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Abstract
Background and purpose There has been scant research on the consequences of discontinuing second-line disease-modifying 
treatment (DMT) in middle-aged patients with multiple sclerosis (MS). The objective was therefore to examine the occur-
rence of focal inflammatory activity after the discontinuation of second versus first-line DMT in patients over 45 years.
Methods Patients who had been treated for at least 6 months with second (natalizumab, fingolimod, anti CD20) or first-
line DMT and who stopped their DMT were retrospectively included. Kaplan–Meier survival curves were used to study 
the occurrence of relapse and MRI activity according to the type of DMT stopped. Proportional hazard Cox models were 
calculated to identify factors associated with focal inflammatory activity. The annualized relapse rate was calculated under 
treatment and for every 3 months after DMT discontinuation.
Results We included 232 patients (median age: 52.8 years), 49 of whom stopped second-line DMT. The probability of having 
a relapse within the year following discontinuation was 6% for first-line DMT, 9% for fingolimod and 43% for natalizumab. 
In multivariate analysis, the probability of relapse after DMT discontinuation was significantly increased with natalizumab 
compared to first-line DMT (HR = 3.24; 95% CI [1.52; 6.90]). A peak of relapse was observed at 0–3 months after stopping 
natalizumab or fingolimod.
Conclusion Our study suggests that the risk of inflammatory activity is greater after discontinuation of natalizumab compared 
to other DMT even in middle-aged patients. As for younger patients, natalizumab discontinuation should only be considered 
if there is an adequate substitution of a different therapy.
.
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Introduction

The clinical expression of multiple sclerosis (MS) is 
dynamic and changes according to patients’ age and disease 
duration. Natural history studies have consistently described 
a spontaneous reduction in relapses and focal MRI activity 
with age and disease duration in patients with relapsing-
onset MS [1, 2]. Consequently, the benefits of disease-mod-
ifying treatments (DMT), which mainly act on this focal 
inflammatory component of MS, also decrease with patients’ 
age and disease duration [3]. Furthermore, treatment may 
cause serious side effects, especially after lengthy exposure 
and in older patients, such as infections [4, 5]-including pro-
gressive multifocal leukoencephalopathy with natalizumab 
[6]-, and cancer with fingolimod [7].
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Although this is a common enough situation in clini-
cal practice, there is still a lack of clear recommendations 
regarding DMT discontinuation [8]. For first-line DMT, 
retrospective studies consistently suggest that the risk of 
relapse after discontinuation decreases with patients’ age, 
particularly after 45 years, and DMTs can probably be safely 
stopped in patients over 55 or 60 years whose disease has 
remained stable for at least 5 years [9, 10]. For second-line 
DMTs, initial available data are reassuring concerning the 
risk of rebound in young patients after stopping anti-CD20 
treatment [11]. By contrast, the discontinuation of natali-
zumab or fingolimod without adequate substitution of a 
different highly effective therapy is generally not recom-
mended, owing to the possibility of a rebound effect, or at 
the very least the return of pre-existing focal inflammatory 
activity. Rebound after stopping natalizumab is well docu-
mented [12, 13], and it has also been described after the 
discontinuation of fingolimod [14]. For these second-line 
DMTs, however, we lack data concerning discontinuation 
after age 45 years (i.e. in a population potentially benefiting 
from the spontaneous reduction in MS inflammatory activity 
with age). Many questions therefore remain unanswered in 
daily clinical practice concerning the possibility of stopping 
second-line DMTs in older patients: is it possible to simply 
stop the immunosuppressive treatment without recourse to 
an alternative treatment and without risk for the patient? 
Should it be followed by another highly effective treatment, 
as in younger patients?

The objectives of the present study were therefore to (i) 
compare the occurrence of focal inflammatory activity (clin-
ical relapse and/or MRI activity) and disability progression 
after first-line versus second-line DMT discontinuation in 
patients with MS aged over 45 years, (ii) compare the occur-
rence of focal inflammatory activity according to the subtype 
of second-line DMT stopped, (iii) compare the annualized 
relapse rate (ARR) under treatment and for every 3 months 
after DMT discontinuation.

Materials and methods

Study design

We carried out a retrospective study, based on data pro-
spectively acquired at two centers in France (Rennes and 
Nantes University Hospitals) and recorded in the European 
Database for MS (EDMUS; [15]). All patients signed an 
informed consent form allowing their medical data to be 
included in EDMUS and used for research after anonymiza-
tion. Data confidentiality and security were consistent with 
the recommendations of the French Data Protection Agency 
(CNIL).

Study population

We included all patients who were registered at two 
EDMUS participating centers (Rennes and Nantes) in 
November 2021 and who met the following inclusion cri-
teria: (1) relapsing–remitting, primary or secondary pro-
gressive MS according to 2017 McDonald criteria [16]; (2) 
treatment with the same first-line (interferon beta-1a IM, 
interferon beta-1b, interferon beta-1a, glatiramer acetate, 
dimethyl fumarate, or teriflunomide) or second-line (fin-
golimod, natalizumab, ocrelizumab, or rituximab) DMT 
for at least 6 months before treatment discontinuation; (3) 
DMT discontinuation with no initial intention of switching 
to another treatment; and (4) regular (at least yearly) fol-
low-up at Rennes or Nantes MS centers during treatment 
and for at least 6 months after treatment discontinuation. 
Only patients seen at least once in the last 5 years were 
included. Patients treated with mitoxantrone, alemtuzumab 
or cladribine were not included.

Data collection

The following data were extracted from EDMUS in 
November 2021: demographic data, clinical data (disease 
phenotype, relapse, and disability), DMT data (history of 
treatments and reasons for discontinuation and resump-
tion), radiological data (MRI date and MRI activity, for 
each MRI scan between 3  years prior discontinuation 
until the end of follow up). In addition, patients’ medical 
records were systematically checked to ensure that DMT 
had been discontinued without any intention of switching 
to another treatment (to exclude switches with extended 
intervals). Relapses and MRI activity that occurred after 
DMT was stopped were also systematically checked in 
medical records.

End‑point definition

A relapse was defined as the appearance, recurrence or 
aggravation of neurological symptoms for a period of at 
least 24 h, without fever. We only counted relapses vali-
dated by the treating neurologist. Focal inflammatory 
activity was defined as clinical relapse or MRI activity 
(contrast enhancement after injection of gadolinium and/
or new T2 lesion), whichever occurred first. Disability was 
assessed as the Expanded Disability Status Scale (EDSS) 
score. Disability progression was defined as an increase of 
at least 1 point if the baseline EDSS was < 5.5, or of 0.5 if 
the baseline EDSS was ≥ 5.5. This increase had to persist 
until the end of the patient follow-up.
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Statistical analysis

First, we conducted a descriptive analysis of our patients’ 
characteristics for the whole sample and according to the type 
of DMT (first-line vs. second-line). Quantitative data were 
expressed as means and standard deviations (SDs) or medians 
and interquartile ranges (IQRs), and qualitative data as num-
bers and percentages. We performed comparisons between 
groups (first-line vs. second-line DMT) using Student t (para-
metric) or Mann–Whitney–Wilcoxon (nonparametric) tests 
for the quantitative data, and χ2 or Fisher tests for qualitative 
data. Variables with censored data (relapse, focal inflammatory 
activity, and EDSS score) were presented as Kaplan–Meier 
survival curves and compared with log-rank tests. The annual-
ized relapse rate (ARR) was calculated according to the DMT 
used, under treatment during the year prior to treatment dis-
continuation, and at 3-month intervals after treatment discon-
tinuation, expressed with a 95% confidence interval.

We then ran a univariate analysis to test the association 
between each of the potential explanatory variables and the 
variables to be explained after treatment discontinuation 
(relapse, focal inflammatory activity, and EDSS increase), 
using a univariate Cox’s model. Multivariate proportional haz-
ard Cox models were used to test the potential impact of the 
DMT used (either first-line or one of three second-line DMTs: 
rituximab, fingolimod, or natalizumab) on each outcome 
(relapse, focal inflammatory activity, and EDSS increase). The 
potential confusing factors tested were sex, age at treatment 
discontinuation (45–50 years, 50–55 years, > 55 years), disease 
duration at treatment discontinuation (< 15 years, ≥ 15 years), 
treatment duration at treatment discontinuation (< 3 years, 
3–5 years, > 5 years), relapse during the 3 years prior to treat-
ment discontinuation, EDSS score at treatment discontinua-
tion (< 3, 3–6, > 6), disease phase at treatment discontinuation 
(relapsing or progressive), MRI activity in the 3 years prior 
to treatment discontinuation. Explanatory variables with a p 
value of < 0.20 in the univariate analysis were introduced in 
the model. Results are presented as hazard ratios associated 
with a 95% confidence interval. The hypothesis of proportional 
risks was verified for each variable. The statistical significance 
rate was set at p < 0.05. All analyses were performed on the 
whole population, and after excluding primary progressive MS 
patients. All analyses were performed using SAS 9.4 statistical 
software (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics at treatment discontinuation

We included 232 patients in the study. Their characteristics 
at DMT discontinuation are summarized in Table 1. At 
discontinuation, their median age was 52.8 years (IQR: 

49.2–58.7), and their median DMT duration was 2.6 years 
(IQR: 1.2–5.4). Of these, 183 were treated with a first-line 
DMT, and 49 with a second-line DMT (17 natalizumab, 23 
fingolimod and 9 rituximab). Twenty-four patients (10.3%) 
had primary progressive MS (17 treated with first-line 
DMT, 6 with fingolimod and 1 with rituximab). Treat-
ment duration before discontinuation was significantly 
shorter for second-line DMTs than for first-line DMTs: 
3.0 years (IQR: 1.4–6.3) versus 1.6 years (IQR: 1.2–3.2); 
p = 0.0003. Main reasons for discontinuation, as entered 
in the EDMUS database, were a scheduled stop for 63 
patients (i.e. with the agreement of the neurologist), con-
venience for 41 patients (i.e. without the agreement of 
the neurologist), inefficacy (mainly disability progression 
without relapse) for 39 patients, adverse events for 85 
patients, and other reasons for four patients.

Relapses after treatment discontinuation

In our sample, median follow-up duration was 6.4 years 
(IQR: 2.9–9.6) after first-line DMT discontinuation 
and 4.2  years (IQR: 1.7–6.7) after second-line DMT 
discontinuation.

Probability of relapse after DMT discontinuation

Time from treatment discontinuation to first relapse accord-
ing to type of discontinued DMT is shown in Fig. 1A and 
B. The probability of having a relapse at 1 year was 6% 
for patients who had discontinued first-line therapy, 9% 
for patients who had discontinued fingolimod, and 43% for 
patients who had discontinued natalizumab. After excluding 
primary progressive MS patients, the probability of having 
a relapse at 1 year remained the same for patients who dis-
continued first-line therapy (6%) and natalizumab (43%), but 
increased slightly to 12% for patients who had discontinued 
fingolimod. None of the nine patients who had discontin-
ued rituximab experienced a relapse following discontinua-
tion, but the mean follow-up duration for this subgroup was 
short (1.5 ± 0.8 years) and they were mainly patients with 
progressive MS (1 primary progressive MS, 6 secondary 
progressive MS and 3 relapsing remitting MS patients). The 
probability of having a relapse at 5 year was 21% for patients 
who had discontinued first-line therapy, 19% for patients 
who had discontinued fingolimod, and 59% for patients who 
had discontinued natalizumab.
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Annualized relapse rate before and after DMT 
discontinuation

The ARR was not significantly higher during the year fol-
lowing first-line DMT discontinuation than under treat-
ment (0.06 [0.03, 0.12] vs. 0.05 [0.03, 0.07]; p = 0.30). By 
contrast, it rose to 0.64 [0.32, 1.28] during the year after 
natalizumab discontinuation, compared with 0.14 [0.05, 
0.38] under treatment (p = 0.02). Details of changes in ARR 
under treatment and after treatment discontinuation, meas-
ured every 3 months, are provided in Fig. 2. The increase in 
ARR over the year after natalizumab discontinuation was not 
constant over time, as we observed a peak 0–3 months after 
treatment discontinuation. A similar peak, albeit of smaller 
magnitude, was observed after stopping fingolimod.

Focal inflammatory activity (MRI and/or relapse) 
after treatment discontinuation

A total of 228 patients (98%) underwent at least one MRI 
scan after DMT discontinuation, including 160 (69%) 
within the first 12 months. The probability of having focal 
inflammatory activity at 1 year was 17% in patients who 
had discontinued first-line therapy, 23% in patients who 
had discontinued fingolimod, and 49% in patients who had 
discontinued natalizumab. Detailed results are provided 
in Fig. A1.

In the whole sample, 118 patients (50.9%) experienced 
focal inflammatory activity after treatment discontinua-
tion during follow-up. In addition to the 52 patients who 
experienced clinical relapse during follow-up after DMT 
discontinuation, 66 patients had MRI activity without a 
clinical relapse.

Table 1  Patients’ baseline characteristics: whole population, first-line and second-line DMT

a Qualitative parameters: number (No) and percentage (%)
b Quantitative parameters: mean ± standard deviation (SD) or median and interquartile range (IQR)

Whole population
(N = 232)

First-line DMT
(n = 183)

Second-line DMT
(n = 49)

p

Sex (female) 158 (68.1%) 119 (65.0%) 39 (79.6%) 0.05
Mean age at MS onset in years ± SD 36.7 ± 9.7 37.3 ± 9.5 34.2 ± 10.2 0.05
Median age at treatment discontinuation in years (IQR) 52.8 (49.2–58.7) 53.1 (49.7–59.4) 52.0 (48.8–55.3) 0.17
No. patients at each center (%) 0.01
 Rennes 126 (54.3%) 107 (58.5%) 19 (38.8%)
 Nantes 106 (45.7%) 76 (41.5%) 30 (61.2%)

Median disease duration prior to treatment discontinuation in years (IQR) 15.8 (9.4–23.2) 15.7 (9.2–21.8) 17.1 (9.7–24.4) 0.26
No. patients with each MS phenotype at treatment discontinuation (%) 0.17
 Relapsing remitting 117 (50.4%) 98 (53.6%) 19 (38.8%)
 Secondary progressive 91 (39.2%) 68(37.2%) 23 (46.9%)
 Primary progressive 24 (10.3%) 17 (9.3%) 7 (14.3%)

At least one relapses (%)
 3 years before treatment discontinuation 42 (18.1%) 29 (15.8%) 13 (26.5%) 0.08
 Year before treatment discontinuation 17 (7.3%) 13 (7.1%) 4 (8.2%) 0.15

No. patients with T2 and/or gadolinium enhancing lesions (%)
 3 years before treatment discontinuation 38 (17.2%) 26 (15.0%) 12 (25.0%) 0.70

Mean disability (EDSS) score (SD)
 At treatment discontinuation 3.8 (± 2.1) 3.6 (± 2) 4.6 ± (2.1) 0.0032

No. patients for each DMT (%)
 Betaferon 102 (55.7%)
 Glatiramer acetate 48 (26.2%)
 Dimethyl fumarate 15 (8.2%)
 Teriflunomide 18 (9.8%)
 Natalizumab 17 (34.7%)
 Fingolimod 23 (46.9%)
 Rituximab 9 (18.4%)
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Disability progression after treatment 
discontinuation

The median time from treatment discontinuation to dis-
ability progression was significantly shorter after stopping 
second-line DMT than after stopping first-line DMT (5.3 vs. 
6.1 years; p = 0.03). Detailed results according to the DMT 
stopped are provided in Fig. A2.

Treatment resumption

The probability of resuming a treatment within the first 
year was 10% after first-line DMT discontinuation, 14% 
after fingolimod discontinuation and 37.5% after natali-
zumab discontinuation. Median time to treatment resump-
tion was significantly shorter after stopping second-line 
DMT (12.5 months) than after stopping first-line DMT 
(27 months) (p = 0.03). The main reason for resuming treat-
ment was clinical relapse (45%, including 9% with no clear 
MRI activity). The other reasons were MRI activity with-
out clinical relapse (43%), disability progression (6%), and 
patient’s convenience (5%). Of the whole sample, 97 patients 
(41.8%) had resumed a DMT for the whole follow-up period.

DMT discontinuation beyond 55 years

Eighty-one patients out of 232 (35%) discontinued DMT 
after age 55 years, and 16 of them had a relapse (20%). 
Patients who stopped DMT before age 55 did not differ sig-
nificantly from those who stopped after 55 years on time to 
first relapse (Fig. 3A). However, time to first MRI activity 
was significantly shorter before 55 years than after 55 years 
(Fig. 3B). For second-line DMT, of the nine patients who 
discontinued fingolimod after age 55 years, three experi-
enced a relapse and one had MRI activity without a relapse, 
while two of the four patients who discontinued natalizumab 
experienced a relapse, and the patient who discontinued 
rituximab remained relapse-free (details in Table 2).

Factors associated with occurrence of clinical 
relapse after treatment discontinuation

Multivariate analysis revealed significant associations 
between the occurrence of relapse after treatment discon-
tinuation and the occurrence of relapse during the 3 years 
prior to treatment discontinuation (p < 0.0001), treatment 
duration before discontinuation (p = 0.01), and type of treat-
ment stopped, particularly natalizumab (HR = 3.24; 95% CI 
(1.52; 6,90) (details in Table 3). The results were similar 
after excluding primary progressive MS patients from the 
analysis.

Fig. 1  Time from treatment discontinuation to first relapse according 
to type of treatment; a first-line versus second-line DMTs; b Second-
line DMTs (natalizumab, fingolimod, or rituximab)

Fig. 2  Annualized relapse rate according to type of treatment (first-
line or specific second-line DMT) at 3-monthly intervals
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Factors associated with focal inflammatory activity 
(clinical and/or MRI activity)

Multivariate analysis revealed significant associations 
between occurrence of focal inflammatory activity after 
DMT discontinuation and occurrence of relapse in the 
3 years prior to treatment discontinuation (p < 0.0001), 
occurrence of MRI activity in the 3 years prior to treatment 
discontinuation (p = 0.03), phenotype (relapsing–remitting) 
of MS (p = 0.01) and treatment duration before discontinu-
ation (p = 0.01). The probability of focal inflammatory 
activity after DMT discontinuation was not significantly 
increased with natalizumab compared to first-line DMT, but 
a trend was observed (details in Table A1).

Factors associated with significant EDSS increase

Multivariate analysis revealed significant associations 
between EDSS increase after DMT discontinuation and 
presence of MRI activity in the 3 years prior to treatment 
discontinuation (p = 0.03), phenotype (progressive) of MS 
(p = 0.0042), and type of treatment stopped (particularly fin-
golimod) (p = 0.0026) (details in Table A2).

Discussion

In this retrospective, two-center study of middle-aged 
patients with MS, the probability of having a relapse within 
1 year of stopping DMT was 9%. However, this probability 
varied greatly depending on the type of DMT stopped, rang-
ing from 6% for first-line DMTs to 43% for natalizumab, 
suggesting that stopping a continuous immunosuppressant 

Fig. 3  DMT discontinuation before and after age 55  years. a Time 
from treatment discontinuation to first relapse. b Time from treatment 
discontinuation to first MRI activity

Table 2  Detailed characteristics of patients with recurrence of focal inflammatory activity after stopping second-line DMT after age 55 years

FTY fingolimod, NTZ natalizumab, OCR ocrelizumab, RTX rituximab, MMF mycophenolate mofetil, CP cyclophosphamide, RR relapsing–
remitting, SP secondary progressive, PP primary progressive, T2 T2 weighted magnetic resonance imaging, Gd +  gadolinium contrast-enhanc-
ing

Patient 1 2 3 4 5 6

Age at treatment discontinuation (years) 59 63 59 57 58 58
Treatment stopped FTY FTY NTZ NTZ FTY FTY
MS phenotype RR PP RR SP SP SP
Relapse in 3 years prior to discontinuation (yes/no) No No No No Yes No
Treatment duration (months) 32.4 54 9 24 12 90
EDSS at treatment discontinuation 4.5 6.5 2.5 5 5 4
Time to first relapse (months) No relapse 18 2.5 8 10 3
MRI activity after discontinuation Yes Yes No Yes Yes Yes
New T2 (n); Gd + (n) T2 (2) T2 (2) T2 (multiple); 

Gd + (1)
T2 (5); Gd + (3) Gd + (> 20)

Treatment resumed OCR RTX MMF FTY CP OCR
Age at treatment resumption (years) 64 65 60 58 59 58
EDSS at treatment resumption 6 6.5 5 5 5 4
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second-line DMT is a different issue than stopping a first-
line one, and the type of second-line DMT stopped is cru-
cial, even in older patients.

First‑line DMT discontinuation

In the present study, the probability of relapse 1 year after 
stopping first-line DMT was low (6%), but increased to 21% 
at 5 years. The probability of MRI activity and/or clinical 
activity was 17% at 1 year and 55% at 5 years. This probabil-
ity is in line with that reported in the literature [9, 17–20], 
taking into account the median age (53 years) of our popula-
tion at treatment discontinuation. For example, in a cohort of 
patients drawn from the MSBase registry who had a lower 

mean age (43 years), but had been relapse-free for 5 years 
or more, 36.4% of those who stopped first-line DMT experi-
enced a relapse during the 5-year follow-up [9]. In a cohort 
of older patients (N = 178) who stopped their DMT after 
age 60 years, only one had a subsequent relapse [17]. Age 
at DMT discontinuation and inflammatory activity within 
the 3–5 years before discontinuation are the factors most 
often associated with relapse recurrence in the literature 
[9, 19–21]. In our study, having at least one relapse in the 
3 years before DMT discontinuation was indeed associated 
with the occurrence of a relapse after discontinuation, but 
we did not find any significant association with age. This 
may have something to do with the size of our cohort and 
our inclusion criterion of > 45 years of age, as this limited 

Table 3  Factors associated with relapse after treatment discontinuation

Study 
sample 
(n = 232)

Patients 
with relapse 
(n = 56)

Univariate HR [95% CI] p Multivariate HR [95% CI] p

Sex 0.50
 F 158 40 1
 M 74 16 0.82 [0.46, 1.47]

Age at treatment discontinuation 0.46
 45–50 years 71 22 1
 50–55 years 80 19 0.80 [0.43, 1.47]
  > 55 years 81 15 0.66 [0.34, 1.28]

Treatment duration 0.02 0.01
  < 3 years 124 32 2.10 [0.97, 4.55] 1.27 [0.55, 2.90]
 3–5 years 45 16 3.45 [1.47, 8.06] 2.94 [1.24, 6.95]
  > 5 years 63 8 1 1

Disease duration at treatment discontinuation 0.79
  < 15 years 101 25 1
  ≥ 15 years 131 31 1.07 [0.63, 1.82]

Form of MS at treatment discontinuation 0.27
 Relapsing 117 30 1
 Progressive 115 26 0.75 [0.44, 1.26]

Relapse in 3 years prior to discontinuation  < 0.0001  < 0.0001
 No 190 33 1 1
 Yes 42 23 3.58 [2.10, 6.11] 3.13 [1.77, 5.56]

EDSS at treatment discontinuation 0.89
  < 3 68 13 1
 3–6 109 28 1.17 [0.61, 2.28]
  > 6 33 7 1.14 [0.45, 2.85]

New MRI lesions in 3 years prior to treatment 
discontinuation

0.45

 No 183 46 1
 Yes 38 10 1.30 [0.66, 2.59]

Treatment 0.0007 0.02
 First-line 183 42 1
 Rituximab 9 0 0.49 [0.03, 8.67] 0.54 [0.03, 9.56]
 Natalizumab 17 10 4.17 [2.09, 8.34] 3.24 [1.52, 6.90]
 Fingolimod 23 4 1.06 [0.39, 2.87] 1.06 [0.38, 2.93]
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the age range of our population and excluded younger 
patients for whom the effect of age might have been more 
pronounced.

Second‑line DMT discontinuation

Overall, in our sample, the probability of relapse at 1 year 
was significantly higher after second-line DMT discon-
tinuation (20%) than after first-line DMT discontinuation 
(6%). However, this probability varied greatly, depending 
on which second-line DMT was stopped, ranging from 9% 
for fingolimod to 43% for natalizumab. The risk of inflam-
matory disease reactivation after stopping natalizumab is 
well established in the literature [22], and a rebound effect 
(i.e. increase in new inflammatory disease activity after 
discontinuation compared with inflammation prior to DMT 
start) has also been documented [12, 23, 24]. A meta-anal-
ysis revealed that younger age, higher numbers of relapses 
and gadolinium-enhanced lesions before treatment start, 
and fewer infusions are associated with increased risk for 
post-natalizumab disease reactivation [12]. However, the 
mean age at discontinuation of natalizumab in these stud-
ies was 30–40 years, and few studies have been conducted 
exclusively among older patients. In a small prospective 
study, treatment was suspended in 15 patients with MS 
(mean age = 50 years) who had been treated with natali-
zumab for > 5 years and had no clinical or radiological signs 
of inflammatory disease activity [25]. Ten patients (66%) 
experienced a relapse after discontinuation, and five (33%) 
a rebound (four of these patients were aged over 50 years). 
These results are therefore in line with ours, and suggest 
that natalizumab cannot be stopped without a major risk 
for patients, even after age 50 or 55 years. This high prob-
ability of relapse after stopping natalizumab compared to 
first-line DMT in patients theoretically at lower risk of focal 
inflammatory activity (61.2% of patients who stopped their 
second-line DMT had progressive MS vs 46.5% in first-
line DMT group) suggests not only a resumption of focal 
inflammatory activity normal for age, disease duration and 
MS phenotype but a very significant increase in probability 
related to stopping natalizumab. It is interesting to note that 
in the multivariate analysis, the occurrence of relapse after 
stopping DMT was not significantly related to the phenotype 
of the disease. Similarly, after exclusion of patients with pri-
mary progressive MS, the results regarding the probability 
of relapse remained unchanged. These results suggest that 
even patients with progressive MS are at risk for resumption 
of inflammatory disease activity after stopping natalizumab. 
Alternative therapy should probably be considered regard-
less of the MS phenotype.

In our study, the probability of relapse at 1 year after dis-
continuation of fingolimod was low (9%), but the probability 
of recurrence of inflammatory activity (relapse and/or MRI 

activity) was 23%. These probabilities are somewhat lower 
than those reported in the literature for younger patients 
(around 30% for disease activity and 10% for rebound) [26, 
27]. As previously reported, we observed the increase in 
ARR within 3 months of discontinuation. As with natali-
zumab, studies including only older patients are rare in the 
literature. In a recent retrospective study among patients 
who had been stable on fingolimod and who had discon-
tinued their treatment, the incidence of disease activity was 
not significantly lower in older patients (> 50 years) than in 
younger patients (19% vs. 36.5%, p = 0.17) although a trend 
was observed. Beyond 60 years, none of the 11 patients con-
cerned exhibited disease activity after stopping fingolimod 
[27]. In our study, however, two patients who had stopped 
fingolimod experienced inflammatory activity beyond the 
age of 60 years. This result, albeit based on a small number 
of patients, should make us cautious about stopping fingoli-
mod without giving an alternative treatment, even in older 
patients.

Only nine patients stopped rituximab after age 45 years, 
and none stopped ocrelizumab in our study. The use of these 
treatments is more recent in our centers. Consequently, the 
mean duration of follow-up after stopping rituximab was 
also short (e.g. 1.6 years vs. 7 years for natalizumab). More-
over, rituximab has a persistent effect (at least 6 months 
after the infusion). This effect must be taken into account in 
the interpretation of our results because we considered the 
date of the last rituximab infusion as the date of treatment 
discontinuation. In addition, the patients who discontinued 
rituximab in our study were mainly patients with progres-
sive MS (1 primary progressive MS, 6 secondary progres-
sive MS and 3 relapsing remitting MS patients). None of 
these patients experienced a relapse after stopping rituxi-
mab. These results are in agreement with a recent study in 
younger relapsing–remitting MS patients [11]. Among the 
92 patients (median age around 40 years) treated with rituxi-
mab and who had stopped treatment for different reasons, 
only three of these patients had a relapse, and just four had 
new MRI lesions during the 30 months of follow up. These 
encouraging results suggest that rituximab can be discon-
tinued without the need for an alternative treatment in older 
patients, but will have to be confirmed.

Limitations

This retrospective study had several limitations. First, 
our sample size was small, especially for second-line 
DMTs (n = 49), so our preliminary results will need to 
be confirmed in larger studies dedicated to each type of 
second-line DMT. Second, our inclusion criterion for 
age was at least 45 years at treatment discontinuation, 
which is quite young compared to what is known about 
the natural history of focal inflammation with age and 
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immunosenescence [2]. However, discontinuation of sec-
ond-line treatment is still uncommon in older patients. 
Thus, only 14 patients stopped a second-line DMT after 
age 55 years in our sample, probably because neurologists 
and patients are more inclined to stop second-line DMTs 
earlier than first-line ones, as the risks of these treat-
ments increase with age. Our study was thus a reflection 
of clinical practice, at least in our two centers. Moreover, 
given the known risk of recurrence of focal inflamma-
tory activity after discontinuation in younger patients, 
de-escalation may be performed, rather than discontinu-
ation. Although we focused on discontinuation without a 
treatment switch, this option should also be investigated 
in detail. Third, it is important to note that we included 
patients with both remitting and progressive (second-
ary and primary) MS in our study. Indeed, progressive 
patients represented 49.5% of our sample. As there is 
known to be less focal inflammatory activity in pro-
gressive forms of the disease [1], our results cannot be 
extrapolated to a purely relapsing–remitting MS popula-
tion, in which the risk of focal inflammatory activity is 
probably greater. However, the main results of our study 
were unchanged after excluding primary progressive MS 
patients. Fourth, as in many retrospective studies, a lack 
of standardized clinical and radiological follow-up made 
it difficult to accurately assess MRI activity in patients 
before and after stopping treatment. Only prospective 
studies with a predefined MRI schedule can provide good 
quality MRI data. Finally, it is important to note that both 
stable (i.e. without relapses and MRI activity) and unsta-
ble patients were included in our study, thus increasing 
the risk of inflammatory activity after stopping DMT. In 
clinical practice, scheduled discontinuation of DMT is 
generally envisaged for patients who have been stable for 
several years.

Perspectives

With the increased use of DMTs and the aging of patients 
with MS under DMT, the question of possible discontinu-
ation has become central in clinical practice. Several pro-
spective, randomized studies on this subject are currently 
underway (DISCOMS, STOP-I-SEP, DOT-MS). However, 
patients on second-line treatments are in the minority in 
these studies, either because it is an exclusion criterion, 
or because the neurologist has not included them because 
of the potential risk of disease reactivation. Large retro-
spective, multicenter studies are therefore needed on this 
subject to guide the decisions of neurologists and patients.

Conclusion

Our study suggests that the risk of recurrence of focal 
inflammatory activity is greater after discontinuation of 
second-line versus first-line DMTs, even in patients over 
45 years of age (and even after 55 years). As for younger 
patients, natalizumab discontinuation should only be con-
sidered if an alternative therapy is available.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 022- 11341-2.
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