
Poster number: S11.001 
Session name:
Session time:

Poster Presentation at the American Academy of Neurology (AAN) 2022, April 2-7, 2021

Poster Presentation at the American Academy of Neurology (AAN) 2022, April 2-7, 2022
Scan to download a 

copy of this presentation

Estimating Long-Term Effect of Siponimod on Disability 
Progression versus Virtual Placebo in SPMS Using RPSFT Model: 
EXPAND Data Up to 7 Years

Bruce A.C. Cree1, Nicolas Rouyrre2, Robert J. Fox3, Patrick Vermersch4, Gavin Giovannoni5, 
Amit Bar-Or6, Ralf Gold7, Jeff Maca8, Daniela Piani-Meier2, Goeril Karlsson2, Ludwig Kappos9

Poster number: 004 (Neighborhood 4) 

Session name: P6 (MS Clinical Trials and Therapeutics 2) 
Session time: Sunday, April 3, 5:30 PM - 6:30 PM

1UCSF Weill Institute for Neurosciences, Department of Neurology, University of California San Francisco, San Francisco, 
CA, USA; 2Novartis Pharma AG, Basel, Switzerland; 3Mellen Center for Treatment and Research in Multiple Sclerosis, 
Neurological Institute, Cleveland, OH, USA; 4Univ. Lille, Inserm U1172 LilNCog, CHU Lille, FHU Precise, Lille, France; 
5Blizard Institute, Barts and The London School of Medicine and Dentistry, Queen Mary University of London, London, 
United Kingdom; 6Center for Neuroinflammation and Experimental Therapeutics and Department of Neurology, Perelman 
School of Medicine, University of Pennsylvania, PA, USA; 7Department of Neurology, St Josef-Hospital/Ruhr-University 
Bochum, Bochum, Germany; 8Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA; 9Research Center for Clinical 
Neuroimmunology and Neuroscience Basel (RC2NB), Departments of Medicine, Clinical Research, Biomedicine and 
Biomedical Engineering, University Hospital and University of Basel, Basel, Switzerland



B. Cree et al.  
P6.004Disclosures

Funding source: This study is supported by Novartis Pharma AG, Basel, Switzerland.
Acknowledgments: Editorial support was provided by Matthew Hartmann, PhD, of Alphabet Health (New York, NY) and was funded by Novartis Pharmaceuticals Corporation. This 
poster was developed in accordance with Good Publication Practice (GPP3) guidelines. Authors had full control of the content and made the final decision on all aspects of this poster. 

Author Name Disclosures

Bruce A.C. Cree Received personal compensation for consulting from Alexion, Atara, Autobahn, Avotres, Biogen, EMD Serono, Novartis, Sanofi, TG Therapeutics, and Therini. Received research 
support from Genentech. 

Robert J. Fox Received personal consulting fees from Actelion, Biogen, Celgene, EMD Serono, Genentech, Immunic, Novartis, and Teva. He has served on advisory committees for Actelion, 
Biogen, Immunic, and Novartis, and received clinical trial contract and research grant funding from Biogen and Novartis. 

Patrick Vermersch Received honoraria and consulting fees from Biogen Idec, Sanofi-Genzyme, Bayer, Novartis, Merck Serono, AB science, Imcyse, and Almirall, and research support from Biogen 
Idec, Sanofi-Genzyme, Bayer, and Merck Serono. 

Gavin Giovannoni Steering committee member on the daclizumab trials for AbbVie, the BG12 and daclizumab trials for Biogen, the fingolimod and siponimod trials for Novartis, the laquinimod trials 
for Teva and the ocrelizumab trials for Roche. He has also received consultancy fees for advisory board meetings for oral cladribine trials for Merck KGaA, Sanofi Genzyme, and in 
relation to DSMB activities for Synthon BV, as well as honoraria for speaking at the Physicians’ summit and several medical education meetings. He is also the Co-Chief Editor of 
Multiple Sclerosis and Related Disorders (Elsevier). 

Amit Bar-Or Participated as a speaker in meetings sponsored by and received consulting fees and/or grant support from: Accure, Atara Biotherapeutics, Biogen, BMS/Celgene/Receptos, 
GlaxoSmithKline, Gossamer, Janssen/Actelion, Medimmune, Merck/EMD Serono, Novartis, Roche/Genentech, and Sanofi-Genzyme. 

Ralf Gold Received compensation for serving as a consultant or speaker from Bayer HealthCare, Biogen Idec, Merck Serono, Novartis, and Teva Neuroscience. He, or the institution he 
works for, has received research support from Bayer HealthCare, Biogen Idec, Merck Serono, Novartis, and Teva Neuroscience. He has also received honoraria as a Journal 
Editor from SAGE and Thieme Verlag. 

Ludwig Kappos Received the following exclusively for research support: Steering committee, advisory board, and consultancy fees from: Actelion, Bayer HealthCare, Biogen, BMS, Genzyme, 
Glaxo Smith Kline, Janssen, Japan Tobacco, Merck, Novartis, Roche, Sanofi, Santhera, Shionogi, TG Therapeutics; Speaker fees from: Bayer HealthCare, Biogen, Merck, 
Novartis, Roche, and Sanofi; Support of educational activities from: Allergan, Bayer HealthCare, Biogen, CSL Behring, Desitin, Genzyme, Merck, Novartis, Roche, Pfizer, Sanofi, 
Shire, and Teva; License fees for Neurostatus products and grants from: Bayer HealthCare, Biogen, European Union, InnoSwiss, Merck, Novartis, Roche, Swiss MS Society, and 
Swiss National Research Foundation. 

Nicolas Rouyrre Employee of Novartis Gene Therapies, Inc., and owns Novartis stock or other equities.

Jeff Mecca Employee of Novartis and may hold stocks of Novartis. 

Daniela Piani-Meier, 
Goeril Karlsson 

Employees of Novartis.



ConclusionsResultsMethodsIntroduction

Introduction

• In the core part of the Phase 3 EXPAND study, siponimod significantly reduced the risk of 6-month confirmed disability progression (6mCDP) 
versus placebo by 26% in patients with secondary progressive multiple sclerosis (SPMS)1

• In the long-term analysis (up to 5 years: data cut-off of April 2019) including data from the core and ongoing EXPAND-extension, the risk of 
6mCDP was reduced by 22% and the time to 6mCDP was prolonged by 49% in the continuous siponimod group versus placebo-siponimod group2

• Long-term comparison of siponimod with placebo was not possible since placebo patients transitioned to open-label siponimod at the end of 
EXPAND core study (median duration of core part 21 months)

• Modelling of the long-term trajectory of patients initially randomized to placebo (virtual placebo) using Rank Preserving Structural Failure Time 
(RPSFT) was undertaken and then compared with long-term continuous siponimod group
o In a previous analysis modelling a placebo treatment arm corrected for switch by RPSFT analysis in the overall SPMS population, the risk of 

6mCDP in the continuous siponimod group was reduced by 31% (hazard ratio [HR]: 0.69, cut-off of April 2019) versus modelled placebo group 
and the time to 6mCDP was prolonged by ~50%‒60%3

o Different models were tested but only the RPSFT model produced predictions in a range consistent with the HR reported in the core part of the 
study. The accuracy and applicability of the RPSFT model to model a virtual placebo arm in the long term was further supported by simulations 
(for placebo patients after switching to siponimod) conducted under conditions similar to the EXPAND study, which included waning and 
increasing treatment effects3

Objective

• To present the long-term efficacy of continuous siponimod versus virtual placebo using the RPSFT model and uncorrected placebo-siponimod 
switch intent-to-treat (ITT) analysis in the overall SPMS population as well as in the active and non-active subgroups from the core and extension 
parts of the EXPAND study with up to 7 years of follow-up

Introduction & Objective B. Cree et al.  
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1. Kappos L, et al. Lancet 2018;391:1263-1273. 2. Kappos L, et al. Oral presentation at AAN 2020. S40.003. 3. Cree BAC, et al. Poster Presented at the 8th Joint ACTRIMS-ECTRIMS Meeting, MSVirtual2020. P0013.
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• The analysis included overall EXPAND SPMS population who 
received ≥1 dose of siponimod in the core study (ITT population)1

and offered a switch to open-label siponimod in the ongoing 
extension (data cut-off: October 2020) for up to 7 years

• The long-term trajectory of placebo was estimated using the 
RPSFT model, a method that adjusts for treatment switch in trials 
with survival outcomes2-4

• In the present analysis, patients were grouped into the following:
o Long-term continuous siponimod (LTCS) arm who received 

siponimod during the core and extension parts
o Long-term placebo-siponimod arm (LTPS) who received 

placebo in the core and siponimod in the extension (ITT 
analysis, not modelled – ‘uncorrected’) 

o Long-term virtual placebo (LTVP) arm modelled (‘corrected’) 
by RPSFT method5

Methods: Study Design B. Cree et al.  
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aExtension data cut-off: Oct 2020 (Month 54 visit of extension]; total study duration (core+extension): up to 7 years. bOpen-label starts when patient has an "event”.
EDSS, Expanded Disability Status Scale; EoCP, end of core part; ITT, intent-to-treat; LTCS, long-term continuous siponimod; LTPS, long-term placebo-siponimod arm; LTVP, long-term virtual placebo; MRI, magnetic 
resonance imaging; N, total number of patients (safety set); PYs, patient years; RPSFT, Rank Preserving Structural Failure Time; SPMS, secondary progressive multiple sclerosis; SDMT, Symbol Digit Modalities Test.
1. Kappos L, et al. Lancet 2018;391:1263-1273. 2. Latimer NR, et al. Stat Methods Med Res. 2017;26:724-751. 3. Latimer NR, et al. Stat Methods Med Res. 2018;27:765-784. 4. Korhonen P, et al. J Biopharm Stat. 
2012;22:1258-1271. 5. Cree BAC, et al. Poster Presented at the 8th Joint ACTRIMS-ECTRIMS Meeting, MSVirtual2020. P0013. 

Study design
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• Data were analyzed in the overall population (siponimod [N=1105], placebo [N=546]) and in the subgroups of patients 
with activea (siponimod [N=400], placebo-siponimod [N=182]) and non-activeb (siponimod [N=405], placebo-siponimod 
[N=207]) subgroups

Outcomes
o Time to 6mCDP based on the EDSS score in the continuous siponimod (LTCS) versus placebo-siponimod arm 

modelled (LTVP) and ITT analysis-not modelled (LTPS) arms

Statistical analysis
o For both ITT and RPSFT analysis, the time to 6mCDP was analyzed using a Cox proportional hazards model with 

treatment, country/region, baseline EDSS score and SPMS group (with-/without superimposed relapses, baseline 
definition) as covariates using combined EDSS data from the core and extension parts

o In the RPSFT analysis, patients randomized to placebo and crossing over to open-label siponimod were replaced by 
their counterfactual time to CDP without cross over based RPSFT model, e.g. modelling (‘correcting’) as if they had 
never switched to siponimod

Methods: Outcomes and Statistical Analysis B. Cree et al.  
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aDefined as the presence of at least one relapse in the 2 years before screening and/or ≥1 Gd+ T1 lesion at baseline. bDefined as no relapse in the 2 years prior to screening and no Gd+ T1 lesion at baseline.
EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; ITT, intent-to-treat; LTCS, long-term continuous siponimod; LTPS, long-term placebo-siponimod arm; LTVP, long-term virtual placebo; N, total 
number of patients (safety set); RPSFT, Rank Preserving Structural Failure Time; SPMS, secondary progressive multiple sclerosis.
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• Overall population: The risk of 6mCDP was reduced by 33% (p<0.0001) and the median time to 6mCDP was prolonged by 62%

• Active SPMS population: The risk of 6mCDP was reduced by 42% (p<0.0001) and the median time to 6mCDP was prolonged by 79%

• Non-active SPMS population: The risk of 6mCDP was reduced by 20% (p=0.0534) and the median time to 6mCDP was prolonged by 44%

Results: Time to 6mCDP in the LTCS versus LTVP arms B. Cree et al.  
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Overall SPMS population Active SPMS subgroup

*Indicates statistical significance (2-sided) at the 0.05 level
6mCDP, 6-month confirmed disability progression; CI, confidence interval; HR, hazard ratio; ITT, intent-to-treat; LTCS, long-term continuous siponimod; LTPS, long-term placebo-siponimod (IIT analysis-not 
modelled); LTVP, long-term modelled virtual placebo; RPSFT, Rank Preserving Structural Failure Time; SPMS, secondary progressive multiple sclerosis

Non-active SPMS subgroup
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• This analysis confirmed the sustained efficacy of continuous siponimod up to 7 years in significantly 
reducing the risk of progression and prolonging the time to 6mCDP versus both modelled virtual placebo 
and placebo-siponimod switch ITT analysis (not modelled placebo-siponimod arm) in the overall SPMS 
patients 

• In the active SPMS subgroup, the effect of siponimod on disability progression was more pronounced and 
sustained for up to 7 years

• In the non-active SPMS subgroup, a sustained strong trend favoring continuous siponimod was observed; 
longer time to 6mCDP in the placebo arm compared with the placebo arm in the active SPMS subgroup 
suggests longer observation periods are required to uncover the full impact of treatment in non-active 
SPMS subgroup 

• RPSFT virtual placebo arm can be used to estimate the long-term treatment benefits of siponimod in 
reducing disability progression

• One limitation of this analysis is that it assumes an attrition (before observing the 6mCDP) which is 
balanced between treatment arms. Given that all patients are currently receiving open-label siponimod, 
this assumption is reasonable

Conclusions B. Cree et al.  
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6mCDP, 6-month confirmed disability progression; RPSFT, Rank Preserving Structural Failure Time; SPMS, secondary progressive multiple sclerosis
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