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Foreword

The Director-General of Health of Malaysia
Datuk Dr Mahathar Bin Abdul Wahab

It is with great honour that I present the Malaysian Consensus Statement for the
Treatment of Multiple Sclerosis 2025, a much-anticipated update to our national clinical
guidance for managing this complex and evolving neurological disorder. Since the
publication of the last Clinical Practice Guideline for multiple sclerosis (MS) in 2015, the
field has witnessed significant advances in diagnostics, neuroimmunology, imaging, and
disease-modifying therapies. In light of these advancements, this updated consensus is
both timely and imperative.

This document results from the concerted effort and close collaboration among a
multidisciplinary team of experts, consisting of neurologists, neuroradiologists,
neuropsychiatrists, ophthalmologists and pharmacists. They have come together to
synthesise the best available evidence and translate it into practical recommendations
tailored to the Malaysian healthcare context. I commend the commitment and dedication
of this expert panel in ensuring that the updated consensus remains current, locally
relevant, and aligned with international best practices.

MS is a chronic, often debilitating disease that affects individuals during the prime
of their lives. The burden it places on patients, their families, and the healthcare system
is substantial. Therefore, it is essential to equip healthcare providers with practical,



evidence-based guidance to support early diagnosis, optimise therapeutic strategies, and
improve long-term outcomes for those living with MS.

The consensus statement places strong emphasis on timely initiation of DMTs, risk
stratification to guide therapeutic escalation, and the individualised management of
special populations, including pregnant women and those with cognitive impairment. It
also provides updated recommendations on monitoring treatment response, addressing
treatment failure, and promoting overall health and well-being. Notably, the guideline
highlights the value of neuropsychiatric care and mental health as integral components
of comprehensive MS management, an area that is often under-recognised yet crucial to
enhancing quality of life.

I am particularly intrigued by the application of the modified Delphi methodology
in developing this guideline. This approach ensures that the recommendations are firmly
grounded in both best available evidence and expert consensus. It underscores the
importance of structured consensus-building and peer validation in informing national
health policy and guiding clinical decision-making.

As we advance efforts to strengthen neurology and neuroimmunology services
across Malaysia, this document will serve as a foundational resource for clinicians,
educators, policymakers, and trainees. It also embodies our broader commitment to
ensuring that all Malaysians living with MS have access to high-quality, equitable, and
contemporary care, whether they receive treatment in a tertiary centre in an urban area
or a district hospital in a rural setting.

On behalf of the Ministry of Health Malaysia, I extend my sincere gratitude to all
the contributors, including the Malaysian Society of Neurosciences, the Multiple Sclerosis
Society Malaysia, frontline clinicians and patient reviewers, who played a vital role in
shaping this consensus. It is my hope that this guideline will inspire and unify our
collective efforts to achieve excellence in MS care across the nation.

Director-General of Health
Ministry of Health Malaysia
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Message from the Director of Kuala Lumpur Hospital, Malaysia
Dato’ Dr Harikrishna A/L K. Ragavan Nair

It is with great pleasure that I write this foreword on behalf of Hospital Kuala Lumpur
(HKL) for the Malaysian Consensus Statement for the Treatment of Multiple Sclerosis
2025. This important document marks a significant step forward in our collective mission
to enhance the quality, consistency, and effectiveness of care for individuals living with
Multiple Sclerosis (MS) in Malaysia.

As the nation’s largest quaternary referral hospital, HKL has long been at the
forefront of complex neurological care. Our clinicians have witnessed firsthand the
evolving clinical challenges and therapeutic possibilities in managing MS. Over the past
decade, the emergence of new disease-modifying therapies (DMTs), improved diagnostic
criteria, and a deeper understanding of neuroimmunological mechanisms have
transformed how MS is diagnosed, monitored, and treated.

Yet, until now, our national clinical guidance has not kept pace with these
developments. The last Malaysian CPG on MS was published in 2015, and its revision was
long overdue. This updated consensus, therefore, is not just a reflection of medical
progress—it is a practical and strategic tool for improving patient outcomes. Developed
through the collective expertise of neurologists, neuroradiologists, neuropsychiatrists,
ophthalmologist and pharmacist from across the country—including several from HKL—
it provides updated, evidence-based recommendations tailored to the Malaysian
healthcare system. I am proud that Hospital Kuala Lumpur has played a central role in
this initiative, both in terms of clinical leadership and service delivery.



This consensus document covers a broad range of relevant topics, including early
initiation of therapy, individualised risk stratification, management of progressive MS,
cognitive impairment, pregnancy-related considerations, and the role of mental health
and well-being in overall care. These are not theoretical issues—they are realities faced
daily by our clinicians and patients. By outlining clear, practical pathways and treatment
algorithms, this guideline empowers clinicians at all levels to make timely and informed
decisions.

What is particularly commendable is the document’s multidisciplinary approach.
The inclusion of neuropsychiatric perspectives, imaging protocols, and monitoring
strategies recognises that MS is not a condition confined to neurology alone. It impacts
the whole person—physically, cognitively, and emotionally—and demands an equally
comprehensive response.

At Hospital Kuala Lumpur, we are committed to embedding these
recommendations into clinical practice. We will continue to invest in multidisciplinary
MS care, facilitate access to high-efficacy therapies, and support our clinicians through
ongoing training, audit, and quality improvement initiatives. This guideline will serve as
a blueprint not only for best practice but also for equitable care across regions and
facilities.

I would like to extend my appreciation to the working group members and
contributors, many of whom are from HKL, for their dedication and vision. This
document is a testament to what can be achieved through collaboration, clinical integrity,
and a shared purpose. I am confident it will elevate the standard of MS care not only at
our institution but across the country.

Dato’ Dr Harikrishna A/L K. Ragavan Nair
Director
Kuala Lumpur Hospital, Malaysia
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Introductory Statement by MyMS Network MOH-MOE Steering
Committee Chair

Professor Dr. Suhailah Binti Abdullah

Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system
that results in neurological impairment and disability, which continue to represent a
significant healthcare challenge. Traditionally viewed as a two-phase disease consisting
of early predominantly inflammatory stage and a later more progressive
neurodegenerative phase, the discovery of disease progression independent of relapse
activity (PIRA) even in the earliest stage of disease support MS phenotypes as a disease
continuum. Over the last decade, there has been a rapid expansion in the number of
disease-modifying therapies (DMT) that substantially improve clinical outcomes, as well
as adding complexity in treatment options and associated safety considerations.

With reference to the first Malaysian clinical practice guidelines (CPG) on the
management of MS issued in 2015, the rapid evolution in the field of immunopathology
and treatment landscape urges the need for an update to provide a framework in clinical
decision-making.

The aim of this 2025 consensus statements is to provide an updated evidence-
based recommendations for the management of MS in Malaysia, focusing on the aspect
of treatment and monitoring of treatment response inclusive of specific circumstances
such as pregnancy and breastfeeding. The developing committee is constituted by clinical
experts in the field of neurology, ophthalmology, neuropsychiatry and pharmacy from



Ministry of health (MOH), Ministry of education (MOE) and private hospitals in
Malaysia, to advocate diversity and inclusivity.

Despite the benefit of early initiation of high-efficacy therapies, we acknowledge
the importance of individualised treatment strategy, shared decision-making and patient
involvement in the treatment plan.

I would like to take this opportunity to express my gratitude to all committee
members, individuals and organizations involved in developing this consensus. Your
contribution, diligence and perseverance are instrumental in making this consensus a
success. We hope that this consensus statement can facilitate the standardization of care
and consistency in MS management, as well as to serve as a resource for healthcare
professionals to provide optimal care for patients with MS.

Professor Dr. Suhailah Binti Abdullah
Consultant Neurologist,

University Malaya Medical Centre.



Message from the President of the Malaysian Society of
Neurosciences (MSN)

Dr Ahmad Shahir Mawardi

The journey toward this updated Malaysian Consensus Statement for the Treatment of
Multiple Sclerosis 2025 is a testament to the strength and unity of Malaysia’s
neuroscience community. As President of the Malaysian Society of Neurosciences (MSN),
I take immense pride in witnessing this milestone, which reflects not only scientific
progress but also the enduring collaboration between clinicians, researchers, and allied
professionals nationwide.

Multiple sclerosis, a condition once poorly understood and under-recognised in
our region, has now entered an era of rapid clinical and therapeutic evolution. As the
spectrum of diagnostic and treatment options expands, so too does the responsibility of
the medical community to ensure that our practices are consistent, evidence-based, and
accessible.

This consensus document reflects that responsibility in action. Developed through
meaningful dialogue and shared expertise, it brings together neurologists,
neuropsychiatrists, neuroradiologists, ophthalmologists, pharmacists, and others who
have contributed diverse insights into a unified framework for care. Their collective work
ensures that the recommendations are not only clinically sound, but also relevant across
various practice settings in Malaysia.

MSN’s role in this process has been to foster this spirit of inclusivity and scientific
rigor. We believe that guidelines such as this serve not just to inform practice, but to
elevate standards, strengthen inter-professional ties, and ultimately, improve the lives of
people living with MS.
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To all contributors - thank you for helping turn shared expertise into shared
progress.

Dr Ahmad Shahir Mawardi
President
Malaysian Society of Neurosciences

2025
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Message from the Scientific Committee Co-chairs

Dr Shanthi Viswanathan Dr Lim Su Yin

Tunku Abdul Rahman School of Medicine, Faculty of
Neuroscience Institute, Health and Medical Sciences,
Kuala Lumpur Hospital Taylors University

Multiple sclerosis (MS) and its related disorders has a growing importance within
multicultural Malaysia. According to the Atlas of MS the prevalence of MS has increased
to 6 per 100,000 population in 2024. Though previously considered a rare disease, the
improved awareness and ability to diagnose this condition in Malaysia has led to an
urgent to better manage this disease. The last clinical practice guidelines on multiple
sclerosis were published in 2015. It has been 10 years since its publication.

Within this time, many new developments have occurred in MS care. Among them,
the 2024 revisions to the McDonald diagnostic criteria for MS, development of new
knowledge about the pathobiology of MS, and the expansion of the spectrum of MS to
include radiologically isolated syndrome (RIS) and clinically isolated syndrome (CIS).

Aside from this, advances in biological and neuroimaging biomarkers, as well as
the exponential increase in the number of medications available for the management of
MS have spurred the need for this revision. Currently, 277 different disease modifying
treatments (DMTs) are approved for MS. Latest evidence suggests that early treatment of
MS benefits patients by preventing long term disability and disease progression. Given
these developments, this consensus statement is timely in guiding all those involved in
the management of people with MS (pwMS). Many new concepts such as RIS and the use
of newer high-efficacy DMTs, its pre-screening and monitoring, and special
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considerations such as pregnancy, vaccination and breastfeeding pose challenges to both
patients and their physicians.

The coming together of a group of subject matter experts (SME) from a wide range
of specialities who are truly representative of the Ministry of Health, Ministry of
Education, private sector, patient groups, pharmacists and other key opinion leaders,
through the MyMS Network is a momentous occasion in the development of this
consensus statement. The MyMS Network MOE-MOH steering committee has worked
hard to develop a comprehensive yet pragmatic document organised into easy to read
recommendation boxes utilising a rigorous Delphi method that analysed the latest
available data on MS management over the last 30 years.

As a disclaimer, this document is not meant to replace good clinical judgement and
critical thinking, as the management of MS should be individualised and not take on a
one size fits all approach. Shared decision making and personalised treatment plans are
important. This document will be revised as needed in the future with the evolution and
acquisition of new data.

We, the Scientific Chairs would like to take this opportunity to thank all members
of the development group from the MyMS Network as well as the
wonderful support from the Hospital Director and the Director
General of Health Malaysia, the Department of Neurology Kuala
Lumpur Hospital, Health Technology Assessment division of the
Ministry of Health, and everyone who contributed to this documents
in whatever way. We would finally also like to acknowledge Novartis
for their secretarial support, particularly Ms Emily Teng and Dr.
Priveena Nair.

Scientific Co-Chairs

Dr Shanthi Viswanathan MBBS(India), FRCP(Ire), Fellowship in Neurology
(Mal)

Dr Lim Su Yin MBBS(Lond), MRCP(UK), MD(Res), CCST(UK)
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Introduction

Over the past few years, there has been a marked increase in the number of disease
modifying treatments (DMTs) available for the treatment of Multiple Sclerosis (MS):.
The management of MS remains challenging due to evolving phenotypic descriptions,
diverse disease types, varying expectations and treatment responses, as well as ongoing
developments in our understanding of its pathobiology, diagnosis, classification,
investigations and management?-5.

The diagnosis of MS has historically relied on the demonstration of both
dissemination in space (DIS) and dissemination in time (DIT), which refer to the
presence of demyelinating lesions in at least two distinct CNS regions and evidence that
lesions have occurred at more than one time point, respectively®. The recent 2024
revision of the McDonald criteria7 allows DIS and DIT to be demonstrated using MRI,
laboratory biomarkers, or clinical events, with the addition of the optic nerve as a fifth
lesion site, kappa free light chains as a CSF biomarker to fulfill intrathecal
immunoglobulin synthesis, and advanced MRI biomarkers for improved sensitivity and
specificity for typical MS presentations (see Appendix 3). This revision promotes an
earlier and more accurate diagnosis of MS, including in those who were previously
classified as clinically isolated syndrome (CIS) or radiologically isolated syndrome
(RIS).

As such, periodic reviews of the latest literature are essential to guide the optimal
use of DMTs, particularly when tailoring recommendations to local healthcare settings.
Recent studies suggest that early use of DMTs, especially high-efficacy therapies
(HETSs), improves the long-term outcomes in patients with MS (pwMS) in terms of
relapse rates and disability progression3 4. 8-11,

According to the Atlas of MS 2020, the prevalence of MS in Malaysia has risen to
6 per 100,000 population?2. Patients, caregivers and healthcare professionals in
Malaysia face several challenges, including barriers to timely diagnosis, inconsistencies
in disease management, and limited access to treatment. Recent regional and a
Malaysian publication highlighted these concerns, specifically in relation to initiating
appropriate DMTs, access to HETs, managing the burden of pre-treatment screening
and ongoing monitoring, and making decisions about switching therapies in cases of
inadequate response or adverse effects!2-15,

Resource-limited countries face a unique challenge in balancing the ethical
imperative to provide treatment with the economic constraints of healthcare delivery2-
15, Additional concerns include the absence of reliable efficacy biomarkers, delays in
detecting disease progression and cognitive impairment in people with multiple
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sclerosis (pwMS), and the lack of clear guidance for managing pwMS in special
situations such as pregnancy, breastfeeding, contraceptive use, and vaccination3-19,

The Malaysian Clinical Practice Guideline (Version 1, 2015) aimed to address this
by providing guidance for all healthcare professionals involved in MS care, including
MS-trained neurologists, general neurologists, and pwMS themselves!7. Although it
remains widely used and disseminated as of 2025, ten years have passed since its
publication. An unpublished survey conducted amongst Ministry of Health (MOH)
neurologists in 2019 at Kuala Lumpur Hospital revealed that 100% of respondents
concurred with the need for a revised evidence-based guide and consensus statement to
make the best risk-benefit treatment decision for pwMS:8. All agreed on the need for
education, updated information and improved access to MS treatment.

As of June 2025, there are eight MS drugs registered with the Drug Control
Authority (DCA) of Malaysia and are available for use within the country9. Among
these, only interferon beta, teriflunomide, fingolimod and recently ofatumumab are
listed in the MOH’s Drug Formulary 9. With the exception of ofatumumab, these drugs
are currently included in the formularies of most public hospitals®.

Oral dimethyl fumarate, cladribine, natalizumab, ocrelizumab and alemtuzumab
are all approved for use in Malaysia but are not listed in the MOH’s Drug Formulary9:
20, These drugs can only be accessed on a named patient basis with special approval
from the MOH, or purchased by patients themselves from private pharmacies or private
hospitals. The cost of these on-label treatments ranges from RM 3,300 to RM 5,800 per
month, or RM 3,400 to RM 45,000 per dose, depending on the prescribed dosage and
frequency of administration?9 20,

In contrast, off-label rituximab, which is available as both originator and
biosimilars, is more accessible locally9: 20. Many pwMS choose intravenous biosimilar
rituximab, which costs RM 2200 per vial, typically administered as an induction dose of
1g (2 vials) followed by 500 mg (1 vial) every six months. However, off-label rituximab is
still subject to purchase limits in public hospitals.

In 2023, interferon beta, teriflunomide and off-label rituximab were added to
Malaysia’s Essential Medicines List (EML) 21, and in July 2023, the World Health
Organization (WHO) added rituximab to its Model List of Essential Medicines for MS22,
benefiting Malaysian pwMS. Despite these developments, newer sphingosine-1-
phosphate (S1P) modulators, diroximel and monomethyl fumarate, pegylated interferon
beta, depot glatiramer acetate, and subcutaneous ocrelizumab are still unavailable in
Malaysia.

To address this, a multidisciplinary steering committee was formed comprising
clinical neurologists, neuroradiologists, ophthalmologists, neuropsychiatrists,
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pharmacists and patient representatives from the MS society of Malaysia (MSSM)23.
Members were chosen from the MOH hospitals, the Ministry of Education (MOE)
hospitals, private hospitals, and MSSM. The committee systematically reviewed existing
literature to develop consensus recommendations on MS management in Malaysia,
factoring in the economic challenges and barriers to treatment faced by pwMS here.
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Objectives

General Objectives

The overall aim of this document is to establish a consensus by experts and to provide
an evidence-based updated set of recommendations for the management of MS in
Malaysia, addressing issues related to its treatment and monitoring of treatment
response, including MS in special situations such as pregnancy and breastfeeding.

Specific Objectives

To review current evidence and provide recommendations on:

1. Treatment options across the clinical spectrum of MS including clinically isolated
syndrome (CIS), relapsing and progressive MS and radiologically isolated
syndrome (RIS)

2. Development of a standardised method for monitoring treatment response to
DMTs

3. Switching or discontinuation of DMTs

4. Management of pwMS in special situations such as MS dyscognition, pregnancy,
and lactation

The management of pwMS in Malaysia needs to be comprehensive and pragmatic. The
recommendations are not intended to replace clinical judgement or individualised
treatment decisions and the need for holistic patient care. It aims to amalgamate
evolving diagnostic and prognostic concepts, and the latest United States (US) Food and
Drug Administration FDA)-approved therapies for practical application within the
Malaysian healthcare context.
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Methods

Study Design

The full methodology is detailed in a recent publication23. We employed a two-stage
modified Delphi process (Appendix 1) to achieve expert consensus on recommendations
for the use of DMTSs in MS. The Delphi panel comprised of 14 subject-matter experts
(SMEs). The SMEs met and engaged via email and face-to-face discussions. The first
stage involved formulating the clinical questions that would guide the development of
the recommendations. In the second stage, the SMEs independently evaluated draft
recommendations developed in response to the finalised clinical questions (Appendix
2). Each recommendation was subjected to iterative rounds of anonymous scoring and
comments using a 10-point Likert scale (1 = strong disagreement; 10 = strong
agreement). Consensus was reached if at least 85% of SMEs rated the corresponding
statement as 8 or higher.

This method aligns with established approaches for health policy and guideline
development24-29, The guidance was then reviewed by relevant stakeholders and further
revised, with the final version endorsed by the MOH-MOE steering committee.

Data Sources and Selection Criteria

Relevant literature was identified through a search of databases including Pubmed,
Cochrane, EMBASE, MEDLINE, and drug regulatory databases. Only studies published
in peer-reviewed journals, including randomised controlled trials, meta-analysis,
systematic reviews, pivotal consensus guidelines, and real-world data that the panel
considered of high quality were considered for this consensus. Where evidence was
lacking, peer-reviewed expert opinion and the committee’s learned, real world
experience, were taken into account. Current prescribing information of the relevant
drugs were obtained from package inserts and included where appropriate.
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Results

The following are the final recommendations following three iterative sequential Delphi
rounds. Consensus was reached on 15 recommendations.

Q1a. Early treatment: Should MS patients be treated as early as possible?

Natural history studies have shown that 50-60% of patients who initially have a
relapsing-remitting course will eventually progress to a secondary progressive disease
with gradual accumulation of disability within 10-15 years 3°.31. MS is increasingly
recognised as a disease continuum 3234, whereby inflammation and neurodegeneration
occur from onset, with inflammatory processes predominantly in the early stages and
smouldering disease activity later on. Disability results from both relapse associated
worsening (RAW) and progression independent of relapse activity (PIRA)32 34,35,

Evidence supports early initiation of DMTs, especially within the first two years
of diagnosis. Starting DMTs early is associated with delayed progression of Expanded
Disability Status Scale (EDSS) and reduction in PIRA 35-40. A real world registry-based
retrospective study by Chalmer et al (2018) 3¢, showed that early treatment delayed time
to EDSS 6.0 and time to death.

International guidelines such as the American Academy of Neurology (AAN)39,
the European Committee for Treatment and Research in Multiple sclerosis - European
Academy of Neurology (ECTRIMS-EAN)41, real world data, and the MS Brain Health
consensus 42 also support earlier treatment initiation after diagnosis to improve long-
term outcomes.

Table 4a and Table 4b list the DMTs currently available in Malaysia.
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Recommendation 1a: Early initiation of DMT (Achieved 93.3% agreement based on
the Likert Scale thresholds)

All patients with relapsing MS should be offered early treatment with DMTs as
soon as a clear diagnosis is made*9; 11, 38, 39, 41, 43

ii.

Prior to initiation of treatment, pwMS should be given sufficient information
about the type of MS disease state (i.e., CIS, RRMS, SPMS or PPMS), the
severity of their disease activity (i.e., active, inactive, highly active or
aggressive), and the risks for future disability32 (See Table 1 and Table 2).

1il.

Patients with highly active or aggressive disease activity should be advised to
start treatment as soon as possible: 11

iv. | PwWMS should be advised about the types of DMTs currently available, goals of
treatments, required pre-treatment screenings and monitoring, and possible
adverse eventst 39 (See Table 5).

v. | PwMS and their caregivers should be given enough time to make an
informed decision at that visit or on subsequent visits.

vi. | Discussions should also include information on social or employment
adjustments as well as reproduction, contraceptives and immunisation.

vii. | All eligible and agreeable MS patients who pass the pre-screening should be

started on MS DMTs within 2 months of diagnosis*44.

*Subject to availability and accessibility of treatment.
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Q1b. Early initiation of high-efficacy therapies: Should pwMS be treated
early with HETs?

The window of opportunity for effective treatment in MS is in the early stage of the
disease where the inflammatory process is prominent49. Hence, the general consensus is
for early treatment initiation to reduce CNS inflammation that is translated into clinical
relapses and new MRI lesions. Thus, preventing the long-term outcome of secondary
progressions°. Taking into account the risks and benefits, international guidelines,
consensus, and literature reviews, we categorised the DMTs into modest-efficacy
therapies (MET) and HET, and their position in the treatment of active and highly active
MS (HAMS) (Table 4a). The HETSs were further subdivided into a very high-efficacy
therapy (VHET) subgroup.

There are currently two schools of thought in terms of DMT initiation, namely the
escalation approach and induction with HET approach. In the escalation approach,
METs are initiated with a switch to HET in the presence of continuing disease activity
despite treatment adherence 5t. The latter approach initiates HET at the time of
diagnosis (induction) with the aim to hit the disease hard from the start.

A Swedish MSBase retrospective study involving 544 patients found that HET
commenced within 2 years of disease onset is associated with less disability after 6 to 10
years compared to a later initiation (EDSS score at 6 years: 2.2 vs 2.9, p<0.0001; EDSS
score at 10 years: 2.3 Vs 3.5, p<0.0001)9. Another retrospective study which compared
the high utilisation of early HET in the Swedish registry (34.5%) to the mostly escalation
approach of the Danish registry (7.6%), showed that the former was associated with a
29% relative reduction in the rate of confirmed disability progression (HR 0.71, 95 % CI
0.57; 0.90, p = 0.004)5%. Brown et al., in their retrospective study involving 1555
patients with RRMS showed a significantly lower risk of conversion to SPMS in the HET
group comprising of fingolimod, alemtuzumab or natalizumab, compared to the MET
group consisting of interferon beta and glatiramer acetate (HR 0.66, 95 % CI 0.44; 0.99,
P = 0.046; 5-year absolute risk of 7 % vs 12 %)8.

Current evidence from randomized controlled trials, systematic reviews, and real
world data support the early initiation of HET for its benefits in reducing relapses, risk
of disability progression in the short term, delaying secondary progression and reducing
inflammatory disease activity in the brain8. 9. 40,51, New concepts include selection of
DMTs that may reduce RAW, and possibly PIRA52-54, Nonetheless, data remain
insufficient to definitively establish the superiority of early HET over the traditional
escalation approach. Two ongoing clinical trials are directly comparing the effectiveness
of these two approaches, namely the named TRaditional versus Early Aggressive
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Therapy for Multiple Sclerosis (TREAT-MS; NCT03500328)55 and Determining the
Effectiveness of earLy Intensive versus Escalation approaches for the Treatment of
Relapsing-remitting Multiple Sclerosis (DELIVER-MS; NCT03535298)5%. The results of
both trials will provide us with a more robust evidence-based approach to the
management of pwMS.

As long-term disability in MS is predicted by early high disease activity, patients
with highly active and aggressive MS should be initiated on a HET from the outset.
Patients with active MS can be treated with either group of DMT taking into
consideration the prognostic markers, risk-benefit ratio, gender, and the presence of co-
morbidities. Patients treated with a MET should be switched to HET in the event of
persistent disease activity such as clinical relapses and increasing MRI activity.

See Figure 1 and Tables 1, 2, 4a, and 5.

Recommendation 1b: Early initiation of HETs (Achieved 93.3% agreement based on
the Likert Scale thresholds)

i. | The panel recommends that relapsing MS patients with multiple poor prognostic
factors (Table 2) and high disease activity should be offered HETs early (Figure
1).

ii. | Patients with low or modest disease activity may be offered HETs especially if it is
their preference.
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Q2. Clinically isolated syndrome: Should patients with clinically isolated
syndrome (CIS) be treated with DMTs?

With the 2017 iteration of the McDonald criteria® and the proposed 2024 revision7, CIS
that fulfils clinical, paraclinical and neuroimaging criteria for MS is now considered part
of the MS spectrum, after mimickers have been excluded. This facilitates earlier
diagnosis and initiation of DMTs in real-world clinical settings.

CIS presentations involving typical regions such as the optic nerve, spinal cord,
or brain, being on the margins of the proposed McDonald 2024 criteria, are associated
with a high risk of progression to MS57-63.

Current data suggests that CIS patients who do not fulfill the current McDonald
criteria would benefit from individual risk stratification for CDMS and prognostic
assessment to guide decisions on initiating treatment®°: 64 (See Table 2 and 3). Recent
studies have shown that combining clinical predictors with biomarkers (such as the
presence of three or more typical T2-hyperintense lesions on brain MRI, positive CSF
oligoclonal bands or elevated kappa free light chain index, and increased serum or CSF
neurofilament light chain) can predict conversion to MS within a years8-60, 63, 64,

Large, randomised placebo-controlled trials have shown that early initiation of
DMTs such as interferon beta, glatiramer acetate, teriflunomide, and cladribine in CIS
can significantly reduce relapse rates and delay disability progression compared to no
treatment 89,6569, Moreover, recent FDA approvals of HETs have extended indications
to include CIS and relapsing forms of MS* 39,46, Rituximab has also shown promising
results in CIS as demonstrated in a subset of the RIFUND study?®3.

To conclude, treatment decisions for CIS should be individualised based on a
patient’s risk of conversion to MS and tailored to the local setting.

Refer to Figure 1 for the treatment algorithm.
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Table 2: Prognostic factors associated with poorer outcomes in CIS and MS70 71

Demographic
and
environmental
factors

Older age

Male sex

Non-White population
Low vitamin D levels
Smoking

Presence of comorbid conditions

Clinical factors

Polysymptomatic onset

Early cognitive impairment

Brainstem, cerebellar or spinal cord involvement at onset
Primary progressive disease subtype

Poor recovery from the first relapse

High relapse rate (for MS)

Short interval between the first and second relapses (for
MS)

Higher EDSS score at diagnosis

Radiological
factors

High T2 lesion number

High T2 lesion volume

Presence of gadolinium-enhancing lesions
Presence of infratentorial lesions
Presence of spinal cord lesions

Presence of whole brain atrophy

Presence of grey matter atrophy

Biomarkers

Presence of IgG and IgM oligoclonal bands in the
cerebrospinal fluid

Retinal nerve fiber layer thinning detected on OCT

Presence of high CSF neurofilament light chains (cNfL)
and glial fibrillary acidic protein (cGFAP) levels at
baseline

MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; T2 = T2-weighted (MRI sequence);
IgG = immunoglobulin G; IgM = immunoglobulin M; OCT = optical coherence tomography
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Table 3: Current definitions of CIS types.

CIS type

Features

Aggressive CIS at
onset*

Characterised by poor recovery and involvement of critical
regions such as the optic nerve, spinal cord, brainstem, or
cortical /subcortical structures, after excluding alternative
diagnoses. MRI of the brain and spine demonstrates
features associated with high risk for MS46. 72, HET should
be considered.

CIS at high risk for
MS*

Defined by high MRI lesion load in the brain and/or spine
(>4 lesions in typical areas) without evidence of
dissemination in time or the presence of OCBs or kappa
free light chains”. 72. DMTs may be considered after
carefully excluding mimickers.

CIS at intermediate
risk for MS

Characterised by 1-3 typical T2 brain lesions with no DIT
and after ruling out mimickers. Further investigations such
as cerebrospinal fluid OCBs, kappa free light chains,
identification of paramagnetic rim lesions (PRL), or central
vein sign (CVS) may help inform decisions regarding early
DMT initiation after shared decision-making. If additional
tests are negative or diagnosis remains uncertain,
observation with regular clinical assessment and serial
MRI monitoring is recommended?: 46.

* The new 2024 McDonald criteria is pending publication, and this may be considered multiple sclerosis

in the future.

CIS = clinically isolated syndrome; DIT = dissemination in time; DMTs = disease-modifying therapy;
HET = high-efficacy therapy; MRI = magnetic resonance imaging; MS = multiple sclerosis; OCBs =
oligoclonal bands; T2 — T2-weighted (MRI sequence)
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Recommendation 2: Clinically isolated syndrome (Achieved 93.75% agreement based
on the Likert scale thresholds)

Patients with CIS who meet the diagnostic criteria for MS (based on the latest
revisions)7: 72 should undergo careful risk stratification according to prognostic
factors and the risk of further disease activity, after exclusion of common MS
mimickers (Table 2 and Table 3)8.57-59, 61-66,

ii.

Treatment of patients with CIS who meet the diagnostic criteria for MS should be
individualised, with modest or high-efficacy DMTs based on the prognostic
stratification (Table 2), risk for further disease, and progression8; 57-59; 61-66

iii.

CIS diagnosed as MS with multiple poor prognostic factors (Table 2) may
benefit from early initiation of HETS 57-59, 61-66,

v.

DMTs may be considered for CIS at high risk for MS (Table 3) after careful
exclusion of MS mimickers8. 57-59, 61-66
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Q3. Radiologically isolated syndrome: Should patients with radiologically
isolated syndrome (RIS) be treated with DMTs?

Radiologically isolated syndrome (RIS) was defined in 2009 as the presence of
asymptomatic, incidentally identified demyelinating-appearing white matter lesions in
the CNS (brain and or spinal cord) in individuals lacking symptoms typical of MS 73.
Observational studies have found that up to 30 - 45% of patients presenting with an RIS
will present with neurological symptoms, either acute or progressive. Ten-year follow-
up of patients with RIS have shown that 51% of patients develop a clinical event73.74. In
the future, RIS fulfilling the 2024 revised McDonald criteria will be part of the MS
spectrum.

Despite increasing evidence that RIS may represent a subset of individuals with a
tendency to develop MS later, uncertainty remains about the best way to approach the
diagnosis and management of this syndrome?3-75. Independent predictors of RIS
converting to CDMS includes younger age, male gender, CSF oligoclonal bands (OCBs),
infratentorial and spinal cord lesions, and gadolinium-enhancing lesions 73-75. One
factor alone increased the risk by 29% and all four by 87%73-75. The 5-year risk of
converting to CDMS from RIS increased from 29% to 38% when baseline spinal cord
lesions and CSF-restricted OCBs were present73-7s.

Treatment trials of RIS with DMTs are limited. The ARISE trial (Assessment of
Tecfidera in Radiologically Isolated Syndrome), demonstrated that dimethyl fumarate
treatment in people with RIS reduced the risk of a first clinical demyelinating event
(unadjusted hazard ratio, 0.18 [95% CI, 0.05—0.63]; P=.007; 82% risk reduction) and
the number of new or newly enlarging T2 lesions when adjusted for the number of
enhancing lesions at baseline (rate ratio, 0.2 [95% CI, 0.04—0.94]; P=.042)76. The
TERIS trial (Teriflunomide in Radiologically Isolated Syndrome) demonstrated that
using teriflunomide in people with RIS reduced the risk of a first clinical demyelinating
event (unadjusted hazard ratio, 0.37 [95% CI, 0.16—0.84]; P=.02; 63% risk reduction)
but did not show significant reductions in new MRI lesions or changes in patient-
reported outcomes 77. Overall, both trials provide evidence supporting the early use of
DMT initiation in delaying or preventing the development of the first clinical event in
RIS 76.77. However, because some individuals remain as RIS, it is crucial to identify
those with a higher number of risk factors to optimise disease outcomes by early
intervention while minimising adverse events2 47.73-75.78, As many clinicians and general
neurologists are still unfamiliar with the concept of RIS, along with a lack of clinical
guidelines, discussion with a neurologist/MS specialist may be beneficial. Data on the
prevalence of RIS locally in Malaysia is also limited.
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Recommendation 3: Radiologically isolated syndrome (Achieved 86.7%
agreement based on the Likert Scale thresholds)

i.

The panel acknowledges the evolving evidence for the inclusion of RIS in the
diagnostic spectrum of MS, the benefits of early treatment, and a number of early
treatment trials of RIS that have been completed”. 76, 77,

However, the decision to treat RIS locally necessitates careful deliberation of risk
for further disease and needs to be individualised (Figure 1).

1l.

The panel advises pending education of RIS recognition and stratification, they
are unable to recommend the treatment of RIS locally in all cases in view of the
risk of misdiagnosis or overdiagnosis. The panel suggests revisiting this in the
future.

1il.

Each RIS case should be evaluated carefully and the decision to treat would be
based on the potential risk of RIS for further disease activity, patient’s preference
and adverse effect profile.

v.

Discussion with an MS specialist, regular clinical follow-up, and 6 monthly to
annual neuroimaging surveillance may assist in deciding on further
management.
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Q4. Acute relapse: Which treatments should be started in an acute relapse
of MS/CIS?

The panel agreed that significant symptomatic relapses, defined by new clinical findings
in the absence of infection or other causes of pseudo relapse, should be treated. Whereas
the management of asymptomatic new enhancing or large lesions in the brain, spinal
cord or brainstem, or a minor relapse (e.g., mild sensory symptoms), require
individualised assessment based on their potential to cause future symptoms or
disability.

The Optic Neuritis Treatment trial (ONTT) reported on patients with optic
neuritis (ON) treated within 8 days of onset with either oral prednisone 1 mg/kg daily
for 14 days, intravenous methylprednisolone (IVMP) 250 mg every 6 hours for 3 days
followed by oral prednisone 1 mg/kg daily for 11 days and then a 4 day taper, or oral
placebo79. IVMP followed by oral prednisone taper led to faster recovery compared to
the placebo group (p < .001 for visual field, p = 0.02 for contrast sensitivity, and p =
0.09 for visual acuity), however there was no effect on visual outcomes at 6 months and
1 year79. Most recovery occurred within 2 weeks. Notably, treatment with oral
prednisone alone did not improve the outcome and was associated with increased
recurrence of optic neuritis79.

The panel reviewed the use of oral methylprednisolone as an alternative to IVMP
for the management of acute relapses in MS. Taking into account cost considerations
and patient preference, the panel agreed that high-dose oral corticosteroids, specifically
oral methylprednisolone 1000 mg or oral prednisolone 1250 mg daily for 3 to 5 days,
may be considered on a case-by-case basis as a viable alternative to IV therapy. This
recommendation is supported by evidence suggesting comparable efficacy between oral
and IV corticosteroids, although tolerability of the oral route requires monitoring,
particularly for gastrointestinal and systemic side effects 80-83, Despite its convenience,
however, high dose prednisolone/methylprednisolone tablets are not widely available in
many countries including Malaysia.

Some patients may be refractory to steroid treatment, defined by worsening in
EDSS >1 within 2 weeks of treatment initiation8:. Only about 30% of patients achieve
complete remission within 14 days following a relapse, while the majority experience an
incomplete response84-89. In such steroid refractory cases, early initiation of therapeutic
plasma exchange (TPE) or immunoadsorption (IA) has shown benefit, particularly in
cases with lack of response or EDSS worsening 84-89. Alternatively, IVMP has been tried
up to maximum of 2000 mg daily within 2 weeks of the initial event8. Of note, one
study found IA to be more effective than double-dose IVM P88,
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Patients receiving oral MP or IVMP should be counseled on the immediate and

delayed side effects8!. The panel does not recommend ACTH or IV immunoglobulin due
to high cost and insufficient evidence9©: 9. The use of tapering dose of oral steroids in
MS relapses was not found to be beneficial in improving disability or outcomes in non-
ON relapses92.

Recommendation 4: Acute relapse (Achieved 93.75% agreement based on
the Likert scale thresholds)

1.

In the treatment of an acute relapse of MS, the panel recommends the use of IV
methylprednisolone (IVMP) at a daily dose of 500-1000 mg per day for 3-5 days.
In cases of optic neuritis relapse, IVMP should be followed by an oral
prednisolone taper79-83. 86,93,

ii.

For patients who do not respond to initial steroid therapy:

e The panel recommends therapeutic plasma exchange (TPE) or
immunoadsorption (IA) rather than repeated dosing of IVMP84.88,

e The timing of TPE should be as early as possible upon completing the

IVMP after stratifying the type and severity of the relapse post steroidss4
88
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Q5. Active and highly active RRMS: Which DMTs should be started in
active and highly active RRMS?

Prescribing DMTs should follow a shared decision-making model. Treatment should be
individualised, based on the MS subtype, disease activity, prognosis (Table 2), patient-
related factors, reproductive plans, ease of access, and adverse event profiles. The goals
of therapy are to reduce relapses, slow disease progression, limit MRI disease activity,
minimise brain atrophy, and preserve brain health.

Currently, there are 27 FDA approved on-label MS DMTs 72. Table 5 summarises
the currently available DMTs for the treatment of RRMS in Malaysia showing their
impact on the annualised relapse rate (ARR), MRI lesion load (gadolinium-enhancing
and new T2 lesion), disability progression, and associated side effects from pivotal phase
3 trials.

Systematic reviews, meta-analyses, phase 3 randomised controlled trials, and real
world data have shown that HETSs such as alemtuzumab, natalizumab, anti-CD20s,
cladribine, and S1P receptor modulators, consistently outperform moderate-efficacy
therapies (METSs) such as interferon beta, teriflunomide, fumarates, in reducing relapse
rates and MRI disease activity, while also providing modest benefits in slowing disability
progression and, where data are available, PIRAS 9. 40, 51, 65,94, 95 Careful pre-screening
and monitoring of side effects are needed when prescribing these DMTs (see Table 5).

Rituximab, cladribine, and glatiramer acetate were recently added to the WHO
Essential Medicines List due to their availability and ease of use in the case of rituximab
and cladribine, and safety in pregnancy in the case of glatiramer acetate22. Recent
systematic reviews and meta-analyses suggest that all the anti-CD20 therapies have
comparable efficacy4°. 96 and should be considered in all forms of relapsing MS.
However, Roos et al (2023) reported that ocrelizumab may provide greater benefit than
rituximab in terms of relapse reduction9”. From a cost perspective, rituximab, as a
biosimiliar, is more economical locally98, although it needs careful monitoring due to
risk of infections and hypogammaglobulinemia9.

See Table 1 for the definitions of active and highly active RRMS, and Figure 1 for the
treatment algorithm.
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Recommendation 5a: Active RRMS (Achieved 86.7% agreement based on
the Likert scale thresholds)

The panel recommends that, having carefully stratified pwMS based on disease
activity and prognostic profiling (Table 1 and Table 2), all patients with active
RRMS should be offered DMTs without delay by their treating neurologist? 39, 42,

72,100,

ii.

Based on current evidence, the panel favoured HETSs for active RRMS? 43, 46, 100
(Table 4a).

1il.

This strategy should balance patients’ age, expectations, mode of administration,
comorbidities, reproductive needs, ease of access/availability, and risk of adverse
events’o,

iv. | Patients should be given sufficient time and clear, evidence-based information to
support shared decision-making on the following:
e Types of DMTs available
e Mode of administration
e Monitoring needed
e Efficacy data
o Safety
e Cost
e Availability and sustainability of access to DMTs
e Contraceptive, reproductive and immunisation guidance
v.| The panel agreed that the ultimate aim is to achieve a disease free state (no

evidence of disease activity) or minimal disease state with acceptable quality of
lifeto1,
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Recommendation 5b: Highly active RRMS (Achieved 86.7% agreement
based on the Likert Scale thresholds)

i. | The panel recommends that patients with highly active RRMS, including those
who are treatment-naive, should be offered HETSs (Table 4a).

ii. | The panel acknowledges evidence suggesting the benefits of earlier treatment
with HET rather than MET, particularly in patients with highly active disease
and multiple poor prognostic factors (Table 2).

iii. | PWMS should be fully informed about the potential side effects, routes of

administration, screening for co-morbidities and the monitoring required during
treatment. (Table 5)
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Table 4a: Classification of DMTs for RRMS in descending order of efficacy on
annualised relapse rates, accounting for adverse effects and ease of use40: 97,102,

Classification

DMT

Moderate-efficacy therapies (MET) for
relapsing-remitting multiple sclerosis

Dimethyl fumarate™"
Teriflunomide
Interferon beta-1a (44ug subcutaneous)

Glatiramer acetate*

High-efficacy therapies (HET) for
relapsing-remitting multiple sclerosis’

Alemtuzumab*
Ofatumumab*
Ublituximab*#
Natalizamab™*#
Ocrelizumab#*
Rituximab#*
Cladribine
Fingolimod
Ozanimod*

Ponesimod*

*Not currently registered in Malaysia

tCurrently available via Special Medicine Approval
#The use of rituximab in multiple sclerosis is off-label

#These drugs are considered very high-efficacy therapies (VHET) based on the systematic review

(Samjoo, et. al, 2023)

NB: Intramuscular and long-acting interferon beta, interferon beta-1b, diroximel fumarate,
monomethyl fumarate, and subcutaneous ocrelizumab are not currently available in Malaysia.
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Table 4b: DMTs for progressive MS 43, 46, 103-106

Classification DMT
Therapies for early primary progressive Ocrelizumab
multiple sclerosis Rituximabs
Therapies for active secondary progressive Siponimod*
multiple sclerosis Ocrelizumab
Alemtuzumab
Ofatumumab

Natalizumab *t
Rituximab#
Cladribine
Teriflunomide
Glatiramer acetate*

Interferon beta

NB: There is a lack of evidence for efficacy of drugs in progressive MS except for ocrelizumab and

siponimod

* Not currently registered in Malaysia

t Currently available via Special Medicine Approval
# The use of rituximab in multiple sclerosis is off-label
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Q6. Fulminant/Aggressive MS: Which DMTs should be started in fulminant
or aggressive MS?

There are several definitions for fulminant or aggressive MS, however, there is currently
no consensus on this. The term aggressive MS has been used to describe a disease
course marked by rapid disability accumulation, frequent severe relapses with
incomplete recovery and poor response to DMTs.

The British Columbia group identified aggressive MS using criteria such as
reaching an EDSS >6 within 5 years of onset, by age 40, or conversion to SPMS within 3
years of relapsing onset5°. Meanwhile, Correale et al. identified several clinical,
demographic and radiological features associated with aggressive MS. These included
male gender, age >40 at onset, African American or Hispanic race, frequent severe
relapses with incomplete recovery, early cognitive dysfunction, poor steroid response,
rapid disability accrual (EDSS >6 within 5 years), high T2 lesion burden (>20 lesions at
onset), >2 gadolinium enhancing lesions, T1 black holes, infratentorial or spinal cord
lesions, early cortical and deep grey matter atrophy, and smouldering lesions41.

Given these complexities, the panel has proposed a pragmatic definition tailored
to the local context (see Table 1). Patients with aggressive/fulminant MS have a very
narrow window of opportunity for treatment. Prompt initiation or switch to HET is
essential. However, there is a lack of data and clinical trials to guide treatment decisions
in this group of patients. Prognostic markers must be used to identify these patients
early on (Table 2).

The panel acknowledges the emerging evidence supporting the use of autologous
hematopoietic stem cell transplantation (AHSCT) as a treatment option in
aggressive/fulminant MS. Systematic reviews, meta-analyses, and consensus
recommendations from groups such as ECTRIMS and the European Society for Blood
and Marrow Transplantation (EBMT) Working Group have reviewed the potential
benefits of AHSCT and endorsed its use in patients who failed HET or who present with
aggressive disease!42-144, However, AHSCT requires referral to specialised centers with
experienced multidisciplinary teams including MS specialists and hematologists, with
the necessary infrastructure to perform the procedure safely and to manage its
associated risks and complications. Currently AHSCT is only performed at selected
tertiary centers in Malaysia on a case-by-case basis with hematological support. It is not
widely available locally and is not FDA-approved at this time.
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Recommendation 6: Fulminant/Aggressive MS (Achieved 86.7% agreement
based on the Likert Scale thresholds)

The panel recommends that patients with fulminant or aggressive disease be
offered very high-efficacy therapies (VHETSs) such as alemtuzumab, natalizumab,
ofatumumab, ocrelizumab or rituximab, depending on availability and accesibility
(See Figure 1 and Table 4a).

ii.

If there is inadequate response to one type of HET, switching to another agent
with a different mechanism of action may be tried.
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Q7. Secondary progressive MS: Which DMTs should be started in
secondary progressive MS (SPMS)?

Current knowledge suggests progression starts early in MS across all spectrums.
Progression independent of relapse activity (PIRA) refers to insidious disability
accumulation independent of relapse associated disability/worsenings4 (Table 1). A
number of recent studies have shown benefit of siponimod, ocrelizumab, ofatumumab,
cladiribine and ponesimod in active SPMSt 40, 46, 96,

Many of the newer therapies have received FDA approval for use in relapsing MS
including active SPMS, while Bruton’s tyrosine kinase (BTK) inhibitor tolebrutinib has
received FDA breakthrough therapy designation and is pending approval for non-
relapsing SPMS45 (See Figure 1, Table 4b, and Table 5). However, siponimod and
tolebrutinib are currently not available in Malaysia. Historically, interferon beta-1b and
mitoxantrone were approved for SPMS with relapses based on earlier clinical trials, but
are now rarely prescribed except in selected cases!46 147,

Recent systematic reviews have demonstrated short-term benefits of anti-CD20
monoclonal antibodies including rituximab, in stabilising disease progression and
reducing relapses in patients with SPMS99. For active and/or worsening forms of
progressive MS including SPMS, several studies including systematic reviews have
reported the benefits of using ocrelizumab, rituximab, glatiramer acetate, fingolimod
and interferon beta98. 148,149 (See Table 4b).
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Recommendation 7: Secondary progressive MS (Achieved 86.7% agreement
based on the Likert Scale thresholds)

i.| The panel recommends that SPMS patients may be offered treatment with any of
the MET or HET DMTs regardless of whether they are treatment-naive, newly
diagnosed, or progressing from relapsing MS. (See Figure 1, Table 4b, and Table
5)

ii. | Active SPMS patients who are still showing disease activity clinically (e.g.
relapses) and/or with an EDSS 4-6.5 with new MRI activity are likely to benefit
the most from DMTs.

iii. | Proper counselling regarding the potential benefits, risks, monitoring
requirements. and management of expectations are essential before initiating
treatment in SPMS.
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Q8. Primary progressive MS: Which DMTs should be started in primary
progressive MS (PPMS)?

Treatment of PPMS remains an unmet need with ongoing research. A recent network
meta-analysis using GRADE methodology recommended rituximab, ocrelizumab,
glatiramer acetate, fingolimod, and interferon beta for active and/or worsening forms of
progressive MS 98. However, other studies and real-world data have not demonstrated

benefits for interferon beta or fingolimod in PPMS150. 151,

The pivotal one-year ORATORIO trial involving PPMS patients without relapses
showed that ocrelizumab significantly reduced disability progression, timed 25-foot
walk deterioration, development of new MRI lesions and brain volume loss compared to
placebo 194, The benefits of ocrelizumab needs to be balanced against the risks of

infection, malignancy, and infusion-related reactions?s:.

See Figure 1 and Tables 4 to 6.

Recommendation 8: Primary progressive MS (Achieved 86.7% agreement
based on the Likert Scale thresholds)

i.| The panel recommends that patients with primary progressive MS may benefit
from ocrelizumab or off label rituximab, although the evidence is limitedss.

104, 140,

ii. | PPMS patients who may benefit the most are those with EDSS < 7, still
ambulatory with or without support in the absence of severe disability.
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Q9. Monitoring: How should patients on DMTs be monitored?

The Magnetic Resonance Imaging in MS (MAGNIMS) Study Group acknowledged the
challenges in defining and assessing treatment response in MS, and has concluded that
there is currently no universally accepted consensus on the definition of treatment
response. While No Evidence of Disease Activity (NEDA) is a promising endpoint in
experimental settings, its long-term attainability beyond 1-2 years remains challenging
in real-world clinical practice. Clinical or MRI activity alone may be insufficient to
accurately assess treatment response. Therefore, composite measures are preferred and
several scoring systems have been proposed, as outlined in Table 6. The panel felt that
any of these may be adopted locally depending on access to neurologists and tools.

After DMT initiation, pwMS should be monitored for signs of ongoing disease
activity as indicated by >1 clinical relapses, appearance of new or enlarging lesions on
brain MRI (=3 lesions), appearance of >1 lesions on spinal cord MRI, the presence of at
least one gadolinium-enhancing lesion, or a confirmed increase in the EDSS score by >1
point sustained over 6 to 12 months compared to the previous year.

MRI monitoring

The presence of active lesions on brain MRI at baseline or during the first years after
treatment initiation is a predictor of treatment response. The 2021 MAGNIMS-CMSC-
NAIMS group consensus!52 recommends obtaining a brain MRI before starting DMT
(with gadolinium contrast if the drug label requires it).

Brain MRI should be done at baseline and repeated 3-6 months after starting
DMT (without contrast unless clinically indicated) as a re-baseline scan to assess pre-
treatment disease activity and to avoid misattributing disease activity during this period
to treatment failure. Subsequently, routine brain MRI using standardised protocols
should be performed yearly to monitor disease progression and treatment response.
Longer intervals may be acceptable in clinically stable patients after several years.
Routine spinal cord or optic nerve MRI are not recommended unless clinically
indicated, e.g., in myelitis or ON. If subclinical disease activity is seen or clinical
suspicion arises without MRI confirmation, a repeat MRI in 6 months may be
warranted?s2.

Refer to Appendix 5a and 5b for the recommended imaging protocols and timing of
follow-up.
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Functional assessments

The EDSS is widely used for assessing overall neurological disability in pwMS153. EDSS
should be evaluated at 6-monthly intervals or more frequently if progression or relapse
is suspected?54.

The timed 25-Foot Walk (T25FW) is a reliable measure of ambulatory function in
pwMS and is appropriate for assessing overall walking ability in clinical settings. A
>20% worsening in T25FW is considered a clinically significant progression?ss.

Where possible, the Single Digit Modality Test (SDMT) and 9-Hole Peg Test (9-
HPT) should be included in the assessment of disability progression. The SDMT
evaluates cognitive processing speed, the most common cognitive impairment in pwMS.
A raw score change of 4 points (or a 10% change) indicates clinically significant
progressionts¢, The 9-HPT is sensitive to upper limb dysfunction and manual dexterity
impairment and is particularly useful in assessing disease progression in non-ambulant
patients. A >20% worsening in 9-HPT time is typically considered clinically significant
for disease progression!s7. Training and access to these tests are important.

Other biomarkers

Additional biomarkers such as brain atrophy measurements, serum/CSF neurofilament
light chains (NfL), glial fibrillary acidic protein (GFAP) and optical coherence
tomography (OCT) are gaining interest. However, the panel does not recommend their
routine use at this time due to limited availability of testing, high cost, and lack of
validation in Asian populations. This recommendation will be revisited in the future.

Safety monitoring

PwMS will also need long-term monitoring for risks such as John Cunningham (JC)
virus seroconversion, comorbidities, and malignancies which may neccesitate changes
in therapy? 43

See Table 5 for the detailed pre-screenings and safety monitoring requirements of each
DMT.
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Recommendation 9: Monitoring (Achieved 86.7% agreement based on the
Likert Scale thresholds)

i

The panel recommends using a combination of parameters to assess treatment

response including:

Clinical relapses,

MRI activity such as new/enlarging/gadolinium-enhancing lesions in the
brain and spinal cord,

EDSS and
Timed 25-foot walk (T25FW)

ii.

When starting a new DMT, pwMS should be pre-screened for latent infections,
have their immunisation status updated, and be monitored according to the pre-
and post-initiation recommendations for the chosen DMT (Table 5).

iii.

Following initiation of DMT, monitoring requirements may include (refer to
Table 5):

Blood tests, performed monthly or 3 monthly during the initial phase, and

Once clinically stable, blood testing frequency may be extended to 6
monthly

Neuroimaging every 6 - 12 months to assess treatment response

Ongoing surveillance for infection risks (e.g., JC virus seroconversion,
VZV, TB, hepatitis) and age-related comorbidities

iv.

PwMS who are stable on maintenance DMT should be reviewed by a neurologist
at least 4 - 6 monthly, with regular clinical evaluations, EDSS assessments, and
annual MRI.
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Q10. Treatment failure: What is the definition of treatment failure or
breakthrough disease and how should it be managed?

The panel acknowledged the absence of evidence on a standard criteria for defining
treatment failures8. It is characterised by ongoing relapses, new or enlarging MRI
brain/cord lesions, and/or progression of disability as assesed by EDSS or T25FW43
(Refer to Table 6 for internationally establised criteria). Cognition, brain volume, OCT,
and patient reported outcomes have not been incorporated as yet. A change in therapy
should be considered in cases of treatment failure (refer to Table 8 for washout periods
when switching DMTs).

See Figure 1 and Tables 6, 7 and 8 for further information.

Recommendation 10: Treatment failure (Achieved 93.75% agreement based
on the Likert scale thresholds.)

i.| The panel agreed that treatment failure needs to be identified as early as possible
after carefully ruling out non-adherence, treatment interruption, pseudorelapses,
depression and fatigue as causes for treatment fluctuations:s.

ii. | The panel made the following recommendations:

e [Itisvital to allow adequate time for DMTs to produce their full
therapeutic effect.

e This period may range from 6 months to 1 year before full clinical benefit
is seen9, 160,

iii. | In pwMS experiencing rapid clinical deterioration (aggressive/fulminant MS),
re-evaluation of treatment should be done immediately.

iv.| For pulse therapies such as cladribine and alemtuzumab,

e The full therapeutic effect would only be evident after completion of two
treatment cycles given one year apart.

e In most cases, it is reasonable to tolerate minor disease activity on these
two medications, and treatment change should not be considered until 6
months after the second cycless.
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e However, if one or more significant relapses occur after the first cycle,
changing to a faster acting HET may be considered.

v.| In pwMS on MET who continue to show disease activity despite treatment
adherence for at least 6 to 12 months, treatment escalation should be
considered:¢o,

vi. | In pwMS on HET with evidence of disease activity, switching to another HET with
a different mechanism of action should be considered:ss.

Table 6: Summary of criteria to monitor treatment response and thresholds/criteria for
treatment failure.

Parameters | Modified | MAGNIMS: | Canadian | ECTRIMS/ AAN
Rio MS Spanish guideline
score:6: working | Society of e
group:6s Neurologys+
Clinical 1relapse | 1relapse (1 >2 relapse | >1relapse >1 relapse
relapse (1 point) point) (major) between year 1
d 2 after
>2 relapse | >2 relapse (2 an
(2 points) | points) DMT onset
MRI >4 new T2 | >3 new T2 >3new T2 | >3 new T2 >2 new T2
activity lesions (1 | lesions (2 lesions or | lesions lesions
point) points) >1 spinal
lesion
(major)
Disability >1 point >1 point over 1 | Increase in
progressio over 6 year disability
n (EDSS) months over 1 year
Treatment | >2 points | >2 points Any major | Any1 Any 1
failure or multiple
criteria minors

EDSS = Expanded Disability Status Scale; DMT = disease modifying therapy; MRI = magnetic

resonance imaging
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Table 7: Recommendations for switching therapies in treatment failure

Initial therapy Switching therapy
Moderate-efficacy e Escalation to HET, such as alemtuzumab, B cell
therapy, e.g., IFN, GA, depleting therapies, S1P modulators, or natalizumab:

DMF, teriflunomide

High-efficacy therapy e Lateral shift between alemtuzumab, B cell depleting
therapies, natalizumab, cladribine, and S1P
modulators

e Inrefractory or highly aggressive MS, consider VHET
or cyclophosphamide, mitoxantrone, or AHSCT:65.

Alemtuzumab e For suboptimal response after 2 years, administer a
third course of alemtuzumab or switch to a different
VHET?¢s,

Cladribine If treatment failure occurs:

e Within 2 years: If not fulminant/aggressive disease,
complete the full course or switch to a different HET.
If fulminant or aggressive disease, switch to a
VHET. Refer to Figure 1.

e Years 3-4: Administer 31 cladribine course or switch
to a different HET:s.

e Year 5 and beyond: Considered as initial cladribine
responders, may repeat the full course of cladribine
treatment or switch to a different HET:s7.

AHCT = autologous haematopoietic stem cell transplantation; DMF = dimethyl fumarate; GA =
glatiramer acetate; HET = high-efficacy therapy; IFN = interferon; S1P = sphingosine-1-phosphate; MS
= multiple sclerosis; VHET = very high-efficacy therapy
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Table 8. Washout period for switching between disease modifying therapies68. 169

To MET HET
From (IFNB, GA, DMF, TER)
Interferon beta No washout No washout
Glatiramer acetate No washout No washout
Teriflunomide No washout (consider REP for | Consider REP if rapid switch
switch to DMF) intended
Dimethyl fumarate No washout if ALC =800 No washout if ALC =800
. . No washout (ALC =800 for
Fingolimod switch to DMF) 1 month
Siponimod 10 days 10 days
Natalizumab No washout 1 month
3 months or until B-cell 3-6 months or until B-cell
Ocrelizumab repletion, IgG levels normal, repletion, IgG levels normal,
and no infection and no infection
No washout if B-cell repletion, 1 month or until B-cell
Ofatumumab IgG levels normal, and no repletion, IgG levels normal,
infection and no infection
No washout if B-cell repletion, | No washout if B-cell repletion,
Rituximab IgG levels normal, and no IgG levels normal, and no
infection infection
No washout, wait until No washout, wait until
Alemtuzumab clinical/MRI activity and clinical/MRI activity and
ALC =800 ALC =800
No washout, wait until No washout, wait until
Cladribine clinical/MRI activity and clinical/MRI activity and
ALC =800 ALC =800

ALC = absolute lymphocyte count (/mm3); DMF = dimethyl fumarate; GA = glatiramer acetate; HET
= high-efficacy therapy; IFNB = interferon beta; IgG = immunoglobulin G; MET = modest-efficacy
therapy; REP = rapid elimination; TER = teriflunomide

NB. There is limited data available to guide switching from ofatumumab and rituximab in MS.

Recommendations for these are from experience and expert consensus, and should be individualised
based on immunological profile and clinical context.
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Q11a. Pregnancy and breastfeeding: When and how should pwMS be
counselled for pregnancy and breastfeeding?

Pregnancy counselling should be initiated early in pwMS ideally during routine care or
when pregnancy is being considered. The counselling should address the pre-conception
phase, pregnancy, breastfeeding, and the postpartum period. For pwMS with stable
disease activity for at least one year, pregnancy can be considered!7o. The risk of relapses
typically decreases during pregnancy but increases in the 3 months postpartum?7: 172,
Patients should be counselled that MS does not impair fertility or increase miscarriage
risk, and that the risk of the child developing MS is less than 5%%73.

Assisted reproductive technology (ART) techniques are considered safe in
pwMS74, but timing should align with MS treatment plans. Counselling should also
include information on the risks of relapse during and after pregnancy, disease
trajectory, DMT withdrawal, and the safety and efficacy of contraceptive methods. All
contraceptive options are safe for pwMS!75, and contraception should be discussed with
those not planning a pregnancy.

Although there is no evidence of increased risk of pregnancy complications from
MRI during the first trimester, the panel felt that MRI should be performed only if
necessary during the first trimester. Beyond the first trimester, MRI is considered safe.
The use of gadolinium contrast should be avoided during any stage of pregnancy as it is
associated with an increased risk of stillbirths, neonatal deaths, congenital
abnormalities, and the development of autoimmune disease, as it crosses the
placenta76,
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Recommendation 11a: Pregnancy counselling (Achieved 93.75% agreement
based on the Likert scale thresholds)

The panel recommends that women with MS keen to conceive should have
disease activity under control for at least >1 year before trying to get pregnant7o,

Women with MS (WWMS) should be counselled that current data suggests that
MS

e Does not affect pregnancy adversely
e Does not-directly affect fertility

e Does not increase the risk of miscarriage during pregnancy.

1l.

The panel recommends that pregnancy counselling and planning be offered
early to all pwMS. Counselling should provide reassurance that MS is not
considered a high-risk pregnancy'77 and the risk of MS in the unborn child is low.
Counselling should also cover the reduced risk of relapse during pregnancy and
the increased risk during the postpartum period, the appropriate timing for DMT
withdrawal, and an individualised plan for resuming DMTs after delivery.

1il.

The panel recommends that counselling should also address fertility,
the need for fertility counselling if needed, and reassurance that ART does
not trigger MS relapses!70 178,

iv.

The panel recommends that, if not planning a pregnancy, all WWMS
should be advised on contraception while on DMTs!79.

.| The panel recommends that all types of contraceptives are safe for pwMS:80.

.| The panel recommends deferring routine MRI scans during pregnancy. In the

event that MRI is deemed necessary, the study should be performed after the first
trimester. New/enlarged T2 lesions should be sufficient to detect disease activity,
avoiding the administration of gadolinium.
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Q11b and 11c. Pregnancy and breastfeeding: Which DMTs are considered
safe in pregnancy and breast feeding?

DMTs in pregnancy

Recommendations for DMT use during pregnancy vary, as they are mostly based on
real-world data and known drug mechanisms, given the absence of randomised
controlled trials in this population. Clinicians must weigh the benefits of maternal
disease control against fetal/neonatal risks of DMT exposure.

Data from long-standing postmarketing surveillance and observational studies
support the relative safety of interferon beta and glatiramer acetate in pregnancy and
breastfeeding?70, 181183,

Dimethyl fumarate (DMF) may be continued until conception. Although a recent
registry based observational study did not find an increased risk of major congenital
anomalies or adverse fetal outcomes from DMF, its use during pregnancy remains
cautious due to limited data overall:82.

Real-world data has so far not shown an increase in major congenital
abnormalities with teriflunomide in pregnancy 84. However it remains contraindicated
in pregnancy due to its known teratogenic effects in animal models and extrapolation
from pregnancy data of the drug leflunomide, whose active metabolite is teriflunomide
170, Teriflunomide requires accelerated elimination using activated charcoal or
cholestyramine until plasma levels drop to <0.02 mg/mL in the event of planned
conception or a pregnancy occurring within two years of its discontinuation?®1s.

A recent study from the German MS and Pregnancy Registry 85 reported reduced
birth weight with S1P receptor modulators and natalizumab in the third trimester.
Higher rates of small-for-gestational-age infants were observed with S1P receptor
modulators, anti-CD20 therapies, and the entire DMT exposed group. Severe infections
were rare but more frequent with fumarates.

Natalizumab can be continued until conception and up to 30—34 weeks gestation
using extended interval dosing 86. Continuing natalizumab beyond 30 weeks gestation
can reduce postpartum relapses, however there is an increased risk of hematological
abnormalities in newborns 186, Discontinuation of natalizumab early in pregnancy has
been associated with rebound relapses, which can be severe 183.

Fingolimod is associated with a significant risk of rebound relapses following
withdrawal and has demonstrated developmental toxicity in animal studies!7°. The FDA
and European Medicines Agency (EMA) recommend discontinuing fingolimod at least 2
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months before attempting conception, based on its pharmacokinetics and teratogenic
risk.

Data from the aforementioned German MS and Pregnancy registry showed that
while most pregnancies exposed to cladribine resulted in healthy outcomes, there was
one major congenital anomaly reported from a small cohort of live births!87. Although
the rate was only slightly higher than background MS population estimates (3.7% vs.
4.2%), continued caution and further data are warranted87. The EMA recommends
stopping cladribine at least 6 months prior to conception.

The main concern with alemtuzumab is the increased risk of maternal
autoimmune complications such as thyroid disease and immune thrombocytopenia,
which may also affect the fetus!88. Both the FDA and EMA advise avoiding pregnancy for
at least 4 months after the last infusion.

Safety data and recommendations on anti-CD20 therapies continue to evolve.
The drug manufacturers advise avoiding pregnancy for at least 4 months after the last
infusion of ocrelizumab, 6 months for ofatumumab, and 12 months for rituximab?3t 133,
189, However, real world data on ocrelizumab exposed pregnancies have not shown an
increased risk of pregnancy or infant adverse outcomes!9°. Rituximab has also shown
acceptable safety when pregnancy occurred within 6 months of the last infusion,
although some data report increased miscarriage rates potentially linked to maternal
comorbidities!88. There is limited data on ofatumumab. Animal studies have
demonstrated immunological effects in the fetus33. Clinical trials and postmarketing
surveillance have so far reported no adverse outcomes in the small number of
pregnancies and live births following exposure to ofatumumab?88,

The main concern with anti-CD20 therapies is fetal B cell depletion. However, as
IgG1 monoclonal antibodies, these drugs demonstrate minimal placental transfer during
the first trimester but significant transfer after 20 weeks, suggesting that stopping
treatment 3 - 6 months before conception is sufficient to minimise fetal exposure.
Current expert opinion recommends stopping ocrelizumab and rituximab 3 months
before conception or at the time of conception, while ofatumumab may continue until
conception88, When clinically indicated, continuing anti-CD20 therapy during
pregnancy is acceptable!83. Neonates exposed to anti-CD20 therapy during pregnancy
should avoid live vaccines until after the exclusion of B cell depletion?83. 188,
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Resuming DMTs post-partum

Resumption of DMTs post-partum can reduce the risk of relapses. Choice and timing of
DMT resumption should be individualised, balancing risk of relapse (especially within
the first 3 months), pre-pregnancy and pregnancy disease activity, type of DMT used
previously (those who stopped HET during pregnancy especially natalizumab and
fingolimod should be prioritised for resumption), time elapsed since the last dose, and
breastfeeding intentions!72 173, Early resumption of DMTs post-partum is recommended,
especially if not breastfeeding. See the following section on DMTs during breastfeeding.

Recommendation 11b: DMTs in pregnancy (Achieved 93.3% agreement
based on the Likert scale thresholds)

i. | The panel agreed that DMT use in pregnancy should be individualised, balancing between
manufacturer’s recommendations, guidelines/post marketing data, and real world data
(Table 9).

The panel suggested the following:
e Interferons, GA are safe up to conception and during pregnancy9-193,

e Teriflunomide should be stopped prior to conception and removed via an
accelerated washouts: 170,184,

e Dimethyl fumarate can be continued until conception?s 182,

e Natalizumab can be continued until conceptions*194 and until week 30-34 of
pregnancy with extended interval dosing?8e.

e Fingolimod should be stopped 2 months prior to conception. Newer S1P
modulators may need only a shorter washout'7°.

e Alemtuzumab8* 188 and Cladribine8* 187 should be stopped 4 and 6 months
respectively prior to conception.

ii. | The panel felt that

Ofatumumab should be stopped at contraception discontinuation or when conception
occurs in pwMS:88,

Ocrelizumab should not be routinely administered during pregnancy other than in the
case of uncontrolled significant disease activity. The last infusion should occur 3 months
before conception'®s 188 ideally without prolonged drug-free intervals.
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Rituximab may be given until 3 months prior to conception'8s, after weighing the risk
benefit ratio. Close monitoring of the neonate is required due to the potential for B cell
depletion, including assessment of B cell counts prior to vaccination.

iii. | The panel recommended should accidental exposure to a DMT considered unsafe
occur, prompt referral to a feto-maternal physician and detailed fetal monitoring
performed for risk mitigation should be done.

DMTs and steroids during breastfeeding

Breastfeeding is encouraged in women with MS as it is protective against postpartum
relapses. While interferon beta and GA have been established as safest in breastfeeding
for some time, emerging evidence supports the safety of some newer DMTs.
Observational studies so far suggest the safety of ofatumumab and ocrelizumab during
lactation, with minimal/undetectable levels in breastmilk and infant serum, and no
significant effect on fetal B cell depletion early postpartum?9°.195-197, Similarly, studies
have shown minimal transfer of rituximab in breastmilk9s. 198,

Caution is advised for breastfeeding on dimethyl fumarate due to the potential for
significant transfer into breastmilk and unknown effects on the infant, although real
world data from a small number of exposed infants suggest that it is likely safe99: 200,
Natalizumab is considered likely safe during lactation owing to low transfer into
breastmilk and minimal oral bioavailability:88. Breastfeeding is not recommended
during treatment with cladribine and alemtuzumab, and commencement of
breastfeeding requires specific timing considerations due to the potential risks to the
infant and limited safety data?88. 201, Breastfeeding is not recommended during
treatment with S1P receptor modulators due to limited safety data and the potential for
significant transfer into breast milk?79. 201,

Intravenous corticosteroids, which were previously associated with a potential
risk of first-trimester cleft lip and/or palate, have not been shown to significantly
increase this risk in more recent studies2°2.
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Recommendation 11¢: DMTs and steroids during breastfeeding (Achieved
93.75% agreement based on the Likert scale thresholds)

i.

The panel suggests interferon beta and GA may be used during breastfeeding203-

205,

ii.

The panel recommends that most DMTs aside from interferon beta and
GA to be discontinued or used with caution.

Refer to Table 9 for the recommendations of specific DMTs.

1il.

Ocrelizumab, ofatumumab and rituximab may be used with caution and
monitoring of the infant during breastfeeding.

v.

Intravenous steroids can be given for relapses during pregnancy and lactation2o2,
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Q12. Cognition: What is the effect of DMTs on cognition?

DMTs can provide potential cognitive benefits, but their main purpose is to alter disease
activity. The extent of cognitive improvements can vary from person to person, meaning
not all patients will experience the same level of benefit. Furthermore, some DMTs may
have side effects that could indirectly affect cognitive function. For instance, flu-like
symptoms related to interferon beta therapy can temporarily impact cognitive
performance.

Emerging evidence indicates that starting DMTs early in patients with MS may
improve cognitive functions. DMTs are intended to reduce neuroinflammation and
brain atrophy, both of which are linked to cognitive decline in MS207.208, Evidence
supports cognitive benefits, particularly in processing speed, for agents such as
interferon beta, fingolimod, siponimod, ofatumumab, ocrelizumab, ublituximab,
natalizumab, cladribine, and rituximabs3; 129, 134, 209-214,

A meta-analysis of 41 studies involving 7,131 patients suggests that initiating HET
early is associated with a greater reduction in disease progression compared to delaying
treatment or following an escalation approach. The findings imply that timely treatment
may help preserve cognitive functions by minimising irreversible clinical disability and
neurodegeneration2!5. Further details on the effects of various DMTs on cognition are
summarised in Appendix 4.

Recommendation 12: Effect of DMTs on cognition (Achieved 93.3%
agreement based on the Likert scale thresholds)

i. | The panel recommended that early DMT initiation may have an effect on
preservation or delaying cognitive deterioration2°7 (Appendix 4).

ii. | Neurologists should screen pwMS for cognitive deterioration with standard
tools such as the Symbol Digit Modality Test (SDMT) or Brief International
Cognitive Assessment for MS (BICAMS) where available, and other validated
assessment tools for cognitive testing216.

iii. | PwMS who exhibit cognitive impairment should be managed through a
multidisciplinary approach, including a neurologist, and where appropriate, a
neuropsychiatrist or psychiatrist, and a clinical psychologist or
neuropsychologist27.
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Q13. Discontinuing disease-modifying therapy: When should DMTs be
stopped in pwMS?

As long as the disease remains stable and the treatment is well tolerated, age alone
should not be a reason to discontinue DMTs. However, clinicians should remain vigilant
for treatment-related complications that may become more common with increasing age
or treatment duration. These include an increased risk of infections due to
immunosenescence and immunodeficiency syndromes such as
hypogammaglobulinemia, which predisposes to serious infections. Additionally, the
presence of life-limiting co-morbidities such as advanced cardiovascular disease or
cancer may alter the risk benefit ratio of continuing therapy and warrants its re-
evaluation.

In studies of people with RRMS, discontinuing DMT was associated with an
increased risk of relapse, disability progression, and radiological disease activity218, 219,
Factors that predict a higher rate of relapses after stopping treatment include younger
age, female sex, higher baseline EDSS, and recent relapse activity particularly within the
12 months preceding discontinuation. Certain DMTs, such as fingolimod and
natalizumab, carry an additional risk of rebound or recurrence of disease activity upon
withdrawal.

Discontinuation of DMT may be considered in older adults with stable disease,
however there is currently no definitive age at which a patient can be assured of zero
risk for relapse, and some elderly pwMS are reluctant to stop treatment. The DISCOMS
trial (Discontinuation of DMTs in MS)220, a randomised controlled study of older adults
with stable RRMS, found that discontinuing therapy did not significantly increase
relapse risk compared to continuing therapy over 2 years. On the other hand, continuing
therapy provided modest benefit in preventing new MRI lesions, although the overall
rates of clinical worsening were low in both groups. These findings suggest that DMT
discontinuation may be safe in selected older adults with stable disease, provided that
patients are closely monitored.

Decisions to stop therapy should remain individualised, taking into account
patient preferences, co-morbidities, degree of disability, and the specific DMT involved.
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Recommendation 13a: Continuing/discontinuing DMTs in stable disease
(Achieved 86.7% agreement based on the Likert scale thresholds)

The panel recommends that pwMS who are stable on a given DMT may continue
therapy including HET regardless of age as long as the patients wants to continue,
the disease is stable, in the absence of adverse events such as infections,

immunodeficiencies, and co-morbidities complicating the treatment course? 43 46,
218-220

1l

The panel recommends that co-morbidities in older adults be thoroughly
evaluated, and that the decision to continue, de-escalate. or discontinue treatment
be carefully assessed on an individual basis.

Recommendation 13b: Discontinuing DMTs in active or advanced disease
(Achieved 86.7% agreement based on the Likert scale thresholds)

Discontinuing or pausing treatment at a patient’s explicit request may be
done if adhering to clear guidelines for clinical and imaging monitoring, and
counselling about the risk of rebound especially with fingolimod and
natalizumabl, 43, 46, 159, 160, 165, 221, 222

ii.

If the patient continues to progress over time and becomes severely disabled,
such as becoming bed bound, experiencing recurrent infections and developing
life-limiting co-morbidities, treatment discontinuation may be considered
following counselling? 43, 46, 159, 160, 165, 221, 222,
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Q14. Health and well-being measures: What additional evidence is available
to improve the health and well-being of pwMS?

Current evidence does not support any specific dietary intervention as a replacement for
DMTs in halting inflammation or disease progression in MS223. However, maintaining a
balanced diet low in saturated fats, avoiding smoking, and incorporating regular
physical activity as part of an overall healthy lifestyle have been associated with
improvements in several clinical parameters, including stamina, balance, fatigue, and
overall quality of life for people with MS224-226,

Research suggests that high-fat diets rich in saturated fats are associated with
greater disease progression, whereas diets high in fruits, yogurt, and legumes may
reduce the risk of MS onset and progression223. Specific dietary approaches such as the
Mediterranean diet and ketogenic diet have shown potential benefits, including reduced
inflammation, neuroprotection and promotion of central nervous system repair223. 227,

Probiotics, by restoring microbial balance, may also help mitigate immune
dysfunction noted in MS. Personalised dietary strategies targeting the gut microbiota
hold promise for managing MS by modulating immune responses and slowing disease
progression228,

Recommendation 14: Improving health and well-being of pwMS (Achieved
93.3% agreement based on the Likert scale thresholds)

The panel emphasises the importance of healthy living, avoidance of smoking,
identification and management of comorbidities, maintaining mental well-being,
and provision of exercise for pwMSzz9-2s2,
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Q15. Vitamin D in MS: Should vitamin D be measured and should it be
supplemented in pwMS?

There is currently insufficient evidence to recommend vitamin D supplementation as an
adjuvant DMT in pwMS. Recent studies have demonstrated conflicting results, with
trials in CIS showing no significant reduction in MRI disease activity following vitamin
D supplementation233-235, Nevertheless, supplementation may still be appropriate in
individuals who are vitamin D deficient or at increased risk of osteoporosis, particularly
those exposed to repeated courses of corticosteroids23¢.

Recommendation 15: Vitamin D in MS (Achieved 93.3% agreement based on
the Likert scale thresholds)

i. | All pwMS should have their baseline vitamin D levels checked237 238.

ii. | The panel recommends that all pwMS may be supplemented with oral vitamin
D3 (cholecalciferol), ranging from 600 to 4000 IU per day, to maintain a target
level of 50 — 125 nmol /1.239; 240,

iii. | For patients who are vitamin D deficient with a level <50 nmol/L, there is
evidence that vitamin D supplementation reduces risk of relapse241. 242,
Replacement dose is recommended (e.g., vitamin D3 50,000 IU per week for 8 -
12 weeks)237-243,
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Conclusion

The panel has attempted to review the literature thoroughly and to provide a
comprehensive yet pragmatic summary of the most up-to-date evidence to guide the
management of MS in Malaysia. Recommendations are presented in action boxes to
make it easier to refer to. Vaccination guidance was not included in this consensus and
will be addressed in a future publication. Similarly, symptomatic and neuropsychiatric
treatments were not covered as it falls outside of the primary focus of this consensus,
which is centered on disease-modifying therapies.

The panel acknowledges that MS management is a rapidly evolving field and that
this document has its limitations, including constraints on the depth of discussion for
each recommendation and the lack of local data and research. It is hoped that this
consensus statement will help local clinicians in the management of people with MS and
fill existing knowledge gaps. The panel plans to reconvene in the near future to further
refine and update the document for local use.
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Appendix 1. Flowchart of the Delphi process23
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Appendix 2. Finalised list of questions to be addressed in the consensus

1. Should MS patients be treated as early as possible?

2. Should patients with CIS be treated with DMTs?

3.  Should patients with RIS be treated with DMTs?

4.  Which treatments should be started in an acute relapse of MS/CIS?

5.  Which DMTs should be started in active and highly active RRMS?

6. Which DMTs should be started in fulminant/aggressive MS?

7. Which DMTs should be started in secondary progressive MS?

8.  Which DMTs should be started in primary progressive MS?

9. How should patients on DMTs be monitored?

10. What is the definition of treatment failure or breakthrough disease and how should
it be managed?

11.  11a. When and how should pwMS be counselled for pregnancy and breastfeeding?
11b. Which DMTs are considered safe in pregnancy?
11c. Which DMTs are considered safe in breastfeeding?

12. What is the effect of DMTs on cognition in MS?

13. When should DMTs be stopped in pwMS?

14. What additional evidence is available to improve the health and well-being of
pwMS?

15. Should vitamin D be measured and should it be supplemented in pwMS?

NB. Changes were made after redeliberation
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Appendix 3. Diagnostic algorithm for MS according to the 2024
McDonald criteria

Typical MS presentation
OR

Objective progression suggestive of PMS

!

Initial workup (clinical history, examination, imaging, laboratory
investigations) and differential diagnosis suggestive of MS
and
Exclusion of alternative diagnosis

>1 lesions in >2 CNS sites (DIS)*

>12 months of progressive disease and

OR Lesions in 1 CNS site

>2 spinal cord lesions’

! !

MS diagnostic criteria met if at least one of MS diagnostic criteria met if at least one of
the following is present: the following is present:

1. CVS® 1. DIT*and CVS®

2. CSF OCB/kFLC 2. DIT*and PRLT"

3. >1lesionsin 4 out of 5 CNS sites* 3. CSF OCB/KFLC and CVS®

4. DIT? 4. CSF OCB/KFLC and PRL

Adapted from Miller et al., 20252

CNS = central nervous system; CSF = cerebrospinal fluid; CVS = central vein sign; DIS = dissemination in
space; DIT = dissemination in time; kFLC = kappa free light chains; PMS = progressive multiple sclerosis; OCB
= oligoclonal bands; PRL = paramagnetic rim lesions

*DIS is demonstrated by the presence of >1 T2 hyperintense lesions in at least 2 of the following CNS sites on
MRI: juxtacortical, periventricular, infratentorial, spinal cord, and optic nerve

"The presence of >2 spinal cord lesions in patients with >12 months of progressive disease is considered
evidence of DIS.

*DIT is demonstrated by the presence of >1 new or enlarging T2 lesions, OR >1 Gad-enhancing lesion, OR a
clinical attack

SCVS is demonstrated by the presence of >6 lesions with CVS. If <6 white matter lesions are present on the
MRI, the number of lesions with CVS should be more than those without CVS

TPRL is demonstrated by the presence of >1 PRL
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Appendix 5b. Timing of follow-up imaging?s2

Frequency of follow-up

Gadolinium

Clinically and
radiologically isolated
syndrome

6 — 12 months

Not recommended

New baseline (after 3 — 6 months Normally not required
initiating or switching

disease modifying

treatment)

Routine follow-up (stable Yearly Normally not required

patient)

82



References

1. Rashid W, Ciccarelli O, Leary SM, Arun T, Doshi A, Evangelou N, et al. Using
disease-modifying treatments in multiple sclerosis: Association of British Neurologists
(ABN) 2024 guidance. Practical neurology. 2025;25(1):18-24. doi:10.1136/pn-2024-
004228

2. Filippi M, Amato MP, Avolio C, Gallo P, Gasperini C, Inglese M, et al. Towards a
biological view of multiple sclerosis from early subtle to clinical progression: an expert
opinion. Journal of neurology. 2025;272(2):179. d0i:10.1007/500415-025-12917-4

3. Laurson-Doube J, Rijke N, Costello K, McDonell J, Giovannoni G, Banwell B, et
al. Health-care disparities for people with multiple sclerosis. The Lancet Neurology.
2020;19(3):207-8. d0i:10.1016/S1474-4422(19)30486-7

4. Thompson AJ, Moccia M, Amato MP, Calabresi PA, Finlayson M, Hawton A, et
al. Do the current MS clinical course descriptors need to change and if so how? A survey
of the MS community. Multiple Sclerosis Journal. 2023;29(11-12):1363-72.
doi:10.1177/13524585231196786

5. Yamout B. Update in multiple sclerosis. eNeurologicalSci. 2025;38:100553.
doi:https://doi.org/10.1016/j.ensci.2025.100553

6. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al.
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. The Lancet
Neurology. 2018;17(2):162-73. d0i:10.1016/S1474-4422(17)30470-2

7. Montalban X, editor 2024 Revisions of the McDonald Criteria. 40th Congress of
the European Committee for Treatment and Research in Multiple Sclerosis (ECTRIMS);
2024 September 18-20; Copenhagen, Denmark.

8. Brown JWL, Coles A, Horakova D, Havrdova E, Izquierdo G, Prat A, et al.
Association of Initial Disease-Modifying Therapy With Later Conversion to Secondary
Progressive Multiple Sclerosis. JAMA. 2019;321(2):175—87.
doi:10.1001/jama.2018.20588

0. He A, Merkel B, Brown JWL, Zhovits Ryerson L, Kister I, Malpas CB, et al.
Timing of high-efficacy therapy for multiple sclerosis: a retrospective observational
cohort study. The Lancet Neurology. 2020;19(4):307-16. d0i:10.1016/S1474-
4422(20)30067-3

10.  The Lancet Neurology. Essential medicines for patients with multiple sclerosis.
The Lancet Neurology. 2019;18(12):1067. d0i:10.1016/S1474-4422(19)30390-4

11. Selmaj K, Cree BAC, Barnett M, Thompson A, Hartung HP. Multiple sclerosis:
time for early treatment with high-efficacy drugs. Journal of neurology.
2024;271(1):105-15. d0i:10.1007/5s00415-023-11969-8

12.  Multiple Sclerosis International Federation. Atlas of MS: Multiple Sclerosis
International Federation; 2020 [3rd ed.:[Available from: https://www.atlasofms.org/ ]
[Accessed: 12 June 2025]

83


https://doi.org/10.1016/j.ensci.2025.100553
https://www.atlasofms.org/

13.  Amezcua L, Rivera VM, Vazquez TC, Baezconde-Garbanati L, Langer-Gould A.
Health Disparities, Inequities, and Social Determinants of Health in Multiple Sclerosis
and Related Disorders in the US: A Review. JAMA neurology. 2021;78(12):1515-24.
doi:10.1001/jamaneurol.2021.3416

14.  Chew E, Rotstein DL, Viswanathan S. Navigating a paradigm shift in the
treatment of CNS demyelinating diseases in a middle-income country. Multiple sclerosis
and related disorders. 2025;100. doi:10.1016/j.msard.2025.106544

15.  Viswanathan S, Vijayasingham L, Laurson-Doube J, Quek AML, Tan K, Yeo T, et
al. Multi-actor system dynamics in access to disease-modifying treatments for multiple
sclerosis in Southeast Asia: A regional survey and suggestions for improvement.
Multiple sclerosis and related disorders. 2024;85. doi:10.1016/j.msard.2024.105555

16.  Hwang S, Garcia-Dominguez MA, Fitzgerald KC, Saylor DR. Association of
Multiple Sclerosis Prevalence With Sociodemographic, Health Systems, and Lifestyle
Factors on a National and Regional Level. Neurology. 2022;99(16):e1813-e23.
doi:doi:10.1212/WNL.0000000000200962

17.  Ministry of Health Malaysia. Management of multiple sclerosis (clinical practice
guidelines) Kuala Lumpur: Malaysian Society of Neurosciences; 2016 [Available from:
https://www.neuro.org.my/assets/guideline/2016CPG] [Accessed: 19 February 2025]

18.  Ministry of Health Malaysia. Survey on drug utilization in multiple sclerosis: an
MOH survey amongst neurologists. 2019.

19.  National Pharmaceutical Regulatory Agency. Ministry of Health Malaysia;
[Available from: https://www.npra.gov.my] [Accessed: 19 February 2025]

20. MIMS Malaysia. MIMS Malaysia online drug database [Available from:
https://www.mims.com/malaysia] [Accessed: 19 February 2025]

21.  Pharmaceutical Services Programme Ministry of Health (MOH) Malaysia.
National Essential Medicines List. Petaling Jaya (Malaysia): Ministry of Health
Malaysia; 2025. Available from:
https://www.pharmacy.gov.my/sites/default/files/document-upload/clean-national-
essential-medicines-list-7th-vo4.pdf.

22.  World Health Organization. WHO Model List of Essential Medicines, 23rd list.
Geneva; 2023.

23.  Subramaniam S, Viswanathan S, Abdullah S, Tan H-J, Remli R, Mohd Zain NR,
et al. Development of an Updated National Protocol for the Use of Disease-Modifying
Treatments in Multiple Sclerosis: A MOH-MOE Steering Committee Initiative in
Malaysia. Malaysian Journal of Pharmacy. 2025;11(1):21-30.
doi:10.52494/maljpharmvi1106by

24. Atun R, Berman P, Hsiao W, Myers E, Wei Aun Y. Malaysia health systems
research report: contextual analysis of the Malaysian health system. Boston (MA); 2016.

25.  Bigdeli M, Jacobs B, Tomson G, Laing R, Ghaffar A, Dujardin B, et al. Access to
medicines from a health system perspective. Health Policy and Planning,.
2012;28(7):692-704. doi:10.1093/heapol/czs108

84


https://www.neuro.org.my/assets/guideline/2016CPG
https://www.npra.gov.my/
https://www.mims.com/malaysia
https://www.pharmacy.gov.my/sites/default/files/document-upload/clean-national-essential-medicines-list-7th-v04.pdf
https://www.pharmacy.gov.my/sites/default/files/document-upload/clean-national-essential-medicines-list-7th-v04.pdf

26.  Gilson L, Alliance for Health Policy and Systems Research, World Health
Organization. Health policy and systems research: a methodology reader. Geneva:
Alliance for Health Policy and Systems Research & World Health Organization; 2012.
Available from:

https://iris.who.int/bitstream/handle/10665/44803/9789241503136 eng.pdf?sequenc
e=1.

27.  Jebb AT, Ng V, Tay L. A Review of Key Likert Scale Development Advances:
1995—2019. Frontiers in Psychology. 2021;Volume 12 - 2021.
doi:10.3389/fpsyg.2021.637547

28.  Kapiriri L, Martin DK. Successful Priority Setting in Low and Middle Income

Countries: A Framework for Evaluation. Health Care Analysis. 2010;18(2):129-47.
d0i:10.1007/s10728-009-0115-2

29. Walt G, Shiffman J, Schneider H, Murray SF, Brugha R, Gilson L. ‘Doing’ health
policy analysis: methodological and conceptual reflections and challenges. Health Policy
and Planning. 2008;23(5):308-17. doi:10.1093/heapol/czno24

30. Confavreux C, Vukusic S. Age at disability milestones in multiple sclerosis. Brain :
a journal of neurology. 2006;129(3):595-605. doi:10.1093/brain/awh714

31.  Weinshenker BG, Bass B, Rice GPA, Noseworthy J, Carriere W, Baskerville J, et
al. The Natural History of Multiple Sclerosis: A Geographically Based Study: 2
Predictive Value of the Early Clinical Course. Brain : a journal of neurology.
1989;112(6):1419-28. doi:10.1093/brain/112.6.1419

32.  Lublin FD, Reingold SC, Cohen JA, Cutter GR, Serensen PS, Thompson AJ, et al.
Defining the clinical course of multiple sclerosis. Neurology. 2014;83(3):278-86.
doi:doi:10.1212/WNL.0000000000000560

33. Trojano M, Paolicelli D, Bellacosa A, Cataldo S. The transition fromrelapsing-
remitting MS to irreversible disability: clinicalevaluation. Neurological Sciences.
2003;24(5):5268-s70. d0i:10.1007/s10072-003-0171-6

34. Tur C, Carbonell-Mirabent P, Cobo-Calvo A, Otero-Romero S, Arrambide G,
Midaglia L, et al. Association of Early Progression Independent of Relapse Activity With
Long-term Disability After a First Demyelinating Event in Multiple Sclerosis. JAMA
neurology. 2023;80(2):151-60. doi:10.1001/jamaneurol.2022.4655

35. Kuhlmann T, Moccia M, Coetzee T, Cohen JA, Correale J, Graves J, et al. Multiple
sclerosis progression: time for a new mechanism-driven framework. The Lancet
Neurology. 2023;22(1):78-88. d0i:10.1016/S1474-4422(22)00289-7

36. Chalmer TA, Baggesen LM, Norgaard M, Koch-Henriksen N, Magyari M,
Sorensen PS, et al. Early versus later treatment start in multiple sclerosis: a register-
based cohort study. European journal of neurology. 2018;25(10):1262-e110.
doi:https://doi.org/10.1111/ene.13692

37.  Ciccarelli O, Barkhof F, Calabrese M, De Stefano N, Eshaghi A, Filippi M, et al.
Using the Progression Independent of Relapse Activity Framework to Unveil the
Pathobiological Foundations of Multiple Sclerosis. Neurology. 2024;103(1):€209444-.
doi:doi:10.1212/WNL.0000000000209444

85


https://iris.who.int/bitstream/handle/10665/44803/9789241503136_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/44803/9789241503136_eng.pdf?sequence=1
https://doi.org/10.1111/ene.13692

38. Kavaliunas A, Manouchehrinia A, Stawiarz L, Ramanujam R, Agholme J,
Hedstrom AK, et al. Importance of early treatment initiation in the clinical course of
multiple sclerosis. Multiple sclerosis (Houndmills, Basingstoke, England).

2017;23(9):1233-40. doi:10.1177/1352458516675039

39. Rae-Grant A, Day GS, Marrie RA, Rabinstein A, Cree BAC, Gronseth GS, et al.
Practice guideline recommendations summary: Disease-modifying therapies for adults
with multiple sclerosis. Neurology. 2018;90(17):777-88.
doi:doi:10.1212/WNL.0000000000005347

40. Samjoo IA, Drudge C, Walsh S, Tiwari S, Brennan R, Boer I, et al. Comparative
efficacy of therapies for relapsing multiple sclerosis: a systematic review and network
meta-analysis. Journal of comparative effectiveness research. 2023;12(7):€230016.
doi:10.57264/cer-2023-0016

41.  Montalban X, Gold R, Thompson AJ, Otero-Romero S, Amato MP, Chandraratna
D, et al. ECTRIMS/EAN guideline on the pharmacological treatment of people with
multiple sclerosis. European journal of neurology. 2018;25(2):215-37.
doi:https://doi.org/10.1111/ene.13536

42.  Butzkueven H, Giovannoni G, Arkelsten S, Comi G, Costello K, Devlin M, et al.
Brain health — time matters: Multiple sclerosis (MS), neuromyelitis optica spectrum
disorder (NMOSD), myelin oligodendrocyte glycoprotein antibody-associated disease
(MOGAD) and related conditions. Oxford, UK: Oxford Health Policy Forum CIC; 2024.

43. Yamout B, Al-Jumah M, Sahraian MA, Almalik Y, Khaburi JA, Shalaby N, et al.
Consensus recommendations for diagnosis and treatment of Multiple Sclerosis: 2023
revision of the MENACTRIMS guidelines. Multiple sclerosis and related disorders.
2024;83:105435. doi:10.1016/j.msard.2024.105435

44. Hobart J, Bowen A, Pepper G, Crofts H, Eberhard L, Berger T, et al. International
consensus on quality standards for brain health-focused care in multiple sclerosis.
Multiple Sclerosis Journal. 2018;25(13):1809-18. doi:10.1177/1352458518809326

45. Lebrun-Frenay C. The confavreux lecture: The radiologically isolated syndrome
diagnosis, prognosis and perspectives. Multiple Sclerosis Journal. 2025;31(3):249-56.
doi:10.1177/13524585241311217

46. Jacob A, Shatila AO, Inshasi J, Massouh J, Mir R, Noori S, et al. Disease
modifying treatment guidelines for multiple sclerosis in the United Arab Emirates.
Multiple sclerosis and related disorders. 2024;88. doi:10.1016/j.msard.2024.105703

47.  Miiller J, Sharmin S, Lorscheider J, Ozakbas S, Karabudak R, Horakova D, et al.
Standardized Definition of Progression Independent of Relapse Activity (PIRA) in
Relapsing-Remitting Multiple Sclerosis. JAMA neurology. 2025;82(6):614-25.
doi:10.1001/jamaneurol.2025.0495

48. Lublin FD, Hiring DA, Ganjgahi H, Ocampo A, Hatami F, Cuklina J, et al. How
patients with multiple sclerosis acquire disability. Brain : a journal of neurology.
2022;145(9):3147-61. doi:10.1093/brain/awac016

86


https://doi.org/10.1111/ene.13536

49. Tacobaeus E, Arrambide G, Amato MP, Derfuss T, Vukusic S, Hemmer B, et al.
Aggressive multiple sclerosis (1): Towards a definition of the phenotype. Multiple
Sclerosis Journal. 2020;26(9):1031-44. doi:10.1177/1352458520925369

50. Menon S, Shirani A, Zhao Y, Oger J, Traboulsee A, Freedman MS, et al.
Characterising aggressive multiple sclerosis. Journal of Neurology, Neurosurgery &amp;
Psychiatry. 2013;84(11):1192-8. doi:10.1136/jnnp-2013-304951

51. Spelman T, Magyari M, Piehl F, Svenningsson A, Rasmussen PV, Kant M, et al.
Treatment Escalation vs Immediate Initiation of Highly Effective Treatment for Patients
With Relapsing-Remitting Multiple Sclerosis: Data From 2 Different National
Strategies. JAMA neurology. 2021;78(10):1197-204. d0i:10.1001/jamaneurol.2021.2738

52.  Guerra T, Iaffaldano P. A Window into New Insights on Progression Independent
of Relapse Activity in Multiple Sclerosis: Role of Therapies and Current Perspective.
International journal of molecular sciences. 2025;26(3):884.

53.  Gartner J, Hauser SL, Bar-Or A, Montalban X, Cohen JA, Cross AH, et al.
Efficacy and safety of ofatumumab in recently diagnosed, treatment-naive patients with
multiple sclerosis: Results from ASCLEPIOS I and II. Multiple Sclerosis Journal.
2022;28(10):1562-75. d0i:10.1177/13524585221078825

54.  Kappos L, Wolinsky JS, Giovannoni G, Arnold DL, Wang Q, Bernasconi C, et al.
Contribution of Relapse-Independent Progression vs Relapse-Associated Worsening to
Overall Confirmed Disability Accumulation in Typical Relapsing Multiple Sclerosis in a
Pooled Analysis of 2 Randomized Clinical Trials. JAMA neurology. 2020;77(9):1132-40.
doi:10.1001/jamaneurol.2020.1568

55.  U.S. National Library of Medicine. Traditional versus Early Aggressive Therapy
for Multiple Sclerosis Trial (TREAT-MS) 2018 [updated 2025-05-30. Available from:
https://clinicaltrials.gov/study/NCT03500328]

56. Ontaneda D, Tallantyre EC, Raza PC, Planchon SM, Nakamura K, Miller D, et al.
Determining the effectiveness of early intensive versus escalation approaches for the
treatment of relapsing-remitting multiple sclerosis: The DELIVER-MS study protocol.
Contemporary Clinical Trials. 2020;95:106009.
doi:https://doi.org/10.1016/j.cct.2020.106009

57.  Allen CM, Mowry E, Tintore M, Evangelou N. Prognostication and contemporary
management of clinically isolated syndrome. Journal of Neurology, Neurosurgery
&amp; Psychiatry. 2021;92(4):391-7. doi:10.1136/jnnp-2020-323087

58.  Al-Namaeh M. Systematic review and meta-analysis of the development of
multiple sclerosis in clinically isolated syndrome. European Journal of Ophthalmology.
2021;31(4):1643-55. doi:10.1177/1120672120983179

59. Chung KK, Altmann D, Barkhof F, Miszkiel K, Brex PA, O'Riordan J, et al. A 30-
Year Clinical and Magnetic Resonance Imaging Observational Study of Multiple
Sclerosis and Clinically Isolated Syndromes. Annals of neurology. 2020;87(1):63-74.
doi:10.1002/ana.25637

87


https://clinicaltrials.gov/study/NCT03500328
https://doi.org/10.1016/j.cct.2020.106009

60. Loépez-Gomez J, Sacristan Enciso B, Caro Mir6 MA, Querol Pascual MR.
Clinically isolated syndrome: Diagnosis and risk of developing clinically definite
multiple sclerosis. Neurologia (English Edition). 2023. doi:10.1016/j.nrleng.2021.01.010

61.  Miller DH, Chard DT, Ciccarelli O. Clinically isolated syndromes. The Lancet
Neurology. 2012;11(2):157-69. d0i:10.1016/S1474-4422(11)70274-5

62. Tintore M, Arrambide G, Otero-Romero S, Carbonell-Mirabent P, Rio J, Tur C, et
al. The long-term outcomes of CIS patients in the Barcelona inception cohort: Looking
back to recognize aggressive MS. Multiple Sclerosis Journal. 2020;26(13):1658-69.
doi:10.1177/1352458519877810

63. Tintore M, Rovira A, Rio J, Otero-Romero S, Arrambide G, Tur C, et al. Defining
high, medium and low impact prognostic factors for developing multiple sclerosis. Brain
: a journal of neurology. 2015;138(7):1863-74. doi:10.1093/brain/awvios

64. Toosy AT, Barkhof F. Multiple sclerosis can be diagnosed solely with
dissemination in space: Yes. Multiple Sclerosis Journal. 2024;30(6):637-9.

doi:10.1177/13524585241245313

65. Filippini G, Del Giovane C, Clerico M, Beiki O, Mattoscio M, Piazza F, et al.
Treatment with disease-modifying drugs for people with a first clinical attack suggestive
of multiple sclerosis. Cochrane Database of Systematic Reviews. 2017(4).
doi:10.1002/14651858.CD012200.pub2

66. Freedman MS, Leist TP, Comi G, Cree BA, Coyle PK, Hartung H-P, et al. The
efficacy of cladribine tablets in CIS patients retrospectively assigned the diagnosis of MS
using modern criteria: Results from the ORACLE-MS study. Multiple Sclerosis Journal
— Experimental, Translational and Clinical. 2017;3(4):2055217317732802.
doi:10.1177/2055217317732802

67. Hartung H-P, Graf J, Kremer D. Long-term follow-up of multiple sclerosis
studies and outcomes from early treatment of clinically isolated syndrome in the
BENEFIT 11 study. Journal of neurology. 2020;267(2):308-16. d0i:10.1007/s00415-
018-09169-w

68.  Svenningsson A, Frisell T, Burman J, Salzer J, Fink K, Hallberg S, et al. Safety
and efficacy of rituximab versus dimethyl fumarate in patients with relapsing-remitting
multiple sclerosis or clinically isolated syndrome in Sweden: a rater-blinded, phase 3,
randomised controlled trial. The Lancet Neurology. 2022;21(8):693-703.
d0i:10.1016/S1474-4422(22)00209-5

69. Vidal-Jordana A, Rovira A, Calderon W, Arrambide G, Castill6 J, Moncho D, et
al. Adding the Optic Nerve in Multiple Sclerosis Diagnostic Criteria. Neurology.
2024;102(1):€200805. doi:doi:10.1212/WNL.0000000000207805

70.  Rotstein D, Montalban X. Reaching an evidence-based prognosis for personalized
treatment of multiple sclerosis. Nature reviews Neurology. 2019;15(5):287-300.
d0i:10.1038/s41582-019-0170-8

71.  Guidelines for early treatment trials in patients presenting with clinical and
paraclinical abnormalities which put them at high risk for conversion to multiple

88



sclerosis. European Charcot Foundation Working Group for Treatment Trials. Multiple
sclerosis (Houndmills, Basingstoke, England). 1995;1 Suppl 1:S55-9.

72.  Lublin FD. Best Practices in Multiple Sclerosis Therapies: 2025 Update:
Consortium of Multiple Sclerosis Centers (CMSC); 2025. Available from:
https://www.mscare.org/best-practices-in-multiple-sclerosis-therapies/.

73.  Lebrun-Frénay C, Okuda DT, Siva A, Landes-Chateau C, Azevedo CJ, Mondot L,
et al. The radiologically isolated syndrome: revised diagnostic criteria. Brain : a journal
of neurology. 2023;146(8):3431-43. d0i:10.1093/brain/awado73

74.  Lebrun C. The radiologically isolated syndrome. Revue neurologique.
2015;171(10):698-706. doi:https://doi.org/10.1016/j.neurol.2015.05.001

75.  Lebrun-Frenay C, Kantarci O, Siva A, Sormani MP, Pelletier D, Okuda DT, et al.
Radiologically Isolated Syndrome: 10-Year Risk Estimate of a Clinical Event. Annals of
neurology. 2020;88(2):407-17. doi:https://doi.org/10.1002/ana.25799

76.  Okuda DT, Kantarci O, Lebrun-Frénay C, Sormani MP, Azevedo CJ, Bovis F, et al.
Dimethyl Fumarate Delays Multiple Sclerosis in Radiologically Isolated Syndrome.
Annals of neurology. 2023;93(3):604-14. doi:10.1002/ana.26555

77.  Lebrun-Frénay C, Siva A, Sormani MP, Landes-Chateau C, Mondot L, Bovis F, et
al. Teriflunomide and Time to Clinical Multiple Sclerosis in Patients With Radiologically
Isolated Syndrome: The TERIS Randomized Clinical Trial. JAMA neurology.
2023;80(10):1080-8. doi:10.1001/jamaneurol.2023.2815

78.  Zeydan B, Azevedo CJ, Makhani N, Cohen M, Tutuncu M, Thouvenot E, et al.
Early Disease-Modifying Treatments for Presymptomatic Multiple Sclerosis. CNS drugs.
2024;38(12):973-83. d0i:10.1007/540263-024-01117-9

79.  Optic Neuritis Study Group. Visual Function 15 Years after Optic Neuritis: A
Final Follow-up Report from the Optic Neuritis Treatment Trial. Ophthalmology.
2008;115(6):1079-82.e5. d0i:10.1016/j.ophtha.2007.08.004

80. National Clinical Guideline Centre (UK). Multiple Sclerosis: Management of

Multiple Sclerosis in Primary and Secondary Care. National Institute for Health and
Care Excellence: Clinical Guidelines. London: National Institute for Health and Care
Excellence (UK); 2014.

81. Ramo-Tello C, Blanco Y, Brieva L, Casanova B, Martinez-Caceres E, Ontaneda D,
et al. Recommendations for the Diagnosis and Treatment of Multiple Sclerosis Relapses.
Journal of Personalized Medicine. 2022;12(1):6.

82. Yamasaki R, Matsushita T, Fukazawa T, Yokoyama K, Fujihara K, Ogino M, et al.
Efficacy of intravenous methylprednisolone pulse therapy in patients with multiple
sclerosis and neuromyelitis optica. Multiple Sclerosis Journal. 2016;22(10):1337-48.
doi:10.1177/1352458515617248

83. Le PageE, Veillard D, Laplaud DA, Hamonic S, Wardi R, Lebrun C, et al. Oral
versus intravenous high-dose methylprednisolone for treatment of relapses in patients
with multiple sclerosis (COPOUSEP): a randomised, controlled, double-blind, non-
inferiority trial. The Lancet. 2015;386(9997):974-81. d0i:10.1016/S0140-6736(15)61137-
0

89


https://www.mscare.org/best-practices-in-multiple-sclerosis-therapies/
https://doi.org/10.1016/j.neurol.2015.05.001
https://doi.org/10.1002/ana.25799

84.  Blechinger S, Ehler J, Bsteh G, Winkelmann A, Leutmezer F, Meister S, et al.
Therapeutic plasma exchange in steroid-refractory multiple sclerosis relapses. A
retrospective two-center study. Therapeutic advances in neurological disorders.
2021;14:1756286420975642. d0i:10.1177/1756286420975642

85.  Chen JJ, Flanagan EP, Pittock SJ, Stern NC, Tisavipat N, Bhatti MT, et al. Visual
Outcomes Following Plasma Exchange for Optic Neuritis: An International Multicenter
Retrospective Analysis of 395 Optic Neuritis Attacks. American journal of
ophthalmology. 2023;252:213-24. doi:10.1016/j.2j0.2023.02.013

86. Hosny HS, Shehata HS, Ahmed S, Ramadan I, Abdo SS, Fouad AM. Predictors of
severity and outcome of multiple sclerosis relapses. BMC neurology. 2023;23(1):67.
d0i:10.1186/s12883-023-03109-6

87.  Lipphardt M, Wallbach M, Koziolek MJ. Plasma Exchange or Immunoadsorption
in Demyelinating Diseases: A Meta-Analysis. Journal of clinical medicine.

2020;9(5):1597.

88. Pfeuffer S, Rolfes L, Wirth T, Steffen F, Pawlitzki M, Schulte-Mecklenbeck A, et
al. Immunoadsorption versus double-dose methylprednisolone in refractory multiple
sclerosis relapses. Journal of Neuroinflammation. 2022;19(1):220. doi:10.1186/s12974-
022-02583-y

89. Rolfes L, Pfeuffer S, Ruck T, Melzer N, Pawlitzki M, Heming M, et al. Therapeutic
Apheresis in Acute Relapsing Multiple Sclerosis: Current Evidence and Unmet Needs—
A Systematic Review. Journal of clinical medicine. 2019;8(10):1623.

90. Fazekas F, Lublin FD, Li D, Freedman MS, Hartung HP, Rieckmann P, et al.
Intravenous immunoglobulin in relapsing-remitting multiple sclerosis. Neurology.
2008;71(4):265-71. doi:doi:10.1212/01.wnl.0000318281.98220.6f

91.  Rose AS, Kuzma JW, Kurtzke JF, Namerow NS, Sibley WA, Tourtellotte WW.
Cooperative study in the evaluation of therapy in multiple sclerosis. ACTH vs. placebo--
final report. Neurology. 1970;20(5):1-59. doi:10.1212/wnl.20.5_part_2.1

92. Perumal JS, Caon C, Hreha S, Zabad R, Tselis A, Lisak R, et al. Oral prednisone
taper following intravenous steroids fails to improve disability or recovery from relapses
in multiple sclerosis. European journal of neurology. 2008;15(7):677-80.
doi:https://doi.org/10.1111/j.1468-1331.2008.02146.X

93. Hervas-Garcia JV, Rami6-Torrenta L, Brieva-Ruiz L, Batllé-Nadal J, Moral E,
Blanco Y, et al. Comparison of two high doses of oral methylprednisolone for multiple
sclerosis relapses: a pilot, multicentre, randomized, double-blind, non-inferiority trial.
European journal of neurology. 2019;26(3):525-32.
doi:https://doi.org/10.1111/ene.13851

94. Gonzalez-Lorenzo M, Ridley B, Minozzi S, Del Giovane C, Peryer G, Piggott T, et
al. Immunomodulators and immunosuppressants for relapsing-remitting multiple
sclerosis: a network meta-analysis. Cochrane Database of Systematic Reviews. 2024(1).
doi:10.1002/14651858.CD011381.pub3

95. Kalincik T, Brown JWL, Robertson N, Willis M, Scolding N, Rice CM, et al.
Treatment effectiveness of alemtuzumab compared with natalizumab, fingolimod, and

90


https://doi.org/10.1111/j.1468-1331.2008.02146.x
https://doi.org/10.1111/ene.13851

interferon beta in relapsing-remitting multiple sclerosis: a cohort study. The Lancet
Neurology. 2017;16(4):271-81. d0i:10.1016/S1474-4422(17)30007-8

96. McKenna A, Lin GA, Whittington MD, Nikitin D, Herron-Smith S, Campbell JD,
et al. Oral and monoclonal antibody treatments for relapsing forms of multiple sclerosis:
Effectiveness and value. Journal of Managed Care & Specialty Pharmacy.
2023;29(7):857-61. doi:10.18553/jmcp.2023.29.7.857

97.  Roos I, Hughes S, McDonnell G, Malpas CB, Sharmin S, Boz C, et al. Rituximab
vs Ocrelizumab in Relapsing-Remitting Multiple Sclerosis. JAMA neurology.
2023;80(8):789-97. doi:10.1001/jamaneurol.2023.1625

98.  Saylor D, Rijke N, McDonell J, Laurson-Doube J, Avasarala J, Baldin E, et al.
Recommendations for essential medicines for multiple sclerosis in low-resource
settings. Multiple Sclerosis Journal. 2025;31(4):464-73.
doi:10.1177/13524585241308134

99. Filippini G, Kruja J, Del Giovane C. Rituximab for people with multiple sclerosis.
Cochrane Database of Systematic Reviews. 2021(11).
doi:10.1002/14651858.CD013874.pub2

100. Simpson A, Mowry EM, Newsome SD. Early Aggressive Treatment Approaches
for Multiple Sclerosis. Current treatment options in neurology. 2021;23(7):19.
d0i:10.1007/511940-021-00677-1

101. Giovannoni G. Time and brain health both matter in multiple sclerosis. Multiple
sclerosis and related disorders. 2016;9:S1-S3. doi:10.1016/j.msard.2016.07.004

102. Vermersch P, Czlonkowska A, Grimaldi LME, Confavreux C, Comi G, Kappos L,
et al. Teriflunomide versus subcutaneous interferon beta-1a in patients with relapsing
multiple sclerosis: a randomised, controlled phase 3 trial. Multiple Sclerosis Journal.
2013;20(6):705-16. d0i:10.1177/1352458513507821

103. Kappos L, Bar-Or A, Cree BAC, Fox RJ, Giovannoni G, Gold R, et al. Siponimod
versus placebo in secondary progressive multiple sclerosis (EXPAND): a double-blind,
randomised, phase 3 study. The Lancet. 2018;391(10127):1263-73. d0i:10.1016/S0140-
6736(18)30475-6

104. Montalban X, Hauser Stephen L, Kappos L, Arnold Douglas L, Bar-Or A, Comi G,
et al. Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis. New
England Journal of Medicine. 2017;376(3):209-20. doi:10.1056/NEJMo0a1606468

105. Dzau W, Roos I, Kalincik T. Efficacy of natalizumab in secondary progressive
multiple sclerosis: analysis of two phase III trials. Journal of Neurology, Neurosurgery
&amp;amp; Psychiatry. 2025:jnnp-2024-335495. doi:10.1136/jnnp-2024-335495

106. Wu X, Wang S, Xue T, Tan X, Li J, Chen Z, et al. Disease-modifying therapy in
progressive multiple sclerosis: a systematic review and network meta-analysis of
randomized controlled trials. Frontiers in neurology. 2024;Volume 15 - 2024.

107. Ebers GC. Randomised double-blind placebo-controlled study of interferon
&#x3b2;-1a in relapsing/remitting multiple sclerosis. The Lancet. 1998;352(9139):1498-
504. d0i:10.1016/S0140-6736(98)03334-0

91



108. The IFNB Multiple Sclerosis Study Group. Interferon beta-1b is effective in
relapsing-remitting multiple sclerosis. Neurology. 1993;43(4):655-.
doi:10.1212/WNL.43.4.655

109. Bayer HealthCare Pharmaceuticals. BETASERON (interferon beta-1b) injection,
for subcutaneous use: Prescribing Information: U.S. Food and Drug Administration;
2023 [updated 10 February 2025. Available from: https://www.fda.gov/drugsatfda]

110. EMD Serono Inc. REBIF (interferon beta-1a) injection, for subcutaneous use:
Prescribing Information: U.S. Food and Drug Administration; 2023 [updated 10
February 2025. Available from: https://www.fda.gov/drugsatfda]

111.  Johnson KP, Brooks BR, Cohen JA, Ford CC, Goldstein J, Lisak RP, et al.
Copolymer 1 reduces relapse rate and improves disability in relapsing-remitting
multiple sclerosis. Neurology. 1995;45(7):1268-76. doi:10.1212/WNL.45.7.1268

112. Teva Pharmaceuticals. COPAXONE (glatiramer acetate) injection, for
subcutaneous use: Prescribing Information: U.S. Food and Drug Administration; 2025
[updated 10 February 2025. Available from: https://www.fda.gov/drugsatfda]

113. Novartis Pharmaceuticals. Glatopa (glatiramer acetate) [package insert].
Princeton, NJ: Novartis Pharmaceuticals; 2018.

114. O'Connor P, Wolinsky JS, Confavreux C, Comi G, Kappos L, Olsson TP, et al.
Randomized Trial of Oral Teriflunomide for Relapsing Multiple Sclerosis. New England
Journal of Medicine. 2011;365(14):1293-303. doi:doi:10.1056/NEJMoa1014656

115. Sanofi Genzyme. AUBAGIO (teriflunomide) tablets, for oral use: Prescribing
Information: U.S. Food and Drug Administration; 2024 [updated 10 February 2025.
Available from: https://www.fda.gov/drugsatfda]

116. Fox RJ, Miller DH, Phillips JT, Hutchinson M, Havrdova E, Kita M, et al.
Placebo-Controlled Phase 3 Study of Oral BG-12 or Glatiramer in Multiple Sclerosis.
New England Journal of Medicine. 2012;367(12):1087-97.
doi:doi:10.1056/NEJMo0a1206328

117.  Gold R, Kappos L, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, et al. Placebo-
Controlled Phase 3 Study of Oral BG-12 for Relapsing Multiple Sclerosis. New England
Journal of Medicine. 2012;367(12):1098-107. doi:doi:10.1056/NEJMoa1114287

118. Kappos L, Radue E-W, O'Connor P, Polman C, Hohlfeld R, Calabresi P, et al. A
Placebo-Controlled Trial of Oral Fingolimod in Relapsing Multiple Sclerosis. New
England Journal of Medicine. 2010;362(5):387-401. doi:doi:10.1056/NEJM0a0909494

119. Novartis Pharmaceuticals Corporation. GILENYA (fingolimod) capsules, for oral
use: Prescribing Information: U.S. Food and Drug Administration; 2024 [updated 10
February 2025. Available from: https://www.fda.gov/drugsatfda]

120. Kappos L, Fox RJ, Burcklen M, Freedman MS, Havrdova EK, Hennessy B, et al.
Ponesimod Compared With Teriflunomide in Patients With Relapsing Multiple Sclerosis
in the Active-Comparator Phase 3 OPTIMUM Study: A Randomized Clinical Trial.
JAMA neurology. 2021;78(5):558-67. doi:10.1001/jamaneurol.2021.0405

92


https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda

121. Janssen Pharmaceuticals Inc. PONVORY (ponesimod) tablets, for oral use:
Prescribing Information: U.S. Food and Drug Administration; 2024 [updated 5 June
2024. Available from: https://www.fda.gov/drugsatfda]

122. Comi G, Kappos L, Selmaj KW, Bar-Or A, Arnold DL, Steinman L, et al. Safety
and efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis
(SUNBEAM): a multicentre, randomised, minimum 12-month, phase 3 trial. The Lancet
Neurology. 2019;18(11):1009-20. d0i:10.1016/S1474-4422(19)30239-X

123. Bristol Myers Squibb. ZEPOSIA (ozanimod) capsules, for oral use: Prescribing
Information: U.S. Food and Drug Administration; 2024 [updated 30 August 2024.
Available from: https://www.fda.gov/drugsatfda]

124. Novartis Pharmaceuticals Corporation. MAYZENT (siponimod) tablets, for oral
use: Prescribing Information: U.S. Food and Drug Administration; 2024 [updated 10
February 2025. Available from: https://www.fda.gov/drugsatfda]

125. Giovannoni G, Comi G, Cook S, Rammohan K, Rieckmann P, Serensen PS, et al.
A Placebo-Controlled Trial of Oral Cladribine for Relapsing Multiple Sclerosis. New
England Journal of Medicine. 2010;362(5):416-26. doi:doi:10.1056/NEJM0a0902533

126. EMD Serono Inc. MAVENCLAD (cladribine) tablets, for oral use: Prescribing
Information: U.S. Food and Drug Administration; 2024 [updated 10 February 2025.
Available from: https://www.fda.gov/drugsatfda]

127. Polman CH, O'Connor PW, Havrdova E, Hutchinson M, Kappos L, Miller DH, et
al. A Randomized, Placebo-Controlled Trial of Natalizumab for Relapsing Multiple
Sclerosis. New England Journal of Medicine. 2006;354(9):899-910.
doi:doi:10.1056/NEJMo0a044397

128. Biogen Inc. TYSABRI (natalizumab) injection, for intravenous use: Prescribing
Information: U.S. Food and Drug Administration; 2025 [updated 18 March 2025.
Available from: https://www.fda.gov/drugsatfda]

129. Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung H-P, Hemmer B, et al.
Ocrelizumab versus Interferon Beta-1a in Relapsing Multiple Sclerosis. New England
Journal of Medicine. 2017;376(3):221-34. doi:doi:10.1056/NEJMoa1601277

130. Hauser SL, Kappos L, Montalban X, Craveiro L, Chognot C, Hughes R, et al.
Safety of Ocrelizumab in Patients With Relapsing and Primary Progressive Multiple
Sclerosis. Neurology. 2021;97(16):e1546-€59.
doi:doi:10.1212/WNL.0000000000012700

131.  Genentech Inc. OCREVUS (ocrelizumab) prescribing information: U.S. Food and
Drug Administration; 2024 [updated 10 February 2025. Available from:
https://www.fda.gov/drugsatfda]

132. Hauser SL, Bar-Or A, Cohen JA, Comi G, Correale J, Coyle PK, et al.
Ofatumumab versus Teriflunomide in Multiple Sclerosis. New England Journal of
Medicine. 2020;383(6):546-57. doi:doi:10.1056/NEJMoa1917246

133. Novartis Pharmaceuticals Corporation. KESIMPTA (ofatumumab) injection, for
subcutaneous use: Prescribing Information: U.S. Food and Drug Administration; 2024
[updated 10 February 2025. Available from: https://www.fda.gov/drugsatfda]

93


https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda

134. Steinman L, Fox E, Hartung H-P, Alvarez E, Qian P, Wray S, et al. Ublituximab
versus Teriflunomide in Relapsing Multiple Sclerosis. New England Journal of
Medicine. 2022;387(8):704-14. d0i:10.1056/NEJMoa2201904

135. TG Therapeutics Inc. BRIUMVI (ublituximab-xiiy) injection, for intravenous use:
U.S. Food and Drug Administration; 2024 [updated 30 October 2024. Available from:
https://www.fda.gov/drugsatfda]

136. Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Hartung H-P, et al.
Alemtuzumab versus interferon beta 1a as first-line treatment for patients with
relapsing-remitting multiple sclerosis: a randomised controlled phase 3 trial. The
Lancet. 2012;380(9856):1819-28. d0i:10.1016/S0140-6736(12)61769-3

137. Coles AJ, Twyman CL, Arnold DL, Cohen JA, Confavreux C, Fox EJ, et al.
Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying
therapy: a randomised controlled phase 3 trial. The Lancet. 2012;380(9856):1829-39.
d0i:10.1016/S0140-6736(12)61768-1

138. Genzyme Corporation. LEMTRADA (alemtuzumab) injection, for intravenous
use: Prescribing Information: U.S. Food and Drug Administration; 2024 [updated 10
February 2025. Available from: https://www.fda.gov/drugsatfda]

139. Hauser SL, Waubant E, Arnold DL, Vollmer T, Antel J, Fox RJ, et al. B-Cell
Depletion with Rituximab in Relapsing—Remitting Multiple Sclerosis. New England
Journal of Medicine. 2023;358(7):676-88. doi:10.1056/NEJMo0a0706383

140. Hawker K, O'Connor P, Freedman MS, Calabresi PA, Antel J, Simon J, et al.
Rituximab in patients with primary progressive multiple sclerosis: Results of a
randomized double-blind placebo-controlled multicenter trial. Annals of neurology.
2009;66(4):460-71. doi:https://doi.org/10.1002/ana.21867

141.  Correale J, Rush CA, Barboza A. Are highly active and aggressive multiple
sclerosis the same entity? Frontiers in neurology. 2023;Volume 14 - 2023.

142. Nawar AA, Farid AM, Wally R, Tharwat EK, Sameh A, Elkaramany Y, et al.
Efficacy and safety of stem cell transplantation for multiple sclerosis: a systematic
review and meta-analysis of randomized controlled trials. Scientific reports.
2024;14(1):12545. d0i:10.1038/541598-024-62726-4

143. Braun B, Fischbach F, Pfeffer LK, Richter J, Janson D, Kréger NM, et al.
Exploring the therapeutic potential of autologous hematopoietic stem cell
transplantation in progressive multiple sclerosis—a systematic review. European journal
of neurology. 2024;31(12):e16427. doi:https://doi.org/10.1111/ene.16427

144. Muraro PA, Mariottini A, Greco R, Burman J, Iacobaeus E, Inglese M, et al.
Autologous haematopoietic stem cell transplantation for treatment of multiple sclerosis
and neuromyelitis optica spectrum disorder — recommendations from ECTRIMS and
the EBMT. Nature Reviews Neurology. 2025;21(3):140-58. d0i:10.1038/s41582-024-
01050-X

145. Fox RJ, Bar-Or A, Traboulsee A, Oreja-Guevara C, Giovannoni G, Vermersch P, et
al. Tolebrutinib in Nonrelapsing Secondary Progressive Multiple Sclerosis. New England
Journal of Medicine. 2025;392(19):1883-92. doi:doi:10.1056/NEJMoa2415988

94


https://www.fda.gov/drugsatfda
https://www.fda.gov/drugsatfda
https://doi.org/10.1002/ana.21867
https://doi.org/10.1111/ene.16427

146. Hartung H-P, Gonsette R, Konig N, Kwiecinski H, Guseo A, Morrissey SP, et al.
Mitoxantrone in progressive multiple sclerosis: a placebo-controlled, double-blind,
randomised, multicentre trial. The Lancet. 2002;360(9350):2018-25.
d0i:10.1016/S0140-6736(02)12023-X

147. Kappos L, Weinshenker B, Pozzilli C, Thompson AJ, Dahlke F, Beckmann K, et al.
Interferon beta-1b in secondary progressive MS. Neurology. 2004;63(10):1779-87.
doi:10.1212/01.WNL.0000145561.08973.4F

148. Ridley B, Minozzi SM, Gonzalez-Lorenzo M, Del Giovane C, Piggott T, Filippini
G, et al. Immunomodulators and immunosuppressants for progressive multiple
sclerosis: a network meta-analysis. Cochrane Database of Systematic Reviews. 2024(9).
doi:10.1002/14651858.CD015443.pub2

149. Intarakhao P, Laipasu T, Jitprapaikulsan J, Apiraksattayakul N, Kosiyakul P,
Siritho S, et al. Rituximab in secondary progressive multiple sclerosis: a meta-analysis.
Annals of clinical and translational neurology. 2024;11(10):2707-18.
doi:https://doi.org/10.1002/acn3.52186

150. Lublin F, Miller DH, Freedman MS, Cree BAC, Wolinsky JS, Weiner H, et al. Oral
fingolimod in primary progressive multiple sclerosis INFORMS): a phase 3,
randomised, double-blind, placebo-controlled trial. The Lancet. 2016;387(10023):1075-
84. d0i:10.1016/S0140-6736(15)01314-8

151. Leary SM, Thompson AJ. Interferon beta-1a in primary progressive multiple
sclerosis. Journal of the neurological sciences. 2003;206(2):215-6. doi:10.1016/S0022-
510X(02)00350-7

152. Wattjes MP, Ciccarelli O, Reich DS, Banwell B, de Stefano N, Enzinger C, et al.
2021 MAGNIMS-CMSC-NAIMS consensus recommendations on the use of MRI in
patients with multiple sclerosis. The Lancet Neurology. 2021;20(8):653-70.
d0i:10.1016/S1474-4422(21)00095-8

153. Kurtzke JF. Rating neurologic impairment in multiple sclerosis. Neurology.
1983;33(11):1444-. doi:10.1212/WNL.33.11.1444

154. Kappos L, Butzkueven H, Wiendl H, Spelman T, Pellegrini F, Chen Y, et al.
Greater sensitivity to multiple sclerosis disability worsening and progression events
using a roving versus a fixed reference value in a prospective cohort study. Multiple
Sclerosis Journal. 2017;24(7):963-73. doi:10.1177/1352458517709619

155. Motl RW, Cohen JA, Benedict R, Phillips G, LaRocca N, Hudson LD, et al.
Validity of the timed 25-foot walk as an ambulatory performance outcome measure for
multiple sclerosis. Multiple Sclerosis Journal. 2017;23(5):704-10.
doi:10.1177/1352458517690823

156. Benedict RHB, DeLuca J, Phillips G, LaRocca N, Hudson LD, Rudick R. Validity
of the Symbol Digit Modalities Test as a cognition performance outcome measure for
multiple sclerosis. Multiple Sclerosis Journal. 2017;23(5):721-33.
doi:10.1177/1352458517690821

95


https://doi.org/10.1002/acn3.52186

157. Koch MW, Repovic P, Mostert J, Bowen JD, Comtois J, Strijbis E, et al. The nine
hole peg test as an outcome measure in progressive MS trials. Multiple sclerosis and
related disorders. 2023;69:104433. doi:https://doi.org/10.1016/j.msard.2022.104433

158. Cristiano E, Alonso R, Alvez Pinheiro A, Bacile EA, Balbuena ME, Ballario C, et
al. Argentinean recommendations on the identification of treatment failure in relapsing
remitting multiple sclerosis patients. Journal of the neurological sciences.
2018;385:217-24. d0i:10.1016/j.jns.2018.01.004

159. Wiendl H, Gold R, Berger T, Derfuss T, Linker R, Maurer M, et al. Multiple
Sclerosis Therapy Consensus Group (MSTCG): position statement on disease-modifying
therapies for multiple sclerosis (white paper). Therapeutic advances in neurological
disorders. 2021;14:17562864211039648. doi:10.1177/17562864211039648

160. Al Malik YM, Al Thubaiti IA, AlAmmari MA, Al Fugham N, Ali EN, Alissa DA, et
al. Saudi Consensus Recommendations on the Management of Multiple Sclerosis:
Disease-Modifying Therapies and Management of Relapses. Clinical and Translational
Neuroscience [Internet]. 2022; 6(4). doi:10.3390/ctn6040027

161. Sormani M, Rio J, Tintore M, Signori A, Li D, Cornelisse P, et al. Scoring
treatment response in patients with relapsing multiple sclerosis. Multiple Sclerosis
Journal. 2012;19(5):605-12. doi:10.1177/1352458512460605

162. Sormani MP, Gasperini C, Romeo M, Rio J, Calabrese M, Cocco E, et al.
Assessing response to interferon-f3 in a multicenter dataset of patients with MS.
Neurology. 2016;87(2):134-40. doi:10.1212/WNL.0000000000002830

163. Freedman MS, Devonshire V, Duquette P, Giacomini PS, Giuliani F, Levin MC, et
al. Treatment Optimization in Multiple Sclerosis: Canadian MS Working Group
Recommendations. Canadian Journal of Neurological Sciences / Journal Canadien des
Sciences Neurologiques. 2020;47(4):437-55. d0i:10.1017/¢jn.2020.66

164. Meca-Lallana JE, Martinez Yélamos S, Eichau S, Llaneza MA, Martin Martinez J,
Penia Martinez J, et al. Consensus statement of the Spanish Society of Neurology on the
treatment of multiple sclerosis and holistic patient management in 2023. Neurologia
(English Edition). 2024. doi:10.1016/j.nrleng.2024.01.003

165. Marques VD, Passos GRD, Mendes MF, Callegaro D, Lana-Peixoto MA, Comini-
Frota ER, et al. Brazilian Consensus for the Treatment of Multiple Sclerosis: Brazilian
Academy of Neurology and Brazilian Committee on Treatment and Research in Multiple
Sclerosis. Arq Neuropsiquiatr. 2018;76(8):539-54. d0i:10.1590/0004-282X20180078

166. Comi G, Alroughani R, Boster AL, Bass AD, Berkovich R, Fernandez O, et al.
Efficacy of alemtuzumab in relapsing-remitting MS patients who received additional
courses after the initial two courses: Pooled analysis of the CARE-MS, extension, and
TOPAZ studies. Multiple Sclerosis Journal. 2019;26(14):1866-76.
doi:10.1177/1352458519888610

167. Centonze D, Amato MP, Brescia Morra V, Cocco E, De Stefano N, Gasperini C, et
al. Multiple sclerosis patients treated with cladribine tablets: expert opinion on practical
management after year 4. Therapeutic advances in neurological disorders.
2023;16:17562864231183221. d0i:10.1177/1756286 4231183221

96


https://doi.org/10.1016/j.msard.2022.104433

168. Bigaut K, Cohen M, Durand-Dubief F, Maillart E, Planque E, Zephir H, et al. How
to switch disease-modifying treatments in multiple sclerosis: Guidelines from the
French Multiple Sclerosis Society (SFSEP). Multiple sclerosis and related disorders.
2021;53:103076. doi:https://doi.org/10.1016/j.msard.2021.103076

169. Capela C, Santos E, Palavra F, Guimaraes J, Cerqueira J, Vale J, et al. Multiple
Sclerosis Disease-Modifying Treatment Algorithms: 2025 Positioning of the Portuguese
Multiple Sclerosis Study Group. Acta Médica Portuguesa. 2025;38(6-7):414-26.
doi:10.20344/amp.22380

170. Graham EL, Bove R, Costello K, Crayton H, Jacobs DA, Shah S, et al. Practical
Considerations for Managing Pregnancy in Patients With Multiple Sclerosis. Neurology
Clinical Practice. 2024;14(2):e200253. d0i:10.1212/CPJ.0000000000200253

171.  Vukusic S, Hutchinson M, Hours M, Moreau T, Cortinovis-Tourniaire P, Adeleine
P, et al. Pregnancy and multiple sclerosis (the PRIMS study): clinical predictors of post-
partum relapse. Brain : a journal of neurology. 2004;127(6):1353-60.
doi:10.1093/brain/awh152

172. Hellwig K, Verdun di Cantogno E, Sabid6 M. A systematic review of relapse rates
during pregnancy and postpartum in patients with relapsing multiple sclerosis.
Therapeutic advances in neurological disorders. 2021;14:17562864211051012.
doi:10.1177/17562864211051012

173. Krysko KM, Dobson R, Alroughani R, Amato MP, Bove R, Ciplea Al, et al. Family
planning considerations in people with multiple sclerosis. The Lancet Neurology.
2023;22(4):350-66. d0i:10.1016/S1474-4422(22)00426-4

174. Oreja-Guevara C, Rabanal A, Rodriguez CH, Benito YA, Bilbao MM, Génzalez-
Suarez I, et al. Assisted Reproductive Techniques in Multiple Sclerosis:
Recommendations from an Expert Panel. Neurology and therapy. 2023;12(2):427-39.
d0i:10.1007/540120-023-00439-y

175. Hillert J, Bove R, Haddad LB, Hellwig K, Houtchens M, Magyari M, et al. Expert
opinion on the use of contraception in people with multiple sclerosis. Multiple Sclerosis
Journal. 2024;30(9):1093-106. doi:10.1177/13524585241228103

176. Melo EMV, Rodrigues BCA, Cabral FT, Villarim L, Mendes MF. Patient-centered
pregnancy planning in multiple sclerosis: evidence for a new era. Arq Neuropsiquiatr.
2024;82(10):1-11. d0i:10.1055/s-0044-1791202

177.  Andersen JB, Kopp TI, Sellebjerg F, Magyari M. Pregnancy-Related and Perinatal
Outcomes in Women With Multiple Sclerosis. Neurology Clinical Practice.
2021;11(4):280-90. d0i:10.1212/CPJ.0000000000001035

178. Mainguy M, Casey R, Vukusic S, Lebrun-Frenay C, Berger E, Kerbrat A, et al.
Assessing the Risk of Relapse After In Vitro Fertilization in Women With Multiple
Sclerosis. Neurology Neuroimmunology &amp; Neuroinflammation.
2025;12(2):e200371. d0i:10.1212/NXI1.0000000000200371

179. Bove R, Alwan S, Friedman JM, Hellwig K, Houtchens M, Koren G, et al.
Management of Multiple Sclerosis During Pregnancy and the Reproductive Years: A
Systematic Review. Obstetrics & Gynecology. 2014;124(6).

97


https://doi.org/10.1016/j.msard.2021.103076

180. Houtchens MK, Zapata LB, Curtis KM, Whiteman MK. Contraception for women
with multiple sclerosis: Guidance for healthcare providers. Multiple Sclerosis Journal.

2017;23(6):757-64. d0i:10.1177/1352458517701314

181. Coyle PK, Oh J, Magyari M, Oreja-Guevara C, Houtchens M. Management
strategies for female patients of reproductive potential with multiple sclerosis: An
evidence-based review. Multiple sclerosis and related disorders. 2019;32:54-63.
doi:10.1016/j.msard.2019.04.003

182. Hellwig K, Rog D, McGuigan C, Houtchens MK, Bruen DR, Mokliatchouk O, et al.
Interim Analysis of Pregnancy Outcomes After Exposure to Dimethyl Fumarate in a
Prospective International Registry. Neurology Neuroimmunology &amp;
Neuroinflammation. 2021;9(1):e1114. doi:10.1212/NXI.0000000000001114

183. Dobson R, Rog D, Ovadia C, Murray K, Hughes S, Ford HL, et al. Anti-CD20
therapies in pregnancy and breast feeding: a review and ABN guidelines. Practical
neurology. 2023;23(1):6. doi:10.1136/pn-2022-003426

184. Andersen JB, Wandall-Holm MF, Magyari M. Pregnancy outcomes following
maternal or paternal exposure to teriflunomide in the Danish MS population. Multiple
sclerosis and related disorders. 2022;59. doi:10.1016/j.msard.2022.103529

185. Bast N, Dost-Kovalsky K, Haben S, Friedmann N, Witt L, Oganowski T, et al.
Impact of disease-modifying therapies on pregnancy outcomes in multiple sclerosis: a
prospective cohort study from the German multiple sclerosis and pregnancy registry.
The Lancet Regional Health — Europe. 2025;48. doi:10.1016/j.1anepe.2024.101137

186. Thiel S, Litvin N, Haben S, Gold R, Hellwig K. Disease activity and neonatal
outcomes after exposure to natalizumab throughout pregnancy. Journal of Neurology,
Neurosurgery &amp;amp; Psychiatry. 2024;95(6):561. doi:10.1136/jnnp-2023-332804

187. Dost-Kovalsky K, Thiel S, Ciplea AI, Gold R, Hellwig K. Cladribine and pregnancy
in women with multiple sclerosis: The first cohort study. Multiple Sclerosis Journal.
2022;29(3):461-5. d0i:10.1177/13524585221131486

188. Gklinos P, Dobson R. Monoclonal Antibodies in Pregnancy and Breastfeeding in
Patients with Multiple Sclerosis: A Review and an Updated Clinical Guide.
Pharmaceuticals [Internet]. 2023; 16(5). doi:10.3390/ph16050770

189. Genentech Inc. RITUXAN (rituximab) injection, for intravenous use: Prescribing
Information: U.S. Food and Drug Administration; 2021 [updated 10 February 2025.
Available from: https://www.fda.gov/drugsatfda]

190. Vukusic S, Bove R, Dobson R, McElrath T, Oreja-Guevara C, Pietrasanta C, et al.
Pregnancy and Infant Outcomes in Women With Multiple Sclerosis Treated With
Ocrelizumab. Neurology Neuroimmunology &amp; Neuroinflammation.
2025;12(1):€200349. doi:10.1212/NXI1.0000000000200349

191. Zhang M, Fu S, Ren D, Wu Y, Yao N, Ni T, et al. Maternal and Fetal Outcomes
After Interferon Exposure During Pregnancy: A Systematic Review With Meta-Analysis.
Frontiers in Reproductive Health. 2021;Volume 3 - 2021.

98


https://www.fda.gov/drugsatfda

192. Kaplan S, Ghimpeteanu A, Dragut CF. Pregnancy and Infant Outcomes in
Women with Multiple Sclerosis Exposed to Glatiramer Acetate Therapy: An Extended 4-
Year Safety Update. Drug Safety. 2025;48(6):697-713. d0i:10.1007/540264-025-01523-y

193. Klehmet J, Begus-Nahrmann Y, Taipale K, Niemczyk G, Rehberg-Weber K.
Impact of interferon beta exposure on birth outcome and child development &#x2013;
Results from the post-authorisation safety study PRIMA. Multiple sclerosis and related
disorders. 2023;77. doi:10.1016/j.msard.2023.104844

194. Landi D, Bovis F, Grimaldi A, Annovazzi PO, Bertolotto A, Bianchi A, et al.
Exposure to natalizumab throughout pregnancy: effectiveness and safety in an Italian
cohort of women with multiple sclerosis. Journal of Neurology, Neurosurgery
&amp;amp; Psychiatry. 2022;93(12):1306. doi:10.1136/jnnp-2022-329657

195. Anderson A, Rowles W, Poole S, Balan A, Bevan C, Brandstadter R, et al. Anti-
CD20 monoclonal antibody therapy in postpartum women with neurological conditions.
Annals of clinical and translational neurology. 2023;10(11):2053-64.
doi:https://doi.org/10.1002/acn3.51893

196. Bove R, Oreja-Guevara C, Vukusic S, Shah A, Graham E, McElrath T, et al.
Placental and Breastmilk Transfer of Ocrelizumab from Women with Multiple Sclerosis
to Infants and the Potential Impact on B-Cell Levels: Primary Analysis of the
Prospective, Multicenter, Open-label, Phase IV Studies MINORE and SOPRANINO
(PL4.004). Neurology. 2025;104(7_Supplement_1):3721.
doi:10.1212/WNL.0000000000211193

197. Witt L, Dost-Kovalsky K, Friedmann N, Bast N, Haben S, Oganowski T, et al.
Ofatumumab-exposed breastfeeding in multiple sclerosis patients. Multiple Sclerosis
Journal. 2025;31(3):338-51. d0i:10.1177/13524585241307165

198. Krysko KM, LaHue SC, Anderson A, Rutatangwa A, Rowles W, Schubert RD, et
al. Minimal breast milk transfer of rituximab, a monoclonal antibody used in
neurological conditions. Neurology Neuroimmunology &amp; Neuroinflammation.
2019;7(1):€637. d0i:10.1212/NXI.0000000000000637

199. Almas S, Vance J, Baker T, Hale T. Management of Multiple Sclerosis in the
Breastfeeding Mother. Multiple sclerosis international. 2016;2016(1):6527458.
doi:https://doi.org/10.1155/2016 /6527458

200. Borriello G, Ianniello A. Efficacy, safety and tolerability of dimethylfumarate
during pregnancy and breastfeeding. Multiple sclerosis and related disorders. 2022;67.
doi:https://doi.org/10.1016/j.msard.2022.103951

201. Capone F, Albanese A, Quadri G, Di Lazzaro V, Falato E, Cortese A, et al. Disease-
Modifying Drugs and Breastfeeding in Multiple Sclerosis: A Narrative Literature
Review. Frontiers in neurology. 2022;Volume 13 - 2022.

202. Zengin Karahan S, Boz C, Terzi M, Aktoz G, Sen S, Ozbudun B, et al.
Methylprednisolone Concentrations in Breast Milk and Serum of Patients with Multiple
Sclerosis Treated with IV Pulse Methylprednisolone. Clinical neurology and
neurosurgery. 2020;197:106118. doi:https://doi.org/10.1016/j.clineuro.2020.106118

99


https://doi.org/10.1002/acn3.51893
https://doi.org/10.1155/2016/6527458
https://doi.org/10.1016/j.msard.2022.103951
https://doi.org/10.1016/j.clineuro.2020.106118

203. Ciplea Al, Langer-Gould A, Stahl A, Thiel S, Queisser-Wahrendorf A, Gold R, et
al. Safety of potential breast milk exposure to IFN-f3 or glatiramer acetate. Neurology
Neuroimmunology &amp; Neuroinflammation. 2020;7(4):e757.
doi:10.1212/NXI1.0000000000000757

204. Kiimpfel T, Thiel S, Meinl I, Ciplea Al, Bayas A, Hoffmann F, et al. Anti-CD20
therapies and pregnancy in neuroimmunologic disorders. Neurology Neuroimmunology
&amp; Neuroinflammation. 2020;8(1):€913. doi:10.1212/NXI.0000000000000913

205. Hale TW, Siddiqui AA, Baker TE. Transfer of Interferon -1a into Human
Breastmilk. Breastfeeding Medicine. 2011;7(2):123-5. d0i:10.1089/bfm.2011.0044

206. Das G, Damotte V, Gelfand JM, Bevan C, Cree BAC, Do L, et al. Rituximab before
and during pregnancy. Neurology Neuroimmunology &amp; Neuroinflammation.
2018;5(3):e453. doi:10.1212/NXI1.0000000000000453

207. Filippi M, Amato MP, Centonze D, Gallo P, Gasperini C, Inglese M, et al. Early
use of high-efficacy disease-modifying therapies makes the difference in people with
multiple sclerosis: an expert opinion. Journal of neurology. 2022;269(10):5382-94.
d0i:10.1007/500415-022-11193-W

208. Kania K, Ambrosius W, Kozubski W, Kalinowska-Lyszczarz A. The impact of
disease modifying therapies on cognitive functions typically impaired in multiple
sclerosis patients: a clinician’s review. Frontiers in neurology. 2023;Volume 14 - 2023.

209. Benedict RHB, Tomic D, Cree BA, Fox R, Giovannoni G, Bar-Or A, et al.
Siponimod and Cognition in Secondary Progressive Multiple Sclerosis. Neurology.
2021;96(3):e376-e86. doi:10.1212/WNL.0000000000011275

210. Lacy M, Hauser M, Pliskin N, Assuras S, Valentine MO, Reder A. The effects of
long-term interferon-beta-1b treatment on cognitive functioning in multiple sclerosis: a
16-year longitudinal study. Multiple Sclerosis Journal. 2013;19(13):1765-72.
doi:10.1177/1352458513485981

211. Najafi M, Farahmand G, Balali P, Behkar A, Shahbazi M, Moradian N, et al. The
Effect of Rituximab on the Cognitive Function of Patients with Relapsing-Remitting
Multiple Sclerosis. Clinical therapeutics. 2024;46(10):e1-e5.
doi:10.1016/j.clinthera.2024.07.011

212. Ozakbas S, Piri Cinar B, Yigit P, Baba C, Sagici O. Five-year real-world data on
fingolimod treatment's effects on cognitive function. Multiple sclerosis and related
disorders. 2021;54. doi:10.1016/j.msard.2021.103089

213. Salehizadeh S, Saeidi R, Sahraian MA, Rezaei Aliabadi H, Hashemi SN, Sharareh
S, et al. Effect of Rituximab on the cognitive impairment in patients with secondary
progressive multiple sclerosis. babol-caspjim. 2022;13(3):484.
doi:10.22088/cjim.13.3.484

214. Margoni M, Preziosa P, Tortorella P, Filippi M, Rocca MA. Does Ocrelizumab
Limit Multiple Sclerosis Progression? Current Evidence from Clinical, MRI, and Fluid
Biomarkers. Neurotherapeutics : the journal of the American Society for Experimental
NeuroTherapeutics. 2022;19(4):1216-28. doi:10.1007/513311-022-01252-5

100



215. Landmeyer NC, Biirkner P-C, Wiendl H, Ruck T, Hartung H-P, Holling H, et al.
Disease-modifying treatments and cognition in relapsing-remitting multiple sclerosis: A
meta-analysis. Neurology. 2020;94(22):e2373-e83.
d0i:10.1212/WNL.0000000000009522

216. Ezegbe C, Zarghami A, van der Mei I, Alty J, Honan C, Taylor B. Instruments
measuring change in cognitive function in multiple sclerosis: A systematic review. Brain
and behavior. 2023;13(6):3009. doi:https://doi.org/10.1002/brb3.3009

217. Kalb R, Beier M, Benedict RHB, Charvet L, Costello K, Feinstein A, et al.
Recommendations for cognitive screening and management in multiple sclerosis care.
Multiple Sclerosis Journal. 2018;24(13):1665-80. doi:10.1177/1352458518803785

218. Coerver EME, Bourass A, Wessels MHJ, van Kempen ZLE, Jasperse MMS,
Tonino BAR, et al. Discontinuation of first-line disease-modifying therapy in relapse
onset multiple sclerosis. Multiple sclerosis and related disorders. 2023;74.
doi:10.1016/j.msard.2023.104706

219. Jakimovski D, Kavak KS, Vaughn CB, Goodman AD, Coyle PK, Krupp L, et al.
Discontinuation of disease modifying therapies is associated with disability progression
regardless of prior stable disease and age. Multiple sclerosis and related disorders.
2022;57. d0i:10.1016/j.msard.2021.103406

220. Corboy JR, Fox RJ, Cutter G, Engebretson E, Miller A, Morgan C, et al.
DISCOntinuation of disease-modifying therapies in MS: The DISCOMS extension trial.
Multiple Sclerosis Journal. 2025;31(2):159-73. d0i:10.1177/13524585241303489

221. Garcia Merino A, Ara Callizo JR, Fernandez Fernandez O, Landete Pascual L,
Moral Torres E, Rodriguez-Antigiiedad Zarrantz A. Consensus statement on the
treatment of multiple sclerosis by the Spanish Society of Neurology in 2016. Neurologia
(English Edition). 2017;32(2):113-9. doi:10.1016/j.nrleng.2016.02.003

222, Niino M, Isobe N, Araki M, Ohashi T, Okamoto T, Ogino M, et al. Clinical practice
guidelines for multiple sclerosis, neuromyelitis optica spectrum disorder, and myelin
oligodendrocyte glycoprotein antibody-associated disease 2023 in Japan. Multiple
sclerosis and related disorders. 2024;90. doi:10.1016/j.msard.2024.105829

223. Stoiloudis P, Kesidou E, Bakirtzis C, Sintila S-A, Konstantinidou N, Boziki M, et
al. The Role of Diet and Interventions on Multiple Sclerosis: A Review. Nutrients
[Internet]. 2022; 14(6). doi:10.3390/nu14061150

224. DulL, XiH, Zhang S, Zhou Y, Tao X, Lv Y, et al. Effects of exercise in people with
multiple sclerosis: a systematic review and meta-analysis. Frontiers in Public Health.
2024;Volume 12 - 2024.

225. Martin-Nunez J, de Castro SG, Heredia-Ciur6 A, Navas-Otero A, Cabrera-Martos
I, Ortiz-Rubio A, et al. High-Intensity Interval Training Effects on People With Multiple
Sclerosis: A Systematic Review and Meta-analyses for Exercise Capacity and Fatigue.
American Journal of Physical Medicine & Rehabilitation. 2025;104(7).

226. ZhangY, Li G, Su H, Liang Y, Lv Y, Yu L. Effects of exercise on balance function
in people with multiple sclerosis: a systematic review and meta-analysis of randomized

101


https://doi.org/10.1002/brb3.3009

controlled trials. Journal of neurology. 2025;272(6):405. d0i:10.1007/s00415-025-
13129-6

227. Ghezzi L, Tosti V, Shi L, Cantoni C, Mikesell R, Lancia S, et al. Randomised
controlled trial of intermittent calorie restriction in people with multiple sclerosis.
Journal of Neurology, Neurosurgery &amp;amp; Psychiatry. 2025;96(2):158.
doi:10.1136/jnnp-2024-333465

228. Dzidi¢ Krivi¢ A, Begagi¢ E, Hadzi¢ S, Becirovi¢ A, Becirovi¢ E, Hibi¢ H, et al.
Unveiling the Important Role of Gut Microbiota and Diet in Multiple Sclerosis. Brain
sciences [Internet]. 2025; 15(3). doi:10.3390/brainsci1i5030253

229. Fanara S, Aprile M, Iacono S, Schiro G, Bianchi A, Brighina F, et al. The Role of
Nutritional Lifestyle and Physical Activity in Multiple Sclerosis Pathogenesis and
Management: A Narrative Review. Nutrients [Internet]. 2021; 13(11).

doi:10.3390/nu13113774

230. Simpson-Yap S, Nag N, Probst Y, Jelinek G, Neate S. Higher-quality diet and
non-consumption of meat are associated with less self-determined disability
progression in people with multiple sclerosis: A longitudinal cohort study. European
journal of neurology. 2022;29(1):225-36. doi:https://doi.org/10.1111/ene.15066

231. Lin X, Zarghami A, Jelinek GA, Simpson-Yap S, Neate S, Nag N. Diet and omega-
3 and vitamin D supplement use predict five-year fatigue and disability trajectories in
people with multiple sclerosis. Multiple sclerosis and related disorders. 2024;86.
doi:10.1016/j.msard.2024.105615

232. Mallardo M, Mazzeo F, Lus G, Signoriello E, Daniele A, Nigro E. Impact of
Lifestyle Interventions on Multiple Sclerosis: Focus on Adipose Tissue. Nutrients
[Internet]. 2024; 16(18). do0i:10.3390/nu16183100

233. Butzkueven H, Ponsonby A-L, Stein MS, Lucas RM, Mason D, Broadley S, et al.
Vitamin D did not reduce multiple sclerosis disease activity after a clinically isolated
syndrome. Brain : a journal of neurology. 2024;147(4):1206-15.
doi:10.1093/brain/awad409

234. Gill A, Orji C, Reghefaoui M, Peresuodei TS, Thota P, Saavedra Palacios MS, et al.
The Effectiveness of Vitamin D Intake in Improving Symptoms and Relapses of Multiple
Sclerosis: A Systematic Review. Cureus. 2024;16(9):e68565. doi:10.7759/cureus.68565

235. Thouvenot E, Laplaud D, Lebrun-Frenay C, Derache N, Le Page E, Maillart E, et
al. High-Dose Vitamin D in Clinically Isolated Syndrome Typical of Multiple Sclerosis:
The D-Lay MS Randomized Clinical Trial. JAMA. 2025;333(16):1413-22.
doi:10.1001/jama.2025.1604

236. Grech L, Laurence K, Ebeling PR, Sim M, Zengin A. Management of
Osteoporosis, Fracture and Falls in People with Multiple Sclerosis: Systematic Review of
Guidelines. Calcified Tissue International. 2024;114(3):201-9. doi:10.1007/s00223-023-
01159-Z

237. Galus W, Walawska-Hrycek A, Rzepka M, Krzystanek E. Vitamin D
Supplementation Practices among Multiple Sclerosis Patients and Professionals.
Journal of clinical medicine [Internet]. 2022; 11(24). d0i:10.3390/jcm11247278

102


https://doi.org/10.1111/ene.15066

238. Jahromi SR, Sahraian MA, Togha M, Sedighi B, Shayegannejad V, Nickseresht A,
et al. Iranian consensus on use of vitamin D in patients with multiple sclerosis. BMC
neurology. 2016;16(1):76. d0i:10.1186/s12883-016-0586-3

239. Atkinson SA, Fleet JC. Canadian recommendations for vitamin D intake for
persons affected by multiple sclerosis. The Journal of Steroid Biochemistry and
Molecular Biology. 2020;199:105606.
doi:https://doi.org/10.1016/j.jsbmb.2020.105606

240. Sintzel MB, Rametta M, Reder AT. Vitamin D and Multiple Sclerosis: A
Comprehensive Review. Neurology and therapy. 2018;7(1):59-85. d0i:10.1007/s40120-
017-0086-4

241. Laursen JH, Sendergaard HB, Sgrensen PS, Sellebjerg F, Oturai AB. Vitamin D
supplementation reduces relapse rate in relapsing-remitting multiple sclerosis patients
treated with natalizumab. Multiple sclerosis and related disorders. 2016;10:169-73.
doi:10.1016/j.msard.2016.10.005

242. Runia TF, Hop WCJ, de Rijke YB, Buljevac D, Hintzen RQ. Lower serum vitamin
D levels are associated with a higher relapse risk in multiple sclerosis. Neurology.
2012;79(3):261-6. doi:10.1212/WNL.0obo13e31825fdecy

243. Pramyothin P, Holick MF. Vitamin D supplementation: guidelines and evidence
for subclinical deficiency. Current Opinion in Gastroenterology. 2012;28(2).

244. Miller AE. Revised McDonald Criteria (2024): Diagnosis and Misdiagnosis of MS
in 2024 and Beyond. American Academy of Neurology (AAN) Annual Meeting; April 5-
9; San Diego 2025.

245. BarakY, Achiron A. Effect of Interferon-beta-1b on Cognitive Functions in
Multiple Sclerosis. European neurology. 2002;47(1):11-4. d0i:10.1159/000047940

246. Pliskin NH, Hamer DP, Goldstein DS, Towle VL, Reder AT, Noronha A, et al.
Improved delayed visual reproduction test performance in multiple sclerosis patients
receiving interferon beta-1b. Neurology. 1996;47(6):1463-8. doi:10.1212/WNL.47.6.1463

247. Langdon DW, Tomic D, Penner I-K, Calabrese P, Cutter G, Haring DA, et al.
Baseline characteristics and effects of fingolimod on cognitive performance in patients
with relapsing-remitting multiple sclerosis. European journal of neurology.
2021;28(12):4135-45. doi:https://doi.org/10.1111/ene.15081

248. Rahmati-Dehkordi F, Khanifar H, Najari N, Tamtaji Z, Talebi Taheri A, Aschner
M, et al. Therapeutic Potential of Fingolimod on Psychological Symptoms and Cognitive
Function in Neuropsychiatric and Neurological Disorders. Neurochemical Research.
2024;49(10):2668-81. d0i:10.1007/511064-024-04199-5

249. Marian LM, Harris KA, Conway DS. The patient-reported wearing-off
phenomenon with monoclonal antibody treatments for multiple sclerosis. Multiple
Sclerosis Journal — Experimental, Translational and Clinical.
2024;10(2):20552173241251707. doi:10.1177/20552173241251707

250. Comi G, Bermel R, Bar-Or A, McGinley M, Arnold D, Henry R, et al. A
multicentre, open label, single-arm, phase 3b study (CONSONANCE) to assess the
effectiveness and safety of ocrelizumab in patients with primary and secondary

103


https://doi.org/10.1016/j.jsbmb.2020.105606
https://doi.org/10.1111/ene.15081

progressive multiple sclerosis: year-1 interim analysis (P1-1.Virtual). Neurology.
2022;98(18_supplement):652. doi:10.1212/WNL.98.18_supplement.652

251. Toorop AA, van Lierop ZYGJ, Strijbis EMM, Teunissen CE, Barkhof F, Uitdehaag
BMJ, et al. The wearing-off phenomenon of ocrelizumab in patients with multiple
sclerosis. Multiple sclerosis and related disorders. 2022;57.
doi:10.1016/j.msard.2021.103364

252, Canadian Agency for Drugs Technologies in Health. Alemtuzumab, Cladribine,
Fingolimod, Natalizumab, and Rituximab as First-Line Treatments in Adults With
Highly Active Relapsing-Remitting Multiple Sclerosis: Health Technology Assessment.
Ottawa (ON): Canadian Agency for Drugs and Technologies in Health; 2024 2024/05.

253. Hvid LG, Stenager E, Dalgas U. Objectively assessed physiological, physical, and
cognitive function along with patient-reported outcomes during the first 2 years of
Alemtuzumab treatment in multiple sclerosis: a prospective observational study.
Journal of neurology. 2022;269(9):4895-908. doi:10.1007/s00415-022-11134-7

254. Riepl E, Pfeuffer S, Ruck T, Lohmann H, Wiendl H, Meuth SG, et al.
Alemtuzumab Improves Cognitive Processing Speed in Active Multiple Sclerosis—A
Longitudinal Observational Study. Frontiers in neurology. 2018;Volume 8 - 2017.

255. de Stefano N, Barkhof F, Montalban X, Achiron A, Derfuss T, Chan A, et al. Early
Reduction of MRI Activity During 6 Months of Treatment With Cladribine Tablets for
Highly Active Relapsing Multiple Sclerosis. Neurology Neuroimmunology &amp;
Neuroinflammation.9(4):e1187. doi:10.1212/NXI1.0000000000001187

256. Selmaj K, Langdon D, Brochet B, Solari A, Havrdova EK, Patti F, et al. 161. Long-
term Effects of Cladribine Tablets Treatment on Cognition, Relapses, MRI, and Safety
Outcomes in Patients with Relapsing Multiple Sclerosis: 4-year Results from the
CLARIFY-MS Extension study. Multiple sclerosis and related disorders.
2024;92:106122. doi:https://doi.org/10.1016/j.msard.2024.106122

257. Bouguen G, Evans E, Sandborn WJ. Azathioprine-induced neuro-psychiatric
disorders. Journal of Crohn's and Colitis. 2014;8(2):180-.
doi:10.1016/j.crohns.2013.09.014

258. Iaffaldano P, Viterbo RG, Trojano M. Natalizumab discontinuation is associated
with a rebound of cognitive impairment in multiple sclerosis patients. Journal of
neurology. 2016;263(8):1620-5. d0i:10.1007/s00415-016-8177-1

259. Jacques FH, Harel BT, Schembri AJ, Paquette C, Bilodeau B, Kalinowski P, et al.
Cognitive evolution in natalizumab-treated multiple sclerosis patients. Multiple
Sclerosis Journal — Experimental, Translational and Clinical.
2016;2:2055217316657116. d0i:10.1177/2055217316657116

260. Mattioli F, Stampatori C, Bellomi F, Scarpazza C, Capra R. Natalizumab
Significantly Improves Cognitive Impairment over Three Years in MS: Pattern of
Disability Progression and Preliminary MRI Findings. PloS one. 2015;10(7):€0131803.
doi:10.1371/journal.pone.0131803

104


https://doi.org/10.1016/j.msard.2024.106122

261. Morrow SA, Clift F, Devonshire V, Lapointe E, Schneider R, Stefanelli M, et al.
Use of natalizumab in persons with multiple sclerosis: 2022 update. Multiple sclerosis
and related disorders. 2022;65. d0i:10.1016/j.msard.2022.103995

105



Published by

MyMS Network
An MOH-MQOE-Private collaborative effort

Copyright
A collaborative effort by the Ministry of Health-Ministry
of Education, private hospitals, and MS Society of Malaysia

All rights reserved
No part of this publication may be reproduced or circulated by any means
or in any form, electronically, photocopied,
recorded, or otherwise, without prior written permission from
the copyright holder.

Available on the MSN website:
WWW.NEeuUro.org.my

All parts of this document including writing and formatting, except
for the cover and algorithm, were developed by the steering
committee members without any funding from external sources.

We would like to thank Novartis for secretarial support in the

development of this steering committee statement.

Developed for patients, with patients, by healthcare professionals
and patients




