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Abstract
Objective
To investigate the effects of siponimod on cognitive processing speed in patients with secondary
progressive (SP)multiple sclerosis (MS), bymeans of a predefined exploratory and post hoc analysis of
the Exploring the Efficacy and Safety of Siponimod in Patients With Secondary Progressive Multiple
Sclerosis (EXPAND) study, a randomized controlled trial comparing siponimod and placebo.

Methods
EXPAND was a double-blind, placebo-controlled phase 3 trial involving 1,651 patients with
SPMS randomized (2:1) to either siponimod 2 mg/d or placebo. Cognitive function was
assessed with the Symbol Digit Modalities Test (SDMT), Paced Auditory Serial Addition Test
(PASAT), and Brief Visuospatial Memory Test–Revised (BVMT-R) administered at baseline,
6-month intervals, and end of treatment.

Results
Between-group differences in mean change from baseline in SDMT scores were significantly
better in siponimod- vs placebo-treated patients at month 12 (difference 1.08 [95% confidence
interval 0.23–1.94]; p = 0.0132), month 18 (1.23 [0.25–2.21); p = 0.0135), and month 24 (2.30
[1.11–3.50]; p = 0.0002). Siponimod-treated patients were at significantly lower risk for having
a 4-point sustained decrease in SDMT score (hazard ratio [HR] 0.79 [0.65–0.96]; p = 0.0157),
while their chance for having a 4-point sustained increase in SDMT score was higher (HR 1.28
[1.05–1.55]; p = 0.0131). PASAT and BVMT-R scores did not differ significantly between the 2
treatment groups (all p > 0.28).

Conclusion
Siponimod had a significant benefit on SDMT in patients with SPMS. Siponimod-treated
patients were at significantly lower risk for having a ≥4-point decrease in SDMT score and had a
significantly higher chance for having a ≥4-point increase in SDMT score, a magnitude of
change accepted as clinically meaningful.

ClinicalTrials.gov Identifier
NCT01665144.

Classification of Evidence
This study provides Class II evidence that, for patients with SPMS, siponimod had a significant
benefit on cognitive processing speed.
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Multiple sclerosis (MS) is an immune-mediated neurode-
generative disease affecting cognitive function, particularly
among those with progressive course.1,2 MS neurocognitive
disorder affects driving, adherence to medication regimens,
employment, computer-based purchasing, and rehabilitation
potential.3,4 The core deficit lies in the domain of cognitive
processing speed (CPS)5 with carryover effects to higher-
order cognitive processes.6–8 Consensus opinion considers
the Symbol Digit Modalities Test (SDMT) the best measure
of CPS for MS studies.9 It is the only CPS test for which a
change score is defined as clinically meaningful.10

Siponimod is a modulator of sphingosine-1-phosphate (S1P)
receptor function with specificity for the S1P1 and S1P5 sub-
types of the S1P receptor.11 It readily crosses the blood-brain
barrier12 and may have direct actions in the CNS that limit
inflammation and promote remyelination.13–15 In Exploring the
Efficacy and Safety of Siponimod in Patients With Secondary
Progressive Multiple Sclerosis (EXPAND), a multicenter, ran-
domized, double-blind, parallel-group, placebo-controlled phase
3 trial, siponimod significantly reduced confirmed disability
progression (CDP) in progressiveMS compared with placebo.16

Here, our objectives are to report results from the prespecified
exploratory analyses of between-group differences in change
from baseline at months 12 and 24 and averaged over all visits
for the cognitive tests used in the EXPAND study and the post
hoc responder analyses for SDMT outcomes applying an
accepted threshold for clinically meaningful change.10 We
present data in the overall population and in subgroups de-
fined by their pretreatment characteristics for disease activity,
disability status, and CPS impairment.

Methods
Primary Research Question
Does siponimod improve CPS compared with placebo in
patients with secondary progressive (SP) MS?

Standard Protocol Approvals, Registrations,
and Patient Consents
This trial is registered with ClinicalTrials.gov (NCT01665144).
The trial protocol was approved by the independent ethics

committee at each trial center. All patients provided written in-
formed consent. The trial adhered to the International Confer-
ence on Harmonization Guidelines for Good Clinical Practice
and to the Declaration of Helsinki. Institutional review boards or
ethics committees approved the protocol at all sites. All patients
included in the analysis gave written informed consent before
starting the study. The studywas funded byNovartis PharmaAG.

Study Design and Participants
EXPAND was a randomized, double-blind, placebo-controlled,
event- and exposure-driven clinical trial to investigate the effi-
cacy, safety, and tolerability of siponimod in patients with SPMS.
Study design and results for the EXPAND study were repor-
ted.16 In brief, 1,651 patients with SPMSwere randomized (2:1)
to receive either siponimod 2 mg/d or placebo in the double-
blind part of the study. The double-blind part of the study was
stopped once a predefined number of disability progression
events were observed and after >95% of randomized patients
were randomized for at least 1 year. During the trial, patients with
established disease progression could switch to open-label
siponimod as rescue medication or go off treatment (either with
or without another disease-modifying therapy); 94 patients in
the placebo group (17.2%) and 116 patients in the siponimod
group (10.6%) switched to open-label siponimod, while 135 and
57 patients, respectively, went off treatment.

Eligibility criteria were age of 18 to 60 years, diagnosis of
SPMS,17,18 progression on the Expanded Disability Status
Scale (EDSS) in the prior 2 years, and an EDSS score of 3.0 to
6.5 at screening. Unlike most neuropsychological studies in
MS, patients in the EXPAND study were not prescreened and
excluded for factors known to affect the development of
cognitive abilities such a childhood learning disability and
neurologic and psychiatric disorders such as traumatic brain
injury and bipolar disorder. Thus, the study is representative
of the general advanced MS population but is also susceptible
to potential biases introduced by including participants with
these factors.

The primary objective of EXPAND was to evaluate the effi-
cacy of siponimod relative to placebo in delaying the time to
3-month CDP as measured by the EDSS. Three-month CDP
was defined as an increase from baseline EDSS score sub-
sequently confirmed after at least 3 months. The study

Glossary
ASCEND = A Clinical Study of the Efficacy of Natalizumab on Reducing Disability Progression in Participants With Secondary
Progressive Multiple Sclerosis; BVMT-R = Brief Visuospatial Memory Test–Revised; CDP = confirmed disability progression;
CI = confidence interval;CPS = cognitive processing speed;DECIDE = Efficacy and Safety of BIIB019 (DaclizumabHigh Yield
Process) Versus Interferon β 1a in Participants With Relapsing-Remitting Multiple Sclerosis; EDSS = Expanded Disability
Status Scale; EXPAND = Exploring the Efficacy and Safety of Siponimod in Patients With Secondary Progressive Multiple
Sclerosis; Gd = gadolinium; HR = hazard ratio; IFN-β-1a = interferon beta-1a; MS = multiple sclerosis; MSOAC = Multiple
Sclerosis Outcome Assessments Consortium; OPERA = A Study of Ocrelizumab in Comparison With Interferon Beta-1a
(Rebif) in Participants With Relapsing Multiple Sclerosis; PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol
Digit Modalities Test; S1P = sphingosine-1-phosphate; SPMS = secondary progressive MS.
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showed a benefit of siponimod with an estimated hazard ratio
(HR) of 0.79 (95% confidence interval [CI] 0.65–0.95), i.e., a
relative risk reduction of 21%.

MRI scans were performed every 12 months. For the pur-
poses of this report, MRI was used to identify acute disease
activity defined by gadolinium (Gd) enhancement at each
time point. The data were analyzed independently at a central
reading site (NeuroRX Research, Montreal, Quebec, Canada)
by staff unaware of trial treatment group assignments.

Cognitive Assessments
Cognitive outcomes included the SDMT (score range 0–110,
higher score indicates better performance),19 Paced Auditory
Serial Addition Test (PASAT; score range 0–60, higher score
indicates better performance),20,21 and the Brief Visuospatial
Memory Test–Revised (BVMT-R; score range 0–36, higher

score indicates better performance).22 While the SDMT is
regarded as the most sensitive of neurocognitive tests in MS
research,1,2,10 the PASAT and BVMT-R are also widely ac-
cepted measures of working memory and episodic memory,
respectively.23–25

The tests were administered at baseline, at 6-month intervals
after randomization, and at the end of treatment or end of the
core part of the study. To minimize practice effects, the
original SDMT and 2 alternative forms shown to be equiva-
lent in difficulty were presented in an alternating pattern.26

Throughout the study, only the oral response administration
of the SDMT was used. Likewise, 2 PASAT forms (A and B)
were used in alternating order (A, B, A, etc) in each successive
visit. The BVMT-R has 6 validated, equivalent, alternative
forms, and the total learning score (sum of trials 1, 2, and 3)
was recorded for the sole BVMT-R outcome measure, as per

Table 1 Baseline Characteristics

Characteristic Siponimod (n = 1,105) Placebo (n = 546) Total (n = 1,651)

Age, y 48.0 (7.8) 48.1 (7.9) 48.0 (7.9)

Age >40 y, n (%) 917 (83.0) 443 (81.1) 1,360 (82.4)

Female sex, n (%) 669 (60.5) 323 (59.2) 992 (60.1)

Time since diagnosis of MS, y 12.9 (7.9) 12.1 (7.5) 12.6 (7.8)

Time since onset of MS symptoms, y 17.1 (8.4) 16.2 (8.2) 16.8 (8.3)

Time since conversion to SPMS, y 3.9 (3.6) 3.6 (3.3) 3.8 (3.5)

Time since onset of last relapse, y 5.1 (5.1) 4.5 (4.6) 4.9 (4.9)

No relapses in year before screening, n (%) 878 (79.5) 416 (76.2) 1,294 (78.4)

No relapses in 2 y before screening, n (%) 712 (64.4) 343 (62.8) 1,055 (63.9)

EDSS score, median 6.0 6.0 6.0

EDSS score ≥6, n (%) 622 (56.3) 296 (54.2) 918 (55.6)

SDMT raw scorea 38.9 (13.9) 39.6 (13.3) 39.1 (13.8)

Median (minimum–maximum) 40.0 (0.0–83.0) 42.0 (0.0–83.0) 41.0 (0.0–83.0)

Baseline SDMT score <43e, n (%) 616 (55.7) 283 (51.8) 899 (54.5)

PASAT raw scoreb 39.2 (14.5) 38.9 (14.4) 39.1 (14.5)

Median (minimum–maximum) 42.0 (0.0–60.0) 41.0 (0.0–60.0) 42.0 (0.0–60.0)

BVMT-R Total Recall scorec 20.6 (8.8) 20.4 (8.9) 20.5 (8.9)

Median (minimum–maximum) 21.0 (0.0–36.0) 21.0 (0.0–36.0) 21.0 (0.0–36.0)

BVMT-R Delayed Recall scored 8.1 (3.4) 8.0 (3.4) 8.1 (3.4)

Median (minimum–maximum) 9.0 (0.0–22.0) 9.0 (0.0–10.0) 9.0 (0.0–22.0)

Abbreviations: BVMT-R = Brief Visuospatial Memory Test–Revised; EDSS = Expanded Disability Status Scale; MS: multiple sclerosis; PASAT = Paced Auditory
Serial Addition Test; SDMT = Symbol Digit Modalities Test; SPMS = secondary progressive multiple sclerosis.
Data are presented as mean (SD) unless otherwise indicated.
a There were 15 and 5 missing data points for SDMT for siponimod and placebo, respectively.
b There were 23 missing data points for PASAT for siponimod.
c There were 27 and 12 missing data points for BVMT-R for siponimod and placebo, respectively.
d There were 36 and 21 missing data points for BVMT-R for siponimod and placebo, respectively.
e Impairment being defined as a baseline SDMT score <43 points, i.e. ≥2 SD below the mean of healthy population normal.

e378 Neurology | Volume 96, Number 3 | January 19, 2021 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Brief International Cognitive Assessment for Multiple Scle-
rosis guidelines.24

Statistical Analyses
The full analysis set, comprising all randomized and treated
patients, was used for the primary and post hoc analyses.
Patients were analyzed according to the randomized treat-
ment assignment following the intention-to-treat principle,
using all available assessments of the core part, regardless of
the actual study treatment received. As with the analysis of the
primary EXPAND outcome (3-month CDP), the full analysis
set was used to determine efficacy on cognition because this
approach is recommended by International Conference on
Harmonization guidance.27

Summary statistics were generated for each visit at which
cognitive functions were tested. Between-group differences in
change from baseline were analyzed using mixed-model
repeated-measures methodology with visit as a categorical
factor and adjustment for treatment and baseline score. These
differences were evaluated at months 6, 12, 18, and 24.

Increase (i.e., improvement) or decrease (i.e., worsening) in
SDMT score by 4 points is accepted as a clinically meaningful
change.10 Cox regression analysis was used to provide anal-
yses based on clinical meaningful change, i.e., the time to
sustained 4-point decrease and time to sustained 4-point in-
crease in SDMT score. Sustained change was defined as a
change from baseline that continued until the end of follow-
up in the core part without ever returning above or below this
threshold. Results are presented as HRs, which provide the
ratio of risk (or chance) for sustained deterioration (im-
provement) between siponimod and placebo.

With the same Cox regression approach, homogeneity of
results over subgroups was evaluated. The subgroup results
are presented in a forest plot, showing the HRs of the sub-
group categories in relation to the HR of the overall

population. Presenting estimates in forest plots is an appro-
priate method for comparing homogeneity of subgroups, for
which p value–based analyses are less meaningful due to
multiplicity and small sample size issues.

Cox regression analyses for sustained worsening and sus-
tained improvement were done for the following sub-
groups: (1) patients characterized by the presence or
absence of CPS impairment before entering the EXPAND
study with impairment being defined as a baseline SDMT of
<43 points, i.e., ≥2 SD below the mean of healthy pop-
ulation norms28; (2) patients with Gd-enhancing/positive
or Gd-negative lesions; (3) patients with relapsing
SPMS and nonrelapsing SPMS; and (4) SDMT-measured
CPS changes in patients in EXPAND with an EDSS score
<6 (fully ambulatory) vs patients with an EDSS score ≥6
(using ambulatory support) before entering the EXPAND
study.

Numbers needed to treat were calculated for the risk (or
chance) for sustained 4-point decreases or increases based
on the HRs derived from the Cox proportional hazards
models.

Data Availability
The data for the analyses described in this article are available
by request from the authors or Novartis Pharma AG.

Results
Baseline Characteristics
Patient characteristics in the 2 treatment arms were similar
(table 1). The majority of patients (63.9%) had not had any
relapses within 2 years before screening. Amajority of patients
(55.6%) had an EDSS score ≥6 (i.e., used a walking aid before
study entry). Almost half of the patients (46.7%) had an
impaired prestudy SDMT score.

The core part of the study was completed by 81.7% of
patients in the siponimod group and 77.7% of patients in
the placebo group. Median duration of patient participa-
tion in the core phase (on double-blind treatment, on
open-label siponimod as rescue medication, or off treat-
ment) was 21 months (range 0.2–37 months). The median
duration of exposure to randomized double-blind study drug
was 18 months (range 0–37 months). Further details are
available in the primary publication.16 As a result of the
flexible-duration study design, in which patients entered
the study sequentially over a long period but completed the
study at the same point in time, the number of patients with
assessments available decreases substantially over time. In
addition, exposure to double-blind study medication could
be discontinued after reaching 6-month CDP.

Changes in CPS as Measured by SDMT
Change in SDMT score between baseline and month 12 was
evaluable in 1,365 patients and between baseline and month

Figure 1 Mean Change from Baseline in SDMT Score

Mean change from baseline in Symbol Digit Modalities Test (SDMT) score at
months 6, 12, 18, and 24. Error bars represent the standard error. *p < 0.05;
**p < 0.01.
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24 in 445 patients. Time to sustained changes in SDMT score
was evaluable in 1,627 patients. Missing SDMT scores are
mostly a result of the variable duration of patient
participation.

The mixed-model repeated-measures model showed that
between-group differences in mean change from baseline in
SDMT scores were significantly better in siponimod-treated
patients compared with placebo-treated patients at months
12, 18, and 24 (figure 1).

Clinically Meaningful Changes in SDMT Score
Patients in the siponimod group were at significantly lower
risk for having a 4-point sustained decrease in SDMT score
(figure 2A), while their chance for having a 4-point sustained
increase in SDMT score was significantly higher (figure 2B).
The Kaplan-Meier graph showed that this difference in risk
was already evident at month 6 (the first postrandomization
time at which it was evaluated) and continued throughout the
course of double-blind treatment (figure 2A).

Cox regression analysis found that the chance for sustained im-
provement by ≥4 points was increased by 27.5% in the siponi-
mod group compared with the placebo group (p = 0.0131). The
proportions of patients who had a sustained improvement in
SDMT score by ≥4 points, a sustained deterioration in SDMT
score by ≥4 points, or no sustained changes of a magnitude of ≥4
points (no sustained change) are shown in figure 2C.

A number needed to treat analysis found that 32 patients need to
be treated with siponimod over 12 months to prevent 1 addi-
tional event of sustained deterioration (decrease by≥4 points) in
SDMT, while 17 patients need to be treated over 24 months to
prevent 1 additional event of sustained deterioration in SDMT.
When 37 patients are treated with placebo instead of siponimod
over 12 months, there is 1 fewer patient with sustained im-
provement (increase by ≥4 points) in SDMT score, while 16
patients need to be treated with placebo over 24 months for 1
fewer patient with sustained improvement.

Subgroup Analyses
For all analyzed subgroups, the proportion of patients with
sustained improvement in SDMT was higher for siponimod
vs placebo, while the proportion of patients with sustained
deterioration was lower with siponimod vs placebo. Likewise,
chances to improve and risks to deteriorate favored siponi-
mod over placebo in all subgroups (figure 3). The HRs in the
subgroup analysis were relatively similar between subgroup
categories and similar to the HR in the overall population.

In patients with or without cognitive impairment at baseline,
the proportion of patients with sustained improvement in
SDMT score was higher for siponimod vs placebo, reaching
significance for those without impairment (HR 1.49 [95% CI
1.09–2.04]; p = 0.0126), while the proportion of patients with
sustained deterioration was lower with siponimod vs placebo,
reaching significance for patients with or without cognitive
impairment (HR 0.72 [0.53–0.96], p = 0.0269; and HR 0.76
[0.58–1.00]; p = 0.0477, respectively).

In patients with or without Gd-positive lesions at baseline, the
proportion of patients with sustained deterioration was lower
with siponimod vs placebo, reaching significance for patients
with Gd-positive lesions (HR 0.56 [0.36–0.87]; p = 0.0093).

In patients with relapsing SPMS and nonrelapsing SPMS,
the proportion of patients with sustained improvement in
SDMT was higher for siponimod vs placebo, reaching

Figure 2 Participants Evidencing a Sustained Deterioration
or Improvement (Both ≥4 Points) in SDMT Score

(A) Kaplan-Meier analysis of the percentage of participants evidencing a
sustained deterioration in the Symbol Digit Modalities Test (SDMT) score by
≥4 points. Hazard ratio (HR) 0.79 (95% confidence interval [CI] 0.65–0.96), p =
0.0157. (B) Kaplan-Meier analysis of the percentage of patients over time
who had a sustained improvement in SDMT score by ≥4 points. HR 1.28 (95%
CI 1.05–1.55), p = 0.0131. (C) Cox regression analysis of the proportion of
participants improving and worsening is statistically significant (p = 0.0131).
Graph contrasts proportions in siponimod (blue) against placebo (gray), with
change in SDMT score defined by 4 points.10
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significance for patients with relapsing SPMS (HR 1.51
[1.07–2.12]; p = 0.0176).

In patients with a baseline EDSS score <6 and in those with
baseline EDSS score ≥6 before entering the EXPAND study,
the proportion of patients with sustained improvement in
SDMT was higher for siponimod vs placebo, reaching sig-
nificance in those with EDSS score ≥6 (HR 1.34 [1.02–1.77];
p = 0.0358), while the proportion of patients with sustained
deterioration was lower with siponimod vs placebo, again
reaching significance in those with EDSS score ≥6 (HR 0.76
[0.58–0.99]; p = 0.0437).

Other Cognitive Outcomes
Change in PASAT score between baseline and month 12 was
evaluable in 1,337 patients and between baseline and month
24 in 580 patients. Changes in BVMT-R Total Recall and
Delayed Recall scores between baseline and month 12 were
evaluable in 1,347 and 1,332 patients, respectively, and be-
tween baseline and month 24 in 588 and 582 patients,
respectively.

PASAT and BVMT-R scores did not differ significantly be-
tween the 2 treatment groups (table 2). There were no sig-
nificant effects or trends toward significance in these analyses
(all p > 0.28).

Adverse Events
As previously reported,16 the safety and tolerability of sipo-
nimod in the EXPAND study were comparable to those of
other drugs in the S1P-receptor modular class. Adverse events
more frequent in patients on siponimod than in patients on
placebo included elevated liver transaminase concentrations,
bradycardia at treatment initiation, macular edema, hyper-
tension, varicella zoster virus reactivation, and convulsions, all
of which have been described previously for other drugs of the
class. Frequencies of infections, malignancies, or death were
not increased.

Discussion
These phase 3 data from the EXPAND study provide Class II
evidence that patients with SPMS treated with siponimod

Figure 3 Subgroup Analyses for Sustained Deterioration or Improvement (Both ≥4 Points) in SDMT Score

Symbol DigitModalities Test (SDMT) subgroup analyses for sustained changes. For improvement, a hazard ratio (HR) >1.0 favors siponimod; for deterioration,
an HR <1.0 favors siponimod. Cox proportional hazards model was used with treatment, country, baseline Expanded Disability Status Scale (EDSS) score,
baseline SDMT-Oral score, and secondary progressive multiple sclerosis (SPMS) group (with/without superimposed relapses, baseline definition) as cova-
riate. CI = confidence interval; Gd = gadolinium; n/N’ = number of participants with sustained improvement or deterioration/number of participants included
in the analysis (i.e., with nonmissing covariates); nrSPMS, nonrelapsing SPMS; rSPMS, relapsing SPMS. *p < 0.05. aBaseline SDMT score <43; bbaseline SDMT
score ≥43.
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experience significant improvement on the SDMT. Pre-
planned analyses of between-group differences significantly
favored siponimod over placebo. Post hoc responder analyses
suggest that these effects are clinically meaningful,10 because
siponimod-treated patients were also at significantly lower
risk for having a ≥4-point decrease in SDMT score and had a
significantly higher chance for having a ≥4-point increase in
SDMT score. Indeed, the 21% risk reduction with siponimod
in the proportion of patients with a 4-point sustained wors-
ening in SDMT score reported here is in line with the 25% risk
reduction reported for 6-month confirmed 4-point worsening
in SDMT score.29

While patients with less advanced disease (those without base-
line cognitive impairment [SDMT score ≥43]) appear to have a
higher chance for sustained improvement in SDMT with sipo-
nimod vs placebo, patients with more advanced disease (those
with baseline cognitive impairment [SDMT score <43]) appear
to have a lower risk for sustained worsening with siponimod vs
placebo. A possible explanation for this is that patients withmore
acute disease activity and less cognitive impairmentmay still have
cognitive (i.e., neurologic) reserve available to turn the benefit of
siponimod on CPS into improvement, while in later-stage, more
impaired patients, the benefitmay be a slowing of further decline,
although it is also possible that this might simply be a floor effect.
It is also feasible that it might take longer than the median
treatment duration of 18 months for treatment effect to be
observed in later-stage and more-impaired patients. Studies of
patients treated with siponimod for longer duration are needed.

The EXPAND extension study is still ongoing and may deliver
such information.

The benefit from siponimod was restricted to cognitive
function as measured by the SDMT. Both SDMT and
PASAT are used to assess cognitive function in MS,30–35

although PASAT is more susceptible to practice effects9,36,37

and is found by patients to be stressful.36 SDMT as an ac-
cepted marker for clinically meaningful difference,10 is less
prone to measurement error,28 and has high reliability and
sensitivity.38 Correlations between SDMT and job loss39

and fluctuations in clinical status during relapse40–42 are well
known. Including SDMT as a measure for CPS in EXPAND
overcomes earlier shortfalls in most MS phase 3 studies to
capture a wider spectrum of functional deficits (the Efficacy
and Safety of BIIB019 [Daclizumab High Yield Process]
Versus Interferon β 1a in Participants With Relapsing-
Remitting Multiple Sclerosis [DECIDE] study33 is an ex-
ception). Past characterizations of functional deficits often
used only the physically focused EDSS alone or the PASAT
with the above-described shortcomings. The threshold ap-
proach used for the analysis of SDMT data was based on
the consensus perspective of the Multiple Sclerosis Out-
come Assessments Consortium (MSOAC).43–45 Neuro-
psychological studies have shown that 4-point changes in
SDMT are often associated with clinically meaningful al-
terations in mental status.10 Recent studies validate this
threshold as being associated with quality of life outcomes5

and progression of MS disability.7,46

Table 2 Change from Baseline in PASAT and BVMT-R Scores in the Full Analysis Set

Adjusted Means (SE)

Between-Group Difference (95% CI) p ValueSiponimod Placebo

PASAT, n 1,011 509

Month 12 2.25 (0.300) 1.80 (0.427) 0.45 (−0.57 to 1.47) 0.3869

Month 24 2.98 (0.404) 2.38 (0.579) 0.59 (−0.79 to 1.98) 0.4015

Average over all visitsa 2.30 (0.269) 1.83 (0.382) 0.48 (−0.44 to 1.39) 0.3088

BVMT-R, Total Recall score, n 1,011 508

Month 12 0.21 (0.223) 0.56 (0.298) −0.35 (−1.01 to 0.32) 0.3070

Month 24 1.78 (0.319) 1.33 (0.452) 0.45 (−0.59 to 1.49) 0.3944

Average over all visitsa 0.67 (0.225) 0.57 (0.309) 0.11 (−0.58 to 0.79) 0.7605

BVMT-R, delayed recall, n 1,003 498

Month 12 −0.11 (0.090) 0.04 (0.121) −0.15 (−0.42 to 0.12) 0.2844

Month 24 0.44 (0.134) 0.43 (0.190) 0.01 (−0.43 to 0.45) 0.9641

Average over all visitsa 0.08 (0.090) 0.10 (0.124) −0.01 (−0.29 to 0.26) 0.9198

Abbreviations: BVMT-R = Brief Visuospatial Memory Test–Revised; CI = confidence interval; SE = standard error; PASAT = Paced Auditory Serial Addition Test.
Between-group differences in change frombaselinewere analyzed usingmixed-model repeated-measuresmethodologywith visit as a categorical factor and
adjustment for treatment and baseline score. Adjusted mean (SE) refers to the change from baseline in PASAT score or to the change from baseline in Total/
Delayed Recall score.
a Includes all post-baseline visits through month 30. Statistical significance (2 sided) at the 0.05 level was used.
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We are impressed with the results showing an effect of sipo-
nimod on SDMT, without any evidence of benefit on the
PASAT or BVMT-R. As noted by others,1,10 the SDMT is
sensitive, but it is not specific to the CPS domain. SDMT
involves paired-associate learning and visual scanning, so the
more demanding the task is, the more likely it is that it will
measure the effects of cerebral pathology in general. This may
explain in part the value of the SDMT in clinical and research
applications as noted in a recent consensus report organized
by the MSOAC.10 In further support,47 lesion-based white
matter tract disruptions were shown to be much more ex-
tensively involved across left and right hemisphere networks
compared with the BVMT-R. Moreover, siponimod has
shown, ex vivo, partial restoration of cortical neuronal circuit
function,48 together with a reduction in cortical gray matter
and thalamic volume loss, in patients with SPMS,49 which
correlated with the SDMT score. Volume of the thalamus, a
hub for multiple neural networks,50 is robustly correlated with
SDMT in both cross-sectional51 and longitudinal studies52 of
MS. As mentioned, PASAT is more susceptible to practice
effects9,36,37 and thus may be a less sensitive measure during
the core study. The neuroprotective effect of siponimod by
partially restoring cortical neuronal circuit after crossing the
blood-brain barrier would appear to be independent of its
peripheral effects on immune cells.48

BVMT-R is also a gold standard neuropsychological assess-
ment in MS but instead examines new learning and episodic
memory.23,24,53,54 According to published norms,55 44% of
patients had impaired BVMT-R Total Recall score and 48% of
patients had impaired BVMT-R Delayed Recall score at
baseline, similar to the rate of impairment in CPS based on the
SDMT score. Since the early work published on the effects of
interferon beta-1a (IFN-β-1a),56 no disease-modifying ther-
apy has shown a statistically significant effect on memory in a
phase 3 trial. SDMT may be more sensitive to the effects of
disease-modifying therapy because it involves multiple neural
networks57 compared to BVMT-R, for example.47 SDMT
performance can be related to visual/spatial processing and
ocular motor functions, and it involves some incidental
learning of symbol-digit associations.

EXPAND included a typical SPMS population. Fifty-six per-
cent of patients needed walking aids; nearly two-thirds had no
relapses in the 2 years before study entry. Only ≈20% of
patients had focal inflammatory brain activity at baseline.16

Across SPMS trials, both EXPAND16 and A Clinical Study of
the Efficacy of Natalizumab on Reducing Disability Pro-
gression in Participants With Secondary Progressive Multiple
Sclerosis (ASCEND) study of the effects of natalizumab58

enrolled a high proportion of severely disabled patients.
Compared with other studies in progressive MS, EXPAND
recruited patients with similar or longer mean and median
times since onset of progression. In this population with
established physical disabilities and baseline SDMT scores
well below average, significant benefit on SDMT was
observed.

In relapsing-remitting MS, a beneficial effect was found in
ocrelizumab-treated patients vs IFN-β-1a on SDMT score in
A Study of Ocrelizumab in ComparisonWith Interferon Beta-
1a (Rebif) in Participants With Relapsing Multiple Sclerosis
(OPERA) I and OPERA II.59 A full report of these data awaits
publication, but the main article describes a greater increase in
SDMT score from baseline favoring ocrelizumab over IFN-
β-1a at week 96 (p = 0.023). The only other detailed post hoc
analysis of SDMT phase 3 data is found among patients with
relapsing-remitting MS in the DECIDE study of daclizumab
vs IFN-β-1a.33 In this investigation, the same form of SDMT
was administered every 3 months. Significantly greater mean
improvement from baseline in SDMT score was observed for
daclizumab, and more patients treated with daclizumab had a
≥4-point increase, suggesting a clinically meaningful benefit.
In general, it would appear that the effects of disease-
modifying therapies on MS include benefits for cognition, as
measured within the CPS domain, using the SDMT in par-
ticular. Of these recent phase 3 trials, only EXPAND included
a test of memory. It remains to be seen whether the lack of
impact on memory reported here is unique to this in-
tervention or if the effects of disease-modifying therapies in
MS are less impactful in cognitive spheres other than CPS.

The behavior of the comparator arm in this study is note-
worthy, revealing no substantial improvement. Again, con-
sidering this result in the context of the DECIDE and OPERA
studies,33,59 we note that in EXPAND alternative forms of the
SDMT were used to minimize learning effects on the out-
come measure. In contrast, the same number/symbol com-
binations were repeated throughout the OPERA and
DECIDE studies.33,59 The lack of improvement in our study
may reflect better control of learning effects. In addition, the
improvement in SDMT in the IFN-β-1a–treated comparator
arms of DECIDE andOPERA observed previously may partly
reflect the effects of IFN-β-1a over and above that of placebo
or a less advanced relapsing MS population.

There were several limitations.While the analyses of between-
group differences for change from baseline at months 12 and
24, for SDMT, PASAT, and BVMT-Rwere prespecified in the
protocol, responder analyses and analyses for sustained
changes were planned and done post hoc; the study was
designed after consensus on a clinically meaningful difference
was derived by the MSOAC.43 Another limitation is that we
did not collect demographic data such as education or com-
mon MS symptoms such as visual impairment, fatigue, and
depression because the primary outcome in the phase 3 trial
was neurologic disability. Considering the randomization
used, it is unlikely that these variables differed across the
treatment groups, but these factors may nevertheless have
moderated the impact of siponimod on cognition. Education,
a proxy for cognitive, influences SDMT performance,60 as
does depression.61 The time-to-event study design leading to
variable duration of study participation and the protocol-
endorsed switch to open-label siponimod for patients with
established progression of disability encumbered comparisons
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for the protocol-defined time points. Although only ≈20%
(18.3% randomized to siponimod, 22.3% randomized to
placebo) of patients discontinued the study prematurely, at
later time points, the number of available assessments was
substantially reduced due to the flexible study duration per
patient. This leads to greater CIs in the treatment effect es-
timates, but potential bias, usually introduced by dropout
related to study treatment, is limited because most of the
missing assessments are due to the study design and are not
related to study treatment. Comparing the number needed to
treat values reveals that the effect size in this study is modest,
as is also appreciated in comparisons of the differences in
group means at the 12- and 24-month time points. Finally, the
findings in this study may not be applicable in populations of
patients who differ from those enrolled in EXPAND, as evi-
denced by the low deterioration rate seen in the patients
receiving placebo from the ASCEND study at 2 years.

The overall findings from this study in a population with
advanced neurologic disability suggest that treatment with
siponimod beneficially affects cognitive functioning as
measured by the SDMT, a benefit likely to have a high
impact on quality of life and vocational status. The benefits
observed were seen in patients with or without prestudy
relapses, in patients with or without cognitive impairment
before study entry, and in patients with an EDSS score ≥6
or <6. Benefits were observed in the time to sustained
change until the end of follow-up in the core study.
Treatment effects observed for clinical and imaging out-
comes, most notably reduction in brain volume loss as an
objective marker of permanent tissue damage and thus
likely related to cognitive function,49 are consistent with
the results reported here.
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