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Abstract

:

For the past 10 years, disease-modifying therapy (DMT) options for multiple sclerosis (MS) have grown remarkably where DMTs have been shown to reduce the risk of MS relapses. MS patients are advised to begin treatment with a DMT shortly after diagnosis to limit the possibility of disease progression over time. While patients with radiologically isolated syndrome do not require pharmacologic treatment, high-risk patients with clinically isolated syndrome are advised to start DMTs. This article provides evidence-based recommendations for DMT use in MS management, helping healthcare practitioners advise patients on treatment decisions. We aim to provide recommendations for the management of acute MS relapses. The recommendations herein were developed following the gathering of a panel of experts after evaluating international guidelines, and the latest evidence was collected through a comprehensive literature review.
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1. Introduction


Recently, the availability of disease-modifying therapies (DMTs) for managing multiple sclerosis has dramatically increased. These treatments are diverse in their therapeutic profiles: they differ in the extent to which they suppress MS relapses (clinical efficacy), as well as their underlying therapeutic mechanisms, duration of action, modes of administration, tolerability, and safety profiles [1]. DMTs are not classified for the purpose of these consensus recommendations. However, it is important to note that DMTs are sometimes classified based on the method of administration, the approach to treatment, and the efficacy profile. They are often divided into “first-line” or “second-line” treatment options, with the latter being possibly restricted in the treatment-naïve patient [2,3,4]. Additionally, some drugs are used without a prescription for the management of MS, such as rituximab and ocrelizumab which are anti-CD20 monoclonal antibodies, and are approved for use in MS [5,6].



Designing a therapeutic regimen for patients with MS has never been as complex and challenging as it is today. Conversely, the diverse characteristics of today’s DMTs provide an unparalleled opportunity to individualize care, taking into account the needs and desires of the patient, while seeking to suppress the activity of the disease [7,8].



The prevalence of MS in Saudia Arabia is rising and the clinical course was found to be primary progressive in 19.1% of cases, relapsing-remitting in 60.7%, and progressive relapsing in 20.2% [9]. Therefore, the Ministry of Health (MOH) has established a working group formed of a multidisciplinary expert panel of neurologists, clinical pharmacists, neuroradiologists, and nurses with clinical experience in MS management, to discuss and agree on evidence-based recommendations. Workshop facilitators compiled all the relevant international guidelines and peer-reviewed articles. During the workshop, the nominal group technique was adopted and consensus was defined as an agreement of at least 75% of the attendees [10]. Following the session, a document describing the agreed-upon recommendations was submitted for review by an expert committee from the Ministry of Health as well as work group leaders.



The overall aim of these recommendations is to support all healthcare professionals who encounter patients with MS and related disorders in their diagnosis and management. This article summarizes recommendations of the major guidelines on DMT use in MS long-term management, acute-MS-relapse treatment, as well as the use of radiology/imaging for the diagnosis and monitoring of patients.




2. Use of Disease-Modifying Therapies for the Management of Multiple Sclerosis


2.1. Need for Early Use of DMTs


The proper use of DMTs has been proven to reduce the possibility of MS relapse. Therefore, all patients must be counselled to begin treatment with a DMT shortly after diagnosis to minimize the disability progression over time and to enhance long-term clinical outcomes [3,11]. The following sections guide the selection of a DMT appropriate for a patient with MS. The prevailing level of MS-disease activity, the presence or absence of concomitant conditions, and the patient’s personal preferences and circumstances are key issues to consider when choosing a DMT.



Fitting MS treatment around a patient’s needs to plan a family is a particular challenge for many MS patients and will be considered in detail in a separate article.




2.2. Classification of DMTs


For the past 10 years, the treatment options for MS have grown significantly, and several DMTs have been used “off-label”, while others have been accepted by international and local regulatory agencies [11]. These DMTs vary significantly in terms of their mechanism of action, route of administration, cost, and side effects [11,12]. The present consensus recommendations will better define when to use DMTs, which DMTs to use, and in which order.



DMTs have not been classified for the purposes of these recommendations. However, it is important to note that DMTs are sometimes classified based on the method of administration, the approach to treatment initiation, or their efficacy profiles [3]. They are also still often referred to as “first-line” or “second-line” treatment options, with the possibility of restriction of the use of a “second-line” DMT in a treatment-naïve patient [4]. Accordingly, formulary restrictions may need to be considered when selecting a DMT.




2.3. Currently Available DMTs for MS in Saudi Arabia


MS management is growing quickly with the introduction of new treatments. It is challenging for any guideline to remain up to date with the evolving market for MS treatments. This is particularly true for new medications, where their limited use thus has far prevented an informed expert opinion. Thus, although we list all currently available DMTs, the focus will be placed on the SFDA-licensed options at the time-point of the workshops, as well as therapies that can be assessed by expert opinion and used in regular clinical practice. Table 1 summarizes the details of the currently available DMTs, their USFDA-approval status, and SFDA-registration status.




2.4. Prescribers of DMTs


The decision between therapies should be made based on a benefit–risk assessment and individualized to serve every patient’s needs after discussions between the patient and his/her neurologist. Certain DMTs (namely, ocrelizumab, rituximab, natalizumab, alemtuzumab, and cladribine) should be prescribed and initiated by a neurologist with extensive clinical experience in the treatment of MS, considering that the use of these therapies requires appropriate patient-selection, comprehensive assessment, and proper monitoring including a pre-treatment work-up and DMT laboratory-monitoring.



General Pre-Treatment Work-Up


The following table provides the minimum recommended baseline-investigations before the initiation of any DMT (Table 2). In addition to the baseline investigations, patients should be updated with all immunizations before initiating therapy with DMTs. A baseline MRI of the brain should also be performed.





2.5. Assessment of Disease Activity in Treated Patients


In patients treated with DMTs, it is advisable to complete a standardized reference brain-MRI within 6 months of the start of the medication and 12 months after starting treatment, as a form of monitoring [11]. It is advisable to follow specific monitoring recommendations, depending on the DMT used (Table 3).




2.6. Use of Disease-Modifying Therapies in Specific Subgroups of Patients with MS


2.6.1. Radiologically Isolated Syndrome (RIS)


Available data does not suggest the initiation of DMT in patients with RIS [1]. More answers may be provided once the two ongoing randomized, double-blind, placebo-controlled phase III studies evaluating the ability of dimethyl fumarate (ARISE) or teriflunomide (TERIS) have been published [13]. However, follow-up of patients with RIS by an MS specialist is recommended [14].




2.6.2. Clinically Isolated Syndrome (CIS)


For patients with inactive CIS (no relapses in the previous 2 years and no new MRI lesion-activity imaging), serial imaging may be recommended at least once a year for the first 5 years, with a close follow-up at least every 6 months, rather than initiating DMT [3].



After discussing the pros and cons of treatment, DMTs should be offered to patients with a single clinical demyelinating event and at least two brain lesions characteristic of MS [3]. The decision to select a preferred DMT should be reached after discussions with the patient. The following DMTs may be considered for CIS: interferons [15,16,17], glatiramer acetate, teriflunomide [18,19], and dimethyl fumarate [11].




2.6.3. Inactive Relapsing–Remitting Multiple Sclerosis (RRMS)


Inactive RRMS is MS with no clinical attack (relapses) within the previous 2 years, and no evidence of active, new MRI-lesions [3]. For managing the treatment of naïve-inactive RRMS, a shared decision-making approach between the patient and treating neurologist should be used. Serial imaging may be recommended for a minimum of once a year for the first 5 years, with a close follow-up at least every 6 months, rather than initiating DMT (Figure 1) [3].




2.6.4. Active or Highly-Active RRMS


Active/highly active RRMS is characterized by relapses and/or MRI activity in the past 12 months [11]. For treating naïve-active/highly active RRMS, early treatment initiation with any of the following DMTs may be considered [11] (Figure 1):




	
Interferon beta [20]



	
Glatiramer Acetate



	
Teriflunomide [21]



	
Dimethyl fumarate [22]



	
Fingolimod [1,2]



	
Natalizumab [3]



	
Ocrelizumab [4]



	
Cladribine [5]



	
Siponimod [6,7]



	
Rituximab (off-label)








The choice of therapy is guided by [1,11]:




	
Characteristics and medical issues of patients



	
Disease severity



	
Adverse effects of drugs



	
Drug accessibility









2.6.5. Escalation/Switching/Stopping Treatment in a Patient with RRMS


The decision to escalate or switch DMTs may be driven by disease severity and drug safety, tolerability, and adherence. In general, people with MS take the same DMT unless suboptimal response, the appearance of adverse events, or adherence issues are recorded [23].



Washout periods differ for individual DMTs (Table 4), and this must be factored into a strategy for switching treatment [1].



Switch due to suboptimal response: When considering switching DMTs, there is no consensus on a definition for treatment “failure” or “non-responders”. There is no universally accepted standard time for switching DMTs. In general, when evaluating disease evolution in treated patients, combining MRI with clinical measures should be considered [11,24]. Monitoring disease activity from clinical onset and using MRI for new lesion detection guides treatment decisions [3].



When monitoring response to treatment with a DMT, a reference brain MRI usually during 6 months of starting treatment should be compared with a later brain MRI completed within 12 months after treatment onset [11,24]. Measurement of new T2 lesions is the recommended MRI method, supplemented with GAD-enhancing lesions [11]. Attacks or newly detected lesions on the MRI might develop after starting a DMT and before the treatment becomes effective [3]. Changing from one DMT to another should be discussed with patients who have been taking DMT for a prolonged period of time which is enough for the treatment to have a full response. These patients should be compliant with their therapy when they experience attacks (one or more), unequivocally new MRI-detected lesions (two or more), or worsening disability on examination after more than one year of using a DMT [3].



For non-naïve active/highly active RRMS patients who have previously taken interferons, glatiramer acetate, teriflunomide, dimethyl fumarate, or any of the other treatments, escalation options may be considered: fingolimod, natalizumab, ocrelizumab cladribine, and rituximab (off-label) [25,26].



Switch due to poor adherence: Adherence to treatment for MS patients is affected by tolerability, adverse effects, cost, and route of administration. MS patients on injectable DMTs could suffer from discomfort at the injection site which requires a switch to DMT with a different administration route with less-frequent dosing [3]. Selection of another DMT is also needed when adverse events negatively influence adherence [3]. Due to the different adverse events associated with DMTs (Table 5), engaging patients in the decision-making process regarding treatment options and assessing their needs may also enhance compliance with DMT [3].



Switching due to laboratory abnormalities: persistent laboratory abnormalities (for example, decreased WBC counts or elevated liver enzymes) may prompt switching of treatment or reduced dosage (where data are available at different doses, for example, for interferons, teriflunomide) or reduced frequency of administration [3].



Switching from natalizumab due to high PML risk: While natalizumab has a good tolerability profile, it is linked to a rare possible adverse event whereby immune system depression allows for JCV activation and progressive multifocal leukoencephalopathy (PML) (see above). Once a patient receiving natalizumab becomes JCV-antibody positive, with an index higher than 0.9, it is necessary to switch therapies [3,41].



Clinicians must inform patients that the discontinuation of natalizumab may be followed by a return to previous MS disease-activity within 6 months of discontinuation [3]. To maintain adequate disease control and reduce the risk of disease activity resuming, the initiation of an alternative treatment option within 6 to 8 weeks of natalizumab discontinuation should be considered. The choice of therapy guide should be based on every patient’s past medical history and available safe treatment options. It is recommended that clinicians consider CSF analysis to exclude asymptomatic progressive multifocal leukoencephalopathy (PML) before starting cell-depleting therapies (cladribine, alemtuzumab, mitoxantrone or hematopoietic stem-cell transplant).




2.6.6. Aggressive MS (Treatment Non-Naïve and Treatment-Naïve)


Aggressive RRMS has one or more of the following characteristics, irrespective of the prior-treatment history [42]:




	
EDSS score ≥ 4 within 5 years of starting treatment.



	
≥two relapses with partial resolution over the last 12 months.



	
>two MRI scans with new or growing T2-lesions or enhancing lesions, in spite of treatment.



	
Lack of improvement while on therapy with one or more DMTs for up to one year.








Treatment for worsening MS should be prescribed and initiated by a neurologist with extensive clinical experience in the treatment of MS [1,43]. The following treatment options can be initiated in aggressive MS, whether or not the patient has received a DMT previously: fingolimod [25], cladribine, natalizumab, ocrelizumab, rituximab (off-label) (Figure 1). Treatment escalation to alemtuzumab should be considered for a patient with aggressive RRMS who demonstrated a partial response to an initial high-efficacy DMT [37,44,45]. Mitoxantrone should not be prescribed to patients due to the large number of severe side effects side-effects, except if the possible benefits greatly trump the risks [3,46,47].



Autologous hematopoietic stem-cell transplantation (AHSCT) after immunoablation has been used for the past two decades for the management of treatment-refractory autoimmune illnesses [48]. A recent study showed that MS activity-free-survival was 69·6% 3 years after transplantation [49]. The recent results of the MIST study suggest that AHSCT is significantly more effective than DMT and can be administered safely [50]. Despite encouraging results for efficacy and safety, AHSCT should be reserved as a final attempt to manage MS refractory to DMT due to its serious immunosuppression and potential side effects [51]. It should also be restricted to centers with transplant hematology expertise [52].




2.6.7. Progressive MS


DMTs for progressive-MS patients should be prescribed and initiated by a neurologist with extensive clinical experience in the treatment of MS.



Ocrelizumab should be considered for patients with PPMS who are ambulatory, with MRI features showing evidence of inflammatory activity, except with risks that exceed benefits [3,11,53,54].



SPMS patients who have superimposed attacks or active lesions on an MRI may benefit from DMT. For active SPMS, any of the following DMTs may be considered (individualized therapy in accordance with expected benefits and risks) [3,11,55]:



Fingolimod.



Natalizumab.



Ocrelizumab.



Cladribine.



Rituximab (off-label).



Siponimod [56].



Randomized controlled trials have not yet directly assessed the discontinuation of DMTs in patients with non-active SPMS. Moreover, clinical trials have not addressed the safety and efficacy of DMT in patients with SPMS who are non-ambulatory. Therefore, we recommend continuing DMT in patients with non-active SPMS who are able to walk without assistance. The use of DMT in non-ambulatory SPMS is advised if the advantages trump the risks [57]. Discontinuation of DMT is recommended in non-ambulatory SPMS patients without evidence of disease activity (no relapses or new MRI lesions) for a minimum of two years.




2.6.8. Use of Biosimilar Agents and Generic Medications


Generic or biosimilar preparations are becoming available as alternatives to some costly, branded products, which will significantly improve the accessibility of many MS treatments and reduce the overall costs of healthcare. In the USA, the use of generic medicines increased from 80% to 90% between 2016 and 2019 [2,3] and most available MS therapies are biological medications. However, biosimilar alternatives to these have yet to be approved for therapeutic use in Saudi Arabia (although biosimilar-interferon is available in Latin America and Iran). Therefore, we recommend using approved generic and biosimilar medications to treat and manage patients with MS, after their approval by the regulatory authorities, internationally (FDA or EMA) and locally for biosimilars, and locally only for generics.





2.7. COVID-19 and MS DMTs (Recommendations as of July 2020)


There is no evidence that shows that MS patients are at a higher risk of contracting COVID-19. However, certain factors could lead to a possible increase in the risk of complications in patients with MS who develop COVID-19 [58]:




	
Chronic medical comorbidities, such as bronchial asthma, cardiac disease, diabetes, and malignancy.



	
Age older than 65.



	
Obesity.



	
Restricted mobility.








The effect of DMT on COVID-19 disease severity disease-severity remains unclear. It is necessary that healthcare practitioners discuss with their patients the effect of MS therapies on the possibility of contracting COVID-19. Delaying the start of DMT might reduce the immune system’s ability to respond to infections (alemtuzumab, cladribine, fingolimod, siponimod, ocrelizumab, and rituximab), and is not recommended.



We provide the following specific recommendations regarding COVID-19 and MS:



Patients should reduce COVID-19 infection-risk by following WHO and local-health-authority recommendations [59]:



Practice social distancing by staying home and maintaining 2 m distance from others when needing to go outside.



Frequent handwashing with soap and water.



Frequent use of hand sanitizer.



Respiratory hygiene—covering coughs or sneezes.



Avoiding touching the face.



Disinfect surfaces that are frequently touched.



Follow the Ministry of Health recommendations for mask use in the community.



Healthcare practitioners managing asymptomatic MS-patients with a positive test for COVID-19 should recommend [60]:



Continue the following DMTs: interferon-beta, glatiramer acetate, teriflunomide, fingolimod, siponimod, dimethyl fumarate, or natalizumab.



Healthcare practitioners treating COVID-19 infection in MS patients should recommend [59,61]:




	
Continue interferon-β, glatiramer acetate, dimethyl fumarate, fingolimod, teriflunomide, siponimod, or natalizumab if COVID-19 is present but symptoms are mild.



	
Otherwise, in patients with symptomatic, severe COVID-19 (e.g., patients with pneumonia, septic shock, or on mechanical ventilation), temporarily stop all DMTs (injectables, oral, and infusion therapies) until the patient is asymptomatic—especially for patients with an increased risk of complications (older age, greater disability, anti-CD 20 B cell therapy) (be aware of the risk of disease reactivation following the discontinuing of fingolimod and natalizumab) [62].



	
Delay additional doses of alemtuzumab, cladribine, ocrelizumab, and rituximab in patients with mild symptoms of COVID-19.








KEY POINTS ON THE USE OF DMTS FOR THE MANAGEMENT OF MS



The decision between therapies should depend on a benefit–risk evaluation, and should be customized to serve the individual requirements of the patient after dis-cussions with him/her. Considering specific MS-subtypes:




	
RIS: Evidence does not support the initiation of DMT in RIS patients.



	
CIS: The following DMTs may be considered for CIS: interferons, glatiramer acetate, teriflunomide, and dimethyl fumarate.



	
RRMS: For treatment of naïve-inactive RRMS, serial imaging may be recommended for a minimum of once a year for the initial 5 years, and an extended follow-up at least every 6 months, rather than initiating DMT. For treatment of naïve-active/highly active RRMS, early treatment-initiation with any of the DMTs may be considered, with the choice of therapy guided by the severity of the disease, the patient’s comorbidities and the availability and safety of the drug for that patient. For treatment of non-naïve active/highly active RRMS, the decision to escalate/switch DMTs may be driven by the extent of disease activity and tolerability and compliance with medication. The following treatment options can be initiated in both naïve and non-naïve aggressive MS: fingolimod, cladribine, natalizumab, ocrelizumab, rituximab. In addition, treatment escalation to alemtuzumab can be considered if the response to the initial high-efficacy DMT is suboptimal.



	
Progressive MS: PPMS: for PPMS patients who are ambulatory, with MRI features showing evidence of inflammatory activity, treatment with ocrelizumab may be considered, except if there are risks outweighing the benefits. SPMS: For active SPMS, any of the following DMTs may be considered: (1) fingolimod, (2) natalizumab, (3) ocrelizumab, (4) cladribine, (5) rituximab (off-label), and (6) siponimod [40].



	
The use of DMTs will need to be individualized with consideration of each medication’s expected benefitThe use of approved generic and biosimilar medications to treat and manage patients with MS should be considered. s and risks.



	
MS and COVID-19: Counsel patients to avoid infection with COVID-19 (hygiene, social distancing) Do not delay DMT per se in the absence of a positive COVID-19 test or symptoms. Continue interferon-β, glatiramer acetate, dimethyl fumarate, fingolimod, teriflunomide, siponimod, or natalizumab if COVID-19 is present but symptoms are mild. Delay doses of alemtuzumab, cladribine, ocrelizumab, or rituximab for 2 weeks or until a negative COVID-19 test before initiation and follow-up.










3. Management of Acute Relapse


3.1. Diagnosis of Acute Relapse


Relapses are the most significant feature of RRMS and are usually linked to significant functional impairment and worsening quality of life [63]. Relapses in MS are new or deteriorating neurological losses lasting for 24 h or more without fever or infection [61]. MS relapse typically evolves over hours or days (though sometimes considerably longer), reaching a nadir in several days, and followed by a slow recovery course over a period of weeks to months [63]. Recovery may be complete or partial, with residual long-term disability [63].



Furthermore, clinicians must rule out pseudo relapse, which is a temporary flare-up in MS symptoms unrelated to the long-term disease course of MS. Pseudo relapse is typically caused by an infection, although individual patient factors such as stress may be involved [63]. Treating radiological activities alone as relapses with regard to acute therapy is not recommended.




3.2. Interventions for Acute Relapse


Figure 2 summarizes intervention strategies for managing acute MS relapses.



In patients with mild exacerbations, there is a consensus that immediate treatment may not be required. Treatment should be started as soon as possible for patients with moderate-to-severe confirmed MS attacks. A high dose (1 g/day) of IV methylprednisolone for 3 to 5 days is recommended as first-line treatment [63]. It is also an option to administer high-dose methylprednisolone instead of IV formulation [63]. If oral methylprednisolone is not available, prednisone (1250 mg prednisone = 1000 mg methylprednisolone) is considered an acceptable alternative that provides similar clinical efficacy, bioavailability, and gastric tolerance [64,65,66]. There are few differences in efficacy between the oral and intravenous modes of administration, according to the results of randomized comparisons, and these treatments can be considered equivalent [33,67,68]. Oral prednisone tapering after IV methylprednisolone administration could be considered, taking into consideration the patient’s situation. However, data suggest no benefit for oral tapering [63].



Plasmapheresis (PLEX) has been shown to be effective in the setting of acute MS relapses in subgroup analyses of randomized trials in patients with the relapsing form of the disease, including in patients who have not responded to IV methylprednisolone [69,70]. Thus, PLEX may be considered as a second-line treatment in patients with severe, steroid-resistant relapse [71]. However, the use of intravenous immunoglobulin (IVIG) as a monotherapy for MS relapses is not supported by sufficient data [72].



KEY POINTS ON DIAGNOSIS AND MANAGEMENT OF ACUTE RELAPSE



	
A relapse is a new or worsening neurological loss or weakness that lasts a minimum of 24 h, in the absence of fever or infectious disease.



	
Clinicians should rule out pseudo-relapse, which is a temporary flare-up in MS symptoms unrelated to the long-term disease course of MS.



	
In patients with mild exacerbations, there is a consensus that immediate treatment may not be required.



	
In patients with moderate-to-severe confirmed MS relapses, high-dose intravenous/oral methylprednisolone (or the oral equivalent) is recommended as first-line treatment.



	
Plasmapheresis may be considered a second-line treatment option.








4. Conclusions


Selecting the appropriate disease-modifying therapy for an MS patient is crucial to reduce the risk of relapse, and should be considered shortly after diagnosis of MS. DMT initiation may be especially beneficial for patients belonging to multiple sclerosis subgroups with aggressive clinical courses, high disease activity, and high risk of relapse.
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Figure 1. Management algorithm for using disease-modifying therapies (DMT) for relapsing–remitting multiple sclerosis (RRMS). Figure was created by authors. No permission needed.* Escalate or switch DMT according to the extent of disease activity, safety, tolerability, and adherence. ** Off-label use. *** Only if benefits greatly outweigh risks. 
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Figure 2. Algorithm for management of acute relapse. Figure was created by authors. No permission needed. 
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Table 1. Disease-modifying therapies for MS currently available in Saudi Arabia.
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	Generic
	Brand
	Manufacturer
	Route
	Strengths & Formulations
	USFDA Approval
	SFDA Registration
	Approved Indication a





	Interferon beta-1a
	Avonex
	Biogen
	Injectable
	30 mcg/0.5 mL pre-filled pen (IM)
	✓
	✓
	CIS, RRMS, active SPMS



	Interferon beta-1a
	Rebif
	EMD Serono/Pfizer
	Injectable
	22 or 44 mcg pre-filled pen or 22 or 44 mcg/0.5 mL solution for injection cartridge (SQ)
	✓
	✓
	CIS, RRMS, active SPMS



	Interferon beta-1b
	Betaseron/Betaferon
	Bayer
	Injectable
	8 MIU/mL vial (SQ)
	✓
	✓
	CIS, RRMS, active SPMS



	Pegylated interferon beta-1a
	Plegridy
	Biogen
	Injectable
	125 mcg or 63–94 mcg solution for injection
	✓
	✓
	CIS, RRMS, active SPMS in adults



	Teriflunomide
	Aubagio
	Sanofi Genzyme
	Oral
	7 mg and 14 mg film-coated tablet
	✓
	✓
	CIS, RRMS, active SPMS in adults



	Dimethyl Fumarate
	Tecfidera
	Biogen
	Oral
	120 or 240 mg capsule
	✓
	✓
	CIS, RRMS, active SPMS



	Dimethyl Fumarate
	Sclera b
	JPI
	Oral
	120 or 240 mg capsule
	✓
	✓
	CIS, RRMS, active SPMS



	Diroximel fumarate d
	Vumerity
	Biogen
	Oral
	231 mg capsule
	✓
	X
	CIS, RRMS, active SPMS



	Glatiramer Acetate c
	Copaxone
	Teva Neuroscience
	Injectable
	20 mg/mL or 40 mg/mL solution for injection (SQ)
	✓
	X
	CIS, RRMS, active SPMS in adults



	Fingolimod
	Gilenya
	Novartis
	Oral
	0.5 mg capsule
	✓
	✓
	CIS, RRMS, active SPMS



	Fingolimod
	Fegona b
	Saja
	Oral
	0.5 mg capsule
	✓
	✓
	CIS, RRMS, active SPMS



	Ocrelizumab
	Ocrevus
	Roche
	IV Infusion
	30 mg/mL concentrate solution for infusion
	✓
	✓
	CIS, RRMS, active SPMS



	Natalizumab
	Tysabri
	Biogen
	IV Infusion
	300 mg/15 mL concentrate solution for infusion
	✓
	✓
	CIS, RRMS, active SPMS



	Alemtuzumab
	Lemtrada
	Sanofi
	IV Infusion
	12 mg concentrate solution for infusion
	✓
	✓
	Highly active RRMS



	Cladribine d
	Mavenclad
	Merck Serono
	Oral
	10 mg tablet
	✓
	
	RRMS, active SPMS



	Siponimod
	Mayzent
	Novartis
	Oral
	0.25 mg tablet
	✓
	✓
	CIS, RRMS, active SPMS







a All therapeutic indications relate to adults only (no indications for pediatric use); b Generic equivalent; c Generic equivalent is currently undergoing SFDA registration and will soon be available in Saudi Arabia. d Not yet registered in SFDA or currently in the registration process. Note: In addition to the above DMTs, off-label use of rituximab in MS may be considered in special circumstances. JPI: Jazeera Pharmaceutical Industries; IV: Intravenous; SAJA: Saudi Arabian Japanese Pharmaceutical Company.
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Table 2. Baseline investigations before initiation of a disease-modifying treatment (DMT).






Table 2. Baseline investigations before initiation of a disease-modifying treatment (DMT).





	No.
	Parameter
	Baseline
	Comments





	1
	CBC with differential
	✓
	All DMTs



	2
	LFT
	✓
	All DMTs



	3
	UA
	✓
	Alemtuzumab



	4
	TSH
	✓
	All DMTs



	5
	VZV: IGG
	✓
	All DMTs except IFNB, GA, Teriflunomide, and DMF



	6
	HBV/HCV
	✓
	All DMTs except IFNB, GA, Teriflunomide, and DMF



	7
	HIV
	✓ a
	All DMTs except IFNB, GA, Teriflunomide, and DMF



	8
	JCV
	✓
	Natalizumab



	9
	TB (QuantiFERON-TB Gold test)
	✓
	All DMTs except IFNB and GA



	10
	Pregnancy test
	✓ a
	All DMTs



	11
	Chest X-ray
	✓
	All DMTs (in case of positive QuantiFERON-TB Gold test)



	12
	Cervical smear
	✓
	Alemtuzumab







a If clinically indicated. CBC: complete blood count; LFT: liver-function tests; UA: urinalysis; TSH: thyroid-stimulating hormone; VZV: varicella-zoster virus, IGG: immunoglobulin G, HBV, hepatitis B virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; JCV: John Cunningham virus; TB: tuberculosis.
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Table 3. Disease-modifying therapy (DMT)-specific routine-monitoring recommendations.






Table 3. Disease-modifying therapy (DMT)-specific routine-monitoring recommendations.





	DMT
	Routine-Monitoring Recommendations





	Interferon beta
	LFT, CBC with differentials at months 1 and 3, and every 6–12 months as required after that.

TSH every 6–12 months.



	Glatiramer Acetate
	None required.



	Teriflunomide
	LFT, CBC with differentials every month for 3 to 6 months.

Repeat every 3–6 months after that.

Monitor blood pressure periodically at clinic visits.



	Dimethyl Fumarate
	LFT, CBC with differentials every month for 3–6 months.

Repeat every 3–6 months after that.



	Fingolimod
	LFT, RFT, and CBC with differential every month for 3 months; then repeat every 3–4 months.

Full ophthalmological assessment 3 months after starting.

Monitor blood pressure periodically at clinic visits.



	Ocrelizumab
	Although as per SmPC, there is no required routine monitoring, the following is recommended as per expert opinion:

LFT and CBC with differential before each infusion.

Pregnancy testing before each infusion.



	Natalizumab
	LFT and CBC with differential every 3 months.

JCV testing every 6 months.



	Alemtuzumab
	The following tests to be conducted for 48 months following final dose:

CBC with differential, ALT, serum creatinine, and urinalysis every month.

TSH every 3 months.



	Cladribine
	Lymphocyte counts at 2 and 6 months after onset treatment in every treatment year.

It is necessary to actively follow up patients with lymphocyte counts below 500 cells/mm³ for signs and symptoms suggestive of infections. Particularly herpes zoster.



	Siponimod
	Monitor CBC, including lymphocytes, periodically during treatment.

Full ophthalmological assessment 3–4 months after initiation.

Blood pressure should be regularly monitored.

Monitor liver enzymes periodically during treatment.
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Table 4. Washout period for switching between disease-modifying therapies.
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To

	
Interferons

	
GA

	
Teriflunomide

	
DMF

	
Fingolimod

	
Natalizumab

	
Ocrelizumab

	
Alemtuzumab

	
Cladribine

	
Siponimod




	
From

	






	
Interferons

	
.

	
None

	
None

	
None

	
None

	
None

	
None

	
None

	
None

	
None




	
GA

	
None

	

	
None

	
None

	
None

	
None

	
None

	
None

	
None

	
None




	
Teriflunomide

	
None

	
None

	

	
After REP

	
After REP

	
After REP

	
After REP

	
After REP

	
After REP

	
After REP




	
DMF

	
None

	
None

	
None a

	

	
None a

	
None a

	
None a

	
None a

	
None a

	
None a




	
Fingolimod

	
None

	
None

	
ALC > 0.8 b

	
ALC > 0.8 b

	

	
ALC > 0.8 b

	
ALC > 0.8 b

	
ALC > 0.8 b

	
ALC ≥ 1.0 b

	
ALC > 0.8 b




	
Natalizumab c

	
None

	
None

	
4 w

	
4 w

	
4 w

	

	
4 wks.

	
4 w

	
4 w

	
4 w




	
Ocrelizumab

	
None

	
None

	
6 mo

	
6 mo

	
6 mo

	
6 mos.

	

	
6 mo

	
6 mo

	
6 mo




	
Alemtuzumab

	
None

	
None

	
1 y d

	
1 y d

	
1 y d

	
1 year d

	
1 year d

	

	
1 year d

	
1 y d




	
Cladribine

	
None

	
None

	
6 mo e

	
6 mo e

	
6 mo e

	
6 mo e

	
6 mo e

	
6 mo e

	

	
6 mo e




	
Siponimod

	
None

	
None

	
ALC > 0.8

	
ALC > 0.8

	
ALC > 0.8

	
ALC > 0.8

	
ALC > 0.8

	
ALC > 0.8

	
ALC > 0.8

	








a If ALC is normal. b Not more than 8 weeks. c JCV testing before switching to other DMTs is recommended. d One year since the last infusion cycle or ALC > 0.6 if clinically indicated. e Since last dose. ALC, absolute lymphocyte count; REP, rapid elimination.













[image: Table] 





Table 5. Disease-modifying therapy (DMT)-specific and adverse events.






Table 5. Disease-modifying therapy (DMT)-specific and adverse events.









	DMT
	Adverse Event





	Interferon beta
	



	Glatiramer Acetate
	Local injection-site reactions.

Less common: transient, systemic, post-injection reactions such as (flushing, chest pain, dyspnea, palpitations) [27]



	Teriflunomide
	Headache, nausea, hair thinning, diarrhea and elevated alanine aminotransferase (ALT)-levels [19,28]

Rare: hepatotoxicity, bone-marrow suppression.



	Dimethyl Fumarate
	Common: gastrointestinal symptoms (diarrhea, nausea, and abdominal pain), flushing.

Rare: anaphylaxis and angioedema, hepatotoxicity, opportunistic infections (herpes zoster), very low risk of progressive multifocal leukoencephalopathy (PML) and lymphopenia [29].



	Fingolimod
	Headache, diarrhea, elevated liver-enzymes, sinusitis, pain in the back, abdomen, arms or legs [30]. Increased risk of arrythmia and viral and fungal infections; very low risk of progressive multifocal leukoencephalopathy (PML) [31].



	Ocrelizumab
	Infusion-related reaction, upper and lower respiratory-tract infections, and skin infections [32,33].



	Natalizumab
	Common: headache, dizziness, nausea, and flushing during infusion, fatigue, urinary-tract and lower-respiratory-tract infections, arthralgia, gastroenteritis, vaginitis, extremity pain, depression, and rash.

Rare: progressive multifocal leukoencephalopathy (PML) due to JC-virus activation [34].



	Rituximab
	Infusion reactions, anaphylaxis and infections [35].

Rare: prolonged neutropenia, PML [36].



	Alemtuzumab
	Infusion reactions, infections (herpes viral-infections), and autoimmune disorders (thyroid autoimmunity) [37,38].

Rare: immune thrombocytopenia, nephropathy [37].



	Cladribine
	Upper-respiratory-tract infections, headache, and lymphocytopenia [39].



	Siponimod
	Headache, hypertension, and increased transaminase levels [40].

Causes a dose-dependent 20–30% drop in peripheral lymphocyte counts.
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