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Supplementary Figure S1. Patient selection according to availability of clinical and sociodemographic data. This flowchart shows patient selection and data availability concerning sociodemographic and 
clinical variables. At the date of data export, the GMSR contained information on 35,932 PwMS. In 2,847 patients with relapsing onset MS and complete documentation of DMD use as well as demographic data, 
fingolimod treatment was conducted at least once between 2010 and 2019 (with a minimum follow-up of six months). Of these PwMS, we selected 2,536 suffering from RRMS. However, for some of these PwMS, clinical 
and sociodemographic data were incomplete at the latest visit under fingolimod therapy (Table 1 in the main document). For instance, 1,740 of the 2,536 RRMS patients had complete data on employment status at 
the last visit under fingolimod. Regarding clinical data, e.g., 2,026 PwMS provided EDSS scores at the last visit under fingolimod. 
DMD – disease-modifying drug 
EDSS – expanded disability status scale 
GMSR – German MS Registry 
MS – multiple sclerosis 
PwMS – people with MS 
RRMS – relapsing remitting MS 



Supplementary Table S1. Post-fingolimod treatments in different calendar periods. 

 
2010-
2013 

2014-
2016 

2017-
2019 

pChi N 886 968 682 
Post-fingolimod 

treatments 
% % % 

Alemtuzumab 5.2 5.4 0.4 <0.001 
Azathioprine 0.1 0.0 0.0 0.618 

Cladribine 1.2 1.5 3.1 0.019 
Cyclophosphamide 0.0 0.1 0.0 1.000 

Daclizumab 0.9 2.8 0.4 <0.001 
Dimethyl fumarate 6.8 3.1 2.3 <0.001 
Fingolimod after a 

break 
4.5 3.2 2.1 0.026 

GCS 0.5 0.6 0.4 0.883 
Glatiramer acetate 4.1 2.5 1.6 0.011 

Interferon beta 2.4 0.8 0.6 0.002 
IVIG 0.6 0.4 0.0 0.138 

Mitoxantrone 0.7 0.2 0.0 0.052 
Natalizumab 8.2 8.0 4.4 0.006 
Ocrelizumab 5.2 6.7 11.1 <0.001 

Ongoing using 
fingolimod 

52.0 57.7 65.8 <0.001 

Other 0.1 0.0 0.0 0.618 
Ozanimod 0.0 0.1 0.1 0.733 
Rituximab 0.8 0.4 0.1 0.198 

Stopped DMD usage 3.8 5.0 6.0 0.136 
Study medication 0.8 0.9 0.0 0.022 

Teriflunomide 2.1 0.5 1.3 0.008 
DMD – disease-modifying drug 
GCS – regular glucocorticosteroid pulse therapy 
IVIG – intravenous immunoglobulin 
N – number of patients 
pChi – p value (chi square test) 



Supplementary Document S1. Drug utilization before and after fingolimod. 

The subsequent figure provides an overview of disease-modifying drug (DMD) usage in people with MS (PwMS) before and after taking fingolimod. The white box in the middle 

represents the 2,536 selected fingolimod users. DMDs used before fingolimod are lined up on the left. The sizes of the colored lines show the frequency of DMDs used. On the right side, 

the switches from fingolimod to further DMDs are displayed. Overall, treatment switches via fingolimod to subsequent DMDs are shown in detail for each DMD prior to fingolimod. For 

example, most fingolimod patients who previously took interferon beta continued treatment with fingolimod within the observation period. 

 
DMT – disease-modifying treatment   IVIG – intravenous immunoglobulin 

GCS – regular glucocorticosteroid pulse therapy



 

Detailed frequencies of treatment-naïve or pretreated fingolimod patients who switched to a subsequent treatment or 

maintained on fingolimod during the study follow-up period are presented in the subsequent table. 

Pre-fingolimod treatment Post-fingolimod treatment N % 

Interferon beta (N=778) 

Ongoing 425 54.6 
Natalizumab 78 10.0 

Dimethyl fumarate 42 5.4 
Ocrelizumab 42 5.4 

Stopped DMT usage 38 4.9 
Fingolimod after a break 33 4.2 

Alemtuzumab 32 4.1 
Glatiramer acetate 20 2.6 

Cladribine 15 1.9 
Daclizumab 12 1.5 

Interferon beta 12 1.5 
Teriflunomide 10 1.3 

Study medication 7 0.9 
GCS 3 0.4 
IVIG 3 0.4 

Mitoxantrone 3 0.4 
Rituximab 3 0.4 

Therapy naïve (N=717) 

Ongoing 516 72.0 
Ocrelizumab 53 7.4 

Stopped DMT usage 30 4.2 
Natalizumab 24 3.3 

Glatiramer acetate 15 2.1 
Alemtuzumab 14 2.0 

Fingolimod after a break 11 1.5 
Cladribine 10 1.4 

Dimethyl fumarate 10 1.4 
Teriflunomide 8 1.1 
Interferon beta 7 1.0 

Daclizumab 6 0.8 
Study medication 5 0.7 

Rituximab 2 0.3 
Other 1 0.1 

Cyclophosphamide 1 0.1 
GCS 1 0.1 
IVIG 1 0.1 

Mitoxantrone 1 0.1 
Ozanimod 1 0.1 

Glatiramer acetate (N=404) 

Ongoing 227 56.2 
Ocrelizumab 34 8.4 
Natalizumab 32 7.9 

Glatiramer acetate 19 4.7 
Fingolimod after a break 16 4.0 

Stopped DMT usage 16 4.0 
Dimethyl fumarate 15 3.7 

Alemtuzumab 10 2.5 
Daclizumab 8 2.0 
Cladribine 6 1.5 

Interferon beta 6 1.5 
Teriflunomide 6 1.5 

GCS 2 0.5 
IVIG 2 0.5 

Rituximab 2 0.5 
Study medication 2 0.5 

Mitoxantrone 1 0.2 

Natalizumab (274) 

Ongoing 111 40.5 
Alemtuzumab 32 11.7 
Ocrelizumab 27 9.9 

Dimethyl fumarate 26 9.5 
Natalizumab 21 7.7 

Glatiramer acetate 12 4.4 
Fingolimod after a break 10 3.6 



 

Stopped DMT usage 8 2.9 
Cladribine 6 2.2 

Daclizumab 4 1.5 
Teriflunomide 4 1.5 

GCS 3 1.1 
Interferon beta 3 1.1 

IVIG 2 0.7 
Mitoxantrone 2 0.7 

Rituximab 2 0.7 
Study medication 1 0.4 

Dimethyl fumarate (N=166) 

Ongoing 83 50.0 
Ocrelizumab 17 10.2 
Natalizumab 15 9.0 

Stopped DMT usage 12 7.2 
Cladribine 6 3.6 

Fingolimod after a break 6 3.6 
Alemtuzumab 5 3.0 

Daclizumab 4 2.4 
Dimethyl fumarate 3 1.8 
Glatiramer acetate 3 1.8 

Interferon beta 3 1.8 
Teriflunomide 3 1.8 

GCS 2 1.2 
Rituximab 2 1.2 

Mitoxantrone 1 0.6 
Study medication 1 0.6 

Teriflunomide (N=104) 

Ongoing 57 54.8 
Ocrelizumab 11 10.6 

Stopped DMT usage 10 9.6 
Natalizumab 7 6.7 

Alemtuzumab 4 3.8 
Daclizumab 4 3.8 

Dimethyl fumarate 3 2.9 
Fingolimod after a break 3 2.9 

Cladribine 2 1.9 
Interferon beta 1 1.0 

Ozanimod 1 1.0 
Teriflunomide 1 1.0 

Daclizumab (N=36) 

Ongoing 24 66.7 
Stopped DMT usage 4 11.1 

Cladribine 2 5.6 
Fingolimod after a break 2 5.6 

Natalizumab 2 5.6 
Dimethyl fumarate 1 2.8 
Glatiramer acetate 1 2.8 

Mitoxantrone (N=14) 

Ongoing 6 42.9 
Fingolimod after a break 2 14.3 

Alemtuzumab 1 7.1 
Dimethyl fumarate 1 7.1 

Natalizumab 1 7.1 
Ocrelizumab 1 7.1 

Stopped DMT usage 1 7.1 
Teriflunomide 1 7.1 

Study medication (N=9) 
Ongoing 8 88.9 

Alemtuzumab 1 11.1 

GCS (N=13) 

Dimethyl fumarate 4 30.8 
Ongoing 4 30.8 

Fingolimod after a break 2 15.4 
GCS 2 15.4 

Glatiramer acetate 1 7.7 

Azathioprine (N=7) 

Ongoing 3 42.9 
Alemtuzumab 1 14.3 
Azathioprine 1 14.3 

Dimethyl fumarate 1 14.3 



 

Ocrelizumab 1 14.3 

Alemtuzumab (N=6) 

Stopped DMT usage 3 50.0 
Ocrelizumab 1 16.7 

Ongoing 1 16.7 
Rituximab 1 16.7 

IVIG (N=4) 

Interferon beta 1 25.0 
IVIG 1 25.0 

Ongoing 1 25.0 
Stopped DMT usage 1 25.0 

Cyclophosphamide (N=1) Ongoing 2 100.0 
Ocrelizumab (N=1) Ongoing 1 100.0 

Rituximab (N=1) Alemtuzumab 1 100.0 
DMT – disease-modifying treatment 

GCS – regular glucocorticosteroid pulse therapy 

IVIG – intravenous immunoglobulin 



Supplementary Table S2. Frequency of therapy switches or cessation in the two years 
following post-fingolimod treatment initiation. 

Post-fingolimod 
treatment 

Subsequent two years after starting 
post-fingolimod treatment 

Switch N (%) Stop N (%) 

Total 242 (100.0) 33 (100.0) 
Alemtuzumab 18 (7.4) 6 (18.2) 
Azathioprine 0 (0.0) 0 (0.0) 

Cladribine 5 (2.1) 4 (12.1) 
Cyclophosphamide 1 (0.4) 0 (0.0) 

Daclizumab 28 (11.6) 6 (18.2) 
Dimethyl fumarate 44 (18.2) 3 (9.1) 

Fingolimod after a break 23 (9.5) 5 (15.2) 
GCS 2 (0.8) 2 (6.1) 

Glatiramer acetate 32 (13.2) 0 (0.0) 
Interferon beta 19 (7.9) 1 (3.0) 

IVIG 8 (3.3) 0 (0.0) 
Mitoxantrone 3 (1.2) 0 (0.0) 
Natalizumab 45 (18.6) 2 (6.1) 
Ocrelizumab 2 (0.8) 1 (3.0) 

Ozanimod 1 (0.4) 0 (0.0) 
Rituximab 2 (0.8) 0 (0.0) 

Study medication 0 (0.0) 0 (0.0) 
Teriflunomide 9 (3.7) 3 (9.1) 

DMD – disease-modifying drug 
GCS – regular glucocorticosteroid pulse therapy 
IVIG – intravenous immunoglobulin 
N (%) – number of patients (proportion of patients) 
pChi – p value (chi square test) 



Supplementary Table S3. Time to first relapse (a) from fingolimod cessation until 
the start of the subsequent DMD and (b) from the start of the subsequent DMD to 
the end of observation period. 

Post-fingolimod 
treatment* 

Time to first relapse [months] 

N (a) 
from fingolimod cessation until the 

start of the subsequent DMDm 
N (b) 

from the start of the subsequent 
DMD to the end of observation 

periodm 
Ocrelizumab 18 2.2 (1.4, 4.6) 33 2.7 (0.6, 8.2) 
Natalizumab 18 1.7 (1.2, 3.2) 41 7.0 (1.6, 21.4) 

Dimethyl 
fumarate 

8 1.6 (1.0, 6.6) 25 8.1 (3.0, 33.7) 

Alemtuzumab 13 2.1 (0.9, 7.6) 22 20.5 (8.7, 43.5) 
Fingolimod 
after break 

11 4.4 (2.6, 8.1) 24 7.7 (1.1, 19.9) 

Glatiramer 
acetate 

1 4.4 (4.4, 4.4) 20 10.5 (3.3, 28.0) 

Cladribine 6 3.6 (2.2, 5.6) 6 6.8 (3.7, 13.2) 
Daclizumab 0 n.a. 6 2.9 (0.6, 6.3) 

Interferon beta 2 5.2 (4.4, 6.0) 12 5.7 (4.3, 24.9) 
Teriflunomide 2 3.3 (3.2, 3.4) 9 6.8 (2.8, 16.3) 

Study 
medication 

2 2.7 (1.7, 3.7) 1 1.6 (1.6, 1.6) 

GCS 1 42.1 (42.1, 42.1) 0 n.a. 
Rituximab 1 7.3 (7.3, 7.3) 4 18.5 (6.7, 29.7) 

IVIG 5 2.4 (2.4, 6.2) 2 4.2 (4.0, 4.5) 
Mitoxantrone 4 11.3 (5.8, 16.3) 2 14.7 (12.6, 16.9) 

DMD – disease-modifying drug 
GCS – regular glucocorticosteroid pulse therapy 
IVIG – intravenous immunoglobulin 
m – median (25% quartile, 75% quartile) 
N – number of patients 
n.a. – not available 
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