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Abstract

Background: Therapeutic options targeting inflammation in multiple sclerosis (MS) have evolved rapidly for relaps-
ing-remitting MS, whereas few therapies are available for progressive forms of MS, in particular secondary progressive
MS (SPMS). The approval of siponimod for SPMS has allowed for optimism in the otherwise discouraging therapeutic
landscape.

Methods: We conducted a retrospective, multicenter, non-interventional study analyzing the efficacy and safety of
siponimod under real-world conditions in 227 SPMS patients. According to the retrospective study framework, data
was acquired at prespecified time points. Clinical readouts were assessed every three months. Disease progression
was determined as increase in expanded disability status scale (EDSS), radiological progression, or the occurrence of
new relapses under treatment. For safety analyses, adverse events (AE) and reasons for discontinuation were docu-
mented. The collected data points were analyzed at baseline and after 6, 12 and 18 months. However, data were
predominately collected at the 6- and 12-month time points as many patients were lost to follow-up. In a group
consisting of 41 patients, a more detailed investigation regarding disease progression was conducted, including data
from measurement of cognitive and motoric functions.

Results: Under siponimod therapy, 64.8% of patients experienced sustained clinical disease stability at 12 months.
Out of the stable patients 21.4% of patients improved. Of the remaining patients, 31.5% experienced EDSS progres-
sion, 3.7% worsened without meeting the threshold for progression. Relapses occurred in 7.4%. Radiological dis-

ease activity was detected in 24.1% of patients after six months of treatment and in 29.6% of patients at 12 months
follow-up. The in-depth cohort consisting of 41 patients demonstrated no substantial changes in cognitive abilities
measured by Paced Auditory Serial Addition Test and Symbol Digit Modalities Test or motoric functions measured
with Timed 25-Foot Walk, 100-m timed test, and 9-Hole Peg Test throughout the 12-month study period. Radiological
assessment showed a stable volume of white and grey matter, as well as a stable lesion count at 12 months follow-up.

*Correspondence: SvenGuentherMeuth@med.uni-duesseldorf.de

14 Department of Neurology, Heinrich-Heine University Duesseldorf,
Moorenstrafle 5, 40225 Duesseldorf, Germany
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-2571-3501
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42466-022-00219-3&domain=pdf

Regner-Nelke et al. Neurological Research and Practice (2022) 4:55

Page 2 of 11

progression and AE.

Sphingosine 1-phosphate, Disease-modifying therapy

AE were observed in nearly half of the included patients, with lymphopenia being the most common. Due to disease
progression or AE, 31.2% of patients discontinued therapy.

Conclusion: Treatment with siponimod had an overall stabilizing effect regarding clinical and radiological outcome
measures. However, there is a need for more intensive treatment management and monitoring to identify disease

Keywords: Siponimod, Secondary progressive multiple sclerosis, Multiple sclerosis therapie, Real-wolrd data,
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory demy-
elinating disease of the central nervous system (CNS)
comprising distinct subtypes. The relapsing—remitting
course (RRMS) is characterized by acute flares of inflam-
mation that often trigger neurological symptoms, with a
variable degree of subsequent recovery but often mini-
mal disease progression in the early stages of disease.
Progressive forms of MS (PMS), including secondary
progressive MS (SPMS), are associated with continuous
clinical decline secondary to chronic CNS inflammation
and diffuse neurodegeneration [16]. Acute inflammation
may still occur in the progressive forms, which would, in
the case of SPMS, be termed “active” SPMS according to
the Lublin criteria [19]. Immune-modulating therapies
that target acute inflammation have proven remarkably
effective in RRMS, whereas PMS has remained notori-
ously difficult to treat—particularly those without super-
imposed inflammation [8, 11, 20]. In previous clinical
trials using broad immunosuppressants, the already lim-
ited clinical benefits were outweighed by adverse events
(AE) [4, 21, 22]. Although AE have generally continued
to be a concern, the randomized, double-blind, placebo-
controlled phase 3 EXPAND clinical trial powered the
advent and approval of siponimod for SPMS [12]. Siponi-
mod is a new-generation sphingosine-1-phosphate
receptor (S1PR) modulator, which holds promise to exert
anti-inflammatory as well as neuroprotective effects [13].
In the EXPAND study, siponimod met its primary end-
point of reduced risk of 3-month confirmed disability
progression (CDP). Notably, in this trial, the frequency
of AE was just slightly higher in siponimod-treated
patients (89%) than in the placebo group (82%), which
was also observed for serious AE (SAE) (15% vs. 18%)
[12]. Given that patients in the EXPAND study differ
from real-world populations regarding both individual
and disease-specific characteristics, this may lead to lim-
ited generalizability of results in standard clinical prac-
tice [25]. Thus, investigation of treatment efficacy and
occurrence of AE in a real-world cohort of SPMS patients
is required to provide robust information, so clinicians
and patients know what to expect when considering this

treatment option. Here, we present the results of a ret-
rospective, multicenter study analyzing the efficacy and
safety of siponimod in SPMS patients under real-world
conditions.

Methods

Study design

We conducted a retrospective, observational study that
included SPMS patients receiving siponimod in selected
sites in Germany. Study centers were selected accord-
ing to local requirements for non-interventional studies.
Physicians practicing in neurological in- and outpatient
clinics in Germany were eligible to take part in this study
(Fig. 1A). Inclusion criteria were age equal or greater
than 18 years and diagnosis of SPMS [18]. Collected data
included clinical, epidemiological, and disease-specific
characteristics, i.e. disease duration (timespan between
diagnosis of RRMS and baseline examination), number
and type of previous therapy, and relapse rate. Data was
collected during clinical assessments and follow-up vis-
its as a part of routine clinical practice. The data points
were assigned to fit the study design with readouts every
three months (Fig. 1B). In the case of discontinuation of
therapy, a further readout 3 months after discontinuation
was done.

Brain magnetic resonance imaging (MRI) analyses had
to be limited to follow-up examinations at months 6 and
12 since MRI data were scarcely available for earlier or
later time points.

To analyze whether age at baseline influences dis-
ease outcome, patients were stratified by age over or
under 50 years. To evaluate the impact of disease dura-
tion, defined as the time since initial diagnosis, patients
were classified into groups of shorter or longer disease
duration using the mean disease duration of the cohort
[17.8 years, standard deviation (SD) 9.4] as the separa-
tor. To analyze the impact of baseline disability, baseline
Expanded Disability Status Scale (EDSS) <4 or>4 served
for grouping. Disease progression was present if at least
one of the following conditions was true: (a) the increase
of 0.5 or 1.0 points on the EDSS if baseline EDSS was >5.5
or<5.5, respectively; (b) radiological progression as
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Fig. 1 Study design. Part A demonstrates the patients contributed by participating centres. Part B illustrates the timeline of clinical and radiological
assessment. Part C depicts the two cohorts included in the study, with the additional parameters only being used in the in-depth cohort

defined as one new cerebral T2 lesion; (c) the occurrence
of relapses under treatment. Disease progression analysis
were conducted only for patients with available clinical
examination and MRI data 12 months after baseline. For
safety analyses, AE and reasons for discontinuation were
documented.

In a smaller group consisting of 41 patients, a more
detailed analysis regarding disease progression was con-
ducted (Fig. 1C). In this in-depth cohort, data from the
Timed 25-Foot Walk (T25FW) test [9], 100-m timed test
[2], 9-Hole Peg Test (9HPT) [6], Paced Auditory Serial

Addition Test (PASAT) [7], and Symbol Digit Modali-
ties Test (SDMT) [23] were collected. Regarding labora-
tory data, the lymphocyte count and subgroup (CD4*
and CD8" T cells, natural killer (NK) and B cells) were
assessed via standard hematology laboratory measures.
Lymphocyte subsets were assessed in a central laboratory
using flow cytometry.

Radiological assessment
MRI imaging from patients was performed using non-
standardized protocols from different MRI units and
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magnetic field strengths (1.5 or 3.0 Tesla). Imaging ideally
occurred at baseline and after 6, 12 and 18 months. All
MRI protocols included T1- and T2-weighted spin-echo
sequences. Abnormalities including T1-hypointensities,
T2-hyperintensities, T1-lesions were identified by an
experienced MS specialist.

Additional MRI measurements were carried out in the
in-depth cohort at baseline and after 6 and 12 months.
Brain volume measurements were conducted using vol-
Brain (http://volbrain.upv.es), a publicly available online
MRI brain volumetry system. Based on multi-atlas label
fusion technology, grey matter volume (GMYV) includ-
ing cortical and subcortical and cerebellar structures and
white matter volume (WMV) were calculated. Lesions
volume was analyzed in absolute (cm®) and normalized
(%) volume. Lesion number was also examined using
volBrain.

Statistics

All data were analyzed using GraphPad Prism version
9.3.1. Sunburst diagrams were created using Windows
Excel Version 2013. Qualitative variables were described
using absolute or relative frequencies. Quantitative vari-
ables were presented using the mean with the SD or
median with the interquartile range [IQR]. The collection
of data regarding disease progression was classified into
three-month episodes in line with standard clinical prac-
tice for follow-up visits. Missing data were not included
in the analyses. T-test and the Mann—Whitney U-test for
non-parametric variables were used. For the correlation
analysis, the Pearson correlation coefficient was deter-
mined. P values <0.05 were deemed to be statistically
significant.

Ethical approval

Before trial initiation, an ethics committee was consulted
and approved the retrospective analysis of clinical data in
the Department of Neurology of the University of Dues-
seldorf, including the data that was analyzed in this study
(No. 5794R). The study was conducted in accordance
with the Declaration of Helsinki.

Results

Study population

A total of 227 patients with SPMS treated with siponimod
were included in this study. The mean age at baseline was
53.4 (SD £8.5) years, with a slight female predominance
(56.0%). The mean disease duration since diagnosis of MS
to baseline was 15.8 (SD+9.4) years. Median EDSS at
baseline was 6.0. Regarding previous disease modifying
therapies (DMTs), with fingolimod being the most com-
mon previous medication, 8 patients were treatment-
naive (Fig. 2A). The mean number of previous DMTs
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was 2.5 (SD=+1.9). Genotyping before therapy initiation
in accordance with clinical guidelines demonstrated
that most patients (77.9%) carried the cytochrome
P2C9*1*2- (CYP2C9*1*2-) and-*1*1-genotype and there-
fore received a maintenance dose of 2 mg per day. 22.1%
of patients with the CYP2C9*2*3- or *1*3- genotype
received the recommended dose of 1 mg per day.

Efficacy outcomes
Disability progression
Disability progression analysis was conducted only for
patients with a complete baseline and 12 moth follow
up (n=108). In this cohort of 108 patients the mean
age at baseline was 53.4 (SD=£09.1), with 53.7% woman.
The mean disease duration at baseline since diagnosis of
MS was 17.8 (SD+£9.3) years. Median EDSS at baseline
was 6.0. The mean number of previous DMTs was 2.6
(SD+1.7), with fingolimod being the most common one.
80.4% of patients carried CYP2C9*1*2- and-*1*1-geno-
type and 19.6% of patients carried the CYP2C9*2*3- or
*1*3- genotype.The average number of relapses per year
prior to siponimod initiation ranged from O to 3 with a
mean of 0.4 (SD+0.7). 8 patients (7.4%) experienced
relapses under siponimod treatment over the observa-
tional time period. There was no significant association
between sex (p =0.45) or age (p =0.59) of the participants
and occurrence of relapses. At 12 months, 70 patients
(64.8%) experienced sustained disease stability. Out of the
stable patients 15 (21.4%) improved. 34 patients (31.4%)
experienced EDSS progression and 4 patients (3.7%)
worsening in the EDSS without meeting the threshold for
progression. However, we did not find any relationship to
prior relapse activity before siponimod initiation. Prior
to siponimod initiation 10 patients (9.3%) with a baseline
MRI showed new contrast enhancing lesions, 29 patients
(26.9%) showed new T2 lesions. Of the patients that
remained stable under siponimod 21 patients (30.0%)
showed a stable MRI prior to siponimod initiation. Over-
all, at 12 months (p=0.2, n=108) no significant changes
in the EDSS score were observed (Fig. 2B). When clas-
sifying patients into a group of shorter and longer dis-
ease duration, we observed a marked, but not statistically
significant lower EDSS in patients with shorter disease
duration at 12 months of follow-up (»p =0.09). No differ-
ence was observed when comparing patients younger or
older than 50 years (p=0.14) (Fig. 2C). When compar-
ing EDSS at baseline, the group with EDSS >4 at baseline
remained stable, but the EDSS <4 group demonstrated a
significant increase in EDSS from baseline to 12 months
(p=0.01) (Fig. 2D).

The in-depth cohort consisting of 41 patients dem-
onstrated no significant change in EDSS throughout
the first 12 months after treatment initiation (Fig. 3A).
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Fig. 2 Patient characteristics and EDSS outcome. Part A demonstrates the number of previous DMTs per patient prior to siponimod treatment. Part
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Similarly, no change was observed in the assessment of
motoric functions with T25FW, 100-m time test or 9HPT
(Fig. 3B—D). Testing of cognitive abilities through PASAT
and SDMT were also stable throughout the 12 months of
follow-up (Fig. 3E, F). With regard to differences asso-
ciated with baseline EDSS, we did not observe relevant
changes for T25FW, 100-m time test, 9HPT PASAT and
SDMT in the in-depth cohort (Additional file 1: Fig. S1).

MRI-monitored disease progression

Radiological disease activity was detected in 26 patients
(24.1%) after 6 months of treatment and in 32 patients
(29.6%) at 12 months follow-up. The in-depth cohort
showed a stable volume of white (»=0.35) and grey mat-
ter (p=0.47) throughout the first 12 months of treat-
ment. Lesion count (p=0.74) and volumetry (p=0.29)
also did not change significantly within the first
12 months of treatment. Radiological disease activity did
not correlate with previous immunotherapies.

Safety outcomes

A decline in absolute lymphocyte count as well as all lym-
phocyte subgroups was observed within the first month
of treatment, with significant differences in absolute lym-
phocyte count (p <0.001), CD4% T (p<0.001), CD8" T
(»p<0.01) and B cells (p <0.01) except NK cells (p =0.40).
In the following months of treatment, an increase in
lymphocyte count occurred but remained below base-
line (Fig. 4A-E). CD4" T cells remained significantly
below baseline throughout the first 9 months. Lympho-
cytes in general as well as B cells remained significantly
below baseline throughout the first 3 months. We did not
observe any relation between previous immunotherapies
and clinical outcomes (data not shown).

Of the 227 patients included in this study, 31.2% dis-
continued therapy over the entire observational period of
18 month. There was no significant association between
sex (p=0.69) or age (p=0.55) and the decision to dis-
continue therapy. The main reason for discontinuation
was the experience of AE (62.6% of patients who discon-
tinued therapy), with patient wish (2 patients), disease
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progression (7 patients), inefficacy (4 patients), con-
cern regarding side effects (4 patients), refusal of MRI
monitoring (1 patient), death due to unknown reason
(1 patient), or unknown reason for discontinuation (2
patients) associated with discontinuation in other cases.
Patients with an available follow up 3 months after
discontinuation showed relapse activity in 8 patients
(11.9%) and new T2 lesions in 19 patients (28.4%). When
comparing the last documented EDSS under treat-
ment with the EDSS 3 months after discontinuation of

siponimod-therapy, there was seen no significant differ-
ence (p=0.87, n=47).

AE occurred in 47.9% of patients, with lymphopenia
being the most common (38.1%), followed by elevated
liver enzymes (20.0%) and arterial hypertension (16.2%).
Interestingly, 26.8% of all patients reporting AE con-
tinued therapy. There was no association between the
occurrence of AE and sex or CYP2C9 genotype (data not
shown). While hematological AE were the most common
in general, AE manifesting as neurological symptoms
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within the first month of treatment (total lymphocyte count, part A; NK cell count, part B; CD4™ T cell count, part C; CD8 4T cell count, part D; B
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In the following months of treatment, an increase in lymphocyte count occurred but remained below baseline (part A). CD4™ T cells remained
significantly below baseline throughout the first 9 months (part C). B cells stayed significantly below baseline throughout the first 3 months (part E).
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were the most common AE that led to discontinuation of
therapy (Fig. 5A, B). The most common AE being a rea-
son for discontinuation of therapy was vertigo (15.2%).
Of note, previous immunotherapy did not influence the
occurrence of AEs.

Discussion

In the present study, we analyzed the efficacy, the adverse
event profile and discontinuation rate of siponimod as
treatment for SPMS in a real-world cohort. During this
short-term observation with only a few patients par-
ticipating in follow ups after 12 months, treatment with
siponimod had an overall stabilizing effect regarding clin-
ical and radiological outcome measurements. However,
both disease activity and the occurrence of AE led to the
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discontinuation of siponimod in a relevant proportion of
patients.

In this study, with a maximum observation period
of 18 months, we documented a higher rate of EDSS
progression compared with the treatment arm of the
EXPAND study. Interestingly, EDSS alterations were sim-
ilar in patients aged 50 and older compared to younger
patients, which is in line with a recent post-hoc analysis
of the EXPAND cohort [10]. Surprisingly, when consid-
ering less severely affected patients with an EDSS of 4
or lower in our cohort, we observed a slight but signifi-
cant EDSS worsening after 12 months of treatment com-
pared to baseline. A caveat to this observation is that the
study population decreased due to discontinuation or
incompliance during the follow-up period. Interestingly,
severely affected patients were stable under siponimod as
shown in the EXPAND trial that included a high propor-
tion of severely disabled patients, with 56% of patients
having a baseline EDSS of 6 or more [12]. Another expla-
nation might be that the EDSS is less sensitive and later
indicative to progression in PMS patients with a high
baseline score [15]. Consequently, disease progression
and treatment efficacy may be captured inadequately in
patients with higher EDSS at baseline. Moreover, when
considering clinical outcomes in SPMS, EDSS appears
to be more prone to individual variation than T25FW or
9HPT [14]. Therefore, time to 3-month confirmed wors-
ening in the T25FW of at least 20% from baseline served
as a secondary endpoint in the EXPAND trial [12]. Con-
sequently, we included T25FW and 9HPT readouts in
the in-depth cohort of our study and observed stable val-
ues throughout the observation period. Consistent with
this, recent data from the open-label extension phase of
the EXPAND trial suggest sustained clinical achievement
over 5 treatment years as well as a significant risk reduc-
tion of disease progression for patients in the active treat-
ment arm from the start compared to patients who had
started with placebo treatment and switched to siponi-
mod [5]. As in the EXPAND trial, we did not observe any
deterioration in SDMT [3].

However, radiological disease activity measured by
new T2 was observed in 29.6% of our cohort at month
12, which might suggest that subclinical inflamma-
tory disease progression occurred in a proportion of
patients despite treatment. Given the high proportion of
highly effective prior DMTs in our cohort compared to
the EXPAND trial [12], it might be the case that some
of the SPMS patients still have persistent inflammatory
disease activity that siponimod fails to sufficiently sup-
press. Thus, treatment switch from highly active DMT
to siponimod should be closely monitored to detect
inflammatory activity during the washout period. Volu-
metric analyses of 41 patients from the in depth cohort
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at 6 and 12 months follow-up did not show any mean-
ingful reduction of brain tissue within our short obser-
vation period, which potentially underline the treatment
efficacy of siponimod as well. In line with this, advanced
radiological analyses of the EXPAND cohort indicate
improvement of brain tissues integrity under siponimod
therapy [1].

In terms of safety analyses, studies including PMS
patients, especially those over 50 years of age, are com-
plicated by AE [24]. In our study, AE were reported in
almost 50% of patients. The frequencies of certain AE
showed to be different than reported in the EXPAND
trial, where infections and infestations seemed to be
the major problem, followed by cardiovascular events
like arterial hypertension and liver-related problems.
In our cohort, lymphopenia was the most common AE,
while lymphopenia only accounted for ~ 1% of AE in the
EXPAND trial [12]. Moreover, the occurrence of AE was
the main reason for treatment discontinuation. As dis-
continuation of therapy occurred more frequently in our
cohort compared to the EXPAND trial, AE constitute a
substantial challenge for treatment adherence and man-
agement in the real-world setting. It is worth noting that
11.9% patients experienced relapse activity and 28.4%
of patients demonstrated new T2 lesions in the follow-
ing three months after discontinuation. Together, these
data underpin the risk for disease flare-ups in response
to treatment discontinuation for patients receiving
siponimod.

A limitation of our study is that a significant number
of patients were lost to follow-up, which was most pro-
nounced after 12 months. Therefore, regarding MRI, only
a short observation period of 12 months was possible.
Regarding EDSS scores, the loss to follow-up might lead
to less reliable data at certain time points. Moreover, the
assessment of MRI outcomes was done by MS specialists
instead of neuroradiologists.

Conclusion

In summary, we provide real-world data on the efficacy
of siponimod in SPMS patients. In light of our real-world
efficacy and safety data, clinicians should be aware that
patients must be closely monitored, particularly those
with an EDSS <4 and/or age <50 years because of disease
progression and, in general, because of a high frequency
of early AE that might lead to treatment discontinuation.
Moreover, discontinuation of treatment might be associ-
ated with a recurrence of disease activity, requiring close
clinical and radiological monitoring. Future long-term
real-world studies will provide more clarity as to exactly
which patients will benefit from the siponimod treatment
[17].
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