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STUDY GROUP 
The following people participated in the study: 
 

Steering committee 

Fred Lublin, Icahn School of Medicine at Mount Sinai, New York, New York, USA; David H Miller, Queen 

Square MS Centre, UCL Institute of Neurology, UK; Mark S Freedman, The Ottawa Hospital Research 

Institute, University of Ottawa, Ottawa, Ontario, Canada; Bruce AC Cree, Multiple Sclerosis Center, 

University of California San Francisco, USA; Jerry S Wolinsky, University of Texas Health Science Center 

at Houston, Houston, Texas, USA; Howard Weiner, Brigham and Women’s Hospital, Harvard Medical 

School, Boston, MA, USA; Catherine Lubetzki, University Paris 6, Salpêtriére Hospital APHP, Paris, France; 

Hans-Peter Hartung, Heinrich-Heine University, Medical Faculty, Department of Neurology, Düsseldorf, 

Germany; Xavier Montalban, Hospital Universitari Vall d’Hebron, Barcelona, Spain; Bernard Uitdehaag, 

VU University Medical Center, Amsterdam, The Netherlands; Ludwig Kappos, University Hospital, 

Neurology, Departments of Medicine, Clinical Research, Biomedicine and Biomedical Engineering, 

University of Basel, Switzerland. 

Data and Safety Monitoring Board and monitoring of safety 
 
J Donald Easton (Chair), University of California, San Francisco, USA; Juerg Kesselring, Chefarzt 

Neurologie Rehabilitationszentrum, Valens, Switzerland; Brian G. Weinshenker, Mayo Clinic College of 

Medicine, Rochester, Minnesota, USA; Andreas Laupacis, Li Ka Shing Knowledge Institute, St. Michael's 

Hospital, Toronto, Canada; Marco Zarbin, Institute of Ophthalmology & Visual Sciences, Newark, New 

Jersey, USA; Thierry Calandra, Centre Hospitalier Universitaire, Vaudois, Lausanne, Switzerland; Nancy 

Temkin, University of Washington, Redmond, Washington, USA; John DiMarco, University VA Health 

System – Cardiology, Charlottesville, Virginia, USA. 

Diagnosis adjudication board 
Both the Central Review of PPMS Diagnostic Criteria as well as Evidence for Disability 

Progression were performed by the PPMS Central Review Committee at the VU Medical 

Centre Amsterdam (under direction of Prof. C. Polman) and supported by Prof. T. Yousry, 

located at the Institute of Neurology, Queen Square, London, for the review of the MRI 
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images for PPMS diagnosis. 

 

Principal Investigators (responsible for data collection):  

Australia: Suzanne Hodgkinson. Liverpool Hospital, Liverpool, New South Wales; Michael Barnett, Brain 

Mind Research Institute , Camperdown, New South Wales; John King, Royal Melbourne Hospital, 

Parkville, Victoria; Helmut Butzkueven; Box Hill Hospital, Box Hill, Victoria; Richard Macdonell, Austin 

Health, Heidelberg, Victoria; Bruce Taylor, Royal Hobart Hospital, Hobart, Tasmania; Belgium: Marie 

D’Hooghe, Nationaal Multiple Sclerose Centrum v.z.w, Melsbroek; Benedicte Dubois, Gasthuisberg 

University Hospital, Leuven; Pierrette Seeldrayers, Centre Hospitalière Universitaire Charleroi, Charleroi; 

Eddy Mulleners, Regionaal Ziekenhuis Sint-Trudo -Campus Sint-Jozef, Sint-Truiden; Barbara Willekens, 

U.Z.  Antwerpen, Edegem; Valerie Delvaux, C.H.U. Sart-Tilman, Liege; Canada: Jack P. Antel, CUSM 

Montreal Neurological Institute, Montreal, Quebec; Virender Bhan, The Dalhousie Multiple Sclerosis 

Research Unit, Halifax, Nova Scotia; Virginia Devonshire, UBC Hospital , Vancouver, British Columbia; 

Mark Freedman, Ottawa General Hospital, Ottawa, Ontario; Francois Grandmaison, Recherche Sepmus 

Inc., Greenfield Park, Quebec; Paul O’Connor, St. Michael's Hospital, Toronto, Ontario; Galina 

Vorobeychik, Fraser Health MS Clinic, Burnaby Hospital, Burnaby, British Columbia; David Patry, Foothills 

Medical Centre, Calgary, Alberta; Felix Veloso, Pasqua Hospital Medical Centre, Regina, Saskatchewan; 

Pierre Duquette, CHUM - Campus Notre Dame, Montreal, Quebec; Gregg Blevins, Northern Alberta 

CTRC, Edmonton, Alberta; Francois H. Jacques, Clinique Neuro Outaouais, Gatineau, Quebec; Liesly Lee, 

Sunnybrook Health Sciences Center, Odette Cancer Center, Toronto, Ontario; Czech Republic: Jiri Berger, 

Fakultni Nemocnice Plzen, Plzen; Eva Havrdova, Vseobecna fakultni nemocnice, Praha; Veronika Ticha, 

Vseobecna fakultni nemocnice, Praha; Petr Kanovsky, Faculty Hospital Olomouc, Olomouc; Ivan Rektor, 

Fakultni nemocnice U Svate Anny, Brno; Eduard Minks, Fakultni nemocnice U Svate Anny, Brno; Ladislav 

Pazdera, CTC Rychnov nad Kneznou, Rychnov nad Kneznou; Marta Vachova, Hospital Teplice, Teplice; 

Pavel Hradilek, University Hospital Ostrava-Poruba, Ostrava-Poruba; Denmark:  Jette Frederiksen, 

Copenhagen University Hospital, Copenhagen; Thor Petersen, Aarhus University Hospital, Aarhus; Egon 

Stenager, Sygehus Sønderjylland, Sønderborg;  Finland: Mikko Kallela, Laakarikeskus 

Aava/Tutkimushoitajat, Helsinki; Juha-Pekka  Eralinna, Neuro Neo Oy, NEO-talo, Turku; Irina Elovaara, 

Terveystalo Tampere, Tampere; France: Catherine Lubetzki, Hopital Pitie Salpetriere, Paris Cedex 13; 

Bruno Brochet,  Hopital Pellegrin, Bordeaux Cedex; Jean Pelletier, CHU La Timone, Marseille Cedex 05; 

William Camu, CHU - Hôpital Gui de Chauliac, Montpellier Cedex 5; Sandrine Wierstlewski, CHU de 

Nantes, Nantes; Gilles Edan, CHU Pontchaillou, Rennes Cedex 9; Patrick Vermersch, CHRU Lille - Roger 
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Salengro, Lille Cedex; Jérôme de Seze , CHU Strasbourg, Strasbourg; Germany: Mathias Buttmann, 

Klinik der Universität Würzburg, Würzburg; Judith Haas; Juedisches Krankenhaus Berlin, Berlin; Ralf A. 

Linker, Universitätsklinikum Erlangen-Nürnberg, Erlangen; Reinhard Hohlfeld, Klinikum Groβhadern 

München, München;  Bernd Kieseier, Universitätsklinikum Düsseldorf, Düsseldorf;  Sebastian Rauer, 

Universitätsklinikum Freiburg Albert-Ludwigs-Uni, Freiburg; Karl Baum, Oberhavel Kliniken GmbH / Klinik 

Hennigsdorf, Hennigsdorf; Juergen Faiss, Asklepios Fachklinikum Teupitz für Neurologie, Teupitz;  Klaus 

Tiel-Wilck, Neurologisches Facharztzentrum am St. Gertrauden-Krankenhaus, Berlin; Tjalf Ziemssen, 

Universitätsklinikum Carl Gustav Carus der TU DresdenDresden; Achim Berthele, Klinikum rechts der Isar 

der TU München, München; Matthias Maschke, Krankenhaus der Barmherzigen Brueder Trier, Trier;  

Sven Meuth, Universitätsklinikum Münster, Münster;  Michael Sailer, Otto-von-Guericke Universität 

Magdeburg, Magdeburg;  Oliver Kastrup, Universitätsklinikum Essen gGmbH, Essen;  Ingo Kleiter, St. 

Josef Hospital Universitätsklinikum Bochum, Bochum;  Martin Stangel, Kliniken der Med. Hochschule 

Hannover, Hannover; Hungary:  Gabor Jakab; Uzsoki Utcai Kórház; Budapest; Laszlo Csiba, Debreceni 

Egyetem Klinikai Centrum Belgyógyászati Intézet , Debrecen;  Attila Csanyi, Petz Aladár County Hospital, 

Györ;  Piroska Imre, Csolnoky Ferenc Kórház, Veszprém;  Aniko Rozsa, Péterfy Sándor utcai Kh-RI és 

Baleseti Központ, Budapest; Attila Valikovics B-A-Z Megyei Kórház és Egyetemi Oktaté Kórház, Miskolc; 

Italy:  Giancarlo Comi, Ospedale San Raffaele IRCCS S.r.l., Milano; Maria Trojano, Az. Osp. Univ. 

Consorziale Policlin. di Bari Univ. degli Studi, Bari; Alessandra Lugaresi, P.O. Osp. Cliniciz. SS. Annunziata 

Colle dell'Ara Uni. D'Annunzio, Chieti; Angelo Ghezzi, A.O.S. Antonio Abate Gallarate P.O.S. Antonio 

Abate Gallarate, Gallarate; Giovanni Luigi Mancardi, IRCCS Az. Os. Univ. S. Martino-IST Ist. Naz. Ricerca 

sul Cancro, Genova; Ruggero Capra, A.O. Spedali Civili Brescia Pres. Osped. di Montichiari, Montichiari; 

Paola Perini, Azienda Ospedaliera di Padova Università degli Studi, Padova; Elio Angelo Scarpini, Fond. 

IRCCS Ca' Granda Osp. Maggiore Policlinico Univ. Studi, Milano; Diego Centonze, Fondaz. Policlin. Tor 

Vergata-Univ. degli Studi Tor Vergata, Roma; Carlo Pozzilli, Azienda Ospedaliera Sant'Andrea Università 

La Sapienza, Roma; Francesco Patti, A.O.U.Policlin. Vittorio Emanuele P.O.G. Rodolico Univ. Studi, 

Catania; Luigi Maria E. Grimaldi, Fondazione Istituto S. Raffaele G. Giglio di Cefalù, Cefalù; Antonio 

Bertolotto, Az  Sanit Osp Univers S. Luigi Gonzaga Orbassano Univ Studi, Orbassano; Netherlands: B.W. 

van Oosten, VU Medisch Centrum, Amsterdam;  Brigit de Jong, Stichting Multiple Sclerosis, Nijmegen;  

Raymond Hupperts, Orbis Medisch Centrum, Sittard-Geleen;  R. van Dijl, Amphia Ziekenhuis locatie 

Molengracht, Breda; S. Frequin, St. Antonius Hospital, Nieuwegein; G.J.D. Hengstman, Catharina 

Ziekenhuis, Eindhoven; Poland: Krzysztof Selmaj, Uniwersytet Medyczny w Łodzi, Łódź; Anna 

Czlonkowska, Instytut Psychiatrii i Neurologii, Warszawa; Anna Kaminska, Samodzielny Publiczny 
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Centralny Szpital Kliniczny, Warszawa; Zbigniew Stelmasiak, Samodzielny Publiczny Szpital Kliniczny Nr 4, 

Lublin; Spain: Xavier Montalban, Hospital Vall D'Hebron, Barcelona, Cataluña; Cristina Ramo, Hospital 

Universitario Germans Trias I Pujol, Badalona, Cataluña; Luis Ramio, Hospital Universitari de Girona 

Josep Trueta, Girona, Cataluña; Guillermo Izquierdo, Hospital Universitario Virgen Macarena, Sevilla, 

Andalucia; Rafael Arroyo, Hospital Clinico San Carlos, Madrid; Bonaventura Casanova, Hospital 

Universitario i Politecnic La Fe, Valencia; Juan Antonio Garcia Merino, Hospital Puerta de Hierro, 

Majadanonda, Madrid; Alfredo Rodriguez Antigüedad, Hospital de Basurto, Bilbao, País Vasco; Lluis 

Brieva, Hospital Arnau de Vilanova, Lleida, Cataluña; Sergio Martinez Yelamos, Ciutat Sanitaria i 

Universitaria de Bellvitge, L'Hospitalet de Llobregat, Cataluña; Exuperio Diaz Tejedor, Hospital La Paz, 

Madrid; Albert Saiz Hinarejos, Hospital Clinic l Provincial De Barcelona, Barcelona, Cataluña; Sweden: 

Tomas Olsson, Karolinska Universitetssjukhuset Solna, Stockholm; Jan Lycke, Sahlgrenska 

Universitetssjukhuset, Göteborg; Switzerland: Ludwig Kappos, Universitätsspital Basel, Basel; Michael 

Linnebank, Universitätsspital Zuerich, Zuerich; Myriam Schluep, Hospices/Centre Hospitalier 

Universitaire Vaudois, Lausanne; Christian Kamm, Inselspital Bern, Bern; Claudio Gobbi, Ospedale 

Regionale di Lugano, Lugano; Turkey: Nerses Bebek, Istanbul University Istanbul Medical Faculty, 

Istanbul; Egemen Idiman Dokuz, Eylul University Medical Faculty, Izmir; Yasar Zorlu, S.B. Izmir Tepecik 

Training and Research Hospital, Yenisehir / Izmir; Rana Karabudak, Hacettepe University Medical 

Faculty, Ankara; Murat Terzi, 19 Mayis University Medical Faculty, Atakum / Samsun; United Kingdom: 

Martin Duddy, Royal Victoria Infirmary, Newcastle Upon Tyne;  Martin Lee, Norfolk & Norwich University 

Hospital, Norwick; Richard Nicholas, Charing Cross Hospital, London; Eli Silber, Kings College Hospital, 

London; Basil Sharrack, Royal Hallamshire Hospital, Sheffield; Jeremy Chataway, University College 

London Hospital, London; David A. Cottrell, Southmead Hospital, Bristol; David Rog, Salford Royal 

Hospital, Salford, Manchester; Klaus Schmierer, Barts and the London NHS Trust, London; United States: 

Galen Mitchell, University of Pittsburgh, Pittsburgh; Flavia M. Nelson, University of Texas Medical 

School, Houston, Texas; Shiv Saidha, Johns Hopkins MS Center, Baltimore, Maryland; Maria Houtchens, 

Brigham and Women's Hospital, Brookline, Massachusetts; Donna Graves, University of Texas 

Southwestern Medical Center, Dallas, Texas; Aaron E. Miller, Mount Sinai School of Medicine, New York, 

New York; Mark Agius, University of California at Sacramento, Sacramento, California; James D. Bowen, 

Swedish Neuroscience Institute, Seattle, Washington;  Alexander Rae-Grant, Cleveland Clinic 

Foundation, Cleveland, Ohio; Sharon Lynch, University of Kansas Medical Center, Kansas City, Kansas; 

Anthony Reder, University of Chicago Medical Center, Chicago, Illinois; Mark Cascione, Axiom Clinical 

Research of Florida, Tampa, Florida; Bruce Cohen, Northwestern Memorial Hospital, Chicago, Illinois; 
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Patricia K. Coyle, SUNY - Upstate Medical University, Stony Brook, New York; Christopher Luzzio, 

University of Wisconsin Hospital and Clinics, Madison, Wisconsin; Myla Goldman, University of Virginia 

Health System, Charlottesville, Virginia; Jill Conway, Neuroscience and Spine Institute, Charlotte, North 

Carolina; Omar A. Khan, Wayne State University, University Health Center, Detroit, Michigan;  Becky 

Parks, Washington University School of Medicine, St. Louis, Missouri; Brian Steingo, Infinity Clinical 

Research, LLC, Pompano Beach, Florida; Bianca Weinstock-Guttman, Kaleida Health Buffalo General 

Hospital, Buffalo, New York; Ellen S. Lathi, Caritas St. Elizabeth's Hospital, Brighton, Massachusetts; 

Daniel S. Bandari, Multiple Sclerosis Center of California, Newport Beach, California; John Corboy, 

University of Colorado, Aurora, Colorado; Jeffrey English, The Multiple Sclerosis Center of Atlanta, 

Atlanta, Georgia; Mary Ann Picone, MS Comprehensive Care Center at Holy Name Hospital, Teaneck, 

New Jersey; Andrew Goodman, University of Rochester Medical Center, Rochester, New York; Angela 

Applebee, Fletcher Allen Health Care, Burlington, Vermont; Suzanne K. Gazda, Integra Clinical Research, 

San Antonio, Texas; Yasushi Kisanuki, Ohio State University Medical Center, Columbus, Ohio; Mark B. 

Skeen, Duke University Medical Center, Durham, North Carolina; Sibyl Wray, Sibyl Wray Neurology, 

Knoxville, Tennessee; Harold Moses, Vanderbilt University, Nashville, Tennessee. 
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ADDITIONAL METHODOLOGICAL DETAILS 
 

Inclusion and exclusion criteria 

 

Inclusion criteria 

General 

1. Male or female 

2. 25 through 65 years of age inclusive 

3. Females of childbearing potential must: 

•  Have a negative pregnancy test at Baseline (prior to randomization) and 

•  Use simultaneously two forms of effective contraception during the treatment and 3-months 

after discontinuation of study medication 

4. Sign written informed consent prior to participating in the study 

 

Primary Progressive Multiple sclerosis 

1. Diagnosis of primary progressive multiple sclerosis according to the 2005 Revised 

McDonald criteria1 

 One year of disease progression plus 

o Two of the following: 

 Positive brain MRI (nine T2 lesions or four or more T2 lesions with positive visual 

evoked potential) 

 Positive spinal cord MRI (2 focal T2 lesions) 

 Positive CSF 

 Central review of the diagnostic criteria for PPMS will be required for all patients prior to 

randomization. 

2. Duration of disease at Baseline 

 Time since first reported symptoms between 2 and 10 years 
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3. Documented evidence of clinical disability progression in the 2 years prior to Screening 

 Clinical disability progression should have been observed in each of the previous 2 years prior to 

Screening as per clinical judgment of the investigator. 

 In addition, disability progression must be documented by an increase in the EDSS score of at 

least 0.5 points at any time point during the 2 years prior to Screening. Should documented 

EDSS scores not be available, a written summary of the clinical evidence of disability progression 

in the previous 2 years must be submitted for central review. 

4. Disability status at Screening (V1 or V2) 

 EDSS score of 3.5-6.0 inclusive 

 Pyramidal functional system score of 2 or more 

 25’TWT less than 30 seconds. 

 

Exclusion criteria 

Patients who met any of the following exclusion criteria during the Pre-Randomization Phase were not 

eligible for enrollment in the study: 

1. History of MS attack/relapse as per clinical judgement of the investigator. 

2. Progressive disabling neurological disorder, other than PPMS. 

3. Pure cerebellar progressive syndrome or pure visual progressive syndrome or a pure cognitive 

progressive syndrome. 

4. Presence of cervical spinal cord compression on Screening MRI. 

5. Relevant history of vitamin B12 deficit. 

6. History of chronic active disease of the immune system other than MS which may require systemic 

immunosuppressive treatment or a known immunodeficiency syndrome. 

7. History or presence of malignancy (except for successfully treated basal or squamous cell carcinoma 

of skin). 

8. Known or ‘new’ diagnosis of diabetes mellitus (if Screening blood glucose is suspicious for diabetes 

(≥126 mg/dL or ≥7 mmol/L if fasting and ≥200 mg/dL or 11.1 mmol/L if random testing) a patient should 

be further evaluated for diabetes mellitus). 

9. Diagnosis of macular oedema during Pre-randomization Phase (patients with a history of macular 

oedema will be allowed to enter the study provided that they do not have macular oedema at the 

ophthalmic Screening visit). 
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10. Evidence of syphilis, borreliosis, HIV, Hepatitis B, Hepatitis C infection or any other active systemic 

bacterial, viral or fungal infections. 

11. Have received total lymphoid irradiation or bone marrow transplantation. 

12. Have been treated with: 

 Systemic corticosteroids or adrenocorticotropic hormones (ACTH) within 3 months prior to 

randomization 

 Interferon-beta (IFN-b) or glatiramer acetate within 3 months prior to randomization 

 Immunosuppressive medications such as azathioprine or methotrexate within 6 months prior to 

randomization 

 Immunoglobulins and/or monoclonal antibodies within 6 months prior to randomization 

 Any mitoxantrone during previous 5 years prior to randomization or evidence of cardiotoxicity 

following mitoxantrone or mitoxantrone at a total cumulative life-time dose of more than 60 

mg/m2 

 Cladribine, cyclophosphamide at any time. 

13. Any medically unstable condition, as assessed by the primary treating physician. 

14. Any of the following cardiovascular conditions at screening: 

 Myocardial infarction within the past 6 months prior to enrollment or current unstable ischemic 

heart disease 

 History of angina pectoris due to coronary spasm or history of Raynaud’s phenomenon 

 Cardiac failure at time of Screening (Class III, according to NYHA Classification) or any severe 

cardiac disease as determined by the investigator 

 History of cardiac arrest 

 History of symptomatic bradycardia 

 Resting pulse <55 bpm prior to randomization 

 History of sick sinus syndrome or sino-atrial heart block 

 History or presence of a second degree AV block or a third degree AV block or an increased QTc 

(Fridericia and Bazett) interval >440 ms on Screening ECG 

 Arrhythmia requiring current treatment with Class III antiarrhythmic drugs (e.g., amiodarone, 

bretylium, sotalol, ibutilide, azimilide, dofetilide) 

 History of a positive tilt test from workup for vasovagal syncope 

 Hypertension, uncontrolled by medication. 

15. Any of the following pulmonary conditions: 

 Severe respiratory disease or pulmonary fibrosis 

 Tuberculosis, except for history of successfully treated tuberculosis or history of prophylactic 

treatment after positive PPD skin reaction 

 Abnormal chest x-ray, suggestive of active pulmonary disease 
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 Abnormal Pulmonary Function Tests: FEV1 or FVC values lower than 70% of predicted value, 

DLCO values lower than 60% of predicted value 

 Patients receiving chronic (daily) therapies for asthma 

16. Any of the following hepatic conditions: 

 Known history of alcohol abuse, chronic liver or biliary disease 

 Total or conjugated bilirubin greater than the upper limit of the normal range, unless in context 

of Gilbert’s syndrome 

 Alkaline phosphatase (AP) greater than 1.5 times the upper limit of the normal range 

 AST (SGOT), ALT (SGPT) greater than 2 times the upper limit of the normal range 

 Gamma-glutamyl-transferase (GGT) greater than 3 times the upper limit of the normal range 

17. Any of the following abnormal laboratory values: 

 Serum creatinine greater than 1.7 mg/dL (150 μmol/L) 

 White blood cell (WBC) count <3,500/mm3 (<3.5 x 109/L) 

 Lymphocyte count <800/mm3 (<0.8 x 109/L) 

18. History of substance abuse (drug or alcohol) or any other factor (i.e., serious psychiatric condition) 

that may interfere with the subject’s ability to cooperate and comply with the study procedures. 

19. Unable to undergo MRI scans, including claustrophobia or history of hypersensitivity to gadolinium-

DTPA. 

20. Participation in any clinical research study evaluating another investigational drug or therapy within 

6 months prior to randomization. 

21. Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a female after 

conception and until the termination of gestation, confirmed by a positive hCG laboratory test. 

22. Negative for varicella-zoster virus IgG antibodies at Screening. 

23. Have received any live or live attenuated vaccines (including for varicella-zoster virus or measles) 

within 2 months prior to randomization. 

Note: If a patient failed on one or more laboratory (or other) assessment criteria, as part of the 

Screening process, the assessment(s) may have been repeated at the discretion of the investigator 

provided the assessments are completed within the Screening period. 

1. Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for multiple sclerosis: 2005 revisions to the "McDonald 
Criteria". Annals of neurology 2005;58:840-6. 
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Additional details on adverse events monitoring procedure 

 

An adverse event is the appearance or worsening of any undesirable sign, symptom, or medical 
condition occurring after starting the study drug even if the event is not considered to be 
related to study drug. Study drug includes the investigational drug under evaluation and the 
comparator drug or placebo that is given during any phase of the study. Medical 
conditions/diseases present before starting study drug are only considered adverse events if 
they worsen after starting study drug. Abnormal laboratory values or test results constitute 
adverse events only if they induce clinical signs or symptoms, are considered clinically 
significant, or require therapy. 
 
The occurrence of adverse events should be sought by non-directive questioning of the patient 
at each visit during the study. Adverse events also may be detected when they are volunteered 
by the patient during or between visits or through physical examination, laboratory test, or 
other assessments. All adverse events must be recorded on the Adverse Events eCRF with the 
following information: 

 The severity grade (mild, moderate, severe) 

 Its relationship to the study drug(s) (suspected/not suspected) 

 Its duration (start and end dates or if continuing at final exam) 

 Whether it constitutes a serious adverse event (SAE) 

An SAE is defined as an event which: 
 Is fatal or life-threatening 

 Results in persistent or significant disability/incapacity 

 Constitutes a congenital anomaly/birth defect 

 Requires inpatient hospitalization or prolongation of existing hospitalization, unless 

hospitalization is for: 

o Routine treatment or monitoring of the studied indication, not associated with 

any deterioration in condition 

o Elective or pre-planned treatment for a pre-existing condition that is unrelated 

to the indication under study and has not worsened since the start of study drug 

o Treatment on an emergency outpatient basis for an event not fulfilling any of the 

definitions of an SAE given above and not resulting in hospital admission 

o Social reasons and respite care in the absence of any deterioration in the 

patient’s general condition 

 Is medically significant, i.e., defined as an event that jeopardizes the patient or may require 

medical or surgical intervention to prevent one of the outcomes listed above. 

 

Although MS attacks/relapses are considered medically significant and are frequently 
associated with hospitalization and thus, meet the definition for SAE, these events will be 
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reported on the MS attacks/relapse eCRF instead of the SAE form. However, if, in the judgment 
of the investigator, an MS attack/relapse is unusually severe and warrants specific notification, 
then an SAE form must be completed and submitted according the SAE reporting procedures. 
 
Unlike routine safety assessments, SAEs are monitored continuously and have special reporting 
requirements. All adverse events should be treated appropriately. Treatment may include one 
or more of the following: no action taken (i.e., further observation only); study drug dosage 
adjusted/temporarily interrupted; study drug permanently discontinued due to this adverse 
event; concomitant medication given; non-drug therapy given; patient hospitalized/patient’s 
hospitalization prolonged. The action taken to treat the adverse event should be recorded on 
the Adverse Event eCRF. 
 
Once an adverse event is detected, it should be followed until its resolution or until it is judged 
to be permanent, and assessment should be made at each visit (or more frequently, if 
necessary) of any changes in severity, the suspected relationship to the study drug, the 
interventions required to treat it, and the outcome. 
 
Information about common side effects already known about the investigational drug can be 
found in the Investigator Brochure (IB) or will be communicated between IB updates in the 
form of Investigator Notifications. This information will be included in the patient informed 
consent and should be discussed with the patient during the study as needed. 
 

Serious adverse event reporting 
To ensure patient safety, every SAE, regardless of suspected causality, occurring after the 
patient has provided informed consent and until 30 days after the patient has stopped study 
participation (defined as time of last dose of study drug taken or last visit whichever is later). 
Any SAEs experienced after this 30 day period should only be reported to Novartis if the 
investigator suspects a causal relationship to the study drug. Recurrent episodes, complications, 
or progression of the initial SAE must be reported as follow-up to the original episode, 
regardless of when the event occurs. This report must be submitted within 24 hours of the 
investigator receiving the follow-up information. An SAE that is considered completely 
unrelated to a previously reported one should be reported separately as a new event. 
 
Information about all SAEs is collected and recorded on the Serious Adverse Event Report Form. 
The investigator must assess the relationship to study drug, complete the SAE Report Form in 
English, and send the completed, signed form by fax within 24 hours to the local Novartis 
Clinical Safety & Epidemiology Department. The telephone and telecopy number of the contact 
persons in the local department of Clinical Safety and Epidemiology, specific to the site, are 
listed in the investigator folder provided to each site. The original copy of the SAE Report Form 
and the fax confirmation sheet must be kept with the case report form documentation at the 
study site. 
 

Follow-up information is sent to the same person to whom the original SAE Report Form was 
sent, using a new SAE Report Form stating that this is a follow-up to the previously reported 
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SAE and giving the date of the original report. The follow-up information should describe 
whether the event has resolved or continues, if and how it was treated, whether the blind was 
broken or not, and whether the patient continued or withdrew from study participation. If the 
SAE is not previously documented in the Investigator’s Brochure or Package Insert (new 
occurrence) and is thought to be related to the Novartis study drug, a Clinical Safety & 
Epidemiology Department associate may urgently require further information from the 
investigator for Health Authority reporting. Novartis may need to issue an Investigator 
Notification (IN) to inform all investigators involved in any study with the same drug that this 
SAE has been reported. Suspected Unexpected Serious Adverse Reactions (SUSARs) will be 
collected and reported to the competent authorities and relevant ethics committees in 
accordance with Directive 2001/20/EC or as per national regulatory requirements in 
participating countries. 

 
Pregnancies 
To ensure patient safety, each pregnancy in a patient on study drug must be reported to 
Novartis within 24 hours of learning of its occurrence. The pregnancy should be followed up to 
determine outcome, including spontaneous or voluntary termination, details of the birth, and 
the presence or absence of any birth defects, congenital abnormalities, or maternal and/or 
newborn complications. Pregnancy should be recorded on a Clinical Trial Pregnancy Form and 
reported by the investigator to the local Novartis Clinical Safety & Epidemiology Department. 
Pregnancy follow-up should be recorded on the same form and should include an assessment 
of the possible relationship to the Novartis study drug of any pregnancy outcome. Any SAE 
experienced during pregnancy must be reported on the SAE Report Form. 
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BASELINE CHARACTERISTICS ACCORDING TO COHORT AND STUDY GROUP 

Characteristic 

Fingolimod    

Cohort 1 
1.25/0.5 mg 

(N=147) 

Cohort 2 
0.5 mg 

(N=336) 

Placebo 
(N=487) 

Total 
(N=970) 

Demographics 

Sex, n (%)     
Male 76 (51.7) 173 (51.5) 252 (51.7) 501 (51.6) 
Female 71 (48.3) 163 (48.5) 235 (48.3) 469 (48.4) 

Age (years)     
Median (range) 47.0 (25, 65) 49.0 (24, 65) 49.0 (27, 65) 49.0 (24, 65) 
Mean (SD) 47.8 (8.5) 48.5 (8.6) 48.5 (8.3) 48.4 (8.4) 

Age distribution (years), n (%)    
18–30  3 (2.0) 6 (1.8) 4 (0.8) 13 (1.3) 
31–40  22 (15.0) 60 (17.9) 90 (18.5) 172 (17.7) 
41–50  68 (46.3) 127 (37.8) 194 (39.8) 389 (40.1) 
>50 54 (36.7) 143 (42.6) 199 (40.9) 396 (40.8) 

Race, n (%)    
Caucasian 142 (96.6) 324 (96.4) 467 (95.9) 933 (96.2) 
Black 0 (0) 7 (2.1) 6 (1.2) 13 (1.3) 
Asian 1 (0.7) 0 (0) 4 (0.8) 5 (0.5) 
Native American 1 (0.7) 0 (0) 0 (0) 1 (0.1) 
Other 3 (2.0) 5 (1.5) 10 (2.1) 18 (1.9) 

Clinical characteristics 

Disease duration since diagnosis, years   
Mean (SD) 2.72 (2.2) 2.80 (2.6) 2.91 (2.3) 2.84 (2.4) 

Median (range) 
2.02 (0.1, 9.9) 1.98 (0.1, 20.1) 2.35 (0.1, 

10.4) 
2.13 (0.1, 20.1) 

Disease duration since onset of symptoms, years 
Mean (SD) 5.8 (2.5) 5.8 (2.5) 5.9 (2.4) 5.8 (2.4) 
Median (range) 5.6 (2, 17) 5.4 (1, 20) 5.7 (2, 15) 5.6 (1, 20) 

EDSS score     
Mean (SD) 4.55 (1.00) 4.70 (1.03) 4.66 (1.03) 4.66 (1.03) 
Median (range) 4.5 (2.5, 6.5) 4.5 (2.0, 6.5) 4.5 (2.0, 6.5) 4.5 (2.0, 6.5) 

25’TWT score (seconds)     
Mean (SD) 7.65 (3.14) 9.05 (5.61) 9.09 (7.62) 8.86 (6.46) 

Median (range) 
7.05  

(3.8, 25.5) 
7.23  

(3.7, 41.0) 
6.90  

(3.1, 117.7) 
7.05  

(3.1, 117.7) 

9-HPT score *(seconds)     
Mean (SD) 28.92 (11.86) 28.44 (11.47) 28.79 (16.45) 28.69 (14.23) 

Median (range) 
26.05  

(15.2, 95.4) 
25.26  

(17.2, 115.8) 
25.33  

(13.9, 218.3) 
25.33  

(13.9, 218.3) 

PASAT 3 score     



15 
 

 

 

Mean (SD) 45.7 (12.8) 44.3 (13.0) 45.0 (12.5) 44.9 (12.7) 
Median (range) 50.0 (0, 60) 48.0 (4, 60) 48.0 (0, 60) 48.5 (0, 60) 

History of DMT use, n (%)     
Treatment naïve  120 (81.6)     272 (81.0)   372 (76.4)   764 (78.8) 
Any IFN β 15 (10.2)      36 (10.7)     66 (13.6)    117 (12.1) 
Natalizumab 0 (0.0)      3 (0.9)     2 (0.4)      5 (0.5) 
Glatiramer acetate 5 (3.4)      26 (7.7)     33 (6.8)     64 (6.6) 
Other MS medicines 11 (7.5)     19 (5.7)     36 (7.4)     66 (6.8) 

MRI characteristics     

Gd-enhancing lesions     
N 147 336 484 967 
Mean (SD) 0.2 (0.52) 0.3 (1.10) 0.3 (1.03) 0.3 (1.00) 
Median (range)  0 (0, 4) 0 (0, 10) 0 (0, 14) 0 (0, 14) 
n, (%) free of Gd+  130 (88.4) 290 (86.3) 423 (87.4) 843 (87.2) 

Total volume of T2 lesions at baseline (mm3)    
N 146 336 485 967 

Mean (SD) 
9594.2 

(12446.2) 
9442.7  

(10179.7) 
10038.2 

(13030.9) 
9764.2 

(12014.4) 

Median (range) 
6041.5 

(217, 110821) 
6109.5 

(145, 52484) 
5271.0 

(44, 91964) 
5758.0 

(44, 110821) 

Normalized brain volume (cm3)   
N 145 335 483 963 

Mean (SD) 1493.4 (89.0) 1490.9 (86.5) 1491.7 (84.9) 1491.7 (86.0) 

Median (range) 
1497.0 

(1256, 1752) 
1491.0 

(1243, 1725) 
1498.0  

(1206, 1725) 
1494.0 

(1206, 1752) 
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EFFICACY ACCORDING TO STUDY COHORT 
The risk reductions (RRs) for 3-month confirmed disability progression according to the primary 

composite endpoint were 22.5% (p=0.073) and ‒4.00% (p>0.6) for Cohort 1 and Cohort 2, respectively. 

Notably, the result for Cohort 2 was similar to that of the overall efficacy cohort (RR 5.05%; p=0.544), 

strengthening the validity of combining the Cohort 1 and 2 placebo groups. 

While the effect remained non-significant in both cohorts, and was underpowered to detect a difference 

in Cohort 1, it was deemed necessary to review the possibility that a higher dose may have had a 

stronger effect on the primary endpoint. Therefore, a post hoc analysis was performed for patients in 

Cohort 1 in which only data for the period when patients were receiving fingolimod 1.25 mg or placebo 

was included (Figure S1). This resulted in a much lower treatment difference (risk reduction 3.3%, 

p=0.884), arguing against a dose effect (Figure S1).  Furthermore, the risk reductions in 3-month 

confirmed disability progression as assessed by EDSS did not support a dose effect (Cohort 1: 12.2%, 

p>0.4; Cohort 2: 6.5%, p>0.5). 

The apparent dose effect is thought to be due to a random difference in the rate of progression 

between the placebo groups of Cohort 1 and Cohort 2 as measured by the primary composite endpoint. 

While the proportion of patients with 3-month confirmed disability progression at Month 60 was similar 

for fingolimod 1.25/0.5 mg in Cohort 1 and fingolimod 0.5 mg in Cohort 2 (78.6% and 77.2%, 

respectively), the rates for the respective placebo groups were 87.1% and 74.2%. 

Figure S1. Efficacy in cohort 1  
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ADVERSE EVENTS ACCORDING TO COHORT AND TREATMENT GROUP 

 

 

Event 

Fingolimod   

Cohort 1 
1.25/0.5 mg 

(n=147) 

Cohort 2 

0.5 mg 

(n=336) 

Placebo 

(n=487) 

All events, n (%) 

At least one adverse event 144 (98.0) 324 (96.4) 463 (95.1) 

Any adverse event leading to discontinuation of 
study drug* 

33 (22.4) 52 (15.5) 36 (7.4) 

Any serious adverse event 38 (25.9) 84 (25.0) 117 (24.0) 

Abnormal laboratory value leading to 
discontinuation of study drug 

9 (6.1) 27 (8.0) 6 (1.2) 

Death 2 (1.4) 1 (0.3) 2 (0.4) 

Most common AEs (>5% in any group, preferred term), n (%) 

Nasopharyngitis 40 (27.2) 78 (23.2) 135 (27.7) 

Headache 28 (19.0) 56 (16.7) 77 (15.8) 

Urinary tract infection 21 (14.3) 50 (14.9) 79 (16.2) 

Fall 32 (21.8) 47 (14.0) 94 (19.3) 

Hypertension 23 (15.6) 43 (12.8) 28 (5.7) 

Alanine aminotransferase increased 17 (11.6) 39 (11.6) 9 (1.8) 

Back pain 16 (10.9) 37 (11.0) 75 (15.4) 

Upper respiratory tract infection 21 (14.3) 37 (11.0) 58 (11.9) 

Gamma-glutamyltransferase increased 19 (12.9) 31 (9.2) 3 (0.6) 

Arthralgia 13 (8.8) 30 (8.9) 49 (10.1) 

Constipation 10 (6.8) 29 (8.6) 36 (7.4) 

Influenza 14 (9.5) 29 (8.6) 43 (8.8) 

Cough 8 (5.4) 28 (8.3) 34 (7.0) 

Fatigue 16 (10.9) 25 (7.4) 44 (9.0) 

Nausea 14 (9.5) 21 (6.3) 19 (3.9) 

Pain in extremity 9 (6.1) 21 (6.3) 36 (7.4) 

Dizziness 10 (6.8) 19 (5.7) 29 (6.0) 

Lymphopenia 13 (8.8) 19 (5.7) 0 (0.0) 

Pyrexia 8 (5.4) 18 (5.4) 21 (4.3) 

Abdominal pain upper 3 (2.0) 17 (5.1) 12 (2.5) 

Bronchitis 10 (6.8) 16 (4.8) 21 (4.3) 

Melanocytic naevus 22 (15.0) 16 (4.8) 31 (6.4) 
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Blood cholesterol increased 8 (5.4) 15 (4.5) 16 (3.3) 

Depression 11 (7.5) 15 (4.5) 39 (8.0) 

Diarrhoea 13 (8.8) 15 (4.5) 18 (3.7) 

Eczema 8 (5.4) 15 (4.5) 19 (3.9) 

Gait disturbance 10 (6.8) 15 (4.5) 24 (4.9) 

Dyspnoea 8 (5.4) 14 (4.2) 16 (3.3) 

Gastroenteritis 10 (6.8) 14 (4.2) 23 (4.7) 

Hypercholesterolaemia 10 (6.8) 13 (3.9) 19 (3.9) 

Insomnia 8 (5.4) 12 (3.6) 29 (6.0) 

Seborrhoeic keratosis 10 (6.8) 12 (3.6) 14 (2.9) 

Cystitis 10 (6.8) 9 (2.7) 18 (3.7) 

Adverse events of special interest, n (%) 

Cardiovascular disorders    

Bradycardia 2 (1.4) 5 (1.5) 1 (0.2) 
Sinus Bradycardia 1 (0.7) 0 0 
AV block first degree 0 3 (0.9) 6 (1.2) 
AV block second degree 1 (0.7) 1 (0.3) 0 
Myocardial infarction 1 (0.7) 1 (0.3) 0 
Myocardial ischemia 0 1 (0.3) 0 
Angina pectoris 0 1 (0.3) 3 (0.6) 
Hypertensive crisis 0 0 1 (0.2) 
Secondary hypertension 0 1 (0.3) 0 
Hypotension 1 (0.7) 2 (0.6) 5 (1.0) 
Syncope / Presyncope 3 (2.0) 7 (2.1) 9 (1.8) 
Macular Oedema    
Macular Oedema 2 (1.4) 6 (1.8) 6 (1.2) 
Cystoid ME 0 1 (0.3) 1 (0.2) 
Infection and Infestations    
Bronchitis  10 (6.8) 16 (4.8) 21 (4.3) 
Cystitis/bacterial  10 (6.8) 9 (2.7) 19 (3.9) 
Tinea versicolour  5 (3.4) 6 (1.8) 8 (1.6) 
Pneumonia/Bronchopneumonia 3 (2.0) 6 (1.8) 8 (1.6) 
Rare Infection and Infestations    
Meningitis 0 0 1 (0.2) 
Systemic mycosis 0  1 (0.3) 0 
Pulmonary sepsis 0 0 1 (0.2) 
Urosepsis 1 (0.7) 0 2 (0.4) 
Serratia sepsis 0 0 1 (0.2) 
Herpes zoster/VZV    
Herpes zoster 3 (2.0) 10 (3.0) 9 (1.8) 
    
Herpes zoster meningomyelitis 0 1 (0.3)  0 
Herpes zoster neurological 0 0 1 (0.2) 
Herpes zoster oticus/ophthalmic 0 0 1 (0.2) 
Hepatobiliary disorders    
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Hepatocellular injury 0 2 (0.6) 0 
Hepatic function abnormal 0 1 (0.3) 1 (0.2) 
Hyperbilirubinemia 1 (0.7) 1 (0.3) 0 
Drug-induced liver injury  1 (0.7) 0 0 
Hepatitis toxic 1 (0.7) 0 0 
Skin cancer    
Basal cell carcinoma 1 (0.7) 14 (4.2) 9 (1.8) 
Squamous cell carcinoma/of skin (comb.) 0 6 (1.8) 1 (0.2) 
Malignant melanoma/ in situ (comb.) 1 (0.7) 1 (0.3) 0 
Other malignancies    
Breast cancer 2 (1.4) 1 (0.3) 0 
Invasive ductal carcinoma 1 (0.7) 0 0 
Invasive lobular breast carc. 0 0 1 (0.2) 
B-cell lymphoma 0 1 (0.3) 0 
Non-Hodgkin’s lymphoma 1 (0.7) 1 (0.3) 0 
Lung neoplasm malignant 0 1 (0.3) 0 
Ovarian cancer 0 1 (0.3) 0 
Prostate cancer 0 1 (0.3) 1 (0.2) 
Respiratory    
Dyspnoea 8 (5.4) 14 (4.2) 16 (3.3) 
Dyspnoea exertional 2 (1.4) 0 5 (1.0) 

Nocturnal Dyspnoea 1 (0.7) 0 0 

Seizures/Convulsions    

Convulsion 1 (0.7) 2 (0.6) 2 (0.4) 
Epilepsy 0 1 (0.3) 0 
Generalized tonic-clonic seizure 0 0 1 (0.2) 
Status epilepticus 0 0 1 (0.2) 
Investigations    

Blood cholesterol increased 8 (5.4) 15 (4.5) 16 (3.3) 
Blood triglycerides increased 3 (2.0) 9 (2.7) 9 (1.8) 
Low density lipoprotein increased 4 (2.7) 7 (2.1) 3 (0.6) 
Weight increased 2 (1.4) 5 (1.5) 1 (0.2) 
Carbon monoxide diffusion capacity decreased. 5 (3.4) 7 (2.1) 8 (1.6) 

*Any adverse event leading to discontinuation of the study drug includes events occurring in patients 
whose primary or secondary reason for discontinuing the study drug was an adverse event (including 
abnormal laboratory findings). 

 


