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ABSTRACT

Introductions: Therapy switches in patients
with multiple sclerosis (MS) receiving treatment
with fingolimod occur frequently in clinical
practice but are not well represented in real-
world data. The aim of this study was to identify
and characterize treatment switches and reveal

sociodemographic/clinical changes over time in
fingolimod-treated people with MS (PwMS).
Methods: Data on 2536 fingolimod-treated
PwMS extracted from the German MS Registry
during different time periods were analyzed
(2010–2019).
Results: Overall, 28.3% of PwMS were treat-
ment-naı̈ve before fingolimod initiation. Inter-
feron beta (30.7%) was the most common pre-
fingolimod treatment. Ocrelizumab (19.8%)
was the most frequent subsequent treatment in
the 944 patients on fingolimod who switched.
Between 2010 and 2019, median disease
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duration at fingolimod initiation decreased
from 8.5 to 7.1 years (p\0.001), and patients
taking fingolimod for C 1 year after treatment
initiation decreased from 89.6 to 80.5%
(p\ 0.001). Females (p\0.001) and young
patients (p = 0.003) showed a shorter time on
fingolimod. The most frequent reason for
switching was disease activity (relapse/MRI)
despite treatment. The annualized relapse rate
increased from 0.37 in patients on fingolimod
to 0.47 after treatment cessation, decreasing to
0.19 after treatment with a subsequent disease-
modifying drug (DMD) was initiated.
Conclusion: Treatment switches from fin-
golimod to subsequent DMDs currently occur
after shorter treatment durations than 10 years
ago, possibly due to the growing treatment
spectrum. Planning adequate washout periods is
essential and should be done on an individual-
ized basis.

Keywords: Multiple sclerosis; Fingolimod;
Treatment switches; Rebound; Disease-
modifying drug

Key Summary Points

Why carry out this study?

Switching disease-modifying drugs
(DMDs) plays an important role in the
therapeutic management of multiple
sclerosis (MS).

Analyzing the role of fingolimod as part of
the MS treatment strategy is of utmost
importance due to its high efficacy,
potential side effects, and the occurrence
of rebound events after cessation of
treatment.

The aim of this study was to identify and
characterize treatment switches, the
reasons for these switches, and the
predictors of drug switching in
fingolimod-treated patients with MS based
on real-world data over the period
2010–2019.

What was learned from the study?

Most patients were treated with interferon
beta prior to being switched to fingolimod
(30.7%) or were treatment-naı̈ve (28.3%),
whereas the monoclonal antibodies
ocrelizumab (19.8%) and natalizumab
(19.1%) were the most common follow-up
therapies for patients who switched from
fingolimod.

The duration of fingolimod treatment is
currently shorter than stated in the post-
marketing approval statement, and the
range of alternative treatments is growing;
therefore, appropriate washout periods
need to be determined on an individual
basis.

INTRODUCTION

Multiple sclerosis (MS) is the most common
immune-mediated chronic neurological disease
in young adults [1]. Due to demyelination
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processes, damage to oligodendrocytes, synapse
loss, and active gliosis in the central nervous
system, these patients may suffer from a wide
variety of symptoms, including paresis, spastic-
ity, coordination disorders, gastrointestinal and
bladder dysfunction, pain, cognitive and emo-
tional disorders, and fatigue [2, 3].

Disease-modifying drugs (DMDs) are the
mainstay of treatment for people with MS
(PwMS) to prevent relapses, disability progres-
sion, and subclinical disease activity [2].
According to data from the German MS Registry
(GMSR), PwMS start DMD treatment at a med-
ian of 4 months after MS diagnosis [4]. DMDs
range from moderately to highly effective
drugs, depending on disease activity [5].

The DMD fingolimod, a sphingosine-1-
phosphate receptor (S1PR) modulator, inhibits
lymphocyte egress from lymph nodes [5, 6].
Fingolimod was approved by the US Food and
Drug Administration (FDA) in 2010 and by the
European Medicines Agency (EMA) in 2011 for
the treatment of patients with relapsing MS
forms, being the first oral DMD approved for the
treatment of highly active relapsing–remitting
MS (RRMS) [7, 8]. In 2018, fingolimod was also
approved for use in children aged C10 years.
This drug is characterized by increased thera-
peutic efficacy, reduced relapse activity, and
delayed disability progression compared to tra-
ditional injectable DMDs, such as interferon
beta and glatiramer acetate [9, 10]. However, it
may cause severe adverse effects, sucha as
increased infection risk, lymphopenia,
leukopenia, atrioventricular block, and pro-
gressive multifocal leukoencephalopathy (PML)
[1, 11].

Assessing the comparative efficacy and safety
of DMDs is challenging in clinical practice as
head-to-head studies are rare. Additionally, the
results of pivotal trials cannot be readily
extrapolated to real-world patient cohorts
because the specific inclusion criteria are not
met by the majority of PwMS being treated in
real-world settings [12]. Treatment switches are
common in the rapidly developing therapeutic
landscape. Therefore, an analysis of treatment
strategies and their potential impact on treat-
ment outcomes is of great importance to clini-
cians. Fingolimod, as an integral part of the MS

treatment spectrum, represents an interesting
and important target for investigation due to its
high clinical efficacy, potential severe adverse
effects, and rebound issues. Therefore the aim of
this study was to identify and characterize
treatment switches, reasons for the treatment
switches, and predictors of switching in fin-
golimod-treated PwMS based on real-world data
outside of pivotal trials. Moreover, we focused
on the sociodemographic and clinical charac-
teristics of fingolimod users over time
(2010–2019).

METHODS

Data Acquisition

In 2001, the German MS Society initiated the
German MS Register (GMSR). The GMSR was
registered with the German Register of Clinical
Studies (Deutsches Register Klinischer Studien
[DRKS]; No. DRKS00011257), and initial ethical
approval was obtained by the institutional
review board at the University of Würzburg
(Permit No. 142/12). The aim was to collect
comprehensive and comparable clinical,
sociodemographic, and therapeutic data on
PwMS in Germany and to support MS research
[13]. In 2014, the GMSR underwent technical
revisions to include more comprehensive data
on DMDs, including treatment duration, DMD
type, and reasons for DMD discontinuation/
switch [13]. The structure, data basis, and
methods of data collection and management of
the GMSR are described comprehensively in a
paper by Ohle et al. [13]. Since 2014 and up to
17 October 2021, data on 35,932 PwMS have
been entered into the database. Of these PsMS,
2536 had received at least one fingolimod
treatment between 2010 and 2019, with a
minimum follow-up of 6 months, had a diag-
nosis of RRMS, and had a complete baseline
demographic dataset available for assessment
(see Fig. 1).

In this retrospective cohort study, PwMS
were analyzed for sociodemographic, clinical,
and treatment characteristics from 2010 to
2019. We divided the PwMS into three sub-
groups according to the time of their
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fingolimod treatment initiation. The first period
was set from 2010 to 2013 and covers the
approval of fingolimod in the European Union
in 2011 including compassionate use in Ger-
many in 2010 as well as the post-approval per-
iod during which time the high-efficacy DMD
alemtuzumab (2013) and the modest-/moder-
ate-efficacy DMD teriflunomide (2013) were
also approved [7, 14–16]. The second period was
set from 2014 to 2016 due to the approval of
further DMDs for RRMS treatment during this
time period, i.e., dimethyl fumarate in 2014 and
daclizumab in 2016 [17, 18]. The third period
covered 2017 to 2019, during which time the
new high-efficacy DMDs cladribine (2017) and
ocrelizumab (2018) were approved to treat
RRMS [16, 19, 20]. Another factor considered in
determining the three periods was the compa-
rability regarding the sizes of the patient groups
and the length of the time periods.

Statistical Analysis

Disease duration was defined as time between
the symptom onset of MS and initiation of
treatment with fingolimod. Washout periods
were defined as the time between the end date
of fingolimod treatment and the start date of
the subsequent DMD. We only included PwMS
with complete information (at least month and
year) on the start and the end of fingolimod
treatment in the washout analysis.

Alluvial graphs were used to visualize the
frequencies of DMDs before and after fin-
golimod treatment. Chi-square and
Kruskal–Wallis tests were performed to compare
patient cohorts in the respective periods.
Annualized relapse rates (ARRs: number of
clinically defined relapses per observation per-
iod in years) of PwMS were calculated for the
duration of treatment with fingolimod, wash-
out periods, and the subsequent DMD. Cox
regression was used to examine the association
of sex, age, degree of disability, and length of

Fig. 1 Flow chart of patient selection for inclusion in the
analysis. At the date of patient selection, the GMSR
contained data on 35,932 PwMS. For the analysis, we
selected PwMS with relapsing onset, a complete docu-
mentation of demographic data as well as DMD use, and
at least one fingolimod treatment between 2010 and 2019,
with a minimum follow-up of 6 months. Of these 2847

PwMS, data analysis was performed in patients who had a
diagnosis of RRMS at the initiation of fingolimod
treatment (N = 2536). DMD Disease-modifying drug,
GMSR German MS Registry, MS multiple sclerosis,
N number of patients, PwMS people with MS, RRMS
relapsing–remitting MS,

322 Neurol Ther (2022) 11:319–336



Table 1 Clinical and demographic data of the patients included in the study

Clinical and demographic characteristics Patient values

Total number of patients, N 2536

Female, N (%)a 1818 (71.7)

Male, N (%)a 718 (28.3)

Age at MS symptom onset (years) 29.6 ± 9.4d 5.6–66.8e

Age at start of fingolimod (years) 39.1 ± 10.5d 15.2–73.9e

Partnership status At start of fingolimod

(N = 1767)c
At end of fingolimod

(N = 1793)a

Single, N (%) 523 (29.6) 503 (28.1)

Any partnership, N (%) 1244 (70.4) 1290 (71.9)

Employment status At start of fingolimod

(N = 1708)c
At end of fingolimod (N =

1740)a

In training, N (%) 86 (5.0) 57 (3.3)

Employed, N (%) 1092 (63.9):

- Full time: 770 (45.1)

- Part time: 322 (18.9)

1085 (62.4):

- Full time: 759 (43.6)

- Part time: 326 (18.7)

Retired, N (%) 369 (21.6):

- Disability: 315 (18.4)

- Old age: 54 (3.2)

451 (25.9):

- Disability: 386 (22.2)

- Old age: 65 (3.7)

Other, N (%) 161 (9.4) 147 (8.4)

Educational level At start of fingolimod

(N = 1355)c
At end of fingolimod

(N = 1580)a

NSCE, N (%) 13 (1.0) 13 (0.8)

In training, N (%) 2 (0.1) 2 (0.1)

CSE/GCSE, N (%) 858 (63.3) 991 (62.7)

Advanced technical college entrance qualification, N (%) 113 (8.3) 141 (8.9)

A level, N (%) 369 (27.2) 433 (27.4)

Other variables Median (25% quartile, 75%

quartile)

Range

Disease duration from MS onsetb (years) (N = 2407) 7.6 (3.4, 14.0) 0.0–43.8

Disease duration from MS diagnosisb (years)(N = 2463) 5.8 (2.4, 11.5) 0.0–41.8

Duration of fingolimod treatment (years) (N = 2536) 3.2 (1.5, 5.8) 0.0–11.1

EDSS at start of fingolimod (N = 1158)c 2.0 (1.5, 3.5) 0.0–8.0

Neurol Ther (2022) 11:319–336 323



the washout period with (1) treatment duration
of fingolimod and (2) the time to the first MS
relapse during the washout period, as well as
during treatment with the subsequent DMD.
Data analysis and transformation were per-
formed, and figures were created using the R
v4.0 software program (R Foundation for Sta-
tistical Computing, Vienna, Austria).

RESULTS

Study Population Over Time

The clinical and sociodemographic characteris-
tics of the patients included in the analysis are
shown in Table 1. A detailed overview of avail-
able patient data is described in Electronic
Supplementary Material (ESM) Fig. S1.

The results of our analysis of the sociode-
mographic, clinical, and therapeutic character-
istics of fingolimod patients for the three
periods (2010–2013, 2014–2016, and
2017–2019) are shown in Table 2. The disability
level at the start of fingolimod treatment
decreased over time from a median Expanded
Disability Status Scale (EDSS) score of 2.5
(2010–2013) to 2.0 (2017–2019) (p\0.001).
The proportion of patients treated with fin-
golimod for C 1 year decreased by 9% from the
first to the third period (p\0.001). The pro-
portion of treatment-naı̈ve PwMS starting fin-
golimod was 23.0% in the first period
(2010–2013), peaked at 33.3% during the
2014–2016 period, and decreased again to
28.0% during the most recent period

(p\ 0.001). The median disease duration at
initiation of fingolimod treatment decreased
from 8.5 to 7.1 years (p\0.001). There were no
statistically significant differences for sex ratios
and age at fingolimod initiation over time (p C

0.282).

DMDs Used Prior to Fingolimod Initiation

Of the 2536 patients with RRMS who were
treated with fingolimod, 28.3% were treatment-
naı̈ve prior to fingolimod initiation. During the
2010–2019 period, most patients switched from
interferon beta to fingolimod (N = 778, 30.7%)
(Fig. 2).

Subsequent DMD Utilization After
Fingolimod

Around 58% (N = 1469) of the 2536 PwMS
continued their fingolimod therapy until the
end of the observation period (median follow-
up 4.5 years, range 0.5–11.1 years), while 37.2%
(N = 944) switched to another DMD, and 4.9%
(N = 123) stopped DMD treatment and did not
re-start therapy until the end of the observation
period (median 9.8 months, range 0.02–-
103.7 months), see Fig. 2. The distribution of
subsequent DMDs over time is summarized in
ESM Table S1. The most frequent follow-up
treatments of the 944 PwMS who switched
treatment were ocrelizumab (19.8%), natal-
izumab (19.1%), or dimethyl fumarate (11.2%).
Of those patients who switched, 85 paused their
use of fingolimod during the observation period
and but resumed the treatment after a median

Table 1 continued

Clinical and demographic characteristics Patient values

EDSS at last visit under fingolimod (N = 2026)a 2.5 (1.5, 4.0) 0.0–8.0

CSE/GCSE Certificate of secondary education/ general CSE, EDSS Expanded Disability Status Scale, MS multiple sclerosis,
N (%) number of patients (proportion of patients), n.a. not available, NSCE no school-leaving certificate
aAt last visit under fingolimod treatment or to the closest visit before
bUntil the start of fingolimod therapy
cAt latest visit within the year of fingolimod treatment initiation
dMean ± standard deviation (SD)
eRange
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interruption of 4.2 (range 0.7–33.2) months.
Combined drug utilization before and after
fingolimod is shown in ESM Document S1.
Within the following 2 years of subsequent
DMD treatment, 242 of 944 PwMS switched
treatment again and 33 PwMS discontinued
(selective) immunosuppressive treatment for
the rest of the observation period (see ESM
Table S2).

Information on switch reasons was available
for 42.8% of the 944 patients who switched
fingolimod treatment (Table 3). The most fre-
quent reasons were disease activity (re-
lapse/magnetic resonance imaging [MRI]
activity; 44.1%), adverse drug events (35.1%; for
example, lymphopenia), and patient request
(7.7%).

Washout Periods and Relapse Activity

Of the 944 PwMS who switched, 43 were
excluded from subsequent analyses because of
missing data on switch dates. Furthermore, 13
of the 19 different DMDs used after fingolimod
were included in more detailed analyses due to
statistically insufficient patient numbers in six
post-fingolimod treatment groups (N\ 10,
respectively: azathioprine, cyclophosphamide,
intravenous immunoglobulin, mitoxantrone,
other, ozanimod) (Table 4). Median washout
periods after fingolimod discontinuation ran-
ged from 1.0 to 3.0 months. The 901 treatment-
switching PwMS included in the analysis
showed a slight increase in relapse activity
during the washout period of fingolimod (ARR:
pre-switch vs. washout 0.37 vs. 0.47), followed
by a decrease after starting another treatment

Table 2 Patients using fingolimod in three treatment periods (2010–2013, 2014–2016, 2017–2019)

Calendar periods 2010–2013 2014–2016 2017–2019 p value

N (%) 886 (34.9) 968 (38.2) 682 (26.9)

Women 652 (73.6) 687 (71.0) 479 (70.2) 0.282d

Age at fingolimod start (years) 39.1 (31.7,

46.2)c
38.5 (30.9, 46.6)c 38.7 (30.5,

48.8)c
0.587e

Disease duration (years)a 8.5 (4.4,

14.5)c
7.0 (3.1, 13.5)c 7.1 (3.0,

13.8)c
\ 0.001e

EDSS at fingolimod startb N = 140 N = 465 N = 553 \ 0.001e

2.5 (1.5,

4.0)c
2.0 (1.5, 3.5)c 2.0 (1.0,

3.5)c

Therapy-naı̈ve patients before fingolimod 204 (23.0) 322 (33.3) 191 (28.0) \ 0.001d

Number of DMDs before fingolimod initiation (mean ± SD

[range])

1.4 ± 1.2

[0–7]

1.2 ± 1.2

[0–6]

1.3 ± 1.3

[0–7]

0.003e

Proportion of patients taking fingolimod C 1 year after

therapy start

794 (89.6) 838 (86.6) 549 (80.5) \ 0.001d

N (%) Number of patients (proportion of patients)
aFrom MS onset until the start of fingolimod treatment
bAt latest visit within the year of fingolimod therapy initiation
cMedian (25% quartile, 75% quartile)
dChi-square test
eKruskal–Wallis test
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(ARR 0.19). The highest pre-switch ARR at the
last visit when on fingolimod occurred in
patients who later switched to alemtuzumab
(ARR 0.63). During the washout period of fin-
golimod, the highest ARRs were observed in
patients who later switched to study medication

(ARR 0.69), natalizumab (ARR 0.66), and dime-
thyl fumarate (ARR 0.65). Relapse activity
decreased after the start of the subsequent DMD
in 11 of the 13 DMD patient groups analyzed
compared to the treatment under fingolimod.
PwMS who switched to interferon beta or the
study medication showed an increase in ARR,
respectively (pre-switch vs. post-switch: 0.36 vs.
0.44 for interferon beta, and 0.00 vs. 0.28 for
the study medication). Additional information
on time to first relapse during the washout
period and after the start of the subsequent
DMD is provided in ESM Table S3.

Predictors of Switches and Relapses

Cox regression models revealed that female and
younger PwMS discontinued their fingolimod
treatment significantly earlier than male (male:
hazard ratio [HR] 0.78, p\0.001; reference:
female) and older patients (16–30 years of age:
HR = 1.27, p = 0.003; reference: 31–40 years),
respectively (Table 5). For example, 5 years after
starting fingolimod treatment, 34.7% of male
PwMS were still on treatment compared to

Fig. 2 Frequencies of disease-modifying drugs used prior
to initiation of fingolimod treatment. The box in the
middle represents the 2536 PwMS who started treatment
with fingolimod. On the left side are shown the DMDs
used prior to fingolimod initiation, with patient numbers
and proportions. On the right side are listed the therapies
after cessation of fingolimod treatment, with patient
numbers and proportions. Patient groups were listed in
descending order of frequency. The sizes of the colored
lines correspond to the frequencies of the DMDs used.
The largest group of patients was treated with interferon
beta (N = 778) before starting fingolimod, followed by

therapy-naı̈ve patients (N = 717). Glatiramer acetate
(N = 404), natalizumab (N = 274), and dimethyl fuma-
rate (N = 166) were also frequently used as pre-fingolimod
therapies. The majority of PwMS continued taking
fingolimod until the end of the observation period
(N = 1469). Patients who switched treatment mostly used
ocrelizumab (N = 187), natalizumab (N = 180), or
dimethyl fumarate (N = 106) after stopping fingolimod
treatment. GCS Standard glucocorticosteroid pulse ther-
apy, IVIG intravenous immunoglobulin

Table 3 Reasons for treatment switches by 404 patients
receiving fingolimod

Reason for switch N (%)

Disease activity despite fingolimod treatment 178 (44.1)

Adverse drug event 142 (35.1)

Patient request 31 (7.7)

Childbearing preference 18 (4.5)

Therapy interruption 10 (2.5)

Poor therapy adherence 6 (1.5)

Pregnancy 6 (1.5)

Other 13 (3.2)

N (%) Number of patients (proportion of patients)
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30.6% of females. In patients aged 41–50 years
at the start of fingolimod treatment, 35.3% were
still receiving fingolimod 5 years after treatment
initiation, compared with 27.3% among those
aged 16–30 years. No significant association was
found for the time to discontinuation of fin-
golimod and EDSS score (p C 0.419). Further-
more, sex, age (at last visit on fingolimod),

degree of disability (at last visit on fingolimod),
and length of washout period were not signifi-
cantly associated with the time to the first
relapse during the washout period of fin-
golimod or after starting the subsequent DMD
(p C 0.070). However, the time to the first
relapse was twofold shorter in patients who
switched than in patients who continued

Table 4 Clinical and therapeutic characteristics of fingolimod-switching patients

Post-
fingolimod
treatmenta

N (%) F (%) Age, years
(mean – SD)c

WA of
fingolimod,
monthsd

EDSS (median score) Annualized
relapse rate

Nc Prec Ne Poste Prec WA Postf

Totalb 901 (100.0) 75.4 40.0 ± 10.6 2.0 (1.0, 5.0) 458 3.0 429 3.0 0.37 0.47 0.19

Ocrelizumab 178 (19.8) 71.9 41.8 ± 10.3 3.0 (1.0, 5.0) 136 3.5 101 3.0 0.32 0.41 0.15

Natalizumab 171 (19.0) 80.7 36.6 ± 10.0 2.0 (1.0, 4.0) 79 2.5 74 2.5 0.39 0.66 0.17

Dimethyl

fumarate

99 (11.0) 69.7 40.4 ± 9.5 2.0 (1.0, 6.0) 31 2.5 43 3.0 0.21 0.65 0.15

Alemtuzumab 95 (10.5) 75.8 35.5 ± 9.7 3.0 (2.0, 4.5) 33 3.0 45 3.0 0.63 0.53 0.15

Fingolimod

after break

85 (9.4) 72.9 40.3 ± 11.0 n.a 39 2.0 40 3.0 0.37 n.a 0.26

Glatiramer

acetate

67 (7.4) 79.1 42.9 ± 11.5 1.0 (0.0, 2.0) 24 2.5 29 2.5 0.41 0.16 0.27

Cladribine 46 (5.1) 78.3 39.9 ± 10.4 3.0 (2.0, 5.0) 33 2.5 24 2.25 0.40 0.47 0.09

Daclizumab 35 (3.9) 71.4 40.4 ± 11.7 2.0 (1.0, 2.5) 19 3.0 26 3.0 0.52 0.00 0.34

Interferon beta 33 (3.7) 78.8 39.4 ± 11.7 1.0 (0.0, 7.0) 8 2.25 8 2.5 0.36 0.00 0.44

Teriflunomide 33 (3.7) 87.9 45.3 ± 9.2 3.0 (2.0, 4.0) 15 3.0 15 3.0 0.51 0.27 0.18

Study

medication

15 (1.7) 46.7 51.3 ± 9.2 1.0 (0.0, 6.0) 15 4.0 5 5.0 0.00 0.69 0.28

GCS 11 (1.2) 72.7 45.1 ± 9.5 n.a 8 4.75 4 6.25 0.11 0.35 0.00

Rituximab 11 (1.2) 72.7 41.4 ± 10.2 2.0 (2.0, 3.0) 9 3.0 15 3.0 0.44 0.50 0.22

F proportion of female patients, GCS regular glucocorticosteroid pulse therapy, N (%) number of patients (proportion of
patients), WA washout period
aGroups with statistically sufficient numbers of patients (N C 10) are shown in detail
bWe excluded 43 of the fingolimod-switching PwMS (N = 944) from this analysis due to missing data on switch dates
cAt last visit/during the last year under fingolimod treatment
dMedian (25% quartile, 75% quartile)
e6–12 months after the initiation of the post-fingolimod treatment
fFrom the start of the post-fingolimod treatment until the end of the observation period
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fingolimod treatment (HR 2.09, 95% confi-
dence interval 1.73–2.51, p\0.001).

DISCUSSION

Analysis of patients taking fingolimod during
the 2010–2013, 2014–2016, and 2017–2019
periods revealed several changes over time.
First, the significant decrease in PwMS taking
fingolimod continuously for C 1 year presum-
ably reflects the increasing number of available
treatment options, particularly in the early

phase of treatment initiation. In addition, fur-
ther insights were gained into the importance
of pregnancy as a potentially protective period
that could be reflected in clinical practice. Thus,
physicians may have responded more liberally
and discontinued fingolimod when patients
raised questions about pregnancy planning.
Second, there was an increase in the number of
treatment-naı̈ve PwMS starting fingolimod.
Although the guidelines of the German Society
of Neurology for the treatment of MS regarding
the indication of fingolimod have remained
unchanged over time [21, 22], except for patient

Table 5 Associations between time to discontinue fingolimod/first relapse and age, sex, disability level, and washout period

Characteristics Time to discontinuation of
fingolimod

Time to first relapse
during washout

Time to first relapse after
starting another DMD

HR 95% CI p HR 95% CI p HR 95% CI p

Sex

Female Reference Reference Reference

Male 0.78 0.68–0.89 \ 0.001* 0.82 0.47–1.43 0.478 0.75 0.50–1.12 0.165

Age (years) At start of fingolimod treatment At last visit while on

fingolimod

At last visit while on fingolimod

16–30 1.27 1.09–1.48 0.003* 1.15 0.62–2.11 0.659 1.19 0.77–1.82 0.437

31–40 Reference Reference Reference

41–50 0.90 0.77–1.05 0.194 0.93 0.51–1.71 0.825 1.16 0.75–1.77 0.506

C 51 0.97 0.79–1.19 0.789 0.64 0.30–1.39 0.262 0.58 0.32–1.04 0.070

EDSS At latest visit within the year of

fingolimod treatment initiation

At last visit while on

fingolimod

At last visit while on fingolimod

0.0–3.5 0.94 0.78–1.14 0.547 1.28 0.62–2.62 0.500 0.98 0.63–1.53 0.935

4.0–6.5 Reference Reference Reference

7.0–8.0 0.66 0.25–1.79 0.419 0.95 0.12–7.47 0.961 0.89 0.12–6.57 0.911

Length of WAa

B 6 weeks – 1.70 0.59–4.92 0.330 0.88 0.62–1.24 0.459

[ 6 weeks – Reference Reference

CI confidence interval, DMD disease-modifying drug, HR hazard ratio
*Significant difference from Reference
aComplete elimination of fingolimod after 6 weeks at the earliest according to the summary of medicinal product char-
acteristics (Gilenya�)
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age (in 2018 approval was expanded to 10- to
17-year-olds [compared to only patients aged C

18 years prior to 2018) [7]), an increasing level
of pharmacovigilance data on the use of fin-
golimod has been accumulated from 2011
onwards. This growing body of evidence may
have contributed to the fact that significantly
more treatment-naı̈ve patients were treated
with fingolimod in the most recent study period
than in the post-approval period.

Predictors of treatment switches in our study
were young age and female sex. Generally, dis-
ease activity in the form of relapses is higher in
patients of young age and decreases with age
[23, 24]. This trend is also indicated in the
prospective, multicenter, longitudinal PANGEA
study, which reported higher ARRs in younger
fingolimod-treated patients with RRMS com-
pared with older ones (B 20 years: 2.0,[20
to B 30 years: 1.7,[30 years: 1.4.) [25]. Fur-
thermore, DMDs of increased efficacy (e.g., fin-
golimod) have no additional effect on disability
progression compared to more modest/moder-
ate-efficacy DMDs (e.g., interferon beta) in
PwMS aged [ 40 years [26]. Data from the
Danish MS Registry also showed that patients
aged\40 years switched their initial treatment
more frequently than older PwMS (p B 0.008)
[27]. The higher frequency of switching in
females may be due to the known teratogenicity
of fingolimod. When planning pregnancy, fin-
golimod should be discontinued C 2 months
before conception. Reliable contraception is
recommended both during discontinuation and
during the 2-month washout phase [7]. One
possibility to prevent a severe rebound during
pregnancy after fingolimod cessation is to
switch to rituximab before conception [28]. In
the case of severe rebound after discontinuation
of fingolimod and no or poor response to glu-
cocorticosteroid (GCS) treatment, initiation of
therapy with rituximab in pregnant women
might be considered as an option, as described
in a case study by Canibaño et al. [29]. Of
course, the decision has to be preceded by a
comprehensive risk–benefit assessment.
Although therapy of a pregnant woman with a
B cell-depleting antibody is controversial, the
efficacy of rituximab cannot be dismissed, and
this monoclonal antibody of the IgG1 isotype

cannot cross the placenta in the first trimester
[29]; only after the 16th week of pregnancy is
the passage of rituximab across the placenta
possible. However, the use of rituximab after
discontinuation of fingolimod cannot be a
general recommendation; rather, it should be
carefully considered in each individual case.

An important risk factor that should be
considered when stopping fingolimod treat-
ment is the rebound effect, i.e., increased dis-
ease activity (relapses and/or T2- or gadolinium-
enhancing lesions) after stopping fingolimod
[30]. In a study by Hatcher et al., 46 PwMS were
retrospectively analyzed for increased disease
activity after discontinuing or switching fin-
golimod. Within 4–16 weeks after the treatment
change, five patients (10.9%) experienced sev-
ere relapses and an increase in new lesions [31].
Other studies with small case numbers reported
similar phenomena in fingolimod-switching
PwMS [32, 33]. Our analysis supports these
findings: higher relapse rates occurred during
the washout of fingolimod, particularly when
PwMS switched to natalizumab, alemtuzumab,
or dimethyl fumarate. In our study, as in other
studies, no definitive predictors of increased
relapse activity after cessation of fingolimod
were identified [34]. Moreover, sex, age, degree
of disability, and duration of washout period
were not associated with the time to the first
relapse during the washout period or after
starting a subsequent DMD. However, it is
advisable to monitor for increased relapse
activity before switching, as this may be an
indicator of a highly active disease course and
could favor a rebound. In case of such an
increased risk of disease reactivation after dis-
continuation of fingolimod, GCS might be used
to bridge the washout period. In studies on the
discontinuation of natalizumab, similar strate-
gies were described in which high-dose GCS
therapy was initiated at one day per month
during the washout period [35, 36]. Also, initi-
ating treatment with high-efficacy DMDs, such
as natalizumab or ocrelizumab, could signifi-
cantly reduce the risk of rebound after the
switch, as seen in our results. If the risk of
rebound is assessed to be high, the duration of
the period should be limited to the extent nec-
essary. In addition, periodic MRI examinations
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can help to detect and treat signs of disease
activity early [37] with, for example, GCS or
plasma exchange [34].

Rebound risk after treatment discontinua-
tion has to be balanced against adverse effects
associated with a discontinued DMD, as the risk
of severe drug–-drug interactions is another
important consideration when planning a
therapy switch. Due to variability in the wash-
out period of fingolimod and individual patient
metabolism (for example, individual renal
clearance and volume of distribution of drugs
applied, which are dependent on age as well as
on liver and kidney diseases), severe interac-
tions of fingolimod (complete elimination after
6 weeks at the earliest) [7] with other DMDs,
such as alemtuzumab, mitoxantrone, natal-
izumab, and teriflunomide, are possible. An
increased risk of opportunistic infections is
expected due to the additive immunosuppres-
sive effects of fingolimod and those DMDs, with
life-threatening PML (in human polyomavirus 2
[JC] virus-positive MS patients) or cryptococcal
infections as hazard scenarios [38, 39]. A bene-
fit–risk assessment should be performed before
switching the fingolimod treatment. Our anal-
ysis revealed that the time to the first relapse
after fingolimod cessation was not significantly
associated with the length of the washout per-
iod. Therefore, in case of switching the treat-
ment, an individualized washout period should
be preferred over a generalized one, taking into
account the patient’s current disease activity,
pregnancy planning, and the possibility of
prolonged lymphopenia [40]. Generally, the
mechanism of action as well as efficacy of the
DMD to be switched should also be included in
the planning of an adequate washout period.
According to our data, ARR was higher only
after the start of the post-fingolimod treatments
with interferon beta, daclizumab, and glati-
ramer acetate compared with the washout per-
iod. Especially for these DMDs, regular follow-
up appointments with the treating neurologist
should be a requirement after fingolimod ces-
sation, even after initiation of the post-fin-
golimod therapy. However, it should also be
considered that the patient numbers in the
analysis of these three DMDs was\70, respec-
tively (see Table 4). Additional analyses with

larger patient groups are needed to validate
these results before they can be used as the basis
of specific recommendations for action. Gener-
ally, a washout period of at least six weeks (eight
weeks when planning a pregnancy) is recom-
mended for fingolimod [7], during which the
patient should be examined regularly for signs
of rebound.

In terms of treatments prior to the initiation
of fingolimod, common treatment strategies
include interferon beta (escalation), glatiramer
acetate (escalation), natalizumab (de-escala-
tion), or dimethyl fumarate (escalation). In the
case of natalizumab, the significantly higher
PML risk in PwMS with a positive JC virus
antibody index compared to fingolimod may
favor the decision to switch to fingolimod.
Possible formation of neutralizing antibodies
can also lead to reduced (selective) immuno-
suppressive efficacy of natalizumab and should
result in a therapy switch in the first months of
natalizumab therapy [41]. Furthermore, a
switch from natalizumab to fingolimod should
be conducted within 12 weeks after cessation of
natalizumab due to the lower risk of disease
reactivation, as suggested by previous studies
[35, 42]. Another advantage of fingolimod
compared to the three most common pre-ther-
apies is the administration route, as fingolimod
is administered orally while the other three
DMDs are administered by injection or
infusion.

Natalizumab and ocrelizumab are generally
highly effective in decreasing relapse activity as
well as in slowing disability progression [43].
Therefore, the choice of these monoclonal
antibodies as the most common post-fin-
golimod therapies in our study is plausible in
cases with high disease activity. These findings
are further supported by the reasons for
switching fingolimod that were reported for a
subgroup of 404 PwMS. The most common
reason was disease activity (relapses or disease
activity revealed by MRI) in 178 PwMS (44.1%)
indicating insufficient efficacy of treatment
with fingolimod. A similar finding was recorded
in a longitudinal study examining patients with
relapsing MS treated with fingolimod: over a
36-month period, relapses were detected in
41.8% of the 1571 patients [44]. In a study on
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cessation of fingolimod treatment, 55.8% of the
230 MS patients included in the analysis
reported insufficient efficacy of fingolimod as a
reason for discontinuation [45]. In a cross-sec-
tional study that examined the reasons for
switching in 595 patients with RRMS taking
mildly or moderately effective DMDs, the most
common reason was failure of the current
therapy (53.9%) [46]. If disease activity is pre-
sent despite (selective) immunosuppressive
therapy, a rapid switch to more effective DMDs,
such as monoclonal antibodies (e.g., natal-
izumab or ocrelizumab), represents an appro-
priate option. Nevertheless, switching to
monoclonal antibodies should be weighed on
an individual basis, as the selectivity and high
efficacy are also offset by the risk of severe
adverse drug events [47]. For example, PML in
patients on natalizumab and eventual respira-
tory tract infections in those on ocrelizumab
should be considered when switching to a new
treatment [47], as adverse drug events were the
second most frequent reason for therapy chan-
ges (35.1%) in our study. A further point to be
considered is the proportion of patients who did
not started a subsequent DMD after the cessa-
tion of fingolimod. In our study, this applied to
4.9% of all patients. In a U.S. study that assessed
535 patients on fingolimod for treatment
switches, the proportion of such patients was
7.5% [48], similar to our study. In a sociode-
mographically and clinically comparable popu-
lation of 230 Italian patients with RRMS, the
proportion of patients without reinitiation of
therapy after fingolimod discontinuation was
higher at 12.6% [45]. In general, the proportion
of patients without new therapy initiation is
relatively low. Differences between studies may
result from the varying study designs (multi-
center vs. single center), the different size of the
study populations, and the international diver-
sity of the health care setting.

There are some strengths and limitations to
the present study. The reasons for switching
from fingolimod therapy were only available for
a subset of 404 PwMS, which limits the possi-
bility of interpretation. However, data from this
subset represent[ 40% of all PwMS who swit-
ched from fingolimod to other DMDs in our
study. Furthermore, only limited data were

available on drug safety related to treatment
switches, such as infection rates or lymphocyte
numbers. Data on pharmacovigilance compris-
ing adverse events, pregnancy, body mass, and
medical history as well as data on the reasons
for switching are only reported by the GMSR
since 2019 [13]. Consequently, data on those
reasons were limited during the observation
period. From 2019, this new dataset steadily
increased to date, and in the future this dataset
will expand and allow for more extensive
investigations of switching behavior and rea-
sons. Moreover, the proportion of fingolimod
patients is expected to decrease in the coming
years due to the approval of the more selective
binding S1PR modulators siponimod, ozani-
mod, and ponesimod. Our study is distin-
guished from previously published studies on
therapy changes in fingolimod patients [45, 49]
by including [ 2500 MS patients who were
studied for sociodemographic and clinical
changes over the largest and most recent
observation period, identifying both prior and
subsequent fingolimod therapies in a represen-
tative cohort of MS patients, breaking down the
reasons for switching, and additionally identi-
fying patient characteristics associated with
switches and relapses.

CONCLUSIONS

In conclusion, our analysis revealed that most
PwMS remained on fingolimod therapy. Young
age (B 30 years) and female sex were identified
as predictors of early treatment switches in fin-
golimod-treated patients. Our study also
underlines that therapy switches from fin-
golimod to another DMD occur after a shorter
treatment duration today than in the years
directly following fingolimod approval. On the
one hand, it should be considered that more
available treatment options lead to more fre-
quent medication switches, possibly making the
treatment of PwMS more complex and increas-
ing the risk of polypharmacy [50]. In addition,
cumulative risks associated with a sequential
use of drugs that suppress the immune system
in different ways and to different extents are an
issue that is largely unexplored. On the other
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hand, a growing spectrum of treatments offers
the possibility to respond better and faster to
the healthcare needs (medical and personal) of
the individual patient being treated. Our study
also supports findings that there is an increased
risk of rebound effects after switching from
fingolimod and that the time to the first relapse
was significantly shorter in the patients who
switched than in those who remained on fin-
golimod, which adversely impacts disease pro-
gression. Although no clear predictors of relapse
activity after the discontinuation of fingolimod
could be identified in our study, planning for an
adequate washout period of fingolimod before
starting new treatments is essential due to the
additive immunosuppressive effects of fin-
golimod remaining in the body and newly ini-
tiated DMDs. Finally, we observed an increasing
willingness to discontinue fingolimod treat-
ment in favor of starting another DMD over
time among the analyzed patients and their
physicians. For this reason, it is important to
weigh the benefits and risks of any change in
therapy in order to offer patients the best pos-
sible therapeutic options. Future studies should
focus on drug safety outcomes of fingolimod
patients in a longitudinal setting regarding
adverse events (such as infections, macular
degeneration, or leucopenia), disability, preg-
nancy, and no evidence of disease activity.
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