter, prospec-
tive, observational study conducted in 20 hospital study sites 
across Greece. The study enrolled patients with RRMS who 
were therapy-naïve to natalizumab and to whom natalizumab 
 (TYSABRI®, Biogen Netherlands B.V., FUJIFILM Diosynth 
Biotechnologies Denmark ApS) was initiated according to 
the locally approved label. The decision to initiate treat-
ment with natalizumab, administered via intravenous infu-
sion, had been taken prior to enrollment. Eligible patients 
had received ≤ 3 natalizumab infusions before enrollment 
in the study, unless they were enrolled during the 6-month 
periods after approval of the original protocol and protocol 
amendment I or during the 3-month period after approval of 
protocol amendment II by the competent regulatory bodies, 
during which periods there was no restriction in the number 
of prior natalizumab infusions received (the purpose of these 
periods was to facilitate recruitment). Patients from Greece 
enrolled in the Tysabri Observation Program (TOP) study 
could be transferred to the TOPICS Greece database.

All patients provided informed consent for their participa-
tion in the study and were planned to be followed up for 5 
years following informed consent signing. Only prospective 
safety data collection took place, i.e., adverse events (AEs) 
that had been experienced prior to informed consent sign-
ing were not recorded. Discontinuation of treatment with 
natalizumab was not considered a reason to terminate the 
patient’s participation in the study. The study protocol and 
its amendments were approved by the competent national 
regulatory authority [National Organization for Medicines 
(EOF)] and the scientific committees of the participat-
ing hospitals and was conducted according to the ethical 
principles of the Declaration of Helsinki and all applicable 
national regulatory requirements. All participants provided 
written informed consent.

2.2  Study Objectives and Endpoints

The objectives of the study were to evaluate the long-term 
safety and effectiveness of natalizumab on disease activity 
and disability progression, as a single disease-modifying 
therapy (DMT) in patients with RRMM in a real-world 
clinical practice setting. The primary study objective was 
to assess the safety of natalizumab by determining the inci-
dence of serious adverse events (SAEs). The effectiveness of 
therapy on disability progression was evaluated by estimat-
ing the proportion of patients whose Expanded Disability 
Status Scale (EDSS) score increased by at least 1.0 point and 
was sustained for 6 months, while disability improvement 
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was defined as decrease from the EDSS reference value of 
at least one point sustained for at least 6 months. In addition, 
the proportions of patients reaching predefined EDSS mile-
stones (4.0, 6.0 and 7.0) were assessed. Disease activity was 
examined by assessing the number of clinical relapses, the 
time to first relapse, the proportion of patients with relapse, 
and the ARR during the first and second year of treatment 
and throughout study participation. A clinical relapse was 
defined as new or recurrent neurological symptoms, not 
associated with fever, lasting for at least 24 h, and followed 
by a period of 30 days of stability or improvement. New 
or recurrent neurological symptoms that occurred < 30 
days following the onset of a protocol-defined relapse were 
considered part of the same relapse. The study also aimed 
to examine baseline characteristics, as well as short-term 
(1-year) occurrence of relapse as prognostic indicators of 
disease activity. Furthermore, EDSS progression during the 
first 12 months after natalizumab initiation was to be evalu-
ated as a prognostic indicator for disability progression over 
time, but due to the low number of EDSS progression events 
during the first year, this analysis was not performed.

In order to minimize bias stemming from between-
physician differences of EDSS disability assessment, due 
the complexity and subjective nature of this assessment, 
physicians participating in TOPICS Greece were provided 
with an electronically available guide containing the defini-
tions for a standardized, quantified neurological examina-
tion and assessment of Kurtzke’s Functional Systems and 
EDSS, aiming to standardize and increase the quality of this 
assessment.

2.3  Statistical Considerations

No formal sample size estimation took place. Between 300 
and 500 patients were planned to be enrolled in this study.

Statistical analysis was performed using SAS software 
(v9.4, SAS Institute, Cary, NC, USA). Data not following 
a normal distribution (as indicated by the Shapiro-Wilk 
test) are presented as median (interquartile range, IQR). 
Baseline was defined as the closest timepoint prior to or at 
natalizumab initiation. Differences in the EDSS from base-
line to the post-baseline timepoints were assessed using the 
Wilcoxon signed-rank test. The Kaplan-Meier cumulative 
incidences of 6-month sustained EDSS disability progres-
sion and sustained EDSS disability improvement at 12, 24, 
36, 48 and 60 months after baseline along with the 95% 
confidence intervals (CIs) were estimated. Patients with no 
sustained EDSS disability progression event were censored 
at the time of the last EDSS assessment. Patients with no 
sustained EDSS disability improvement were censored at 
the time of the last EDSS assessment in case no sustained 
EDSS disability progression had occurred; otherwise, they 
were censored at the time of sustained EDSS disability 

progression. Six-month sustained EDSS disability progres-
sion or improvement was defined as an increase or decrease, 
respectively, from the reference value in the EDSS scores 
of at least one point sustained for at least 6 months, i.e., 
every EDSS score within a 6-month duration after the refer-
ence value met the examined criterion. The Kaplan-Meier 
cumulative incidences of first sustained EDSS score of 4, 
6, and 7 or greater at post-baseline timepoints along with 
the relevant 95% CIs were estimated among patients with a 
baseline EDSS assessment less than 4, 6 and 7, respectively. 
With the exception of censored data in the Kaplan-Meier 
analysis and partial dates, set to (1) the first day of the month 
for start dates with a missing start day, (2) the first month of 
the year for start dates with a missing month, (3) the last day 
of the month for end dates with a missing day, and (4) the 
last month of the year for end dates with a missing month, 
no imputation of missing data was applied.

For the estimation of the ARR throughout study participa-
tion, a Poisson model adjusted by scaled Pearson chi-square 
was constructed with the number of relapses for each patient 
since natalizumab onset as the response variable, and the 
natural log of time from natalizumab onset to last date on 
study as the offset term. Regarding the estimation of 1-year 
and 2-year ARRs after natalizumab initiation, the number of 
relapses in the period of interest were used as the response 
variable, and the natural log of time from natalizumab onset 
to last date on study was used as the offset term. For the 
identification of potential predictors of ARR throughout 
study participation, univariable and multivariable Poisson 
regression models were fitted. The models were adjusted by 
scaled Pearson chi-square in order to correct for overdisper-
sion. The final multivariable model was derived through a 
stepwise procedure based on the minimization of Akaike’s 
Information Criterion. Variables examined in the univariable 
analyses were included in the initial step of the stepwise pro-
cedure after excluding related variables. Factors with miss-
ing data > 20% were excluded from the multivariable model. 
All statistical tests were two-sided and were performed at a 
0.05 significance level.

3  Results

3.1  Safety

During the prospective study observation period starting 
from the date of informed consent obtainment/enrollment 
in TOPICS until the last date on study [median (IQR): 
48.7 (23.0–58.9) months], the SAE incidence rate was 
4.6% (14/304), while the incidence rate of serious ‘infec-
tions and infestations’ was 1.0% (3/304), and those of seri-
ous opportunistic infections (all progressive multifocal 
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leukoencephalopathy) and of malignancies were 0.7% 
(2/304). Safety results are presented in a separate manu-
script [13].

3.2  Patient Disposition and Baseline Characteristics

Between 19-April-2012 and 18-December-2014, 335 
patients were registered in the TOPICS Greece database, 304 
of whom were eligible and have been analyzed. Of these, 
241 patients were enrolled directly in TOPICS Greece, 
and 63 were transferred from TOP. Eligible patients had a 
median (IQR) age at natalizumab initiation (baseline) of 38.0 
(29.0–45.5) years, and a median (IQR) disease duration of 
6.2 (3.1–10.7) years. Baseline characteristics are presented 
in Table 1. The median (IQR) natalizumab treatment dura-
tion was 58.7 (30.7–78.0) months, and the median duration 
of study participation was 48.7 (23.0–58.9) months (with the 
last patient last visit performed on 29 October 2019). The 
median (IQR) time elapsed from natalizumab initiation to 
enrollment in TOPICS Greece was 0.7 months.

3.3  Sustained EDSS Disability Progression 
and Improvement Rates During Study 
Participation and Attainment of EDSS 
Milestones

Among patients with available paired assessments, the base-
line EDSS score decreased at all examined post-baseline 
timepoints, with the difference being statistically signifi-
cant at 12, 24, and 36 months (Fig. 1a). The 1-, 2-, 3-, 4- 
and 5-year Kaplan-Meier estimated cumulative probability 
of 6-month sustained EDSS progression was 3.2%, 6.2%, 
9.7%, 13.4%, and 17.4% (Fig. 1b). The respective cumulative 
probabilities of 6-month sustained EDSS improvement were 
18.3%, 25.1%, 27.4%, 28.0%, and 30.1% (Fig. 1c).

The 1-, 2-, 3-, 4- and 5-year Kaplan-Meier estimated 
cumulative probabilities of reaching the EDSS milestone 
of ≥ 4.0 were 3.1%, 5.7%, 8.8%, 12.5% and 15.2%. The 
respective probabilities of reaching the EDSS milestone of 
≥ 6.0 were 1.7%, 3.0%, 4.5%, 5.1% and 5.7%, while the 
4- and 5-year probabilities of reaching the EDSS milestone 

Table 1  Patient, disease and prior treatment characteristics

ARR  annualized relapse rate, CI confidence interval, DMT disease-modifying therapy, EDSS Expanded Disability Status Scale, IQR interquartile 
range; JCV John Cunningham virus, N number of patients with available data
a Anti-JCV testing at baseline was not a prerequisite during the enrollment period of the study

Characteristic Value

Females (N = 304), n (%) 192 (63.2)
Age at baseline (N = 304), median (IQR) 38.0 (29.0–45.5)
 ≤ 40 years 184 (60.5)
 > 40 years 120 (39.5)

Disease duration at baseline (N = 299), median (IQR) 6.2 (3.1–10.7)
 ≤ 5 years 123 (41.1)
 > 5 years 176 (58.9)

Relapses in the year prior to natalizumab initiation (N = 304), n (%)
 ≤ 1 140 (46.1)
 > 1 164 (53.9)

ARR in the year prior to natalizumab onset (95% CI), (N = 304) 1.859 (1.708–2.023)
ARR in the 2 years prior to natalizumab onset (95% CI), (N = 304) 1.355 (1.261–1.455)
Baseline EDSS score (N = 286), median (IQR)
 ≤ 3 points 135 (47.2)
 > 3 points 151 (52.8)

Positive anti-JCV serostatus at baseline (N = 72), n (%)a 28 (38.9)
Prior DMTs (N = 304), n (%)
 0 37 (12.2)
 ≥ 1 267 (87.8)
 ≥ 2 128 (42.1)

Prior steroids/immunoglobulins (N = 304), n (%) 148 (48.7)
Prior antineoplastic/immunosuppressive therapy (N = 304), n (%) 20 (6.6)
Natalizumab treatment duration (N = 304), median (IQR), months 58.7 (30.7–78.0)
Patients with permanent natalizumab treatment discontinuation (N = 304), n (%) 154 (50.7)
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of ≥ 7.0 were 0.5% and 2.3% (the 1-, 2-, and 3-year prob-
abilities were zero).

3.4  Annualized Relapse Rate and Relapse‑Free Rate 
During the Study Observation Period

A total of 173 relapses were experienced by 96 patients 
(31.6%) during a median observation period of 59.4 (IQR: 
37.4–79.8) months. A total of 97 relapses, experienced by 
49 patients (51.0%) required hospitalization, while 161 
relapses, experienced by 88 patients (91.7%) required ster-
oid treatment. The ARR during the period between baseline 
and the end of study participation was 0.109 (95% CI: 0.086, 
0.138) relapses per patient-year. The 1- and 2-year ARR 
was 0.131 and 0.127 relapses/per patient year, respectively, 
corresponding to a 93.0% (p < 0.001) and a 90.6% (p < 
0.001) reduction from the one- and two-year periods prior 
to natalizumab initiation (Fig. 2a). The Kaplan-Meier esti-
mated relapse-free rate at 12, 24, 36, 48, and at 60 months 
post-baseline was 92.7%, 89.4%, 82.4%, 78.1%, 70.7%, 
and 68.2%, respectively (Fig. 2b). The median time to first 
relapse could not be calculated since the survival curve does 
not drop to 0.5 or below (Fig. 2b), i.e., more than half of the 
patients remained relapse-free over the post-baseline obser-
vation period.

3.5  Poisson Regression Analysis of Factors 
Associated with ARR 

The association of selected factors of interest with the ARR 
was evaluated by univariable and multivariable Poisson 
regression models. The factors examined are presented in 
Table 2. Based on the final multivariable model, in which 
the factors retained were sex, disease duration at baseline, 
number of relapses in the year prior to baseline and num-
ber of prior DMTs, the following associations were identi-
fied: (1) patients who experienced ≤ 1 relapse in the year 
prior to baseline had an about 3 times lower ARR (0.058 vs 
0.154) during the period between baseline and the end of 
study participation than those that experienced > 1 relapses 
(ARR ratio: 0.356, 95% CI: 0.221–0.572; p < 0.001), and 
(2) patients that had received ≤ 1 prior DMTs had 50% lower 
ARR (0.082 vs 0.149) than those that had received ≥ 2 prior 
DMTs (ARR ratio = 0.535; p = 0.004).

In a separate univariable model that examined the prog-
nostic impact of the occurrence of relapse during the first 
year of natalizumab treatment with the ARR during the 
second year of treatment and beyond, the ARR during the 
second year and beyond of patients with a relapse during the 
first year was found to be 3.767 times higher than the ARR 
of those who did not experience a relapse during the first 
year of treatment (p < 0.001).

4  Discussion

TOPICS Greece demonstrates that in patients with RRMS 
treated in the routine clinical care in Greece, natalizumab 
demonstrates a safety profile consistent with that previously 
established, while it reduces MS disease activity as assessed 
by the ARR, and improves disability progression, as demon-
strated by reductions in the EDSS score.

With respect to safety, in the present study natalizumab 
displayed a low SAE incidence rate (4.6%), with no new 
safety signals emerging, and a low AE treatment discontinu-
ation rate (5.2%).

Regarding disability progression, in the present study, the 
EDSS score was significantly lower than baseline after the 
first, second and third year of treatment with natalizumab. 
Similarly, in the five-year interim analysis of TOP, the base-
line EDSS score significantly decreased after one year of 
treatment and retained this value through the fourth year 
of observation [14]. Moreover, at two years post-baseline, 
the cumulative probability of 6-month sustained EDSS 
progression in TOPICS Greece was 6.2%, lower than the 
17% rate reported in AFFIRM and the 14.1% rate reported 
in the 2-year interim analysis of the STRIVE open-label, 
multicenter, Phase 4 study [12, 15]. Notably, all patients 
in STRIVE were anti-JCV-antibody negative, with early 
RRMS, and baseline EDSS≤4.0 [14], restrictions which 
did not apply in TOPICS Greece. Furthermore, the 4- and 
5-year Kaplan-Meier estimated cumulative probability of 
6-month sustained EDSS progression in TOPICS Greece 
(13.4% and 17.4%) did not largely differ from the respec-
tive rates (14% for both timepoints) reported in the 5-year 
interim analysis of TOP [13]. Similarly, the 25.1% 2-year 
cumulative probability of sustained EDSS improvement in 
TOPICS Greece was comparable to the 28.4% rate reported 
in STRIVE, while the 4- and 5-year rates (28% and 30%) 
were slightly higher than the 24% and 27% reported in the 
interim analysis of TOP, utilizing the same definitions both 
for disability progression and for improvement [13]. Moreo-
ver, in the present study, the 5-year Kaplan-Meier estimated 
cumulative probabilities of 6-month sustained EDSS mile-
stones of ≥ 4.0, ≥ 6.0, and ≥ 7.0, in patients with baseline 
EDSS <4.0, 6.0, and 7.0, respectively, were 15.2, 5.7, and 
2.3%, respectively. In a relevant analysis of TOP, the prob-
abilities of 48-week confirmed transition from EDSS scores 
of 2.0–3.0 to ≥ 4.0, and 4.0–5.0 to ≥ 6.0 at Week 288 were 
11.8, and 9.5%, respectively [16].

Natalizumab also had a positive effect on disease activ-
ity as assessed by ARR, which significantly improved from 
the years prior to treatment initiation and throughout the 
study observation period. Specifically, the ARR, decreased 
from 1.859 in the year prior to natalizumab initiation to 
0.131 in the year post-treatment initiation corresponding 
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to a significant 93.0% reduction. The respective reductions 
according to the 5-year and 10-year analyses of TOP were 
84.9% and 87.9%, respectively [13, 17]. Moreover, the ARR 

during the period between baseline and the end of study 
participation was 0.109 relapses per patient-year in TOPICS 
Greece, corresponding to a 94.1% reduction from the year 

Fig. 1  EDSS disability progres-
sion during study participa-
tion. Box-plots of the EDSS 
score at baseline and at the 
post-baseline timepoints (a). 
Numbers indicate median 
values; boxes extend from first 
to third quartile and whiskers 
from minimum to maximum 
score. Mean (SD) decrease 
from baseline derived from 
paired data along with p values 
(Wilcoxon signed-rank test) are 
indicated; median decreases 
were not shown as they were 
all zero. Kaplan-Meier esti-
mated cumulative probability 
of 6-month sustained EDSS 
progression (b). Estimated 
cumulative probabilities at the 
12-, 24-, 36-, 48-, and 60-month 
timepoints are tabulated below 
the graph. Kaplan-Meier esti-
mated cumulative probability 
of 6-month sustained EDSS 
improvement (c). Estimated 
cumulative probabilities at the 
12-, 24-, 36-, 48-, and 60-month 
timepoints are tabulated below 
the graph. Analyses in b and c 
was performed among eligible 
patients with a baseline and at 
least one post-baseline EDSS 
assessment (N = 286). EDSS 
expanded disability status 
scale, CI confidence interval, N 
number of patients with avail-
able data
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prior to treatment initiation, while according to the 10-year 
data of TOP, the 10-year ARR was 0.15 corresponding 
to a 92.5% reduction from the year prior to baseline [16]. 
Similarly, the Kaplan-Meier estimated relapse-free rates in 
TOPICS Greece were higher than the rates reported for the 
respective timepoints in the 5-year interim analysis of TOP 
[13]. Other studies have also reported significant reduction 
in ARR after one and two years of natalizumab therapy 
[14, 18–20]. For instance, in the  BIONAT2Y cohort, which 

included patients enrolled in BIONAT with at least 2 years 
of treatment, the ARR reduction was evaluated at 78.6% in 
the first year of treatment, with an additional 28.9% reduc-
tion in the second year; the respective rates in the subgroup 
of the  BIONAT2Y cohort with high disease activity at base-
line  (BIONATHA2Y) were 83.3% and 35.6% [17].

The above differences in the relapse-free rates and ARR 
among the different cohorts may at least in part be attributed 
to variation in the baseline characteristics. In particular, as 

Fig. 2  ARR and relapse-free 
rate during the study observa-
tion period. ARR during the 
indicated periods based on 
data from the overall eligible 
population (a). Kaplan-Meier 
estimated relapse-free rate 
during the study observa-
tion period (b). Estimated 
rates at the 12-, 24-, 36-, 48-, 
and 60-month timepoints are 
tabulated below the graph. ARR  
annualized relapse rate ratio, CI 
confidence interval, N number 
of patients with available data
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derived from the univariable and multivariable analyses pre-
sented herein, and in agreement with other reports, a lower 
number of relapses in the year prior to natalizumab initiation 
and exposure to fewer prior DMTs, are associated with lower 
post-baseline ARR [13, 16]. Pre-baseline ARR has also 
been identified as a predictor for maintaining no evidence 
of progression or active disease over a longer time under 
treatment with natalizumab [21], while in the present study 
it was shown that occurrence of a relapse during the first 
year of treatment is a negative prognostic factor of relapse 
occurrence in the second and beyond year of treatment. Such 
analyses are particularly useful in helping characterize the 
patient profile that could derive the maximum treatment ben-
efit from a specific therapy. In addition to such studies, evi-
dence generated from meta-analyses comparing outcomes of 
approved DMTs, and results from indirect comparisons pro-
vide helpful information to physicians that guide the choice 
of therapy [22–25]. Arguably, head-to-head randomized 
clinical trials comparing the efficacy and safety of DMTs 
are the gold standard for evidence-based health-care deci-
sion making. In the last year, results from two studies com-
paring the effectiveness of natalizumab and fingolimod were 
published. In randomized REVEAL study, natalizumab was 
shown to have a more rapid onset of efficacy, and to confer a 
greater benefit than fingolimod in reducing relapse rates and 
the number of gadolinium-enhancing lesions in patients with 
active RRMS [26]. Similarly, in the observational BEST-MS 
study, natalizumab was found to be more effective than fin-
golimod in reducing the number of relapses and MRI activ-
ity, thus yielding a higher rate of no evidence of disease 
activity after one year of treatment [27].

Taken together, these results suggest that natalizumab is 
highly effective, and that adherence to the recommended risk 
minimization measures can limit the number of AEs requir-
ing treatment discontinuation, as well as the incidence of 

SAEs, thus prolonging treatment duration and allowing for 
a higher proportion of patients to continue to derive a treat-
ment benefit. Previous studies have suggested that longer 
duration of treatment with natalizumab may be associated 
with higher incidence of AEs, particularly progressive mul-
tifocal leukoencephalopathy (PML) [28]. However, in other 
analyses, the annual risk of PML started to decline after 
approximately 5 years of natalizumab therapy [29, 30] . Fur-
ther analyses are necessary to comprehensively inform on 
the risk of PML from natalizumab after long-term treatment.

The main limitations of the present study are those attrib-
uted to its observational design, including the absence of 
a control group, missing data, and patient selection bias. 
Another limitation pertains to the fact that during the two 
6-month periods following approval of the original proto-
col and its first amendment, as well as during the 3-month 
period following its second amendment, enrolled patients 
could have had received any number of natalizumab infu-
sions before enrollment. Therefore, under the perspective 
that for such patients to be continuing therapy they had 
gained benefit from treatment, there is the potential that 
enrollment of these patients has enhanced the effectiveness 
outcomes. Moreover, it should be noted that while for these 
patients, retrospective data collection of the effectiveness 
outcomes was utilized, no retrospective safety data collec-
tion took place, which could have artificially lowered the 
incidence of recorded SAEs. It is noted that the actual period 
between natalizumab initiation and enrollment in the study 
for the overall study population was 0.7 years. Furthermore, 
it should be taken into account that patients who were under 
relapse during EDSS evaluation were not excluded from the 
EDSS analysis, possibly leading to worse disability outcome 
estimation. Strengths of the study include its non-limiting 
eligibility criteria and enrollment of patients from 20 differ-
ent sites, which strengthens generalizability of the findings 

Table 2  Poisson regression models of the association of selected factors with the ARR during the study observation period

ARRR  annualized relapse rate ratio, DMT disease-modifying therapy, EDSS expanded disability status scale

Parameter Category vs reference ARRR p value

Univariable Poisson regression analysis
 Sex Male vs female 0.861 0.557
 Age at baseline (years) ≤ 40 vs > 40 1.082 0.753
 Disease duration at baseline (years) ≤ 5 vs > 5 0.787 0.333
 Number of relapses in the year prior to baseline ≤ 1 vs > 1 0.377 < 0.001
 Number of prior DMTs ≤ 1 vs ≥ 2 0.546 0.008
 Baseline EDSS ≤ 3 vs > 3 0.900 0.677

Multivariable Poisson regression analysis; 299 observations
 Sex Male vs female 0.846 0.463
 Disease duration at baseline (years) ≤ 5 vs > 5 0.826 0.388
 Number of relapses in the year prior to baseline ≤ 1 vs > 1 0.356 < 0.001
 Number of prior DMTs ≤ 1 vs ≥ 2 0.535 0.004



873Real-world Long-term Efficacy of Natalizumab in Relapsing-remitting Multiple Sclerosis

to a population of patients with RRMS receiving natali-
zumab treatment under routine care conditions by hospital-
based physicians in Greece.

5  Conclusions

In conclusion, the present study provides evidence for the 
long-term effectiveness of natalizumab in patients with 
RRMS treated in routine care in Greece. Natalizumab 
reduced the clinical relapse rate during the first year of 
treatment, and the benefit was maintained throughout the 
course of the study. Moreover, natalizumab prevented dis-
ability accumulation, with a sustained effect during the study 
observation, and significantly decreased the baseline EDSS 
score over the first 3 years of treatment. The above favorable 
outcomes were accompanied by a predictable safety profile 
in terms of serious events, no opportunistic infections other 
than two cases of PML, a low treatment discontinuation rate 
due to AE occurrence, and a long drug survival. The results 
support the use of natalizumab in the routine clinical care 
for patients with highly active disease.
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