Supplementary Appendix for CNS Drugs

Preserving neurological function in people at high and low risk of
aggressive multiple sclerosis: an observational cohort study

AUTHORS

Izanne Roos, Sifat Sharmin, Serkan Ozakbas, Raed Alroughani, Sara Eichau, Francois
Grand’Maison, Cavit Boz, Jeannette Lechner-Scott, Katherine Buzzard, Alexandre Prat,
Samia J. Khoury, Pierre Grammond, Anneke van der Walt, Yolanda Blanco, Matteo
Foschi, Aysun Soysal, Michael Barnett, Julie Prevost, Murat Terzi, Oliver Gerlach,
Richard Macdonell, Maria Jose Sa, Daniele Spitaleri, Guy Laureys, Vincent van Pesch,
Nevin John, Elisabetta Cartechini, Riadh Gouider, Davide Maimone, Cristina Ramo-
Tello, Suzanne Hodgkinson, Mark Slee, Pamela McCombe, Justin Garber, Jose Luis
Sanchez-Menoyo, Abdullah Al-Asmi, Allan G Kermode, Emmanuelle Lapointe, Vahid
Shaygannejad, Bart Van Wijmeersch, Barbara Willekens, Tamara Castillo-Trivifio, Bruce
Taylor, Guillaume Mathey, Emmanuelle Le Page, Jerome De Seze, Aurelie Ruet, Pierre
Clavelou, Eric Berger, Helene Zephir, Arnaud Kwiatkowski, Jean Pelletier, Thibault
Moreau, Pierre Labauge, Jonathan Ciron, Christine Lebrun-Frenay, Caroline Papeix,
Gilles Defer, David Axel Laplaud, Eric Thouvenot, Bruno Stankoff, Elisabeth Maillart,
Abdullatif Al-Khedr, Bertrand Bourre, Olivier Casez, Amélie Dos Santos, Jean-Philippe
Camdessanche, Karolina Hankiewicz, Abir Wahab, Philippe Cabre, Olivier Heinzlef,
Corinne Pottier, Solene Moulin, Laurent Magy, Céline Labeyrie, Inés Doghri, Sandra
Vukusic, Tomas Kalincik

On behalf of the MSBase and OFSEP study groups

AFFILIATIONS

Izanne Roos; Neuroimmunology Centre, Department of Neurology, Royal Melbourne
Hospital, Melbourne, Australia; CORe, Department of Medicine, University of
Melbourne, Melbourne, Australia

Sifat Sharmin; CORe, Department of Medicine, University of Melbourne, Melbourne,
Australia

Serkan Ozakbas; Izmir University of Economics, Medical Point Hospital, Konak/Izmir,
Turkey; Multiple Sclerosis Research Association, Izmir, Turkey

Raed Alroughani; Division of Neurology, Department of Medicine, Amiri Hospital, Sharq,
Kuwait

Sara Eichau; Department of Neurology, Hospital Universitario Virgen Macarena, Sevilla,
Spain

Francois Grand’Maison; Neuro Rive-Sud, Quebec, Canada

Cavit Boz; Department of Neurology, KTU Medical Faculty Farabi Hospital, Trabzon,
Turkey

Jeannette Lechner-Scott; Hunter Medical Research Institute, University Newcastle,
Newcastle, Australia; Hunter New England Health, John Hunter Hospital, NSW,
Australia

Katherine Buzzard; Department of Neurosciences, Box Hill Hospital, Melbourne,
Australia; Monash University, Eastern Health Clinical School, Box Hill, Australia
Alexandre Prat; CHUM MS Center and Universite de Montreal, Montreal, Canada



Samia J. Khoury; Nehme and Therese Tohme Multiple Sclerosis Center, American
University of Beirut Medical Center, Beirut, Lebanon

Pierre Grammond; CISSS Chaudiére-Appalache, Levis, Canada

Anneke van der Walt; Department of Neurology, The Alfred Hospital, Melbourne,
Australia; Department of Neuroscience, School of Translational Medicine, Monash
University, Melbourne, Australia

Yolanda Blanco; Center of Neuroimmunology, Service of Neurology, Hospital Clinic de
Barcelona, Barcelona, Spain

Matteo Foschi; Department of Neuroscience, MS Center, Neurology Unit, S. Maria delle
Croci Hospital of Ravenna, Ravenna, Italy; Department of Biotechnological and Applied
Clinical Sciences, University of LAquila, L’Aquila, Italy

Aysun Soysal; Bakirkoy Education and Research Hospital for Psychiatric and
Neurological Diseases, Istanbul, Turkey

Michael Barnett; Brain and Mind Centre, University of Sydney, Sydney, Australia

Julie Prevost; CSSS Saint-Jéro6me, Saint-Jerome, Canada

Murat Terzi; Medical Faculty, 19 Mayis University, Samsun, Turkey

Oliver Gerlach; Academic MS Center Zuyd, Department of Neurology, Zuyderland
Medical Center, Sittard-Geleen, Netherlands; School for Mental Health and
Neuroscience, Department of Neurology, Maastricht University Medical Center,
Maastricht, Netherlands

Richard Macdonell; Austin Health, Melbourne, Australia

Maria Jose Sa; Department of Neurology, Centro Hospitalar Universitario de Sao Joao,
Porto, Portugal; FP-I3ID, Instituto de Investigagéo, Inovagcdo e Desenvolvimento
Fernando Pessoa, Porto, Portugal

Daniele Spitaleri; Azienda Ospedaliera di Rilievo Nazionale San Giuseppe Moscati
Avellino, Avellino, Italy

Guy Laureys; Department of Neurology, Universitary Hospital Ghent, Ghent, Belgium
Vincent van Pesch; Department of Neurology, Cliniques Universitaires Saint-Luc,
Brussels, Belgium; Université Catholique de Louvain, Belgium

Nevin John; Department of Medicine, School of Clinical Sciences, Monash University,
Melbourne, Australia; Department of Neurology, Monash Health, Clayton, Australia
Elisabetta Cartechini; Neurology Unit, P O Unico Macerata, ast Macerata, Italy

Riadh Gouider; Department of Neurology, LR 18SP03, Clinical Investigation Centre
Neurosciences and Mental Health, Razi University Hospital, Tunis, Tunisia; Faculty of
Medicine of Tunis, University of Tunis El Manar, Tunis, Tunisia

Davide Maimone; Centro Sclerosi Multipla, UOC Neurologia, Azienda Ospedaliera per
UEmergenza Cannizzaro, Catania, Italy

Cristina Ramo-Tello; Department of Neuroscience, Hospital Germans Trias i Pujol,
Badalona, Spain

Suzanne Hodgkinson; Immune Tolerance Laboratory, Ingham Institute and Dept of
Medicine, UNSW, Sydney, Australia

Mark Slee; College of Medicine and Public Health, Flinders University, Adelaide,
Australia

Pamela McCombe; Department of Neurology, University of Queensland, Brisbane,
Australia

Justin Garber; Department of Neurology, Westmead Hospital, Sydney, Australia



Jose Luis Sanchez-Menoyo; Department of Neurology, Hospital de Galdakao-Usansolo,
Galdakao, Spain; Biocruces-Bizkaia Health Research Institute, Spain

Abdullah Al-Asmi; College of Medicine & Health Sciences, Sultan Qaboos University, Al-
Khodh, Oman

Allan G Kermode; Perron Institute for Neurological and Translational Science, University
of Western Australia, Nedlands, Australia; Centre for Molecular Medicine and
Innovative Therapeutics, Murdoch University, Perth, Australia; Institute for Immunology
and Infectious Diseases, Murdoch University, Perth, Western Australia, Australia; Sir
Charles Gairdner Hospital, University of Western Australia, Nedlands, Australia
Emmanuelle Lapointe; Medicine, Division of Neurology, Centre Hospitalier Universitaire
de Sherbrooke, Sherbrooke, Canada

Vahid Shaygannejad; Isfahan University of Medical Sciences, Isfahan, Iran

Bart Van Wijmeersch; University MS Centre, Hasselt/Pelt, Belgium; Noorderhart,
Rehabilitation & MS, Pelt and Hasselt University, Hasselt, Belgium

Barbara Willekens; Department of Neurology, Antwerp University Hospital, Edegem,
Belgium; Translational Neurosciences Research Group, Faculty of Medicine and Health
Sciences, University of Antwerp, Belgium; Laboratory of Experimental Hematology,
Faculty of Medicine and Health Sciences, University of Antwerp, Belgium

Tamara Castillo-Trivino; Hospital Universitario Donostia, San Sebastian, Spain

Bruce Taylor; Royal Hobart Hospital, Hobart, Australia; Menzies Institute for Medical
Research University of Tasmania

Guillaume Mathey; Nancy University Hospital, Department of Neurology, Nancy,
France; Université de Lorraine, APEMAC, Nancy, France

Emmanuelle Le Page; Pontchaillou, CIC1414 INSERM, Rennes, France

Jerome De Seze; CHU de Strasbourg, Department of Neurology, Strasbourg, France;
INSERM 1434, France

Aurelie Ruet; Department of Neurology, University Hospital of Bordeaux, Bordeaux,
France

Pierre Clavelou; CHU Clermont-Ferrand, Department of Neurology, Clermont-Ferrand,
France; Université Clermont Auvergne, Inserm, Neuro-Dol, Clermont-Ferrand, France
Eric Berger; CHU de Besancgon, Service de Neurologie, Besangon, France

Helene Zephir; CHU Lille, CRCSEP Lille, Univ Lille, Lille, France

Arnaud Kwiatkowski; GHICL, Department of Neurology, Université catholique de Lille,
France

Jean Pelletier; Aix Marseille Univ, APHM, Hopital de la Timone, P6éle de Neurosciences
Cliniques, Marseille, France

Thibault Moreau; CHU de Dijon, Department of Neurology, Dijon, France

Pierre Labauge; Montpellier University Hospital, Neurology Department, Montpellier,
France

Jonathan Ciron; CHU de Toulouse, Department of Neurology, Toulouse, France;
Université de Toulouse, Inserm, CNRS, France

Christine Lebrun-Frenay; Université Cote d’Azur, CRCSEP, Service de Neurologie, CHU
de Nice, France

Caroline Papeix; Fondation Rotschild, Department of Neurology, F-75000 Paris, France
Gilles Defer; Department of Neurology, Caen University Hospital, Caen, France



David Axel Laplaud; Nantes Université, CHU Nantes, INSERM, Center for Research in
Transplantation and Translational Immunology, UMR 1064,CIC INSERM 1413, Service
de Neurologie, F-44000, Nantes, France

Eric Thouvenot; Department of Neurology, University Hospital of Nimes, Nimes, France;
CESP, Univ Montpellier, INSERM, France

Bruno Stankoff; Sorbonne Universités, UPMC Paris 06, Brain and Spine Institute, ICM,
Hopital de la Pitié Salpétriere, Inserm UMR S 1127, CNRS UMR 7225, and Department
of Neurology, AP-HP, Saint-Antoine hospital, F-75000 Paris, France

Elisabeth Maillart; Sorbonne Université, INSERM, Paris, France

Abdullatif Al-Khedr; CHU d’Amiens, Department of Neurology, F-80000 Amiens, France
Bertrand Bourre; Department of Neurology, Hospital Saint Philibert, Lille Catholic
University, France

Olivier Casez; CHU Grenoble Alpes, Department of Neurology, Neurology MS Clinic
Grenoble, Grenoble Alpes university hospital, Grenoble, F-38700 La Tronche T-RAIG,
TIMC-IMAG, Grenoble Alpes University, France

Amélie Dos Santos; CHU La Milétrie, Hopital Jean Bernard, Department of neurology, F-
86000 Poitiers, France

Jean-Philippe Camdessanche; Department of Neurology, CHU Saint-Etienne, France
Karolina Hankiewicz; Department of neurology, Hépital Pierre Delafontaine, Centre
Hospitalier de Saint-Denis, F-93200 Saint-Denis, France

Abir Wahab; APHP, Hbpital Henri Mondor, Department of neurology, F-94000 Créteil,
France

Philippe Cabre; CHU de la Martinique, Department of Neurology, F-97200 Fort-de-
France, France

Olivier Heinzlef; Hopital de Poissy Saint-Germain-en-Laye, Poissy, France

Corinne Pottier; Fondation Ophtalmologique Adolphe de Rothschild, Paris, France
Solene Moulin; CHU de Reims, CRC-SEP, Department of neurology, F-51092 Reims
cedex, France

Laurent Magy; CHU de Limoges, Hopital Dupuytren, Department of Neurology, F-87000
Limoges, France

Céline Labeyrie; CHU Bicétre, Department of neurology, F-94275 Le Kremlin Bicétre,
France

Ines Doghri; CHU de Tours, Hopital Bretonneau, CRC SEP and department of neurology,
F-37000 Tours, France

Sandra Vukusic; University of Lyon, France; Inserm 1124, France; H6pital Henri Mondor,
Créteil, France; INSERM, Lyon, France

Tomas Kalincik; Neuroimmunology Centre, Department of Neurology, Royal Melbourne
Hospital, Melbourne, Australia; CORe, Department of Medicine, University of
Melbourne, Melbourne, Australia

Corresponding author
Tomas Kalincik
eMail: tomas.kalincik@unimelb.edu.au



List of contributors

Supplementary table S1: Data quality procedure

Supplementary table S2: Characteristics of the patients who were included and
excluded from the study

Supplementary table S3: Characteristics of the study cohort by contributing registry
Supplementary figure S1: Stabilised weights (therapy * censoring) in patients at (A)
high risk and (B) low risk of aggressive MS

Supplementary table S4: Summary statistics for stabilised inverse probability
treatment weights (IPTW) and censoring weights (IPCW) in high-risk and low-risk
aggressive MS groups.

Supplementary figure S2: Covariate balance over time

Supplementary figure S3: Proportion of patients not reaching EDSS 6
Supplementary table S5: E-values for primary outcomes

Supplementary table S6: Secondary analysis among a subgroup exposed to HE-DMTs:
Cohort demographics

Supplementary figure S4: Secondary analysis among a subgroup exposed to HE-
DMTs: Covariate Balance

Supplementary table S7: Secondary analysis among a subgroup exposed to HE-DMTs:
Outcomes

Supplementary table S8: Treatment Interaction x Registry Estimates.
Supplementary table S9: Sensitivity analyses

List of contributors

The following contributors participated in MSBase data acquisition:

From Hospital Universitario Virgen Macarena, Sevilla, Spain, Dr Guillermo Izquierdo.
From Neurology Institute, Harley Street Medical Center, Abu Dhabi-UAE, Dr Bassem
Yamout.

From Hospital Fernandez, Capital Federal, Argentina, Dr Norma Deri.

From INEBA - Institute of Neuroscience Buenos Aires, Buenos Aires, Argentina, Dr Maria
Laura Saladino.

From Centro de Esclerosis Mltiple de Buenos Aires (CEMBA), Buenos Aires, Argentina,
Dr Edgardo Cristiano, Dr Juan Ingacio Rojas.

From Sanatorio Allende, Cordoba, Argentina, Dr Carlos Vrech.

From St Vincents Hospital, Fitzroy, Melbourne, Australia, Dr Neil Shuey.

From Concord Repatriation General Hospital, Sydney, Australia, Dr Todd A. Hardy, Dr
Steve Vucic, Dr Stephen Reddel, Dr Sudarshini Ramanathan.

From AZ Alma Ziekenhuis, Sijsele - Damme, Belgium, Dr Danny Decoo.

From Az Sint-Jan Brugge, Bruges, Belgium, Belgium, Dr Melissa Cambron.

From Hospital Ecoville, Curitiba, Brazil, Dr Walter Oleschko Arruda.

From Universidade Metropolitana de Santos, Santos, Brazil, Dr Yara Fragoso.

From Hospital Universitario Gaffree e Guinle, Rio de Janeiro, Brazil, Dr Claudia
Vasconcelos.

From Jewish General Hospital, Montreal, Canada, Dr Fraser Moore.

From St. Michael's Hospital, Toronto, Canada, Dr Jiwon Oh.

From Geneva University Hospital, Geneva, Switzerland, Dr Patrice Lalive.




From University Hospital and University of Basel, Basel, Switzerland, Dr Jens Kuhle, Dr
Johannes Lorscheider.

From Ospedale Civico Lugano, Lugano, Switzerland, Dr Claudio Gobbi.

From Kantonsspital St. Gallen, St. Gallen, Switzerland, Dr Karsten Beer.

From Hospital Universitario Nacional de Colombia, Bogota, Columbia, Dr Simén
Cardenas-Robledo, Juan Camilo Carrillo.

From Charles University in Prague and General University Hospital, Prague, Czech
Republic, Dr Dana Horakova, Dr Eva Kubala Havrdova.

From Nemocnice Jihlava, Jihlava, Czech Republic, Dr Radek Ampapa.

From Aarhus University Hospital, Arhus C, Denmark, Dr Thor Petersen.

From Ain Shams Specialized University Hospital, Cairo, Egypt, Dr Magd Zakaria.
From Kasr Al Ainy MS research Unit (KAMSU), Cairo, Egypt, Dr Nevin Shalaby.

From Neuro Clinic, Cairo, Egypt, Dr Nevin Shalaby.

From Hospital Universitario Virgen de Valme, Seville, Spain, Dr Ricardo Fernandez
Bolafos.

From Hospital Clinico San Carlos, Madrid, Spain, Dr Celia Oreja-Guevara.

From Hospital General Universitario de Alicante, Alicante, Spain, Dr Angel Perez
sempere.

From Hospital Universitario de la Ribera, Alzira, Spain, Dr Jose Andres Dominguez.
From Hospital Ramén y Cajal, Madrid, Spain, Dr Jose C Alvarez-Cermeno.

From University Hospital Reina Sofia, Cordoba, Spain, Dr Eduardo Aguera-Morales.
From Hospital Universitari MutuaTerrassa, Barcelona, Spain, Dr Sarah Besora.

From South Eastern HSC Trust, Belfast, United Kingdom, Dr Orla Gray.

From University Hospital Center Zagreb, Zagreb, Croatia, Dr Mario Habek.

From Jahn Ferenc Teaching Hospital, Budapest, Hungary, Dr Csilla Rozsa, Dr Krisztian
Kasa.

From Semmelweis University Budapest, Budapest, Hungary, Dr Magdolna Simo.
From University of Debrecen, Debrecen, Hungary, Dr Tunde Csepany.

From Szent Imre Hospital, Budapest, Hungary, Dr Eniko Dobos.

From University of Szeged, Szeged, Hungary, Dr Cecilia Rajda.

From St Vincent's University Hospital, Dublin, Ireland, Dr Chris McGuigan.

From Bombay Hospital Institute of Medical Sciences, Mumbai, India, Dr Bhim Singhal.
From Dr. Etemadifar MS Institute, Isfahan, Iran, Dr Masoud Etemadifar.

From Booalisina Hospital, Iran, Dr Seyed Mohammad Baghbanian.

From Universita di Bologna, Bologna, Italy, Dr Alessandra Lugaresi, Dr Valentina
Tomassini.

From University of Florence, Florence, Italy, Dr Maria Pia Amato.

From University of Salerno, Salerno, Italy, Dr Maria Di Gregorio.

From ASL3 Genovese, Genova, ltaly, Dr Claudio Solaro.

From GF Ingrassia, Catania, Italy, Dr Francesco Patti, Dr Clara Chisari, Dr Emanuele
D'Amico, Dr Lo Fermo Salvatore.

From Kobe University Graduate School of Medicine, Kobe, Japan, Dr Riki Matsumoto.
From Mater Dei Hospital, Balzan, Malta, Dr Marija Cauchi.

From Hospital Angeles de las Lomas. Instituto Mexicano de Neurociencias.,
Huixquilucan Estado de Mexico, Mexico, Dr Eli Skromne.

From Instituto Nacional de Ciencias Médicas y Nutricién Salvador Zubiran, Mexico City,
Mexico, Dr Irene Trevino-Frenk.



From University Hospital Nijmegen, Nijmegen, Netherlands, Dr Cees Zwanikken.
From Francicus Ziekenhuis, Roosendaal, Netherlands, Dr Leontien Den braber-
Moerland.

From Groene Hart Ziekenhuis, Gouda, Netherlands, Dr Koen de Gans, Dr Freek Verheul.
From Christchurch Hospital, Christchurch, New Zealand, Dr Deborah Mason.

From Waikato Hospital, Hamilton, New Zealand, Dr Jan Schepel.

From Royal Hospital, Muscat, Oman, Dr Jabir Alkhaboori.

From Centro Hospitalar Universitario de Sao Joao, Porto, Portugal, Dr Maria Edite Rio.
From Department of Neurology, Timisoara, Romania, Dr Mihaela Simu.

From King Fahad Specialist Hospital-Dammam, Khobar, Saudi Arabia, Dr Talal Al-Harbi.
From Hacettepe University, Ankara, Turkey, Dr Rana Karabudak.

From Koc University, Istanbul, Turkey, Dr Ayse Altintas.

From Haydarpasa Numune Training and Research Hospital, Istanbul, Turkey, Dr Recai
Turkoglu.

From New York University Langone Medical Center, New York, United States, Dr Ilya
Kister.

From Jacobs MS center for treatment and research, Buffalo, United States, Dr Bianca
Weinstock-Guttman, Prof Robert Zivadinov, Prof Ralph Benedict.

From Royal Melbourne Hospital, Melbourne, Australia, Dr Mark Marriott, Dr Trevor
Kilpatrick, Dr John King, Dr Katherine Buzzard, Dr Ai-Lan Nguyen, Dr Chris Dwyer, Dr
Mastura Monif, Ms Lisa Taylor, Ms Josephine Baker.

From CHUM MS Center and Universite de Montreal, Montreal, Canada, Dr Catherine
Larochelle.

From Zuyderland Medical Center, Sittard-Geleen, The Netherlands, Sittard-Geleen,
Netherlands, Dr Raymond Hupperts.

From P O Unico Macerata, ast Macerata, Macerata, Italy, Dr Matteo Diamanti.

From University of Western Australia, Nedlands, Australia, Dr Marzena J Fabis-Pedrini.
From Hospital Universitario Donostia, San Sebastian, Spain, Dr Javier Olascoaga.

Supplementary table S1: Data quality procedure

e Duplicate patient records were removed.

e Centres with <10 patient records were excluded.

e Patients with missing date of birth were excluded.

e MS onset dates after the data extract date were removed.

e Patients with missing date of the first clinical presentation of MS were excluded.

e The dates of MS onset and the first recorded MS course were aligned.

e Patients with the age at onset outside the 0-100 range were excluded.

e Alogical sequence of the MS courses (e.g. clinically isolated syndrome,
relapsing-remitting MS, secondary progressive MS) was assured.

e Entries with the initiation of progressive MS prior to its clinical onset of MS were
excluded.

e Visits with missing visit date or the recorded date before the clinical MS onset or
after the date of data extract were removed.

e EDSS scores outside the range of possible EDSS values were removed.

e Duplicate visits were merged.



MS relapses with missing visit date or the recorded date after the date of MSBase
data extract were removed.

Duplicate MS relapses were merged.

Relapses occurring within 30 days of each other were merged.

Visits preceded by relapses were identified and time from the last relapse was
calculated for each visit.

Therapies were labelled as discontinued or continuing.

Therapies with erroneous date entries were removed (e.g. commencement date
> termination date, commencement after the MSBase data extract date,
commencement of disease modifying therapy before the year 1980).

MS disease modifying therapies were identified and labelled.

Duplicate treatment entries were removed.

Where multiple disease modifying therapies were recorded simultaneously,
treatment end date of the previous therapy was imputed as the commencement
date of the following therapy.

Supplementary table S2: Characteristics of the patients with MS, and a first visit within
12 months of MS onset, who were included and excluded from the study

Included Excluded

patients, nr (%) 10405 37935
Female 7423 (72.3) 27009 (71.2)
Male 2982 (28.7) 10926 (28.8)
Registry

MSBase 6033 (38.0) 20105 (53.0)
OFSEP 4372 (42.0) 17290 (47.0)
age, yr 28.9[24.5, 33.9] 36.0[26.6, 43.0]
disease duration (1st 0.5[0.4,0.8]
visit), yr 0.3[0.1,0.6]
disability (1st visit),
EDSS 1.5[1.0, 2.0] 1.0[1.0, 2.0]
maximum disability in
first year, EDSS 2.0[1.0,2.5] 1.0[1.0, 2.5]
MS course at first visit

Clinically isolated 6812 (65.5)
syndrome 21790 (57.9)
Relapsing-remitting 3593 (34.5) 15212 (41.1)
Primary progressive - 933 (2.0)
visit interval, months 6.6 [5.0, 8.5] 6.7[4.6,11.9]
prospective follow-up,
yr 6.4[3.7,10.8] 4.6[0.9,9.9]
Number of DMTs during
follow-up 1[0, 2] 110, 2]

Year of baseline

2012 [2007, 2016]

20122006, 2016]

Patients who were excluded from the study had been enrolled in a randomised clinical
trial, had fewer than 2 visits after baseline, fewer than 1 visit per year or primary

progressive MS.



Supplementary table S3: Characteristics of the study cohort by contributing registry

High Risk Aggressive MS

Low Risk Aggressive MS

MSBase OFSEP MSBase OFSEP
patients, nr (%) 1095 926 4938 3446
Female 769 (70.2) 629 (67.9) 3452 (69.9) 2573 (74.7)
Male 326 (29.8) 297 (32.1) 1486 (30.1) 873(25.3)
43.2 43.8 27.1 27.4
age, yr [38.6,48.6] [39.0,49.3] [23.4, 30.8] [23.7,30.9]
0.5 0.5 0.5 0.5
disease duration (1st visit), yr [0.3,0.8] [0.4,0.8] [0.3,0.8] [0.4,0.8]
3.0 3.3 15 1.0
disability (1st visit), EDSS [2.8, 4.0] [3.0,4.0] [1.0,2.0] [0.0,2.0]
3.5 4.0 1.5 1.0
maximum disability in first year, EDSS [3.0, 4.5] [3.0, 4.5] [1.0, 2.0] [0.0, 2.0]
MS course at first visit
Clinically isolated syndrome 540 (49.3) 827 (89.3) 2248 (45.5) 3382(98.1)
Relapsing-remitting 555 (50.7) 99 (10.7) 2690 (54.5) 64 (1.9)
6.3 6.6 6.2 7.1
visit interval, months [4.7,8.2] [5.1, 8.5] [4.5, 8.2] [5.7, 8.8]
6.7 5.6 6.8 5.9
prospective follow-up, yr [3.9, 10.5] [3.0, 10.9] [4.0, 10.8] [3.2,10.8]
Treatment strategy at any time during follow-up,
nr of patients (%)
Alemtuzumab™ 28 (1) 4(0) 152 (2) 24 (0)
Natalizumab™) 196 (10) 187 (9) 765 (9) 734 (9)
Mitoxantrone®) 33(2) 81 (4) 46 (1) 92 (1)
Ocrelizumab/Rituximab/Ofatumumab™ 136 (7) 119 (6) 528 (6) 379 (5)
Daclizumab™ 1(0) - 8(0) 1(0)
Cladribine™ 41 (2) - 221 (3) 4(0)
Fingolimod/Ozanimod™) 214 (11) 144 (7) 1173 (14) 737 (9)
Siponimod™®) 7(0) - 4(0) -
Dimethyl Fumarate 112 (6) 138 (7) 658 (8) 738 (9)
Teriflunomide 116 (6) 126 (6) 419 (5) 558 (7)
Interferons/Glatiramer Acetate 688 (34) 403 (20) 3564 (43) 1899 (23)
Untreated 754 (37) 698 (35) 3404 (41) 2565 (31)
Number of DMTs during follow-up 1[0, 1] 110, 1] 1[0, 2] 1[0, 2]
2012
[2008, 2012 2012 2013
Year of baseline 2015] [2004, 2016] [2007,2015] [2007,2016]

Mean (SD) or median [quartiles] as appropriate

M High-efficacy disease modifying therapy



Supplementary figure S1: Stabilised weights (therapy * censoring) in patients at (A)
high risk and (B) low risk of aggressive MS
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Supplementary table S4: Summary statistics for stabilised inverse probability
treatment weights (IPTW) and censoring weights (IPCW) in high-risk and low-risk
aggressive MS groups.

Group Weight Type | Min | 1st Qu. | Median | Mean | 3rd Qu. | Max
High-risk aggressive MS | IPTW 0.13 | 0.86 0.96 0.99 1.04 4.01
IPCW 0.30 | 0.63 0.76 0.78 0.89 2.28
Low-risk aggressive MS | IPTW 0.09 | 0.78 0.91 0.95 0.99 4.20
IPCW 0.23 | 0.62 0.75 0.76 0.88 2.11

IPTW = inverse probability of treatment weight; IPCW = inverse probability of censoring
weight. Stabilised weights were used for all analyses. Weight diagnostics, including
distributional plots over time, are shown in Supplementary figure S1.
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Supplementary figure S3: Proportion of patients not reaching EDSS 6

A High risk of aggressive M3 B Low risk of aggressive MS
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Supplementary table S5: E-values for primary outcomes

Outcome Aggressive MS HR (95% CI) E-value (Point E-value (CI limit
Risk Stratum Estimate) closest to null)
Relapse 0.72 (0.67-0.77) 1.82 1.69
Disability 1.08 (0.96-1.22) 1.30 1.00 (Clincludes
accumulation Low risk null)
Disability 1.01 (0.86-1.18) 1.09 1.00 (Cl includes
improvement null)
Relapse 0.78 (0.70-0.86) 1.67 1.46
Disability 0.93(0.77-1.12) 1.28 1.00 (Cl includes
accumulation High risk null)
Disability 0.87 (0.74-1.02) 1.43 1.00 (Clincludes
improvement null)

E-values represent the minimum strength of association that an unmeasured
confounder would need to have with both treatment and the outcome, conditional on
measured covariates, to fully explain the observed association.




Supplementary table S6: Secondary analysis among a subgroup exposed to HE-DMTs:

Cohort demographics

Aggressive MS Risk

High Low

patients, nr (%) 893 3667

Female 635 (71) 2660 (73)

Male 258 (29) 1007 (28)
Registry, nr (%)

MSBase 492 (55) 2202 (60)

OFSEP 401 (45) 1465 (40)
age, yr 44 (7) 27 (5)
disease duration (1st visit), yr 0.5[0.4,0.8] 0.5[0.4,0.8]
disability (1st visit), EDSS 3.5[3.0,4.0] 1.3[0.8, 2.0]
maximum disability in first year, EDSS 4.0[3.0,5.0] 1.5[1.0, 2.0]
disability (last visit), EDSS 4.0[2.5,6.0] 1.5[1.0, 2.5]
MS course at first visit

Clinically isolated syndrome 552 (62) 2282 (60)

Relapsing-remitting 341 (38) 1385 (40)
visit interval, months 6[5, 8] 7[5, 8]
prospective follow-up, yr 7.0[4.2,11.3] 7.7[4.5,12.1]
Patients with MRI recorded, n (%) 858 (96) 3593 (97)

Proportion of follow-up time on
high-efficacy DMTs
not on high-efficacy DMTs
no DMTs
Treatment strategy at any time during follow-up, nr of
alemtuzumab™
natalizumab™
mitoxantrone™
ocrelizumab/rituximab/ofatumumab™
daclizumab™
cladribine®™
fingolimod/ozanimod™®
siponimod®
dimethyl fumarate
teriflunomide
interferon beta/glatiramer acetate
untreated
Number of DMTs during follow-up
Year of baseline

62% [32, 88]
38% [22, 68]
9% [0, 30]

32 (4
383
114 (
255 (
1(0)

41 (5)

358 (40)

7(1)

85 (10)

68 (8)

419 (47)

592 (66)

101, 2]
20132008, 2016]

)

43)
13)
29)

55% [30, 80]
45% [20, 70]
10% [0, 26]

176 (5)
1499 (41)
138 (4)
907 (25)
9(0)

225 (6)
1910 (52)
4(0)

499 (14)
352 (10)
2280 (62)
2446 (67)
2[1, 3]
2012[2008, 2016]

Mean (SD) or median [quartiles] as appropriate
) High-efficacy disease modifying therapy



Supplementary figure S4: Secondary analysis among a subgroup exposed to HE-
DMTs: Overall covariate balance in people at (A) high risk of aggressive MS and (B) low
risk of aggressive MS

A B
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Supplementary table S7: Secondary analysis among a subgroup exposed to HE-DMTs:
Outcomes

7A — Relapse and disability outcomes in patients with vs without continuous HE-DMTs

Relapses Disability Disability Time to EDSS 6
Accumulation Improvement

HR (95% Cl)

Lowriskof | 0.59 0.79 1.09 0.52
aggressive Mg | (©-550-63) (0.70-0.91) (0.89-1.32) (0.35-0.77)

High riskof [ 0.61 0.72 1.00 0.84
(0.54-0.69) (0.59-0.89) (0.81-1.20) (0.59-1.20)

aggressive MS

7B - Outcomes stratified by aggressive MS risk and treatment with HE-DMTs

Relapses Disability Disability Time to
Accumulation Improvement EDSS 6

HR (95% CI)

Low risk of No HE-DMT state | Ref. Ref. Ref. Ref.
aggressive HE-DMTs state 0.58 0.80 1.1 0.51
MS (0.54-0.62) (0.70-0.92) (0.90-1.34) (0.34-0.77)
No HE-DMT state | 1.29 1.08 1.58 1.03
High risk of
(1.11-1.51) (0.85-1.37) (1.16-2.15) (0.53-1.99)
aggressive
HE-DMTs state 0.73 0.75 1.53 0.85
MS
(0.61-0.87) (0.58-0.98) (1.13-2.11) (0.44-1.66)




Supplementary table S8: Treatment Interaction x Registry Estimates.

Relapses

Disability

Accumulation

Disability

Improvement

Sensitivity

Analysis

Aggressive MS

Risk Stratum

HR (95% Cl)

Risk of aggressive

MS x Registry

Low risk

High risk

1.04 (0.92-1.19)
1.24 (0.98-1.58)

1.09 (0.85-1.40)
0.74 (0.43-1.06)

1.09 (0.85-1.40)
1.50 (0.95-2.36)

Supplementary table S9: Sensitivity analyses

Relapses

Disability

Accumulation

Disability

Improvement

Sensitivity

Analysis

Aggressive MS

Risk Stratum

HR (95% ClI)

Subgroup analysis

Low risk

High risk

0.59 (0.55-0.63)
0.61 (0.54-0.69)

0.79 (0.70-0.91)
0.72 (0.59-0.89)

1.09 (0.89-1.32)
1.00 (0.81-1.20)

Excluding partially

treated bins

Low risk

High risk

0.31(0.28-0.34)
0.37 (0.31-0.44)

0.62 (0.54-0.71)
0.70 (0.55-0.89)

1.29 (1.04-1.61)
1.02 (0.79-1.31)

Multiple

imputation MRI

Low risk

High risk

0.57 (0.53-0.61)
0.60 (0.53-0.68)

0.73 (0.63-0.85)
0.81 (0.66-0.98)

1.15 (0.95-1.41)
1.15 (0.96-1.40)




