Dr Kévin Bigaut 
email: kevin.bigaut@chru-strasbourg.fr
  
Mikaël Cohen 
  
Françoise Durand-Dubief 
  
Elisabeth Maillart 
  
Evelyne Planque 
  
Hélène Zephir 
  
Christine Lebrun-Frenay 
  
Jérôme De Sèze 
  
Elisabeth Maillard 
  
Jérôme De Seze 
  
How to switch disease-modifying treatments in multiple sclerosis: Guidelines from the French Multiple Sclerosis Society (SFSEP)

Keywords: Multiple Sclerosis, Disease-modifying treatment, Switch, Guidelines, French Multiple Sclerosis Society

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Multiple sclerosis (MS) is an autoimmune and neurodegenerative demyelinating disease of the CNS and a leading cause of disability in young people. [START_REF] Reich | Multiple Sclerosis[END_REF] Since the first disease-modifying treatment (DMT) was approved for MS in the mid-1990s, more than 10 DMTs have become available for [START_REF] Tintore | Treatment of multiple sclerosissuccess from bench to bedside[END_REF]. All these DMTs exert an immunomodulatory or immunosuppressive effect. Acting on patients' immune response, DMTs increase susceptibility to infections, with an incidence rate of 8.9-19.7 per 1000 person-years [START_REF] Luna | Infection Risks Among Patients With Multiple Sclerosis Treated With Fingolimod, Natalizumab, Rituximab, and Injectable Therapies[END_REF].

The usual paradigm for treatment of MS is treatment escalation beginning with low-risk and moderate-efficacy DMTs and switching to high-efficacy DMTs ("vertical switch") if breakthrough disease activity is encountered [START_REF] Fernández | Survey of diagnostic and treatment practices for multiple sclerosis in Europe[END_REF][START_REF] Montalban | ECTRIMS/EAN Guideline on the pharmacological treatment of people with multiple sclerosis[END_REF]. In the same way, if an adverse event occurs in the absence of disease activity, the current DMT will be switched to another with a similar efficacy profile ("horizontal switch"). Thus, almost half of patients with MS were reported to have switched to another DMT within three years, due to intolerance, lack of efficacy, pregnancy or for personal reasons [START_REF] Saccà | Determinants of therapy switch in multiple sclerosis treatment-naïve patients: A reallife study[END_REF]. Some DMTs, such as ocrelizumab, fingolimod, alemtuzumab, cladribine and dimethyl fumarate, decrease the pool of circulating lymphocytes, and the level of lymphocytes increases again within a few weeks or months after discontinuation. Therefore, when the decision has been made to switch DMTs, a washout period is observed before the start of the second DMT to prevent the risk of adverse events due to cumulative effects. Thus, switching is a difficult period for patients, for two reasons. On the one hand, a short washout time between the two DMTs increases the risk of adverse events, particularly infectious events, and, on the other hand, a long washout time increases the risk of rebound disease activity (relapses, disability worsening and/or MRI activity).

In 2018, recommendations from the Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology were published for starting, switching and stopping DMTs, based on a systematic review of the literature [START_REF] Day | Practice guideline recommendations summary: Disease-modifying therapies for adults with multiple sclerosis: Report of the Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology[END_REF]. Recommendations on switching DMTs focused mainly on the monitoring of DMTs and when to switch and less on the washout period given the paucity of scientific literature on the subject. Thus, in 2020, the French Multiple Sclerosis Society (Société Francophone de la Sclérose en Plaques, SFSEP), through the French Group for Recommendations in Multiple Sclerosis (France4MS), decided to initiate a task force to establish practical guidelines on how to switch DMTs in patients with MS.

Material and Methods

These recommendations, in the form of guidelines, were established by consensus among physicians from France4MS (appendix).

First, a Steering Committee, composed of seven experts practicing in MS expert centres in France, defined 15 proposals for guidelines, based on a systematic analysis of the literature, the product characteristics published by the European Medicines Agency (EMA) and by relevant French authorities and their own experience, regarding the following DMTs: interferon beta-1a, glatiramer acetate, teriflunomide, dimethyl fumarate, fingolimod, natalizumab, ocrelizumab, alemtuzumab, cladribine and mitoxantrone. In view of the paucity of information in the literature on the subject of switching DMTs, the level of scientific evidence of the guidelines is therefore graded level C (low level of evidence).

The Steering Committee then submitted its proposals to a Rating Group, composed of 48 French MS experts, none of whom had participated in the initial drafting. Each rater had to decide on her/his level of agreement with each proposal, and assign a score between 1 (totally disagree) and 10 (totally agree).

After two rounds of rating, proposals were then classified as 'appropriate' if the median score was ≥7, 'with strong agreement' if the range of rating is ≥7 and 'with relative agreement' if the minimal score is <7. Proposals were classified as 'inappropriate' if >2 raters disagreed and justified their position, even if the median score was ≥7.

DMTs were classified as first-line or second-line according to marketing authorizations delivered by the French High Authority of Health. First-line therapies were interferon beta-1a, glatiramer acetate, teriflunomide, dimethyl fumarate. Second-line therapies were fingolimod, natalizumab, ocrelizumab. Alemtuzumab, cladribine and mitoxantrone were considered as induction therapies.

Results

A summary of the guidelines is presented in Table 1 and Figure . Detailed results of the final ratings for all proposals are provided in Table 2.

1. In the case of first-line therapy discontinuation, another first-line therapy, a second-line therapy or an induction therapy could be started without a washout period if the patient's biological results are normal.

Rating: Appropriate with relative agreement (median = 10 [range: 3-10]).

Raters comments: For women of childbearing age receiving teriflunomide, a washout could be applied in view of the relatively long half-life (10-12 days) due to enterohepatic recycling [START_REF] Wiese | Pharmacokinetic evaluation of teriflunomide for the treatment of multiple sclerosis[END_REF].

2. In the case of dimethyl fumarate discontinuation and if there is a lymphopenia, it is recommended to wait for a lymphocyte count ≥800/mm 3 , or unless otherwise validated by the MS expert centre or by a multidisciplinary consensus meeting.

Rating: Appropriate with relative agreement (median = 9 [range: 5-10]).

Raters comments: The dynamics of lymphocyte repopulation could be more useful to appreciate than the absolute value to minimize the washout time [START_REF] Chan | Lymphocyte reconstitution after DMF discontinuation in clinical trial and real-world patients with MS[END_REF].

3. In the case of teriflunomide discontinuation, a washout must be initiated in the case of a patient intending to become pregnant or in the case of early pregnancy.

Rating: Appropriate with strong agreement (median = 10 [range: 8-10]).

Raters comments: No comments from the Rating Group.

4. It is recommended to validate the indication and the timing of the switch to a second-line therapy or induction therapy and the washout time with the MS expert centre or in a multidisciplinary consensus meeting.

Rating: Appropriate with relative agreement (median = 9 [range: 4-10]).

Raters comments: Recommendations exist from the French Regional Health Agency (Agence Régionale de Santé, ARS) regarding the orientation to MS expert centres. 5. In the case of fingolimod discontinuation, a first-line therapy could be started without a washout period, if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 9 [range: 2-10]).

Raters comments: Pre-therapeutic assessments should not take lymphopenia into account given the high risk of rebound of disease activity after fingolimod discontinuation [START_REF] Barry | Fingolimod Rebound: A Review of the Clinical Experience and Management Considerations[END_REF][START_REF] Cohen | Switching from natalizumab to fingolimod in multiple sclerosis: a French prospective study[END_REF]. More precautions could be taken with dimethyl fumarate in view of the risk of developing lymphopenia. However, lymphopenia with dimethyl fumarate usually occurs after 3-6 months and therefore most likely after the lymphocyte recovery after fingolimod discontinuation (1-2 months) [START_REF] Chan | Lymphocyte reconstitution after DMF discontinuation in clinical trial and real-world patients with MS[END_REF][START_REF] Fazekas | How Does Fingolimod (Gilenya®) Fit in the Treatment Algorithm for Highly Active Relapsing-Remitting Multiple Sclerosis?[END_REF].

6. In the case of fingolimod discontinuation, natalizumab or ocrelizumab could be started after a washout period of 1 month, if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 10 [range: 4-10]).

Raters comments: Pre-therapeutic assessments should not take lymphopenia into account given the risk of rebound of disease activity after fingolimod discontinuation and the low risk of a cumulative effect on lymphopenia with natalizumab or ocrelizumab [START_REF] Barry | Fingolimod Rebound: A Review of the Clinical Experience and Management Considerations[END_REF][START_REF] Cohen | Switching from natalizumab to fingolimod in multiple sclerosis: a French prospective study[END_REF]. 7. In the case of natalizumab discontinuation, a first-line therapy could be started without a washout period, if consistent with pre-therapeutic assessments.

Rating: Appropriate with strong agreement (median = 10 [range: 4-10]).

Raters comments: No comments from the Rating Group.

8. In the case of natalizumab discontinuation, fingolimod or ocrelizumab could be started after a washout period of 1 month, if consistent with pre-therapeutic assessments.

Rating: Appropriate with strong agreement (median = 10 [range: 4-10]).

Raters comments: No comments from the Rating Group. 9. In the case of natalizumab discontinuation in patients with positive JCV index, brain MRI monitoring at three-month intervals for at least six months is recommended.

Rating: Appropriate with strong agreement (median = 10 [range: 5-10]).

Raters comments: No comments from the Rating Group.

Other comments: it should be interesting to perform brain MRI after stopping natalizumab and before the beginning of a new drug in order to not attribute latent PML case to the new therapy.

10. In the case of ocrelizumab discontinuation, a first-line therapy could be started after a washout period of 3 months if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 9 [range: 4-10]).

Raters comments: In the case of lymphopenia (grade 2), dimethyl fumarate initiation must be delayed until normalization of the lymphocyte count.

11. In the case of ocrelizumab discontinuation, another second-line therapy or an induction therapy could be started at least 3 months after, if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 9 [range: 1-10]).

Raters comments: The time before starting another second-line therapy needs to be discussed with a specialized MS centre and may vary according to the DMT (fingolimod or natalizumab) due to a potential slight difference in the onset of action.

12. After mitoxantrone discontinuation, a first-line therapy could be started after at least 3 months, if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 9 [range: 5-10]).

Raters comments: A few of the raters considered the first-line therapy could be started after the 3rd or 6th infusion of mitoxantrone.

13. After mitoxantrone discontinuation, a second-line therapy or an induction therapy could be started after at least 6 months, if consistent with pre-therapeutic assessments, or if otherwise validated by the MS expert centre or at a multidisciplinary consensus meeting.

Rating: Appropriate with relative agreement (median = 9 [range: 4-10]).

Raters comments: A few of the raters considered the second-line therapy could be started after only 3 months as a first-line therapy.

14. After alemtuzumab discontinuation, a new DMT (first-or second-line therapy) could be started when clinical or MRI (i.e. annual MRI monitoring) activity occurs, if consistent with pre-therapeutic assessments.

Rating: Appropriate with strong agreement (median = 10 [range: 2-10]).

Raters comments: No comments from the Rating Group.

Other comments: A switch must be done only if clinical or MRI activity occurs and according to pretherapeutic assessments. Thus, no delay can be proposed, and the switch must be done according to risk-benefit balance by considering the aggressiveness of the disease and the lymphocyte count.

15. After cladribine discontinuation, a new DMT (first-or second-line therapy) could be started when clinical or MRI (i.e. annual MRI monitoring) activity occurs, if consistent with pre-therapeutic assessments.

Rating: Appropriate with relative agreement (median = 10 [range: 2-10]).

Raters comments: No comments from the Rating Group.

Other comments: A switch must be done only if clinical or MRI activity occurs and according to pretherapeutic assessments. Thus, no delay can be proposed, and the switch must be done according to risk-benefit balance by considering the aggressiveness of the disease and the lymphocyte count.

Discussion

In the present study we propose some guidelines concerning the switch between drugs in MS, established using an expert consensus approach.

The aim of the washout period is mainly to avoid a cumulative effect while minimizing the infection risk. This is particularly true for DMTs causing long-term lymphocyte depletion, such as ocrelizumab, alemtuzumab, cladribine and in some cases dimethyl fumarate [START_REF] Luna | Infection Risks Among Patients With Multiple Sclerosis Treated With Fingolimod, Natalizumab, Rituximab, and Injectable Therapies[END_REF][START_REF] Winkelmann | Disease-modifying therapies and infectious risks in multiple sclerosis[END_REF]. Combining DMTs was not analysed in MS, except for natalizumab plus interferon β-1a, which was safe compared to interferon β-1a alone, and the combination of interferon β-1a with glatiramer acetate, which was safe but did not produce any clinical benefit [START_REF] Lublin | Randomized study combining interferon and glatiramer acetate in multiple sclerosis[END_REF][START_REF] Rudick | Natalizumab plus Interferon Beta-1a for Relapsing Multiple Sclerosis[END_REF]. Thus, combining DMTs is not allowed in MS. On the other hand, the risk of too long a washout period is a fast resumption of disease activity, in particular for DMTs acting on lymphocyte migration or trafficking, such as natalizumab and fingolimod and, most likely to a lesser extent, for depleting therapies [START_REF] Fox | MS disease activity in RESTORE: a randomized 24-week natalizumab treatment interruption study[END_REF][START_REF] Frau | Clinical activity after fingolimod cessation: disease reactivation or rebound?[END_REF][START_REF] Razaz | Disease activity in pregnancy and postpartum in women with MS who suspended rituximab and natalizumab[END_REF].

The main limitation of these recommendations is that the proposed washout periods before starting new DMTs are based on experience rather than on scientific research as the literature on the subject is relatively poor. Indeed, the literature focuses mainly on the switch between two second-line therapies and especially on rebound risks.

The main switch analyzed is that of natalizumab to fingolimod, due to the long-term development of these two drugs. Starting fingolimod after a washout period <6-12 weeks diminished the risk of disease reactivation while being safe [START_REF] Cohen | Switching from natalizumab to fingolimod in multiple sclerosis: a French prospective study[END_REF][START_REF] Leurs | Switching natalizumab to fingolimod within 6 weeks reduces recurrence of disease activity in MS patients[END_REF][START_REF] Vollmer | The impact of very short transition times on switching from Natalizumab to Fingolimod on imaging and clinical effectiveness outcomes in multiple sclerosis[END_REF]. Switching from natalizumab, a short washout time of 6 weeks seems to be safe with rituximab and more effective than fingolimod on disease activity [START_REF] Alping | Rituximab versus fingolimod after natalizumab in multiple sclerosis patients[END_REF]. In the same way, a washout period of 6 to 9 weeks seems to be effective and safe with ocrelizumab [START_REF] Levin | Switching from natalizumab to ocrelizumab in patients with multiple sclerosis[END_REF][START_REF] Mancinelli | Switching to ocrelizumab in RRMS patients at risk of PML previously treated with extended interval dosing of natalizumab[END_REF]. Dimethyl fumarate was tested as an exit option after natalizumab but seems to be less effective compared to second-line therapies, even with a short washout period, and should be reserved for patients with lower previous disease activity [START_REF] Calabrese | Dimethyl fumarate: a possible exit strategy from natalizumab treatment in patients with multiple sclerosis at risk for severe adverse events[END_REF][START_REF] Cohan | Clinical outcomes in patients with relapsing-remitting multiple sclerosis who switch from natalizumab to delayed-release dimethyl fumarate: A multicenter retrospective observational study (STRATEGY)[END_REF][START_REF] Sellner | A review of the evidence for a natalizumab exit strategy for patients with multiple sclerosis[END_REF]. For the switch to alemtuzumab or cladribine, the switch was highly effective and no PML cases were reported with an average washout period of 70-128 days for the two studies with alemtuzumab and a mean 16 weeks for cladribine, but due to the long-term efficacy of these drugs the experts recommend to wait until the clinical or MRI reactivation of the disease [START_REF] John | Switching from natalizumab to alemtuzumab in patients with relapsing multiple sclerosis[END_REF][START_REF] Malucchi | High-Risk PML Patients Switching from Natalizumab to Alemtuzumab: an Observational Study[END_REF][START_REF] Möhn | Therapy with cladribine is efficient and safe in patients previously treated with natalizumab[END_REF].

Although controversial, the switch from fingolimod to alemtuzumab is a particular concern when the washout period is short. Indeed, an observational study reported that, in nine patients, after a median washout period of 6 weeks, unexpected disease activity occurred in the first year, while another study, with a median washout period of 42 days, reported that the therapy switch was highly effective and was as effective as for patients who switched to rituximab after a median washout period of 34 days [START_REF] Alcalá | Treatment with alemtuzumab or rituximab after fingolimod withdrawal in relapsing-remitting multiple sclerosis is effective and safe[END_REF][START_REF] Willis | An observational study of alemtuzumab following fingolimod for multiple sclerosis[END_REF]. The hypothesis is that pro-inflammatory cells are sequestrated in lymph nodes, related to the half-life of the fingolimod, and are therefore not accessible for alemtuzumab-mediated depletion in the blood. However, it should be remembered that the longer the washout period after fingolimod cessation, the higher the risk of disease reactivation, and monitoring lymphocyte repopulation may therefore be more useful [START_REF] Alcalá | Treatment with alemtuzumab or rituximab after fingolimod withdrawal in relapsing-remitting multiple sclerosis is effective and safe[END_REF][START_REF] Frau | Clinical activity after fingolimod cessation: disease reactivation or rebound?[END_REF]. One case was reported with a rapid and unexpected rebound of disease activity after switching from fingolimod to rituximab, two such cases after switching to ocrelizumab and one such case after switching to cladribine [START_REF] Coss-Rovirosa | Severe fingolimod rebound syndrome after switching to cladribine treatment[END_REF][START_REF] Holmøy | Extensive Multiple Sclerosis Reactivation after Switching from Fingolimod to Rituximab[END_REF][START_REF] Schmidt | Severe rebound after cessation of fingolimod treated with ocrelizumab with coincidental transient aggravation: report of two cases[END_REF]. On the other hand, the switch to alemtuzumab or rituximab was safe even with a washout period of 4-6 weeks [START_REF] Alcalá | Treatment with alemtuzumab or rituximab after fingolimod withdrawal in relapsing-remitting multiple sclerosis is effective and safe[END_REF][START_REF] Huhn | Alemtuzumab as rescue therapy in a cohort of 50 relapsing-remitting MS patients with breakthrough disease on fingolimod: a multi-center observational study[END_REF][START_REF] Willis | An observational study of alemtuzumab following fingolimod for multiple sclerosis[END_REF].

These guidelines from the SFSEP provide some advices for clinical practice to physicians during this particular period of switching from one drug to another. New studies are needed on this specific question to improve the benefit/risk ratio of DMT switches.
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  Figure. Graphic representation of the guidelines of the French Multiple Sclerosis Society (SFSEP) on the switching of a disease-modifying treatment in multiple sclerosis.

In the case of dimethyl fumarate discontinuation and if there is a lymphopenia, it is recommended to wait for a lymphocyte count ≥ 800/mm3, or unless otherwise validated by the MS expert centre or by a multidisciplinary consensus meeting. 0 1 0 0 2 5 3 6 13 18
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First-line therapy: interferon beta-1a, glatiramer acetate, teriflunomide, dimethyl fumarate.

Second-line therapy: fingolimod, natalizumab, ocrelizumab.

Induction therapy: alemtuzumab, cladribine, mitoxantrone.

Table 2. Detailed results of the rating for each proposal (by 48 raters).

Proposal

Distribution of scores on rating scale 1-10 Median 1 2 3 4 5 6 7 8 9 10

1. In the case of first-line therapy discontinuation, another first-line therapy, a second-line therapy or an induction therapy could be started without a washout period if the patient's biological results are normal.

0 1 2 1 2 1 1 3 6 31 10