How do patients with secondary progressive multiple
sclerosis enrolled in the EXPAND randomized
controlled trial compare with those seen in German
clinical practice in the NeuroTransData multiple
sclerosis registry?
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ABSTRACT
BACKGROUND: In EXPAND (NCT01665144), a phase 3 randomized clinical trial, siponimod reduced disability progression versus placebo in
patients with secondary progressive multiple sclerosis (SPMS).
AIM: To understand how a real-world population with SPMS relates to that in EXPAND, we conducted a retrospective, observational cohort study
using the German NeuroTransData (NTD) multiple sclerosis (MS) registry.
METHODS: The NTD MS registry is run by a Germany-wide network of physicians. Two cross-sectional analyses were performed using the NTD MS
registry. The ﬁrst included patients with SPMS, as recorded in the registry, and compared their characteristics between 1 January 2018 and 31
December 2018 with patients in EXPAND. The second described the characteristics of patients in the registry at the time of diagnosis of SPMS
between 1 January 2010 and 31 December 2018.
RESULTS: The ﬁrst analysis included 773 patients: patients were older in the NTD MS registry than in EXPAND (mean age, 57.9 vs 48.0 years) and
had a longer duration of SPMS (mean, 6.2 vs 3.8 years). In the NTD MS registry, median Expanded Disability Status Scale (EDSS) scores were
comparable to EXPAND (6.0 versus 6.0), although fewer patients had relapses in the previous 24 months (16% vs 36% [siponimod] and 37%
[placebo]). Data on gadolinium-enhancing lesions were only available for 5.8% of patients in the NTD MS registry. The second analysis included 916
patients: at the time of SPMS diagnosis, the mean age was 53.2 years and the median EDSS score was 5.0.
CONCLUSION: The population in the NTD MS registry was older to that in EXPAND, but were similar in terms of disability. Differences likely reﬂect
the inclusion criteria of EXPAND but also highlight that real-world populations encompass a wider range of patient characteristics.
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Introduction

help to bridge the gap between RCTs and clinical practice. They
can help us to understand how the populations of RCTs reﬂect
patients seen in clinical practice and the relevance of the procedures conducted in RCTs.3 These insights can help payers
and regulators to interpret results from RCTs and can guide
decision-making.
In secondary progressive multiple sclerosis (SPMS), patients
experience irreversible disability progression. However, few
approved disease-modifying therapies (DMTs) for SPMS have
been shown to slow disability progression in RCTs.7-10
Guidelines developed by the European Academy of Neurology

Randomized controlled trials (RCTs) are the gold standard for
assessing the safety and efﬁcacy of new treatments. To minimize
confounding factors, they use strict inclusion criteria and are
conducted under highly controlled conditions.1-3 However, this
means that the population included in RCTs, and patient
management, may not always represent that seen in clinical
practice.1-3 Indeed, the speciﬁc monitoring protocols applied in
RCTs may vary from those in real-world clinical practice, and
there is evidence that this can lead to discrepancies between the
results of RCTs and real-world outcomes.3-6 Real-world studies
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and the European Committee for Treatment and Research in
Multiple Sclerosis report that only interferon-β and mitoxantrone
had been compared with placebo or another DMT in patients
with SPMS in RCTs. Interferon-β showed inconsistent effects
on disability progression and mitoxantrone reduced the risk of
disability progression but its use is limited by safety concerns.11
EXPAND is an international, phase 3, placebo-controlled
RCT that evaluated the efﬁcacy and safety of the DMT siponimod, a sphingosine-1-phosphate receptor modulator, in
patients with SPMS.12,13 In the EXPAND trial, siponimod was
shown to signiﬁcantly reduce the risk of 6-month conﬁrmed
disability progression compared with placebo in patients with
SPMS, and was well tolerated.13 When looking at patient
subgroups in EXPAND, the risk of 6-month conﬁrmed disability progression was signiﬁcantly reduced with siponimod
versus placebo in patients with relapses in the previous 2 years
and in patients with gadolinium-enhancing (Gd+) lesions at
baseline. In patients without relapses in the previous 2 years and
in those without Gd+ lesions at baseline, 6-month conﬁrmed
disability progression trended towards a reduction with siponimod versus placebo but did not reach statistical signiﬁcance.13
Based on the results from EXPAND, siponimod was approved
by the European Medicines Agency (EMA) for use in adults
with relapses or imaging features of inﬂammatory activity (i.e.,
active SPMS).14 The EXPAND long-term extension study
demonstrated that patients with inactive SPMS may progress
more slowly than patients with active SPMS and therefore a
longer follow-up for disability progression than 6 months is
needed to see the treatment beneﬁt with siponimod.15
EXPAND enrolled patients aged 18-60 years who had a
diagnosis of SPMS, an Expanded Disability Status Scale
(EDSS) score of 3.0-6.5, documented EDSS progression in the
2 years before the study and no relapses in the 3 months before
randomization (Supplemental Table 1). How patients enrolled
in EXPAND reﬂect patients with SPMS in clinical practice has
not been evaluated, owing to a paucity of real-world data describing patient populations with SPMS.
To assess the characteristics of patients with SPMS in the
real world and how these patients relate to those enrolled in
EXPAND, we conducted a retrospective, observational cohort
study using the German NeuroTransData (NTD) multiple
sclerosis (MS) registry.

Methods
The NTD MS registry, founded in 2008, is run by a Germanywide network of physicians in the ﬁelds of neurology and
psychiatry. It consists of 78 neurologists across 153 private
practices who see approximately 600 000 outpatients per year. The
NTD MS registry includes about 25 000 outpatients with MS,
which represents approximately 15% of all MS patients in Germany.
For inclusion in this study, patients enrolled in the NTD MS
registry were required to be aged ≥18 years and to have a diagnosis of

n

SPMS, as had been recorded in the registry by their physician.
Patients enrolled in RCTs were not eligible for inclusion.
Two separate cross-sectional analyses were performed using
the NTD MS registry. The ﬁrst analysis included all patients
with SPMS included in the NTD MS registry and described the
characteristics of these patients between 1 January 2018 and 31
December 2018. These data were compared with the baseline
characteristics of patients enrolled in EXPAND. The eligibility
criteria of EXPAND are reported in the supplemental materials
(Supplemental Table 1) and full details of the study design and
methodology are reported by Kappos et al. 2018.13 The second
analysis evaluated patients included in the NTD registry diagnosed with SPMS between 1 January 2010 to 31 December
2018 with a minimum of 12 months’ follow-up after their
diagnosis of SPMS, and described the characteristics of these
patients at the time of diagnosis of SPMS.

Data collection
In the NTD MS registry, demographic characteristics, clinical
history and clinical variables are captured in real time during
clinical visits using a web-based patient management platform.
Standardized clinical assessments of EDSS scores are performed by certiﬁed raters (https://www.neurostatus.net/). If
magnetic resonance imaging (MRI) is clinically indicated, results are documented as pre-deﬁned, structured categorial
variables, including evidence of Gd+ lesions.
To ensure data quality in the NTD MS registry, all personnel
undergo regular training. In addition, data quality in the NTD
MS registry is monitored upon entry, on a regular basis via
queries, and retrospectively every quarter. Following extraction
of data from the NTD MS registry, deﬁned standardized datacleansing procedures are performed. All data are pseudonymized and pooled to form the NTD MS registry database.
Patients provided written informed consent for their inclusion in the NTD MS registry and for processing of their
personalized data, as per General Data Protection Regulation.
The NTD MS registry data acquisition and management
protocol was approved by the Ethical Committee of the Bavarian Medical Board (Bayerische Landesärztekammer; 14 June
2012; approval number 11144) and was re-approved by the
Ethical Committee of the Medical Board North-Rhine
(Ärztekammer Nordrhein, 25 April 2017; approval number
2017071). The study was conducted in concordance with the
ethical principles laid down in the Declaration of Helsinki.

Statistical analysis
Statistical analyses followed a pre-deﬁned statistical analysis plan.
Continuous data were summarized using mean and standard deviation (SD), or median and range or interquartile range (IQR), as
appropriate, and missing data were not imputed. Categorical data
were summarized as the number of patients and the percentage of
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Table 1. Characteristics of patients in the 2018 NTD MS registry cohort and the EXPAND trial at enrolment.
NTD MS REGISTRY (N = 773)

EXPAND
SIPONIMOD13 (N =
1105)

PLACEBO13 (N =
546)

TOTAL12,A (N =
1651)

48.0 (7.8)
49.0 (22-61)

48.1 (7.9)
49.0 (21-61)

48.0 (7.9)
—

Age, years
Mean (SD)
Median (range)

57.9 (10.0)
57.2 (26-86)

Time since diagnosis of MS, years
Mean (SD)

20.3 (9.4)

12.9 (7.9)

12.1 (7.5)

12.6 (7.8)

Median (range)

19.5 (.4-56.0)

12.0 (.1-44.4)

11.2 (.4-39.4)

—

23.9 (10.3)
23.0 (2.7-56.0)

17.1 (8.4)
16.4 (1.4-45.0)

16.2 (8.2)
15.4 (1.3-43.0)

16.8 (8.3)
—

Time since onset of MS symptoms, years
Mean (SD)
Median (range)
Time since conversion to SPMS, years
Mean (SD)

6.2 (4.8)

3.9 (3.6)

3.6 (3.3)

Median (IQR)

5.7 (2.5-8.3)

2.6 (.1-24.4)

2.5 (.1-21.7)

—

550 (71)

669 (61)

323 (59)

992 (60)

6.0 (.0-9.0)

6.0 (2.0-7.0)

6.0 (2.0-7.0)

6.0 (NR)

Women, n (%)

3.8 (3.5)

EDSS score
Median (range)
EDSS score frequency, n (% of evaluable)
34 (6)

6 (1)

2 (<1)

—

3-4.5
5-5.5

171 (30)
66 (12)

312 (28)
165 (15)

148 (27)
100 (18)

—
—

6-6.5

172 (30)

620 (56)

295 (54)

—

>6.5

124 (22)

2 (<1)

1 (<1)

—

Missing

206 (NA)

0

0

—

≥1 relapse, n (%)

Relapses in the previous
12 months
67 (9)

<3

227 (21)

130 (24)

—

Mean (SD)

.1 (.4)

.2 (.5)

.3 (.6)

—

Median (range)

0 (0-3)

0 (0-4)

0 (0-4)

—

≥1 relapse, n (%)

Relapses in the previous
24 months
123 (16)

393 (36)

203 (37)

—

Mean (SD)

.2 (.6)

.7 (1.2)

.7 (1.2)

—

Median (range)

0 (0-6)

0 (0-12)

0 (0-8)

—

Gd+ lesions present, n (% of
evaluable)
Yes
No

7 (16)
38 (84)

Not evaluable

728 (NA)

No use of DMTs after conversion to
SPMS, n (%)

193 (25.0)

114 (22)
415 (78)

—
—

35 (NA)

17 (NA)

—

245 (22)

114 (21)

—

237 (22)
833 (78)

a
Data for total population not available for all characteristics.
DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; IQR, interquartile range; MS, multiple sclerosis; NA, not applicable;
NTD, NeuroTransData; SD, standard deviation; SPMS, secondary progressive multiple sclerosis.

the cohort with available data, and missing data were considered a
separate category of data with no data imputation. In the analysis of
patients at the time of diagnosis of SPMS, EDSS score at the date of

diagnosis of SPMS or the closest value within ±90 days of this date
was taken to be the EDSS score at the time of the diagnosis of
SPMS. SAS version 9.2 was used to analyse the data.
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Results
Comparison between patients with SPMS in the NTD MS
registry in 2018 and the EXPAND trial
The German cohort comprised 773 outpatients with SPMS
who were enrolled in the NTD MS registry in 2018. The
characteristics of the 2018 NTD MS registry cohort and the
patients in EXPAND at baseline are shown in Table 1. All
patients included in the NTD MS registry were Caucasian.
There was a higher proportion of female patients in the 2018
NTD MS registry cohort (71%) than in the EXPAND trial
(60%). Patients in the 2018 NTD MS registry cohort were
almost a decade older (mean age 57.9 years) than those in the
EXPAND trial (mean age 48.0 years). The median time since
conversion to SPMS was approximately twice as long in the
2018 NTD MS registry cohort (5.7 years) than in the EXPAND trial (siponimod arm, 2.6 years; placebo arm, 2.5 years).
The proportion of patients who had not received any DMTs
since their SPMS diagnosis was slightly higher in the 2018
NTD MS registry cohort (25%) than in the EXPAND trial
(siponimod arm, 22%; placebo arm, 21%).
When looking at disease characteristics, severity of disability
was comparable between patients in the NTD MS registry and
those in EXPAND, with median EDSS scores of 6.0 for both
cohorts. However, patients in the NTD MS registry displayed a
wider range of EDSS scores because they were not subject to the
EXPAND inclusion criteria (Figure 1). A greater proportion of
patients in the NTD MS registry (84%) experienced no relapses
in the previous 24 months before the study than those in
EXPAND (siponimod arm, 64%; placebo arm, 63%). Of patients with evaluable data, the proportion of patients who had
Gd+ lesions was similar between the NTD registry (16%) and
EXPAND (siponimod arm, 21%; placebo arm, 21%), although
in the NTD MS registry, MRI is only performed for clinical
reasons and therefore only 5.8% of patients in the NTD MS
registry had evaluable MRI data. By contrast, nearly all patients
in EXPAND had evaluable MRI data (siponimod arm, 96.8%;
placebo arm, 96.9%) (Table 1).

n

Characteristics of patients with SPMS in the NTD MS
registry at the time of diagnosis
In total, 916 outpatients were eligible for inclusion in the
analysis of patients at the time of diagnosis of SPMS. At the
time of diagnosis of SPMS, the mean age of patients was
53.2 years and the mean time from the ﬁrst emergence of MS
symptoms to a diagnosis of SPMS was 18.5 years. At the point
of diagnosis with SPMS, the median EDSS score was 5.0 (IQR
4.0-6.5) and in the preceding 12 and 24 months, the mean
number of relapses was .2 and .3, respectively (Table 2).

Discussion
Real-world studies complement RCTs by providing valuable
insights into the characteristics of patients within a particular
indication, which can help the medical community and payers to
understand the applicability of RCT results in clinical
practice.4,6,16 This study used data from the German NTD MS
registry to assess the characteristics of outpatients with SPMS in
clinical practice and to compare these with patients enrolled in
the phase 3, placebo-controlled RCT EXPAND, which
evaluated the efﬁcacy and safety of siponimod. Overall, while
there were differences between patients in the NTD MS registry
and those in the EXPAND trial, the population in NTD MS
registry had a broader range of characteristics and encompassed
the population enrolled in the EXPAND trial.
On average, patients in the NTD MS registry were older than
those in the EXPAND trial, both in the 2018 cohort and at the
time of diagnosis of SPMS. In addition, the duration of SPMS was
longer in the 2018 NTD MS registry cohort than in the EXPAND trial. There are several possible reasons for these differences. For example, physicians may be more likely to enrol their
patients into RCTs soon after their conversion to SPMS because
they are seeing these patients regularly in this dynamic phase of the
disease. Furthermore, older patients may engage with medical
services less frequently and be less interested in enrolment in a
clinical trial than younger patients. This may introduce bias in the
patient identiﬁcation process for RCTs. In addition, the eligibility

Figure 1. Distribution of EDSS scores in the 2018 NTD MS registry cohort and the EXPAND trial. Note. EDSS, Expanded Disability Status Scale; MS, multiple
sclerosis; NTD, NeuroTransData.
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Table 2. Characteristics of patients in the german NeuroTransData multiple sclerosis registry at the time of diagnosis of secondary progressive multiple
sclerosis.
NTD MS REGISTRY (N = 916)

Age, years
Mean (SD)
Median (range)

53.2 (10.1)
52.4 (24.8-83.2)

Time since onset of MS symptoms, years
Mean (SD)

18.5 (10.3)

Median (range)

16.9 (0-49.8)

Time since diagnosis of MS, years
Mean (SD)
Median (IQR)
Women, n (%)

15.1 (9.4)
14.0 (8.2-20.8)
643 (70.2)

EDSS score
Median (IQR)

5.0 (4.0-6.5)

EDSS score frequency, n (%)
<3

73 (8.0)

3-4.5

328 (35.8)

5-5.5

133 (14.5)

6-6.5

192 (21.0)

>6.5

190 (20.8)

Relapses in the 12 months prior to diagnosis
≥1 relapse, n (%)
Mean (SD)
Median (range)
Relapses in the 24 months prior to diagnosis
≥1 relapse, n (%)

142 (15.5)
.2 (.5)
0 (0-4)

201 (21.9)

Mean (SD)

.3 (.7)

Median (range)

0 (0-7)

Gd+ lesions present, n (% of evaluable)
Yes

25 (17.7)

No

116 (82.3)

Not evaluable

775 (NA)

Last DMT started before conversion to SPMS, n (%)
Interferon

240 (26.2)

Mitoxantrone

103 (11.2)

Glatiramer acetate

87 (9.5)

Azathioprine

14 (1.5)

Cyclophosphamide
Fingolimod

1 (.1)
26 (2.8)

Methotrexate

4 (.4)

Natalizumab

36 (3.9)

Dimethyl fumarate

16 (1.7)

Immunoglobulin
Teriﬂunomide

3 (.3)
10 (1.1)

Rituximab

2 (.2)

Alemtuzumab
Daclizumab

3 (.3)
2 (.2)

No prior use of DMTs before conversion to SPMS

369 (40.3)

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; IQR, interquartile range; MS, multiple sclerosis; NTD, NeuroTransData; SD, standard deviation; SPMS, secondary progressive multiple sclerosis.
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criteria in the EXPAND trial may explain the difference in age
because patients older than 60 years were excluded.13 Finally, there
may be demographic differences between patient populations and/
or their access to specialized neurology services in Germany and the
other countries that were involved in EXPAND. To achieve
outcomes with siponimod in clinical practice that are similar to
those seen in the EXPAND trial, it may be important to consider
treating patients in the real world as early as possible, to ensure that
they are as close in age to those in the EXPAND trial as possible.
The degree of disability was similar between patients in the
2018 NTD MS registry cohort and those in the EXPAND trial,
as measured using the EDSS scale, with a median EDSS score
of 6.0 in all populations. The EDSS scale is a well-accepted tool
to measure disability in people with MS and is the primary tool
used for diagnosing SPMS. Baseline EDSS score is also known
to inﬂuence the effectiveness of treatment in MS.17 As expected, there was much greater variation in disability in the 2018
real-world cohort than in the EXPAND trial because only
patients with an EDSS score of 3-6.5 were eligible for inclusion
in EXPAND. Indeed, 28% of patients in the 2018 NTD MS
registry cohort had EDSS scores outside of the EXPAND
inclusion criteria, with 6% having scores below 3 and 22%
having scores of 7 or more. This indicates that, with regard to
the degree of disability, the real-world, 2018 NTD MS registry
cohort in Germany encompassed the full range included in the
EXPAND population. Some patients in the NTD MS registry
had an EDSS score below 3, indicating minimal disability.
SPMS is typically diagnosed based on disability progression that
occurs independently to relapse activity and therefore this may
indicate that specialized neurological outpatient care centres are
very aware of the risk of their patients transitioning from RRMS
to SPMS and can identify this transition early.
In total, 84% of patients in the real-world, 2018 NTD MS
registry cohort had no relapses in the 24 months prior to the
study, compared with 64% and 63% of patients in the siponimod and placebo arms of EXPAND, respectively (Table 1).
Relapse activity during the progressive course of MS has been
shown to accelerate irreversible disability progression in a small
number of studies,18,19 with this effect limited to 5 years after
the onset of SPMS.19 Combined with the older age and longer
duration of disease, the difference in relapses suggests that a
sizable proportion of real-world patients may be further along in
the disease course than those in the EXPAND population
because reduced relapse rates are generally observed in the later
stages of the disease and in older patients.20
In clinical practice, a diagnosis of SPMS can be avoided or
delayed by several years, owing to the uncertainty in establishing
a diagnosis of SPMS during the course of slowly progressing
disability, the lack of available treatments and the fear of
withdrawing treatment leading to a rebound in inﬂammatory
disease activity.21-23 Indeed, a recent study found SPMS to be
widely underdiagnosed in Germany and the UK.24 Comparing
the real-world, 2018 NTD MS registry cohort and the RCT
population in the EXPAND trial, it appears that the
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opportunity to participate in clinical trials with promising
treatments attracts younger patients with disability progression
and a short course of SPMS. By contrast, real-world populations include patients with a wider range of demographic and
clinical characteristics. The higher proportion of patients with
non-relapsing SPMS in the 2018 NTD MS registry cohort
might explain why the proportion of patients who had not received any DMTs since their diagnosis of SPMS was slightly
higher in the real-world NTD MS registry cohort than in
EXPAND, because none of the DMTs available at the time of
this study had been shown to slow disability progression that is
independent to relapses.25
Only 5.8% of patients in the 2018 NTD MS registry cohort
had evaluable data to assess Gd+ lesions (Table 1). This
highlights the fact that MRI data are not routinely collected for
patients with SPMS in clinical practice because at the time of
this analysis, MRI results were not considered to be relevant to
the therapeutic decision algorithm in this type of MS. Indeed, a
real-world study found that MRI was conducted less frequently
in patients with inactive SPMS than in those with active SPMS,
meaning that the chance of detecting disease activity was reduced in these patients.26 The EMA has approved siponimod
for use in patients with active SPMS, deﬁned by the presence of
relapses or imaging features of inﬂammatory activity.14 This is
likely to lead to an increase in MRI diagnostics for patients with
SPMS in European markets, driven by the need to identify
patients with active SPMS to meet the European label criteria
for siponimod in patients with SPMS without relapses.
The approval of siponimod, which has demonstrated efﬁcacy
and a well-tolerated safety proﬁle in patients with active SPMS,
will improve the therapeutic options in the population eligible to
receive siponimod, as per the EMA label. The unmet need in
this population is highlighted by the considerable proportion
(21-25%) of patients in the 2018 NTD MS registry cohort and
the EXPAND trial who had not received any DMTs following
conversion to SPMS. However, the challenge remains of how to
identify all eligible patients as soon as possible after conversion
to SPMS, to ensure that they receive a treatment that speciﬁcally
targets the progressive nature of the disease. Indeed, there are
efforts to identify algorithms that would allow early detection of
deterioration that is independent to relapses, with external
validation of how clinically meaningful these algorithms currently pending.27,28
A major strength of this study is that the data were captured
from a large number of patients, across many centres in Germany, who were enrolled in the NTD MS registry. Furthermore, owing to established protocols and data-quality activities
on both operational and management levels,29 data captured
from the registry are standardized and of a high quality and
information on data quality can be demonstrated.30
In the real world, the majority of neurological care in SPMS
takes place in an outpatient setting. However, by only capturing
patients in the outpatient setting as part of the NTD MS
registry, bias in population characteristics may arise.
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Furthermore, the centres participating in the NTD registry are
private neurologist practices, whereas RCTs typically recruit
patients from specialized MS centres or centres afﬁliated with a
university; there may be some differences between the patient
populations seen in different healthcare settings. In addition,
the NTD registry only includes patients from Germany –
diagnostic and therapeutic procedures can differ across
countries and this may limit the applicability of this study to
other countries. Finally, although multiple activities to ensure
data quality in the NTD MS registry are in place, real-world
data and its quality can be biased by known and unknown
confounders.

3.

4.

5.

6.

7.

8.

Conclusion
The population in the NTD MS registry were older, had a
longer time since conversion to SPMS, had fewer relapses and a
broader range of EDSS scores than the population in EXPAND, although the two populations were similar in terms of
median EDSS scores. These differences between the realworld, 2018 NTD MS registry cohort compared with EXPAND mainly reﬂect the inclusion criteria in EXPAND but
also underline that real-world patient care encompasses a wider
range of demographic and clinical patient characteristics. This
study highlights that the deﬁnition of active SPMS, as per the
EMA label of siponimod, limits the number of patients who
will be eligible in Germany, with a relatively small proportion of
patients with SPMS experiencing relapse activity and even
fewer patients undergoing MRI in clinical practice at the time of
this analysis. As a consequence, the use of MRI in patients with
SPMS without relapses is likely to increase as the importance of
distinguishing between active and inactive SPMS increases
within healthcare systems.

Acknowledgments
This study was sponsored by Novartis Pharma AG. The
authors thank Vivek Khurana at Novartis, Malaysia, and Philip
van Hoevell and Yanic Heer at PwC for their contributions to
the manuscript development. The authors also thank Helen
Schoﬁeld at Oxford PharmaGenesis, Oxford, UK, for medical
writing support (funded by Novartis Pharma AG, Basel,
Switzerland).

9.
10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ORCID iD
Stefan Braune  https://orcid.org/0000-0002-0541-8196

23.

24.

REFERENCES
1.

2.

Eraksoy M, Butzkueven H, Ziemssen T, et al. Time for change – evolution of realworld evidence outcome measures in multiple sclerosis exempliﬁed by ﬁngolimod.
Eur Neurol Rev. 2014;9:136-142.
Saturni S, Bellini F, Braido F, et al. Randomized controlled trials and real life
studies. approaches and methodologies: a clinical point of view. Pulm Pharmacol
Ther. 2014;27:129-138. doi:10.1016/j.pupt.2014.01.005

25.

26.

ABPI. Guidance - demonstrating value with real world data: A practical guide.
Available from. https://www.abpi.org.uk/media/1591/2011-06-13-abpi-guidancedemonstrating-value-with-real-world-data.pdf https://www.abpi.org.uk/media/
1591/2011-06-13-abpi-guidance-demonstrating-value-with-real-world-data.pdf
Ziemssen T, Hillert J, Butzkueven H. The importance of collecting structured
clinical information on multiple sclerosis. BMC Med. 2016;14:81. doi:10.1186/
s12916-016-0627-1
Ziemssen T, Kern R, Cornelissen C. The Pangaea study design - a prospective,
multicenter, non-interventional, long-term study on ﬁngolimod for the treatment of
multiple sclerosis in daily practice. BMC Neurol. 2015;15:93. doi:10.1186/s12883015-0342-0
Ziemssen T, Kern R, Thomas K. Multiple sclerosis: Clinical proﬁling and data
collection as prerequisite for personalized medicine approach. BMC Neurol. 2016;16:
124. doi:10.1186/s12883-016-0639-7
Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sorensen PS, Thompson AJ, et al.
Deﬁning the clinical course of multiple sclerosis: The 2013 revisions. Neurology.
2014;83:278-286. doi:10.1212/WNL.0000000000000560
Scalfari A, Neuhaus A, Daumer M, Muraro PA, Ebers GC. Onset of secondary
progressive phase and long-term evolution of multiple sclerosis. J Neurol Neurosurg
Psychiatry. 2014;85:67-75. doi:10.1136/jnnp-2012-304333
Bhatia R, Singh N. Can we treat secondary progressive multiple sclerosis now? Ann
Indian Acad Neurol. 2019;22:131-136. doi:10.4103/aian.AIAN_345_18
Doshi A, Chataway J. Multiple sclerosis, a treatable disease. Clin Med. 2016;16:
s53-s59. doi:10.7861/clinmedicine.16-6-s53
Montalban X, Gold R, Thompson AJ, et al. Ectrims/Ean guideline on the
pharmacological treatment of people with multiple sclerosis. Eur J Neurol. 2018;25:
215-237. doi:10.1111/ene.13536
Benedict RHB, Tomic D, Cree BA, et al. Siponimod and cognition in secondary
progressive multiple sclerosis: EXPAND secondary analyses. Neurology. 2021;96:
e376-e386. doi:10.1212/wnl.0000000000011275
Kappos L, Bar-Or A, Cree BAC, et al. Siponimod versus placebo in secondary progressive multiple sclerosis (EXPAND): a double-blind, randomised, phase 3 study. Lancet. 2018;391:1263-1273. doi:10.1016/S01406736(18)30475-6
European Medicines Agency. Summary of product characteristics (SmPC) siponimod. Available from: https://www.ema.europa.eu/en/documents/productinformation/mayzent-epar-product-information_en.pdf https://www.ema.europa.
eu/en/documents/product-information/mayzent-epar-product-information_en.pdf
Cree BA, Arnold DL, Fox RJ, et al. Long-term efﬁcacy and safety of siponimod in
patients with secondary progressive multiple sclerosis: Analysis of EXPAND core
and extension data up to >5 years [published Online ahead of print]. Mult Scler 2022.
doi:10.1177/13524585221083194.
Ziemssen T, Medin J, Couto CA, Mitchell CR. Multiple sclerosis in the real world:
A systematic review of ﬁngolimod as a case study. Autoimmun Rev. 2017;16:
355-376. doi:10.1016/j.autrev.2017.02.007
Samjoo IA, Worthington E, Haltner A, et al. Matching-adjusted indirect treatment
comparison of siponimod and other disease modifying treatments in secondary
progressive multiple sclerosis. Curr Med Res Opin. 2020;36:1157-1166. doi:10.
1080/03007995.2020.1747999
Paz Soldan MM, Novotna M, Abou Zeid N, et al. Relapses and disability accumulation in progressive multiple sclerosis. Neurology. 2015;84:81-88. doi:10.1212/
WNL.0000000000001094
Ahrweiller K, Rousseau C, Le Page E, et al. Decreasing impact of late relapses on
disability worsening in secondary progressive multiple sclerosis. Mult Scler. 2020;26:
924-935. doi:10.1177/1352458519848090
Tremlett H, Zhao Y, Joseph J, Devonshire V. Relapses in multiple sclerosis are ageand time-dependent. J Neurol Neurosurg Psychiatry. 2008;79:1368-1374. doi:10.
1136/jnnp.2008.145805
Bogosian A, Morgan M, Moss-Morris R. Multiple challenges for people after
transitioning to secondary progressive multiple sclerosis: a qualitative study. BMJ
Open. 2019;9:e026421. doi:10.1136/bmjopen-2018-026421
Katz Sand I, Krieger S, Farrell C, Miller AE. Diagnostic uncertainty during the
transition to secondary progressive multiple sclerosis. Mult Scler. 2014;20:
1654-1657. doi:10.1177/1352458514521517
Skoog B, Tedeholm H, Runmarker B, Oden A, Andersen O. Continuous prediction of secondary progression in the individual course of multiple sclerosis. Mult
Scler Relat Disord. 2014;3:584-592. doi:10.1016/j.msard.2014.04.004
Forsberg L, Stahmann A, Middleton R, et al. Comparison of the proportions of
secondary progressive multiple sclerosis between three registries within the SPMS
research collaboration network. Neurology. 2020;94(15):P4:011.
Lorscheider J, Jokubaitis VG, Spelman T, et al. Anti-inﬂammatory diseasemodifying treatment and short-term disability progression in SPMS. Neurology.
2017;89:1050-1059. doi:10.1212/wnl.0000000000004330
Giovannoni G, Houchen E, Sobisek L, et al. MRI activity versus relapses as markers
of disease activity in SPMS: Data from real world and pivotal clinical studies

Journal of Central Nervous System Disease

8
n

27.
28.

n

[poster]. In Presented at the European committee for treatment and research in
multiple sclerosis, 13-15 October 2021, Virtual experience.
Lorscheider J, Buzzard K, Jokubaitis V, et al. Deﬁning secondary progressive
multiple sclerosis. Brain. 2016;139:2395-2405. doi:10.1093/brain/aww173
Kappos L, Butzkueven H, Wiendl H, et al. Greater sensitivity to multiple sclerosis disability
worsening and progression events using a roving versus a ﬁxed reference value in a prospective
cohort study. Mult Scler. 2018;24:963-973. doi:10.1177/1352458517709619

29.

30.

Stefan B, Arnﬁn B. Letter to the editor on “Multiple sclerosis registries in Europe an updated mapping survey” published in multiple sclerosis and related disorder 27
(2019) 171-178. Mult Scler Relat Disord. 2019;28:262. doi:10.1016/j.msard.2019.
01.016
Braune S, Bergmann A. Das neurotransdata-register am beispiel der multiplen
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