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Siponimod versus placebo in secondary progressive
multiple sclerosis (EXPAND): a double-blind, randomised,
phase 3 study
Ludwig Kappos, Amit Bar-Or, Bruce A C Cree, Robert J Fox, Gavin Giovannoni, Ralf Gold, Patrick Vermersch, Douglas L Arnold, Sophie Arnould,
Tatiana Scherz, Christian Wolf, Erik Wallström, Frank Dahlke, for the EXPAND Clinical Investigators*

Summary

Background No treatment has consistently shown efficacy in slowing disability progression in patients with secondary
progressive multiple sclerosis (SPMS). We assessed the effect of siponimod, a selective sphingosine 1-phosphate
(S1P) receptor1,5 modulator, on disability progression in patients with SPMS.
Methods This event-driven and exposure-driven, double-blind, phase 3 trial was done at 292 hospital clinics and
specialised multiple sclerosis centres in 31 countries. Using interactive response technology to assign numbers linked
to treatment arms, patients (age 18–60 years) with SPMS and an Expanded Disability Status Scale score of 3·0–6·5
were randomly assigned (2:1) to once daily oral siponimod 2 mg or placebo for up to 3 years or until the occurrence of
a prespecified number of confirmed disability progression (CDP) events. The primary endpoint was time to 3-month
CDP. Efficacy was assessed for the full analysis set (ie, all randomly assigned and treated patients); safety was assessed
for the safety set. This trial is registered with ClinicalTrials.gov, number NCT01665144.
Findings 1651 patients were randomly assigned between Feb 5, 2013, and June 2, 2015 (1105 to the siponimod group,
and 546 to the placebo group). One patient did not sign the consent form, and five patients did not receive study
drug, all of whom were in the siponimod group. 1645 patients were included in the analyses (1099 in the siponimod
group and 546 in the placebo). At baseline, the mean time since first multiple sclerosis symptoms was 16·8 years
(SD 8·3), and the mean time since conversion to SPMS was 3·8 years (SD 3·5); 1055 (64%) patients had not
relapsed in the previous 2 years, and 918 (56%) of 1651 needed walking assistance. 903 (82%) patients receiving
siponimod and 424 (78%) patients receiving placebo completed the study. 288 (26%) of 1096 patients receiving
siponimod and 173 (32%) of 545 patients receiving placebo had 3-month CDP (hazard ratio 0·79, 95% CI 0·65–0·95;
relative risk reduction 21%; p=0·013). Adverse events occurred in 975 (89%) of 1099 patients receiving siponimod
versus 445 (82%) of 546 patients receiving placebo; serious adverse events were reported for 197 (18%) patients in
the siponimod group versus 83 (15%) patients in the placebo group. Lymphopenia, increased liver transaminase
concentration, bradycardia and bradyarrhythmia at treatment initiation, macular oedema, hypertension, varicella
zoster reactivation, and convulsions occurred more frequently with siponimod than with placebo. Initial dose
titration mitigated cardiac first-dose effects. Frequencies of infections, malignancies, and fatalities did not differ
between groups.
Interpretation Siponimod reduced the risk of disability progression with a safety profile similar to that of other S1P
modulators and is likely to be a useful treatment for SPMS.
Funding Novartis Pharma AG.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
More than 50% of patients with relapsing-remitting
multiple sclerosis (RRMS) transition to secondary pro
gressive multiple sclerosis (SPMS) within 15–20 years.1,2
Relapses are absent or infrequent in SPMS, yet
disability continues to worsen gradually.3,4 Most diseasemodifying treatments for multiple sclerosis are
indicated for relapsing forms of the disease, which
include RRMS and SPMS with relapses. However, none
of these therapies consistently showed efficacy in
slowing disability progression in the subgroup of
patients with SPMS.5–9

Siponimod selectively modulates sphingosine-1phosphate (S1P) receptors S1P1 and S1P5.10 Functional
antagonism of S1P1 reduces egress of lymphocytes
from lymphoid tissues and prevents recirculation of
peripheral lymphocytes to the CNS.11 Siponimod readily
crosses the blood–brain barrier,12 and findings from
preclinical studies suggest that it might prevent synaptic
neurodegeneration13 and promote remyelination in the
CNS.14 In a phase 2 dose-finding study in patients with
RRMS, siponimod 2 mg/day reduced active brain lesion
counts and annualised relapse rate (ARR) by approx
imately two-thirds.15 Here, we report results from a
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Research in context
Evidence before this study
A MEDLINE search from inception to Nov 9, 2017, with language
restrictions, with the search terms (“secondary progressive
multiple sclerosis”[Title] OR “secondary progressive MS”[Title]
OR “SPMS”[Title]), identified 320 articles; search results were
supplemented by a review of abstracts from recent major
neurology conferences. Ten primary reports of randomised,
masked, placebo-controlled clinical trials were identified as
relevant. Five studies assessed interferon beta, whereas one each
investigated the myelin-basic protein-derived synthetic peptide
MBP8298, the antineoplastic agent mitoxantrone, the
anti-α4-integrin monoclonal antibody natalizumab,
intravenous immunoglobulins, and the immunomodulator
linomide; this latter study was terminated prematurely.
No active comparator studies were identified. The primary
endpoint in six of the nine completed studies was disability
progression confirmed by changes in Expanded Disability Status
Scale (EDSS) score; this was a secondary endpoint in one study
of interferon beta-1a, the primary endpoint of which was
disability progression assessed using the Multiple Sclerosis
Functional Composite scale. Two studies had composite primary
endpoints: one study combined results of the EDSS, the timed
25-foot walk test, and the 9-hole peg test; the other study
combined five clinical measures (change in EDSS, change in
ambulation index, number of relapses requiring corticosteroids,
time to first untreated relapse, and change in standardised
neurological status). In the European interferon beta-1b study,
patients receiving interferon beta-1b benefited from a
significant reduction in time to confirmed disability progression
(assessed by EDSS) compared with placebo, whereas patients in
the subsequent US and Canadian interferon beta-1b study did
not. Post-hoc analyses of the combined populations from these
two trials showed that patients with active relapsing disease and
above-average progressive disease before enrolment were most

phase 3, randomised, parallel-group, double-blind,
placebo-controlled, event-driven, and exposure-driven
trial (EXploring the efficacy and safety of siponimod in
PAtients with secoNDary progressive multiple sclerosis
[EXPAND]) that investigated the efficacy and safety of
siponimod in patients with SPMS.

Methods

Study design and patients
This multicentre study was done at 292 hospital clinics
and specialised multiple sclerosis centres in 31 countries
(appendix p 7). The core part of the study was randomised,
double blind, and placebo controlled. The core part was
followed by an ongoing open-label extension part
(appendix p 9), in which information is collected on longterm efficacy and safety for up to 10 years. Results reported
here are from the core part of the study only.
We planned to do the primary analysis when a
minimum of 374 3-month confirmed disability
2

likely to benefit from treatment. In the study of intramuscular
interferon beta-1a, patients receiving active treatment
benefited from a reduction in disability worsening on the
Multiple Sclerosis Functional Composite scale, but not on the
EDSS relative to placebo. Mitoxantrone reduced disability
progression and clinical exacerbations (as a composite
endpoint) in a small study of fewer than 200 patients with
worsening relapsing-remitting multiple sclerosis or secondary
progressive multiple sclerosis (SPMS). Data supporting an effect
on disability progression in the SPMS subgroup were not
provided. None of the other trials showed a delay in disability
progression.
Added value of this study
So far, no drug has consistently been shown to reduce disability
progression in a representative SPMS population. EXPAND
recruited a large population of patients with fewer signs of
inflammatory disease activity and higher levels of disability at
baseline than was the case in the European interferon beta-1b
study, ensuring that outcomes were relevant to a
representative SPMS population. For patients with SPMS, even
numerically small changes in EDSS score can correspond to
substantial changes in neurological function and daily
activities. Accordingly, the delay in disability on EDSS (primary
endpoint) and the benefits observed for several other clinical
and MRI-related secondary outcomes are clinically relevant.
Implications of all available evidence
The siponimod EXPAND study is, to our knowledge, the first
large trial of any disease-modifying therapy to show superiority
over placebo in terms of disability progression in a
representative population of patients with SPMS, including a
large proportion of patients who had reached the non-relapsing
stage of SPMS and had a high level of established disability.

progression (CDP) events had been reported. During the
study, more CDP events were observed than had been
expected originally, thus possibly shortening the followup time. We therefore amended the protocol on Oct 6,
2015, to stop the core part of the study after occurrence
of 374 CDP events and after at least 95% of patients had
been randomly assigned to treatment for at least
12 months.
Patients were enrolled by study investigators. Key
eligibility criteria were age 18–60 years, a diagnosis of
SPMS,3,4,16 documented moderate-to-advanced disability
indicated by an Expanded Disability Status Scale (EDSS)
score17 of 3·0–6·5 at screening (range 0–10; higher scores
indicate greater disability; 3·0=moderate disability in
one functional system or minor disability in more than
two functional systems; 6·0 or 6·5=unilateral or bilateral
assistance needed to walk a minimum of 100 m or 20 m,
respectively), a history of RRMS (2010 McDonald
criteria),18 documented EDSS progression in the 2 years
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before the study, and no evidence of relapse in the
3 months before randomisation.
Key exclusion criteria included substantial immuno
logical, cardiac, or pulmonary conditions, ongoing macular
oedema, uncontrolled diabetes, CYP2C9*3/*3 genotype,
and varicella zoster virus antibody negative status. Full
eligibility criteria are listed in the appendix (pp 4–7).
The study protocol is available online.

Randomisation and masking
Eligible patients were randomly assigned (2:1) to receive
once daily oral siponimod 2 mg or matching placebo
by blocked randomisation with a block size of 6.
Randomisation was stratified for each of the 31 countries
(appendix p 7). From days 1–6, the dose of study drug
was titrated from 0·25 mg to the 2 mg maintenance
dose. Re-titration was needed if treatment was interrupted
for 4 or more consecutive days. Study drug and placebo
were identical in packaging, labelling, schedule of
administration, appearance, taste, and odour.
To ensure that the treatment assignment was unbiased
and concealed from patients and study staff, the
randomisation list was produced by an interactive
response technology provider (Parexel, Billerica, MA,
USA) using a validated system automating the random
assignment of patient numbers to randomisation
numbers. Randomisation numbers were linked to the
different treatment groups, which in turn were linked to
medication numbers. A separate medication list was
produced by Novartis drug supply management using a
validated system that automated the random assignment
of medication numbers to packs containing the study
drugs. Patients and study staff remained masked to
treatment assignment for the duration of the core part of
the study.
Reductions of heart rate and lymphocyte counts are
known pharmacological effects of siponimod that could
potentially unmask study participants. To maintain
masking, an independent doctor monitored patients
during dose titration, and the counts for the total number
of leucocytes, neutrophils, and lymphocytes were normally
withheld by the central laboratory and only reported to the
investigator in case of notable abnormalities (appendix p 6).
All EDSS scores were obtained by trained, certified
assessors who were not otherwise involved in patient
management. The training and certification tool can be
found online.
The trial adhered to the International Conference on
Harmonization Guidelines for Good Clinical Practice
and to the Declaration of Helsinki.19 Institutional review
boards or ethics committees approved the protocol at all
sites. All patients included in the analysis gave written
informed consent before commencing the study.

Procedures
A full neurological examination, including an assess
ment of walking range, Functional Systems and

Expanded Disability Status Scale (EDSS) score, was
obtained every 3 months by a trained and certified
assessor. An electronic tablet-based tool (Neurostatus
e-scoring, University Hospital Basel, Basel, Switzerland)
was used to score neurological examinations, with realtime algorithm-based consistency checks and indepen
dent central expert review of inconsistencies.20 MRI
scans were scheduled at baseline, 12 months, 24 months,
and 36 months and at the end of the controlled treatment
phase (if different from annual visits). The data were
analysed independently at a central reading site
(NeuroRX Research, Montreal, QC, Canada), by staff
unaware of trial group assignments.
Patients with 6-month CDP during double-blind
treatment were reconsented to either continue doubleblind treatment, switch to open-label siponimod, or stop
study treatment while following an abbreviated schedule
of assessments and either remain untreated or receive
another disease-modifying therapy.

For the protocol see https://dkf.
unibas.ch/research/ludwigkappos

Outcomes
The primary endpoint was time to 3-month CDP. CDP
was defined as a 1-point increase in EDSS if the baseline
score was 3·0–5·0, or a 0·5-point increase if the baseline
score was 5·5–6·5, confirmed at a scheduled visit at least
3 months later. The two key secondary endpoints were
time to 3-month confirmed worsening of at least 20%
from baseline in the timed 25-foot walk test (T25FW) and
change from baseline in T2 lesion volume. Additional
secondary endpoints were: time to 6-month CDP; ARR;
time to first relapse; proportion of relapse-free patients;
change in score on the patient-reported 12-item Multiple
Sclerosis Walking Scale; number of new or enlarging
T2 lesions; number of T1 gadolinium-enhancing lesions;
and percentage change in brain volume from baseline.
Time to 3-month CDP was also analysed in patient
subgroups predefined by: the presence or absence of
relapses in the 2 years before randomisation; rapid
progression (an increase in EDSS score of at least
1·5 points in the 2 years before randomisation); and a
Multiple Sclerosis Severity Score21 of 4 or more at baseline.
Adverse events and laboratory abnormalities were
reported descriptively. Adverse events were coded
according to the Medical Dictionary for Regulatory
Activities, version 19.0. To characterise cardiac safety
during dose titration, patients underwent continuous
mobile cardiac telemetry. For patients from countries
where mobile cardiac telemetry technology was not
approved as a medical device, holter electrocardiograms
were recorded on 3 days (appendix p 8).

For the assessor training and
certification tool see
https://www.neurostatus.net/
index.php?file=impressum

Statistical analysis
With 2:1 randomisation of siponimod to placebo, obser
vation of at least 374 3-month CDP events gave the study
90% power to detect a 30% reduction in the risk of
3-month CDP, using a log-rank test with a two-sided
significance level of 5%.
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2092 screened

441 discontinued
375 screen failure
40 patient or guardian decision
9 physician decision
9 adverse events
4 lost to follow-up
3 technical problems
1 death

1651 randomised

1105 assigned to siponimod

546 assigned to placebo

5 did not receive study drug

1100 included in analyses*

903 completed study†
737 on double-blind study drug
102 on open-label siponimod
(rescue medication)
64 off study drug

546 included in analyses

197 discontinued study†
112 on double-blind study drug
14 on open-label siponimod
(rescue medication)
71 off study drug

424 completed study†
322 on double-blind study drug
77 on open-label siponimod
(rescue medication)
25 off study drug

122 discontinued study†
73 on double-blind study drug
17 on open-label siponimod
(rescue medication)
32 off study drug

Figure 1: Patient disposition
*One patient randomly assigned to siponimod was excluded from all safety and efficacy analyses because no signed consent form was supplied before study entry.
†Double-blind, placebo-controlled core part of EXPAND.

The differences between siponimod and placebo in
time to 3-month CDP and in time to 3-month confirmed
worsening of at least 20% in the T25FW were tested using
a Cox proportional hazards model and by the logrank test. For the Cox proportional hazard model,
patients with missing covariates were excluded from the
analyses. Assumptions of the Cox proportional hazards
model were tested. For the primary endpoint, treatment,
country, baseline EDSS, and SPMS group (with or with
out superimposed relapses, baseline definition) were
covariates in the Cox model. For the secondary endpoint
of time to 3-month confirmed worsening of at least 20%
from baseline in the timed T25FW, treatment, country,
baseline EDSS, baseline T25FW, and SPMS group (with
or without superimposed relapses, baseline definition)
were covariates in the Cox model. Risk reduction was
derived as (1−hazard ratio) × 100.
T2 lesion volume and percentage change in brain
volume were analysed using a mixed model for repeated
measures, with visit as the categorical factor. For
T2 lesion volume, the model was adjusted for treatment,
country, age, baseline volume of T2 lesion, number of
T1 gadolinium-enhanced lesions at baseline, and SPMS
group (with or without relapses, baseline definition).
Adjusted mean is defined as the change from baseline
in T2 lesion volume. For percentage change in brain
4

volume, the model was adjusted for treatment, country,
age, normalised brain volume at baseline, number of
T1 gadolinium-enhanced lesions at baseline, T2 lesion
volume at baseline, and SPMS group (with or without
relapses, baseline definition). Adjusted mean refers to
percentage change in brain volume from baseline. Lesion
numbers and ARR were estimated by negative binomial
regression (appendix p 8).
The primary endpoint was tested at an adjusted α level
of 0·0434 based on the O’Brien–Fleming correction
(appendix p 8).22 The two key secondary endpoints were
tested in hierarchical order at a two-sided significance
level of 0·05. Additional secondary endpoints were
assessed at a nominal significance level of 0·05 without
correction for multiplicity or hierarchical testing. Primary
and secondary endpoints were analysed in the full
analysis set, comprising all randomised and treated
patients. Following the intention-to-treat principle, all
available data were used, irrespective of premature
discontinuation of blinded study medication.
Safety was assessed in the safety set, which included
all patients who received at least one dose of study
drug; patients were analysed according to the actual
treatment received. Adverse events on the double-blind
study drug continued for 30 days after the drug was
stopped. Serious adverse events are reported for the
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core part of the study, including open-label siponimod
periods in the core part.
Results were reviewed by the sponsor and by the
steering committee. An independent data monitoring
committee reviewed safety data and provided guidance
(appendix p 2).
This trial is registered with ClinicalTrials.gov, number
NCT01665144.

Siponimod (n=1105)

Placebo (n=546)

Age (years)
Mean (SD)

48·0 (7·8)

48·1 (7·9)

Median (range)

49·0 (22–61)

49·0 (21–61)

Age group
18–40 years

188 (17%)

103 (19%)

>41 years

917 (83%)

443 (81%)

Sex

Role of the funding source

Women

669 (61%)

323 (59%)

The funder participated in the study design and conduct,
data collection, management, analysis and interpretation,
and the writing of the study report. All authors had full
access to all the data in the study, and the corresponding
author had final responsibility for the decision to submit
for publication.

Men

436 (39%)

223 (41%)

Mean (SD)

12·9 (7·9)

12·1 (7·5)

Median (range)

12·0 (0·1–44·4)

11·2 (0·4–39·4)

Mean (SD)

17·1 (8·4)

16·2 (8·2)

Median (range)

16·4 (1·4–45·0)

15·4 (1·3–43·0)

Results
From Feb 5, 2013, to June 2, 2015, 1651 patients were ran
domly assigned: 1105 to siponimod, and 546 to placebo
(figure 1). In the siponimod group, five patients never
received study drug, and one patient did not provide signed
informed consent before starting study procedures; these
patients were excluded from safety and efficacy analyses
(figure 1). Baseline characteristics were similar between
groups (table 1). Median time on study was 21 months
(range 0·2–37·0). Median exposure to study drug was
18 months (range 0–37 months). 1327 (80%) of 1651 patients
completed the study (903 [82%] on siponimod vs 424 [78%]
on placebo), of whom 179 (11%) switched to open-label
siponimod (102 [9%] vs 77 [14%]), and 89 (5%) stopped
study medication (64 [6%] vs 25 [5%]) and followed an
abbreviated assessment schedule.
In the time-to-event analysis, 288 (26%) of 1096 patients
in the siponimod group and 173 (32%) of 545 in the
placebo group had 3-month CDP (hazard ratio [HR] 0·79,
95% CI 0·65–0·95; risk reduction 21%; p=0·013; table 2,
figure 2). The test of Cox model assumptions did not
indicate a deviation from the proportional hazards
assumption (p=0·37; appendix p 11).
No significant difference was observed in the time to
3-month confirmed worsening of at least 20% in T25FW
for the overall population (HR 0·94, 95% CI 0·80–1·10;
risk reduction 6%; p=0·44; table 2; appendix p 12) or for
patients with a baseline EDSS score of 5·5 or lower
(post-hoc analysis; p=0·25; appendix p 12). Post-hoc
analysis of the percent change from baseline in T25FW
revealed a high variability of this measure at month 12
and month 24, which was more pronounced in
participants with higher baseline EDSS scores (data not
shown).
The risk of 6-month CDP was reduced by siponimod
(HR 0·74, 95% CI 0·60–0·92; risk reduction 26%;
p=0·0058; table 2, figure 2). As shown in figure 2, point
estimates of time to 3-month CDP in patient subgroups
predefined by relapse activity, disease progression, and
disease severity were consistent with the primary endpoint,

Time since diagnosis of multiple sclerosis (years)

Time since onset of multiple sclerosis symptoms (years)

Time since conversion to SPMS (years)
Mean (SD)

3·9 (3·6)

3·6 (3·3)

Median (range)

2·6 (0·1–24·2)

2·5 (0·1–21·7)

No previous use of disease-modifying therapy

245 (22%)

114 (21%)

No relapses in the year before screening

878 (79%)

416 (76%)

No relapses in the 2 years before screening*

712 (64%)

343 (63%)

Number of relapses in the year before screening
Mean (SD)

0·2 (0·5)

0·3 (0·6)

Median (range)

0 (0–4)

0 (0–4)

Number of relapses in the 2 years before screening
Mean (SD)

0·7 (1·2)

0·7 (1·2)

Median (range)

0 (0–12)

0 (0–8)

EDSS score
Mean (SD)

5·4 (1·1)

5·4 (1·0)

Median (range)

6·0 (2·0–7·0)

6·0 (2·5–7·0)

EDSS categories
<3·0
3·0–4·5

6 (1%)
312 (28%)

2 (<1%)
148 (27%)

5·0–5·5

165 (15%)

100 (18%)

6·0–6·5

620 (56%)

295 (54%)

2 (<1%)

1 (<1%)

>6·5
Gadolinium-enhancing lesions on T1-weighted images
Yes

237 (21%)

114 (21%)

No

833 (75%)

415 (76%)

35 (3%)

17 (3%)

Mean (SD)

15 632 (16 268)

14 694 (15 620)

Median (range)

10 286 (23–116 664)

Not assessed
Total volume of lesions on T2-weighted images (mm³)†

9994 (0–103 560)

Normalised brain volume (cm³)‡
Mean (SD)

1422 (86)

1425 (88)

Median (range)

1421 (1136–1723)

1425 (1199–1691)

Data are number (%) or n/N (%), unless specified otherwise. Some percentages do not add up to 100 because of
rounding. SPMS=secondary progressive multiple sclerosis. EDSS=Expanded Disability Status Scale. *For three patients
in the siponimod and one patient in the placebo group, information on the number of relapses in the past 2 years was
not available. †1074 patients were assessed in the siponimod, and 531 patients were assessed in the placebo group.
‡1071 patients were assessed in the siponimod group, and 531 patients were assessed in the placebo group.

Table 1: Demographics and baseline characteristics in the randomised set
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Siponimod (n=1099)

Placebo (n=546)

Between-group
difference* (95% CI)

p value

Primary endpoint
Confirmed disability progression at 3 months

288/1096 (26%)

173/545 (32%)

HR 0·79 (0·65 to 0·95)

0·013

432/1087 (40%)

225/543 (41%)

HR 0·94 (0·80 to 1·10)

0·44

Month 12, adjusted mean

204·9 (72·6 to 337·3)

818·0 (646·8 to 989·3)

−613·1 (−800·2 to −426·0)

Month 12, total number

997

497

Month 24, adjusted mean

162·9 (17·9 to 307·9)

940·4 (749·7 to 1131·1)

Month 24, total number

614

299

Mean over months 12 and 24, adjusted mean

183·9 (53·8 to 314·0)

879·2 (711·6 to 1046·8)

−695·3 (−877·3 to −513·3)

218/1096 (20%)

139/545 (26%)

HR 0·74 (0·60 to 0·92)

0·0058‡

RR 0·45 (0·34 to 0·59)

<0·0001‡

HR 0·54 (0·41 to 0·70)

<0·0001‡

Key secondary endpoints
Worsening of ≥20% from baseline in T25FW confirmed at 3 months
Change from baseline in total volume of lesions on T2-weighted images (mm³)†
··
−777·5 (−990·6 to −564·4)
··

<0·0001‡
··
<0·0001‡
··
<0·0001‡

Other secondary endpoints
Clinical
Disability progression confirmed at 6 months
Annualised relapse rate (95% CI)
Time to first confirmed relapse

0·07 (0·06 to 0·09)
113/1061 (11%)

0·16 (0·12 to 0·21)
100/528 (19%)

Change in MSWS-12 score from baseline§
Month 12, adjusted mean
Month 12, total number

1·53 (0·20 to 2·86)
917

Month 24, adjusted mean
Month 24, total number
Mean over all visits (up to an including month 30), adjusted mean

4·16 (2·49 to 5·82)
401
2·69 (1·46 to 3·92)

3·36 (1·58 to 5·14)
448
5·38 (3·09 to 7·67)
194
4·46 (2·82 to 6·10)

−1·83 (−3·85 to 0·19)
··
−1·23 (−3·89 to 1·44)
··
−1·77 (−3·59 to 0·05)

0·076
··
0·37
··
0·057

MRI related
Percent brain volume change from baseline¶
Month 12, adjusted mean
Month 12, total number

−0·28% (−0·34 to −0·23)
903

Month 24, adjusted mean
Month 24, total number
Mean over months 12 and 24, adjusted mean
Cumulative number of gadolinium-enhancing lesions on T1-weighted MRI per scan
from post-baseline scans up to and including month 24 (adjusted mean)||
Patients with no gadolinium-enhancing lesions on T1-weighted MRI on all
post-baseline scans/patients with at least one scan post-baseline
Mean number of new or enlarging lesions on T2-weighted images over all visits
(adjusted mean)
Patients with no new or enlarging lesions on T2-weighted images on all
post-baseline scans/patients with at least one scan post-baseline

−0·71% (−0·78 to −0·64)
470
−0·50% (−0·55 to −0·44)
0·08 (0·07 to 0·10)
917/1026 (89%)
0·70 (0·58 to 0·84)
584/1026 (57%)

−0·46% (−0·52 to −0·39)
439
−0·84% (−0·93 to −0·75)
239
−0·65% (−0·72 to −0·58)
0·60 (0·47 to 0·76)
341/510 (67%)
3·60 (3·03 to 4·29)
190/510 (37%)

0·18% (0·10 to 0·25)
··
0·13% (0·02 to 0·24)
··
0·15% (0·07 to 0·23)
RR 0·14 (0·10 to 0·19)
··
RR 0·19 (0·16 to 0·24)
··

<0·0001‡
··
0·020‡
··
0·0002‡
<0·0001‡
··
<0·0001‡
··

Data are n/N (%) or adjusted mean (95% CI), unless otherwise specified. N=number of patients included in the analysis. Total number=number of patients with non-missing baseline and post-baseline values at a
given visit. Hierarchical testing was confined to the primary and two key secondary endpoints. p values for secondary endpoints are not corrected for multiplicity. HR=hazard ratio. T25FW=timed
25-foot walk test. RR=rate ratio. MSWS-12=12-point Multiple Sclerosis Walking Scale. *Unless otherwise specified as HR or RR. †Data included in this analysis were available for 995 patients in the siponimod
group and 495 patients in the placebo group (ie, patients with missing co-variates were excluded). ‡p values are nominally significant. §Data included in this analysis were available for 1022 patients in the
siponimod group and 516 patients in the placebo group. ¶Data were available for 894 patients in the siponimod group and 436 patients in the placebo group. ||Data included in this analysis were available
for 996 patients in the siponimod group and 496 patients in the placebo group.

Table 2: Primary and secondary endpoints

favouring siponimod over placebo. Exploratory analyses of
time to 3-month CDP in additional subgroups defined by
occurrence of relapses or contrast-enhancing lesions
before entry, and post-hoc sensitivity analyses including
3-month CDP sustained until the end of study were also
consistent with the primary endpoint (appendix pp 11, 14).
Furthermore, post-hoc analyses of time to 6-month CDP in
pre-defined subgroups favoured siponimod across all
endpoints (appendix p 13). The adjusted mean increase
across all visits in the 12-item Multiple Sclerosis Walking
6

Scale was 2·69 (95% CI 1·46–3·92) with siponimod versus
4·46 (2·82–6·10) with placebo (p=0·057; table 2). ARR was
lower with siponimod than with placebo (rate ratio 0·45,
95% CI 0·34–0·59; risk reduction 55%, p<0·0001), as was
time to confirmed first relapse (HR 0·54, 95% CI
0·41–0·70; risk reduction 46%; p<0·0001; table 2).
Increase in T2 lesion volume from baseline was lower
with siponimod than with placebo (adjusted mean over
months 12 and 24 183·9 mm³ vs 879·2 mm³; betweengroup difference −695·3 mm³, 95% CI −877·3 to −513·3;
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40
30
20
10
0

HR 0·79 (95% CI 0·65–0·95)
RR 21%; p=0·0134
0

Number at risk
Siponimod 1099
Placebo 546

6

12

18
24
Time (months)

30

36

42

947
463

781
352

499
223

101
35

4
0

0
0

289
124

Placebo (N=546)
Siponimod (N=1099)

40
30
20
10
0

HR 0·74 (95% CI 0·60–0·92)
RR 26%; p=0·0058
0

6

12

1099
546

960
473

811
361

18
24
Time (months)
525
230

306
128

30

36

42

106
37

5
1

0
0

C

3-month CPD, overall

Siponipod
(n/N)

Placebo
(n/N)

HR (95% CI)

288/1099

173/546

0·79 (0·65–0·95)

Superimposed relapses in
the 2 years before enrolment
Yes

98/388

72/202

0·67 (0·49–0·91)

no

190/708

101/343

0·87 (0·68–1·11)

Rapid progression
Yes

82/264

60/145

0·65 (0·46–0·91)

No

206/835

113/400

0·86 (0·69–1·09)

Yes

232/904

141/459

0·80 (0·65–0·99)

No

56/195

32/87

0·73 (0·47–1·13)

218/1099

139/546

0·74 (0·60–0·92)

Baseline MSSS ≥4

6-month CPD, overall

0

0·2

0·4

0·6

0·8

Favours siponimod

1·0

1·2

Favours placebo

Figure 2: Confirmed disability progression in the full analysis set
(A) Time to 3-month CDP (primary endpoint). (B) Time to 6-month CDP (secondary endpoint). (C) Risk of 3-month CDP, overall and in predefined patient subgroups,
and overall risk of 6-month CDP (secondary endpoints). N is the number of patients included in the subgroup. The study was not designed to test for a statistically
significant difference between siponimod and placebo in these subgroups, so p values are not displayed. See appendix for exploratory analyses in further predefined
subgroups for risk of 3-month CDP (p 11) and of 6-month confirmed disability progression (p 13). CDP=confirmed disability progression. HR=hazard ratio. RR=risk
reduction. MSSS=Multiple Sclerosis Severity Score.

p<0·0001; table 2, figure 3A). Brain volume decreased at a
lower rate with siponimod than with placebo (adjusted
mean percentage brain volume change over months 12
and 24, −0·50% vs −0·65%; between-group difference
0·15%, 95% CI 0·07–0·23; p=0·0002; table 2, figure 3B).
More patients receiving siponimod than placebo were free
from gadolinium-enhancing lesions (89% vs 67%) and
from new or enlarging T2 lesions (57% vs 37%; table 2).
1645 patients were included in the safety set: 1099 on
siponimod and 546 on placebo (table 3). 975 patients
(89%) receiving siponimod and 445 (82%) receiving
placebo experienced at least one adverse event, and
197 (18%) patients on siponimod and 83 (15%) on placebo
had at least one serious adverse event. 84 patients (8%)
discontinued siponimod because of an adverse event
compared with 28 (5%) patients on placebo.
Headache, nasopharyngitis, urinary tract infection,
and falls were the most frequent adverse events, being

reported in more than 10% of patients in both treatment
groups (appendix p 16). Hypertension was reported in
115 patients (10%) on siponimod compared with 41 (8%)
on placebo. Serious adverse events experienced by at
least 0·5% of patients in either group were increased
liver transaminase concentrations, basal cell carcinoma,
concussion, depression, urinary tract infection, suicide
attempt, gait disturbance, multiple sclerosis relapse, and
paraparesis (table 3).
Four deaths occurred in each treatment group. Deaths
in the siponimod group were due to metastatic gastro
intestinal melanoma within 4 months of commencing
siponimod; septic shock in a patient with terminal colon
cancer; urosepsis more than 10 weeks after discontin
uation of siponimod and after two doses of rituximab;
and suicide. One additional patient withdrew consent
from the study with metastatic lung carcinoma having
been on siponimod for 11 months; this patient died
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A

Adjusted mean change from baseline in
T2 lesion volume (mm3)

1200

Siponimod (n=995)
Placebo (n=495)

1000
800
600
400

p<0·0001

p<0·0001

200
0

B

Percentage brain volume change
relative to baseline

0

Siponimod (n=894)
Placebo (n=436)

–0·2

–0·4

–0·6

p<0·0001

p=0·020

–0·8

–1·0
Baseline

Month
12

Month
24

Figure 3: MRI-related endpoints in the full analysis set
(A) Absolute change in the total volume of brain lesions on T2-weighted MRI from
baseline to month 24 (second key secondary endpoint). (B) Percentage change in
brain volume from baseline to month 24 (secondary endpoint). Bars are 95% CIs.
Volume of T2 lesions was assessed in 1494 patients (997 siponimod vs
497 placebo) at month 12 and in 913 patients (614 vs 299) at month 24. The
percentage change in brain volume was assessed in 1342 patients (903 siponimod
vs 439 placebo) at month 12 and in 709 patients (470 vs 239) at month 24.

(unspecified reason) about 5 months after discontinuing
study medication. Deaths in the placebo group were due
to haemorrhagic stroke, lung cancer, gastric cancer, and
for an unknown reason.
Proportionally more patients receiving siponimod
experienced adverse events previously associated with
S1P-receptor modulation, such as bradycardia at
treatment initiation (4% vs 3%), hypertension (12% vs
9%), lymphopenia (1% vs 0%), and macular oedema
(2% vs <1%). Convulsions were also more common with
siponimod (2%) than with placebo (<1%; table 3). Rates
of malignancies, including basal cell carcinoma, were
similar in the two treatment groups (appendix p 17).
The frequencies of adverse events and serious adverse
events related to infections were similar in both treatment
groups, except for herpes zoster reactivation, which
occurred more frequently with siponimod (2%) than
with placebo (1%; table 3); one case of herpes zoster
meningitis was reported in the siponimod group.
8

1346 (82%) of 1651 patients underwent continuous
mobile cardiac telemetry for up to 6 days. During doubleblind treatment initiation, the maximum reduction in
mean heart rate on day 1 was 5·3 bpm in the siponimod
group (4 h post-dose) and 1·2 bpm in the placebo group
(1 h post-dose; appendix p 15). On day 7, mean reductions
were 3·1 bpm and 2·0 bpm, respectively (3 h post-dose;
appendix p 15). For 68 patients (6%) receiving siponimod
and 17 (3%) receiving placebo, bradycardia, decreased
heart rate, or sinus bradycardia were reported as adverse
events. Two of these events on day 7 in the siponimod
group were symptomatic, one leading to treatment
discontin
uation. No cases of Mobitz type II or highdegree atrioventricular block were observed during
double-blind treatment.

Discussion
In this large randomised controlled trial, siponimod
significantly reduced 3-month CDP compared with
placebo, with a safety profile similar to other drugs in the
class. Overall, the results of EXPAND suggest that
siponimod might be a useful treatment for patients with
SPMS.
Our trial included a typical SPMS population, with
characteristics compatible with natural history data and
with other studies in SPMS.1,6–8 By definition, SPMS
includes patients, who after a relapsing-remitting phase,
present with continuous progression of neurological
deficits and might still experience relapses. In the
most recent consensus on the classification of multiple
sclerosis phenotypes,5 both con
tinuous progression
and activity (defined as relapses or new, enlarging, or
enhancing MRI lesions) were proposed as descriptors of
progressive multiple sclerosis (a term that includes
primary and SPMS).5 Nearly two-thirds of the EXPAND
study population had not relapsed in the 2 years before
enrolment. At baseline, only about 20% of patients had
focal inflammatory activity, as depicted by the presence
of gadolinium-enhancing lesions, and more than 50%
needed assistance for walking.
Across the trials in RRMS, SPMS, and primary
progressive multiple sclerosis (PPMS), the patients in
EXPAND belong to least active populations with the most
advanced disability at baseline. As detailed in the appendix
(p 18), in comparison with other SPMS studies, and the
recent ORATORIO study in PPMS,23 our study recruited
patients with similar or longer mean and median times
since onset of documented continuous progression. With
56% of patients having a baseline EDSS of 6·0 or more,
our study, together with another SPMS study (ASCEND),
in which natalizumab did not slow disability progression
versus placebo,6 included the highest proportion of
severely disabled patients. With only 21% of patients
showing gadolinium enhancement at baseline and only
19% of placebo patients relapsing during the study,
EXPAND recruited a smaller proportion of patients with
signs of inflammatory disease activity than comparable
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SPMS trials and a similar population to those included in
ORATORIO in PPMS.23
In this population with established disabilities,
siponimod delayed further disability progression as
measured by a 3-month confirmed change in EDSS score.
Sensitivity analyses of the primary endpoint and the
effects observed on 6-month CDP and other clinical and
MRI-defined secondary outcomes—notably reduction in
brain volume loss (an objective marker of permanent
tissue damage)—were consistent with this result.
Progression and activity as the key constituents of
progressive multiple sclerosis are thought to be driven by
different pathogenic processes. Consequently, establi
shing whether siponimod exerts its effect on one or both
of these processes is of interest. From a clinical point
of view, an answer to this question would allow better
preselection of patients for treatment. Although not
powered for this purpose, by its size, this study permitted
informative analyses of the primary outcome, 3-month
CDP, in predefined subgroups. These subgroup analyses
favoured siponimod over placebo across the entire bracket
of previous disease duration, disability status, and age.
Review of these subgroup analyses also suggests that the
treatment effect became less pronounced with increasing
age, disability, baseline disease duration, and diminishing
signs of disease activity. Exploratory analysis of the
secondary endpoint of 6-month CDP, a less sensitive but
more robust outcome than 3-month CDP, in these
predefined subgroups supports these findings. A possible
interpretation (especially in view of the recent negative
results of a study with the potent anti-inflammatory agent
natalizumab6) is that siponimod exerts its effect on both
aspects of the pathogenesis of secondary progressive
disease, albeit not equally. Further, more sophisticated,
analyses and longer term observations are underway and
might help to further inform these considerations.
EXPAND did not show a significant effect on T25FW.
The T25FW is an appropriate and well established
measure of gait velocity with a high association with the
EDSS; however, T25FW does not include the person’s
ability to vary gait to perform different tasks needed
during walking.24 The T25FW test is therefore variably
sensitive to change in populations of patients with
progressive multiple sclerosis because of a high SD.25
Post-hoc analysis of the T25FW results in our study also
suggested that the high variability of this measure in a
population in which most are already dependent on
walking aids might have reduced this measure’s
sensitivity for change.
Confirmed EDSS increases in an SPMS population
are of clinical significance because they are more likely
to be irreversible in SPMS than in RRMS.26 An increase
in a high EDSS score affects patients’ day-to-day
activities substantially. For patients who need walking
aids (EDSS score of 6·0 or 6·5), disability progression
by 0·5 points means dependence on bilateral instead of
unilateral support, or becoming unable to walk more

Siponimod (n=1099) Placebo (n=546)
Event
Any adverse event
Non-serious adverse event leading to discontinuation of study
drug
Death
Any serious adverse event
Serious adverse event leading to discontinuation of study drug

975 (89%)

445 (82%)

48 (4%)

15 (3%)

4 (<1%)

4 (1%)

197 (18%)

83 (15%)

36 (3%)

13 (2%)

Areas of interest with S1P-receptor modulators
Liver-related investigations, signs and symptoms (SMQ broad)

135 (12%)

21 (4%)

Hypertension (SMQ narrow)

137 (12%)

50 (9%)

Hypertension (PT)

115 (10%)

41 (8%)

Thromboembolic events (NMQ)*

33 (3%)

15 (3%)

Infections and infestations (SOC)

539 (49%)

268 (49%)

Herpes viral infections (HLT)

53 (5%)

15 (3%)

Herpes zoster (PT)

25 (2%)

4 (1%)

Skin neoplasms, malignant and unspecified (SMQ narrow)

14 (1%)

8 (1%)

Lymphopenia (PT)

9 (1%)

Lymphocyte count decreased (PT)

4 (<1%)

Oedema peripheral (PT)

50 (5%)

0
0
13 (2%)

Macular oedema (PT)

18 (2%)

1 (<1%)

Convulsions (including all types of seizure; SMQ broad)

19 (2%)

2 (<1%)

Bradycardia (PT) during treatment initiation

48 (4%)

Bradyarrhythmia (including conduction defects and disorders
of sinus node function; SMQ broad) during treatment initiation

29 (3%)

2 (0·4%)

Sinus bradycardia (PT) during treatment initiation

14 (1%)

1 (<1%)

14 (3%)

Serious adverse events occurring in ≥0·5% of patients in either group
Alanine aminotransferase increased
Aspartate aminotransferase increased
Basal cell carcinoma

10 (1%)
5 (<1%)
11 (1%)

Concussion

5 (<1%)

Depression

5 (<1%)

Urinary tract infection

13 (1%)

2 (<1%)
1 (<1%)
6 (1%)
0
2 (<1%)
6 (1%)

Suicide attempt

4 (<1%)

3 (1%)

Gait disturbance

1 (<1%)

3 (1%)

Multiple sclerosis relapse

2 (<1%)

7 (1%)

Paraparesis

0

3 (1%)

Data are number of patients (%). S1P=sphingosine 1-phosphate. SMQ=standardised MedDRA query. PT=preferred term.
NMQ=Novartis MedDRA query. SOC=system organ class. HLT=high-level term. *Include “Central nervous system
haemorrhages and cerebrovascular conditions (SMQ broad)”, “Embolic and thrombotic events, arterial (SMQ)”, and
“Ischaemic heart disease (SMQ broad)”.

Table 3: Adverse events in the safety set

than a few steps even with support. Based on estimated
risk reduction, between a fifth (3-month CDP) and a
quarter (6-month CDP) of clinically relevant worsening
of neurological ability is spared when treated with
siponimod.
The study’s design allowed some patients to transition to
active, open-label treatment as rescue medication as early
as 6 months after random allocation. This protocol-defined
rescue option was more frequently chosen by patients in
the placebo group than in the siponimod group (17% vs
11%), and will have reduced the power of the study to
show effects on secondary outcomes since patients were
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analysed as randomly assigned. With a median duration of
18 months, the placebo-controlled part of this study was
shorter than in most trials in SPMS. Although the effect of
siponimod on both 3-month and 6-month CDP is
remarkable, the short study period under double-blind
conditions did not allow assessment of the persistence
of effects over a long period. Further limitations relate
to the effect of pre-study disease-modifying therapy on
assignment of the proper clinical activity status for
subgroup analysis. However, our attempt to address
this effect suggests that there was no difference in the
frequencies of relapses during the 2 years before the study
between the patients who received disease-modifying
therapies and those who did not (appendix p 19).
The safety profile of siponimod in EXPAND was
generally aligned with that of other drugs in the class.
Adverse events more frequent in patients on siponimod
than on placebo included elevated liver transaminase
concentrations, bradycardia at treatment initiation,
macular oedema, hypertension, varicella zoster virus
reactivation, and convulsions, all of which have been
described previously in the context of S1P-receptor
modulation in multiple sclerosis.27 Overall frequencies of
infections were not increased, nor were frequencies of
death and malignancies. The dose-titration scheme used
in this study, which was based on experience in the phase 2
trial, largely mitigated heart rate and conduction effects
previously observed without titration.15
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