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Background: Clinical Relevance of Grey Matter 
Atrophy
• Cortical grey matter (cGM) and thalamic 

volume loss is associated with long-term 
disability accumulation and cognitive decline1-4

• Preclinical studies suggest that siponimod 
effectively impacts neurodegenerative 
processes in the CNS5,6

• In the EXPAND overall population, siponimod 
significantly reduced both cGM and thalamic 
volume loss in SPMS patients7, supporting its 
clinical effects on disability progression and 
cognitive processing speed
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CNS, central nervous system; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis

Grey matter atrophy is the main driver of long-
term irreversible disability progression

Figure modified from Larochelle C, et al. Trends Neurosci. 2016; Lassmann H, et al. Nat Rev Neurol. 2012. 

1. Eshaghi A, et al. Ann Neurol. 2018;83:210–222; 2. Scalfari A, et al. Neurology. 2018;90:e2107–e2118; 3. Fisniku LK, et al. Ann Neurol. 2008;64(3):247–254; 4. Eijlers 
AJC, et al. Brain. 2018;141:2605–2618; 5. Gentile A, et al. J Neuroinflammation. 2016;13:207; 6. Behrangi N, et al. Cells. 2019;8. pii: E24; 7. Arnold DL, et al. Poster 
presented at ECTRIMS 2019. P382. 
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Objective and Study Design

4
Patients who had 6-month CDP during the treatment epoch were provided with options that included starting treatment with open-label siponimod as rescue medication.
cGM, cortical grey matter; EDSS, Expanded Disability Status Scale; EoCP, end of core phase; MRI, magnetic resonance imaging; N, total number of patients; SPMS, secondary 
progressive multiple sclerosis; T25FW, Timed 25-Foot Walk 

To investigate the effect of siponimod versus placebo in reducing cGM and thalamic atrophy 
in subgroups of SPMS patients from the EXPAND study

Objective

Randomised, double-blind, placebo-controlled, event- and exposure-driven study

EDSS / T25FW MRI

Screening
baseline

Siponimod 2 mg/day (N=1105)

Placebo (N=546)
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Month
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Event- and exposure-driven duration
(actual: 37 months, median: 21 months)

Randomization (N=1651 patients, 2:1)



• Post-hoc analyses included the PPS (N=1560; excluding major protocol deviations and data after the treatment 
switch) and the FAS (N=1645)

• Percent volume changes in cGM and the thalamus (baseline to M12 and M24 respectively) were assessed in:

Statistical method
• Treatment effects were analysed in both the FAS and the PPS. Here, we present the data for the PPS only
• Treatment effects were determined using a Mixed Model for Repeated Measures#

– No adjustment for multiplicity was made 

Methods and Subgroups
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*Patients with active disease were defined as those with at least one relapse in the prior 2 years and/or at least one Gd+ lesion at baseline, while non-active patients were 
defined as those with no relapses in the prior 2 years and no Gd+ lesions at baseline.
#Adjusted for treatment, visit, NBV, number of baseline Gd+ T1 lesions, baseline T2 lesion volume, and the interaction of visit by treatment and visit by baseline brain volume.

cGM, cortical grey matter;  EDSS, Expanded Disability Status Scale; FAS, full analysis set; Gd+, gadolinium-enhancing; M, month; MMRM, mixed-model for repeated 
measures; NBV, normalised brain volume; PPS, per protocol set; SDMT, Symbol Digit Modalities Test; SPMS, secondary progressive multiple sclerosis

Age (≤45/>45 
years)

Disease duration  
(≤15/>15 years)

EDSS score 
(<6.0/≥6.0)

SDMT score 
(≤43/>43)

Subgroups by
disease history and 

severity

Subgroups by 
inflammatory  

disease activity
Active/non-

active SPMS*
With/without relapses in the 2 

years prior to screening
With/without 
Gd+ lesions



Effect of Siponimod on cGM Atrophy at M24* vs 
Placebo by Subgroups (PPS) 

6*At M12, percentage reduction ranged from 84% to 118% (p<0.0001 for all).
cGM, cortical grey matter; EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; M, month; PPS, per protocol set; SDMT, Symbol Digit Modalities Test; 

Subgroups by disease history and severity
Subgroups by inflammatory disease activityPercentage change in cGM volume from baseline to M24

Age ≤45 years

Age >45 years
Disease duration ≤15 years
Disease duration >15 years
EDSS <6.0
EDSS ≥6.0
SDMT >43
SDMT ≤43

Non-active SPMS
Active SPMS

Subgroups

69% (p<0.0001)

57% (p<0.0001)
66% (p<0.0001)
60% (p<0.0001)
64% (p<0.0001)
60% (p<0.0001)
76% (p<0.0001)
54% (p<0.0001)

72% (p<0.0001)
55% (p<0.0001)

Percentage reduction 
vs placebo (p value)

70% (p<0.0001)
51% (p<0.0001)
66% (p<0.0001)
47% (p=0.0089)

Without superimposed relapses
With superimposed relapses
Without Gd+ lesions
With Gd+ lesions 

246/120

446/217
318/171
374/165
319/165
373/172
299/159

387/176

344/167
347/169

n/n (siponimod/
placebo)

431/205
259/131

530/268
162/69

Placebo Siponimod

-0.58

-0.34

-0.57

-0.28

-0.5

-0.27

-0.51

-0.23

-0.42

-0.37

-0.42

-0.36

-0.45

-0.3

-1.12

-1.01

-1.17

-0.94

-1.14

-0.94

-1.11

-0.98

-1.04

-1.04

-1.04

-1.05

-1.08

-0.94

-1.5 -1 -0.5 0



7*At M12, percentage reduction ranged from 33% to 68% (p<0.05 for all except disease duration >15 years).
EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; M, month; PPS, per protocol set; SDMT, Symbol Digit Modalities Test

Subgroups by disease history and severity
Subgroups by inflammatory disease activity

Age ≤45 years

Age >45 years
Disease duration ≤15 years
Disease duration >15 years
EDSS <6.0
EDSS ≥6.0
SDMT >43
SDMT ≤43

Non-active SPMS
Active SPMS

Subgroups

61% (p<0.0001)

31% (p=0.0136)
44% (p=0.0003)
41% (p=0.0120)
43% (p=0.0021)
47% (p=0.0005)
47% (p=0.0034)
42% (p=0.0007)

58% (p=0.0009)
34% (p=0.0032)

Percentage reduction 
vs placebo (p value)

54% (p<0.0001)
30% (p=0.0415)
49% (p=0.0005)
43% (p=0.0002)

Without superimposed relapses
With superimposed relapses
Without Gd+ lesions
With Gd+ lesions 

247/121

449/221
320/173
376/168
320/169
376/173
301/158

389/181

347/168
348/173

n/n (siponimod/
placebo)

436/210
258/131

532/269
164/73

Percentage change in thalamic volume from baseline to M24

Placebo Siponimod

Effect of Siponimod on Thalamic Atrophy at M24* 
vs Placebo by Subgroups (PPS) 

-2.04

-0.67

-1.28

-0.82

-1.41

-0.56

-1.16

-0.81

-1.00

-0.98

-0.85

-1.18

-1.12

-0.82

-3.56

-1.31

-1.82

-1.80

-2.15

-1.34

-1.99

-1.54

-1.88

-1.71

-1.45

-2.09

-1.63

-2.12

-4 -3 -2 -1 0



Summary

• Siponimod significantly reduced cGM atrophy by 47-76% and thalamic atrophy by 30-61% 
over 24 months across the patient subgroups
– The beneficial effect was consistently observed independent of age, disease duration, disease activity 

and severity

• A reduction of grey matter atrophy might positively impact long-term clinical outcomes, 
including disability progression and cognitive decline1-6

• The data are in line with siponimod preclinical studies7,8, showing beneficial direct CNS 
effects, including promotion of remyelination and corroborate the favourable effects of 
siponimod on MTR measures (For MTR results from the EXPAND study, please refer to 
EPR1147)
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1. Eshaghi A, et al. Ann Neurol. 2018;83:210–222; 2. Rocca MA, et al. Radiology. 2010;257:463–469; 3. Schoonheim MM, et al. Neurology. 2015;84:776–783; 4. Scalfari A, et al. 
Neurology. 2018;90:e2107-e2118; 5. Fisniku LK, et al. Ann Neurol. 2008;64(3):247-54; 6. Eijlers AJC, et al. Brain. 2018;141:2605-2618; 7. Martin E et al. ECTRIMS 2019; P1376; 8. 
Mannioui A, et al. Mult Scler. 2018; 24(11):1421–1432.

cGM, cortical grey matter; CNS, central nervous system; MTR, magnetization transfer ratio



Thank you
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