
Long-term Predictors 
of Clinical Outcomes in 
Patients With Multiple 
Sclerosis Randomized 
to Fingolimod 0.5 mg in 
the Phase 3 FREEDOMS, 
FREEDOMS II and 
TRANSFORMS Studies

Till Sprenger1,2, Aaron Boster3, 
Xiangyi Meng4, Shannon Ritter4, 
Daniela Piani Meier5, Davorka Tomic5, 
Frederik Barkhof6,7, Pavle Repovic8

1Department of Neurology, University Hospital Basel, 
Basel, Switzerland; 2Department of Neurology, DKD 
HELIOS Klinik, Wiesbaden, Germany; 3OhioHealth 
Neurological Physicians, Columbus, OH, USA; 4Novartis 
Pharmaceuticals Corporation, East Hanover, NJ, USA; 
5Novartis Pharma AG, Basel, Switzerland; 6Department 
of Radiology and Nuclear Medicine, VU University 
Medical Center, Amsterdam, Netherlands; 7Institutes 
of Neurology and Healthcare Engineering, University 
College London, London, UK; 8Multiple Sclerosis Center, 
Swedish Neuroscience Institute, Seattle, WA, USA

DX20

Introduction
•• The utility of patient and disease parameters measured in early multiple sclerosis (MS) (eg disease duration 

and number of relapses) to predict disability progression has been investigated previously, mainly in patients 
treated with interferons1-3 

•• Patients at risk of suboptimal response to first-line therapy may need treatment modification to slow 
accumulation of inflammation and neurodegeneration, and maximize long-term benefits3 

•• Fingolimod 0.5 mg is a once-daily oral therapy for the treatment of relapsing forms of MS4

•• Since MS disease predictors in patients treated with fingolimod are not well characterized, we 
investigated which patient or disease parameters at baseline and during first year of treatment with 
fingolimod 0.5 mg could predict clinical outcomes in patients with MS in the short and long term

Objective
•• Assess utility of patient and disease parameters (eg Expanded Disability Status Scale [EDSS] score and 

number of confirmed relapses) at baseline and during the first year of FREEDOMS/FREEDOMS II5,6 and 
TRANSFORMS7 and extensions,8-14 to predict outcomes for patients randomized to fingolimod 0.5 mg:
oo Confirmed relapses, EDSS score ≥6 points, 3 month (M)-confirmed disability progression (3M-CDP), 

6M-CDP, 3M-CDP or confirmed relapses (3M-CDP/R), and 6M-CDP or confirmed relapses 
(6M-CDP/R) 

Methods
Analyses

•• Post hoc analyses of data from patients randomized to fingolimod 0.5 mg in FREEDOMS/FREEDOMS II 
(n=649) and TRANSFORMS (n=342) and extensions (Figure 1)

oo Data from FREEDOMS and FREEDOMS II were pooled; data from TRANSFORMS were analyzed 
separately

•• Multiple logistic regression analyses assessed which parameters at baseline (M0), or during M0-12, 
predicted six clinical outcomes during M12-24 (short term) and M12-48 (long term)

•• Patient and disease parameters used to predict clinical outcomes were:
oo M0: sex, age, duration of MS since diagnosis, previous treatment for MS (yes/no), number of relapses 

in the previous 2 years, EDSS score, number of gadolinium-enhancing (Gd+) lesions, T1 hypointense 
lesion volume, volume of T2 lesions and normalized brain volume
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Figure 1. Analysis for predictors of clinical outcomes

Figure 2. Study designs

Figure 3. Odds ratios for patient and disease parameters in predicting worsening clinical outcomes during M12-24 (short term) and M12-48 (long term) in FREEDOMS/FREEDOMS II and TRANSFORMS data sets. 
Non-significant predictors not shown

aMRI lesion activity defined as: ≥1 Gd+ or ≥2 new or newly enlarged T2 lesions
CDP, confirmed disability progression; CDP/R, confirmed disability progression or confirmed relapses; EDSS, Expanded Disability Status Scale; Gd+, 
gadolinium-enhancing; M, month; MRI, magnetic resonance imaging 

All treatments except IFNβ-1a were once daily. aFollowing a protocol amendment, all patients receiving fingolimod 1.25 mg were gradually switched to 
fingolimod 0.5 mg in the extension phase
IFN, interferon; IM, intramuscular; M, month

aFor continuous variables (T1 hypointense volume, normalized brain volume at baseline and duration of MS since diagnosis), odds ratios correspond to a unit increase in explanatory variable. Previous treatment (yes/no) refers to whether patients had received treatment before study initiation. bLess brain volume loss was associated with 
decreased risk of relapse or disability progression. cMale sex was associated with decreased risk of developing further confirmed relapses
MRI lesion activity defined as: ≥1 T1 Gd+ lesion or ≥2 new or newly enlarged T2 lesions at any post-baseline assessment up to M12. Odds ratios are derived from one multivariate regression model built from predictors that were significant in univariate regression models. All analyses are adjusted for study 
CDP, confirmed disability progression; CDP/R, confirmed disability progression or confirmed relapses; CI, confidence interval; EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; M, month; MRI, magnetic resonance imaging; MS, multiple sclerosis
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Study design
FREEDOMS/FREEDOMS II

•• 2-year, randomized, double-blind, Phase 3 FREEDOMS/FREEDOMS II compared fingolimod with 
placebo in patients with relapsing MS (Figure 2A)5,6 

oo Patients were randomized 1:1:1 to oral fingolimod 0.5 mg or 1.25 mg, or placebo once daily
•• All patients then received fingolimod 0.5 mg in an ongoing open-label extension8,14 

TRANSFORMS
•• 1-year, randomized, double-blind, Phase 3 TRANSFORMS compared fingolimod with intramuscular 

interferon (IFN) β-1a in patients with relapsing MS (Figure 2B)7 
oo Patients were randomized 1:1:1 to fingolimod 0.5 mg or 1.25 mg once daily, or IFNβ-1a 30 μg once 

weekly
•• Patients receiving IFNβ-1a who entered the 1-year extension were re-randomized to fingolimod 0.5 mg or 

1.25 mg once daily9,12 

oo All patients then received fingolimod 0.5 mg in an ongoing open-label extension8,10 

Results
•• Data were collected from 649 patients from FREEDOMS/FREEDOMS II and 342 from TRANSFORMS, 

who were randomized to fingolimod 0.5 mg and had not switched treatment

Predictors of clinical outcomes
•• Confirmed relapses (M0-12; Figure 3A), baseline EDSS score, and change in EDSS score (M0-12; 

Figure 3B) in the short-term phase were consistent predictors of worsening clinical outcomes
•• Change in EDSS score (M0-12) was predictive of decreased risk of 6M-CDP and 3M-CDP in the short 

and long term in FREEDOMS/FREEDOMS II, and of 3M-CDP in the long term in TRANSFORMS 
(Figure 3B)

oo Large changes in EDSS score might be indicative of recent relapses, which may be followed by a 
period of remission; this may warrant further investigation

•• MRI lesion activity in the short-term phase (M0-12) was a predictor of long-term progression to 3M-CDP/R 
(FREEDOMS/FREEDOMS II), and MRI lesion activity plus ≥1 relapse was a predictor of short-term 
progression to EDSS ≥6 (TRANSFORMS [Figure 3C])

•• Other baseline characteristics were predictive of certain clinical outcomes:
oo Relapses in 2 years before study was predictive of confirmed relapses in the short term in 

TRANSFORMS (Figure 3A)
oo  T1 hypointense volume was predictive of both 3M- and 6M-CDP in the long term in  

FREEDOMS/FREEDOMS II (Figure 3C)
oo Normalized brain volume was predictive of 3M-CDP in the short term in FREEDOMS/FREEDOMS II 

(Figure 3C)
oo Duration of MS since diagnosis was predictive in the short term of 6M-CDP/R in  

FREEDOMS/FREEDOMS II and of confirmed relapses in TRANSFORMS (Figure 3C)
oo Being male was predictive of a decreased risk of confirmed relapses in the short term in  

FREEDOMS/FREEDOMS II (Figure 3C)
•• The following patient and disease parameters were not predictive of any of the clinical outcomes 

assessed:
oo M0: age, previous treatment for MS, number of Gd+ lesions, volume of T2 lesions
oo M0-12: number of new T2 lesions and percentage brain volume change

Conclusions
•• In FREEDOMS/FREEDOMS II and TRANSFORMS, confirmed relapses (M0-12), baseline EDSS score 

and short-term change in EDSS score (M0-12) were consistent predictors of worsening clinical outcomes 
for patients receiving fingolimod 0.5 mg for up to 4 years

oo Number of relapses occurring early on treatment can be used to predict long-term relapses
oo EDSS score at baseline and change in EDSS score within first year of treatment are predictive of  

long-term EDSS outcomes
•• These findings support use of routine clinical parameters as tools to predict long-term outcomes in 

clinical practice 

References
1.	 Prosperini L, et al. Eur J Neurol 2009;16:1202-1209.
2.	 Rio J, et al. Mult Scler 2009;15:848-853.
3.	 Dobson R, et al. Neurology 2014;82:248-254.
4.	 Novartis Pharmaceuticals Corporation 2016. Available from:  

https://www.pharma.us.novartis.com/product/pi/pdf/gilenya.pdf  
(Accessed August 14, 2017).

5.	 Kappos L, et al. N Engl J Med 2010;362:387-401.
6.	 Calabresi PA, et al. Lancet Neurol 2014;13:545-556.
7.	 Cohen JA, et al. N Engl J Med 2010;362:402-415.

8.	 Cohen J, et al. ECTRIMS Online Library 2015;115507:P591.
9.	 Cohen JA, et al. J Neurol Neurosurg Psychiatry 2016;87:468-475.
10.	 Kappos L, et al. Mult Scler 2013;19(Suppl.11):486-487.
11.	 Kappos L, et al. Neurology 2015;84:1582-1591.
12.	 Khatri B, et al. Lancet Neurol 2011;10:520-529.
13.	 Reder AT, et al. Mult Scler 2013;19(Suppl.11):510-511.
14.	 Vollmer T, et al. Neurology 2013;80(7 Suppl.):P01.165.
15.	 Prosperini L, et al. Mult Scler 2014;20:566-576.

Acknowledgments
The authors are grateful to Diego Silva (Novartis Pharma AG, Basel Switzerland), for his contribution to the concept and design of these analyses. Editorial support 
was provided by Oxford PharmaGenesis, Oxford, UK, which was funded by Novartis Pharmaceuticals Corporation. The final responsibility for the content lies with the 
authors

Disclosures
Till Sprenger has received no personal compensation; his current and personal employer received compensation for consulting and/or research support from 
Actelion, ElectroCore, Merck Serono, Novartis Pharmaceuticals Corporation, Roche, Sanofi Genzyme and Teva Pharmaceuticals. Aaron Boster has received 
personal compensation for consulting and/or research support from Biogen-Idec, Genentech, Genzyme, Medtronic, Novartis Pharmaceuticals Corporation and 
Teva Pharmaceuticals. Xiangyi Meng and Shannon Ritter are employees of Novartis Pharmaceuticals Corporation. Daniela Piani Meier and Davorka Tomic 
are employees of Novartis Pharma AG. Frederik Barkhof has received personal compensation for consulting and/or research support from Apitope Ltd, Biogen-
Idec, GeNeuro, Genzyme, IXICO Ltd, Janssen Alzheimer Immunotherapy, Merck Serono, Novartis Pharmaceuticals Corporation, Roche and Teva Pharmaceuticals. 
Pavle Repovic has received personal compensation for consulting and/or research support from Biogen-Idec, EMD Serono, Genentech, Genzyme and Teva 
Pharmaceuticals

© 2018 Novartis Pharmaceuticals Corporation

Poster presented at the 2018 Annual Meeting of the Consortium of Multiple Sclerosis Centers (CMSC), May 30-June 2, 2018, Nashville, TN, USA

This study was sponsored by Novartis Pharmaceuticals Corporation, USA

oo M0-12: confirmed relapses, change in EDSS score, number of new T2 lesions, magnetic resonance 
imaging (MRI) lesion activity (≥1 Gd+ lesions or ≥2 new T2 lesions),15 MRI lesion activity and at least 
one confirmed relapse, and percentage brain volume change

•• Clinical outcomes (Figure 1) were: confirmed relapses, EDSS score ≥6 points, 3M-CDP, 6M-CDP, 
3M-CDP/R and 6M-CDP/R

oo Confirmed relapses: those accompanied by an increase in EDSS score of ≥0.5 points, or an increase 
of 1 point in two different functional systems (FS), or of 2 points in one FS (excluding bowel/bladder or 
cerebral FS)

oo CDP: increase from baseline EDSS score of 1.5 points for patients with a baseline score of 0,  
1.0 point if baseline score was 1.0-5.0, or 0.5 points if baseline score was ≥5.5, confirmed 3 months 
later or 6 months later

•• Odds ratios were derived from a multivariate regression model built from predictors significant in 
univariate regression models 

•• Only significant predictors (p<0.05) from the multivariate model are reported. All analyses were adjusted 
for study


