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Abstract: The Canadian Multiple Sclerosis Working Group has updated its treatment optimization recommendations (TORs) on the
optimal use of disease-modifying therapies for patients with all forms of multiple sclerosis (MS). Recommendations provide guidance on
initiating effective treatment early in the course of disease, monitoring response to therapy, and modifying or switching therapies to
optimize disease control. The current TORs also address the treatment of pediatric MS, progressive MS and the identification and
treatment of aggressive forms of the disease. Newer therapies offer improved efficacy, but also have potential safety concerns that must be
adequately balanced, notably when treatment sequencing is considered. There are added discussions regarding the management of
pregnancy, the future potential of biomarkers and consideration as to when it may be prudent to stop therapy. These TORs are meant to be
used and interpreted by all neurologists with a special interest in the management of MS.

RÉSUMÉ : L’optimisation des traitements destinés à la sclérose en plaques : les recommandations du Canadian Multiple
Sclerosis Working Group. Le Canadian Multiple Sclerosis Working Group (CMSWG) vient de mettre à jour ses recommandations
visant à optimiser l’utilisation de médicaments modificateurs de l’évolution de l’état de santé de patients atteints de toutes les formes
de sclérose en plaques (SP). Ces recommandations, rappelons-le, fournissent des lignes directrices quant à l’amorce d’un traitement
efficace au début de la maladie mais aussi quant à un suivi de la réponse des patients à un traitement et à des modifications à un
traitement, voire un nouveau traitement, dans le but d’optimiser le contrôle de la SP. Les recommandations actuelles ont également
abordé le traitement des cas de SP affectant les enfants, la SP progressive ainsi que l’identification et le traitement de formes de la
maladie davantage foudroyantes. Bien que les traitements plus récents offrent une efficacité accrue, des problèmes potentiels en
matière de sécurité doivent aussi être pris en compte de façon adéquate, notamment lorsqu’une alternance de traitements (treatment
sequencing) est envisagée. À noter que d’autres éléments de discussion et considérations ont été ajoutés par le CMSWG au sujet de la
prise en charge des patientes enceintes, du potentiel des biomarqueurs dans le futur et du moment où il peut être prudent de cesser un
traitement. Toutes ces recommandations sont destinées à être utilisées et interprétées par tous les neurologues qui nourrissent un
intérêt particulier à l’égard de la prise en charge de la SP.

Keywords: MULTIPLE SCLEROSIS, THERAPEUTICS, Recommendations, Treatment optimization, Sequencing

doi:10.1017/cjn.2020.66 Can J Neurol Sci. 2020; 47: 437–455

INTRODUCTION

Considerable advances have been made in the diagnosis and
treatment of multiple sclerosis (MS) since the Canadian Multiple
SclerosisWorkingGroup’s (CMSWG) treatment optimization recom-
mendations (TORs) in 2013.1 The revised 2017 McDonald criteria
have facilitated the earlier accurate diagnosis of MS;2 a new pheno-
typic classification of progressive MS (PMS) has been proposed;3

research has provided insights on pediatric-onset MS (POMS); an
increasingly patient-centric approach has raised awareness about the
neuropsychiatric and cognitive impacts of MS on daily functioning;
and new biomarkers of disease activity and treatment response are
emerging that may guide treatment decision-making in the future.

Of particular importance to treatment optimization is the
advent of newer disease-modifying therapies (DMTs), which

have made the therapeutic landscape more complex but have
also provided clinicians and patients with a wealth of options in
managing MS throughout the disease course. The past 6 years
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have seen the approval of three oral therapies (teriflunomide,
dimethyl fumarate, and cladribine) and two monoclonal antibody
(MAb) infusion agents (alemtuzumab and ocrelizumab) for
relapsing MS (RMS). Moreover, three DMTs have recently been
approved in some jurisdictions for PMS: ocrelizumab for primary
progressive MS (PPMS), and siponimod and cladribine (in the
USA) for active secondary progressive MS (SPMS).

The increasing complexity of treatment decision-making
prompted the CMSWG to update its TORs to assist clinicians
in their management of MS patients.

The overall objectives of this paper are to review the newer
aspects of the diagnosis of MS, discuss the clinical considerations
when initiating therapy and planning a course of treatment,
update recommendations for determining a suboptimal response,
and address safety issues. It is hoped that these recommendations
will provide guidance to clinicians on sequencing therapies to
optimize treatment response throughout the disease course and
inform government and policy-makers about the current needs for
accessing medications and health technologies.

METHODOLOGY

The Canadian Network of MS Clinics (CNMSC) invited MSF
again to chair a CMSWG and produce an updated version of its
2013 recommendations.1 The CNMSC funded this endeavor with
contributions from several industry sponsors (see Disclosures) to
offset the costs of a meeting coordinator, venue, and travel for
members, and to assist the individual groups in compiling their
recommendations through teleconferences and webinars. No mem-
ber received any remuneration or honorarium for participation. The
CNMSC solicited members to contact MSF about joining the
CMSWG; MSF then compiled a list and selected 10 group leaders,
who appointed 2 other individuals to their groups. The objective
was not to develop formal clinical practice guidelines, which would
have necessitated a different approach and a significant amount of
class A, level 1 evidence that is summarily lacking for many of the
controversial points discussed here. Rather, the task for each group
was to address key issues relevant to treatment optimization in
clinical practice in accordance with the evidence base available and
an interpreted but expert opinion. Included members had to agree to
commit the time and effort needed for literature review and
discussion, and for attendance at a 1-day meeting held at the time
of the Canadian Neurological Sciences Federation meeting in
Montreal in June 2019. The 10 subgroups (and team leaders) were
Diagnosis (XM); Treatment initiation – Relapsing MS (FG);
Treatment initiation – Progressive MS (MCL); Evaluating treat-
ment response – Relapses and progression (DR); Evaluating treat-
ment response – MRI (JO); Evaluating treatment response –

Cognition (SAM); Treatment sequencing (PSG); Pediatric MS
(EAY); Safety (PD); and Other important issues (VD). Subgroups
discussed and finalized their recommendations over a 6-month
period ending May 2019, whereupon the results of their delibera-
tions were circulated among all members in preparation for the
1-day discussion and finalization meeting. In June 2019, all
CMSWG members were invited to attend a meeting in Montreal,
Quebec, to discuss the subgroups’ recommendations and arrive
at a consensus for each recommendation. Group statements were
discussed at length and modified until there was full approval with
minimal or no concerns with each statement. This paper sum-
marizes those consensus TORs for MS.

DIAGNOSIS OF MS

Recommendation 1: Use of the 2017 McDonald criteria2 is
recommended for the diagnosis of RMS and PPMS. McDonald
criteria should only be applied to patients presenting clinically with
events that are considered highly suspicious for CNS demyelin-
ation, after exclusion of reasonable alternative diagnoses.

A rapid and accurate diagnosis is essential to enable earlier
initiation of treatment, which has been shown to be associated
with better outcomes in patients with their first attack of MS, or
“clinically isolated syndrome” (CIS), and RMS.4,5 Use of the
2017 McDonald criteria enables more first-attack patients to be
diagnosed with RMS at baseline with greater sensitivity but with
lower specificity.6 A major concern of the International Panel (IP)
developing the McDonald criteria was misdiagnosis of MS, most
notably in patients with nonspecific neurological signs and
atypical findings on magnetic resonance imaging (MRI).2,7 For
that reason, the IP recommended the use of cerebrospinal fluid
(CSF) analysis to help eliminate other conditions that may mimic
MS if there are atypical findings or diagnostic uncertainty. The
classical finding of CSF-specific oligoclonal banding (OCB),
which demonstrates the existence of an inflammatory process
within the CNS, is now recognized as being the result of long-
term intrathecal stimulation of immunoglobulin (Ig) production
and can thus substitute for other requirements in the diagnostic
criteria for “dissemination in time”.

Accordingly, the CMSWG recommends that, first and fore-
most, the McDonald criteria only be applied to patients present-
ing clinically with events that are considered highly suspicious
for CNS demyelination, and that MRI or CSF findings should
always be interpreted by clinicians with expertise in MS, after
exclusion of reasonable alternative diagnoses. An MRI should be
obtained promptly, ideally within 1 week of the initial presenta-
tion.8 Use of a gadolinium (Gd) contrast agent with MRI is
recommended in patients presenting with their first clinical
attack. This can facilitate an earlier diagnosis of MS by demon-
strating new (Gd-enhancing) and older lesions, thus fulfilling the
requirements for demonstrating “dissemination in time”, and can
help to rule out other non-MS conditions. Cortical lesions can be
used to show “dissemination in space” but are difficult to identify
with conventional MRI sequences used in clinical care.

It should be noted that newer MRI techniques (e.g., suscepti-
bility-weighted imaging), including the “central vein sign”9) are
emerging that may further improve the specificity of current
criteria by enabling the differentiation of white matter lesions that
are more likely to be MS-type plaques.

The Magnetic Resonance Imaging in Multiple Sclerosis
research network has proposed including paraclinical evidence of
optic nerve lesions (MRI, visual evoked potentials, or optical
coherence tomography [OCT]) to fulfill criteria for dissemination
in space.10 Although not currently recommended,2 identifying
asymptomatic optic nerve involvement in patients with optic neuritis
may be relevant as supportive evidence in selected cases. Bilateral
optic neuritis and poor recovery from attacks would be more
suggestive of a neuromyelitis optica spectrum disorder or myelin
oligodendrocyte glycoprotein (MOG) antibody-related disease.

CSF studies are useful to identify atypical findings (e.g.,
significantly elevated protein concentration, pleocytosis with
>50 cells/μl, or the presence of neutrophils, eosinophils, and
atypical cells) that would suggest an alternative diagnosis.11 At
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present, agarose gel electrophoresis with isoelectric focusing and
immunoblotting or immunofixation for immunoglobulin-G (IgG)
is the most sensitive and accepted method of OCB testing.2 The
CMSWG recommends that CSF studies be performed only by
highly qualified laboratories. Routine testing for aquaporin-4 IgG
(AQP4-IgG) or MOG antibodies is not recommended in adult
patients with typical MS findings.12

At present, the radiologically isolated syndrome (RIS), or the
incidental finding of MS-like lesions in the absence of clinical signs
or symptoms of MS, is not considered an MS phenotype and
treatment is generally not indicated. However, it should be noted
that an estimated 50% of individuals with RIS will subsequently
develop MS, including PPMS.13 Predictors of a future clinical event
include spinal cord lesions, OCB in the CSF, and demographic
factors (male sex, age < 37 years);13–15 MRI lesions demonstrating
the “central vein sign” may also have prognostic value.16

The McDonald criteria can also be used to diagnose POMS.
Pediatric MS will be addressed in a separate section below.

TREATMENT INITIATION – RELAPSING MS

Recommendation 2: All RMS patients should be encouraged
to start treatment with a DMT soon after diagnosis to reduce their
risk of disability worsening and to improve long-term outcomes.

The principal objective of treatment is to delay or prevent
disability accrual by reducing the frequency of relapses and MRI
lesions. Selected RIS cases at high risk of a clinical event may be
considered for therapy;17,18 this recommendation is controversial
and ongoing studies will clarify this issue. With respect
to CIS, injectable19–23 and oral24,25 DMTs have been shown to
slow the development of RMS by reducing the chances of
having relapses, MRI lesions, or disease progression, an
effect that appears to be sustained during long-term follow-up.
While new diagnostic criteria now categorize many CIS patients
as having MS, treatment benefits have been demonstrated even in
contemporary CIS cohorts (i.e., not fulfilling 2017 McDonald
criteria at their first attack),26 and some of these patients can be
offered therapy. The impact of early treatment on longer-term
disability outcomes is less certain.27–29

All DMTs used for CIS, as well as other DMTs approved as
initial therapies, have demonstrated efficacy in the relapsing
phase of MS to reduce relapses and MRI lesion development
and, in some cases, to slow disease progression, as measured by
the Expanded Disability Status Scale (EDSS).30–37 Treatment
within the first 2 years after diagnosis has been shown to produce
sustained benefits compared to delayed treatment.38–40 A data-
base analysis by the MSBase Study Group reported a significant
reduction in the risk of developing SPMS when an injectable
DMT was started within 5 years of disease onset.39 The Big MS
Data Network, which pools data from MSBase and several
European patient registries, found that the optimal time to start
DMTs to prevent accumulation of long-term disability was within
the first 6 months after disease onset.40 The caveat is that these
analyses of large, uncontrolled patient populations do not con-
stitute high-quality evidence.41

Although the primary evidence for all currently available MS
treatments is as first-line therapy, in Canada, the DMTs approved
for use as starting treatment (base therapy) are five injectable
agents (glatiramer acetate, interferon-β-1a [three formulations],
and interferon-β-1b) and two oral agents (teriflunomide and
dimethyl fumarate). One MAb (ocrelizumab) has recently been

approved in Canada for initial therapy in patients with more
aggressive presentations.

Few studies have directly compared injectable and oral
DMTs.42–44 Although a recent network meta-analysis suggested
that pegylated interferon-β-1a and dimethyl fumarate have superior
efficacy to other base therapies,45 there are insufficient data
to demonstrate that one base injectable or oral DMT is superior
to another. As a result, the choice of treatment will need to be
individualized according to disease activity, severity, and
comorbidities. After apprising the patient of all available treatment
options, discussion will be needed to ascertain the patient’s pre-
ferences (e.g., side effect profile, oral vs. injectable), risk tolerance,
and other factors that may influence treatment selection.

In addition to the base therapies, there are five DMTs available
in Canada considered to be higher efficacy: two oral agents
(fingolimod and cladribine) and three MAbs (natalizumab, ocre-
lizumab, and alemtuzumab). All have demonstrated significant
efficacy in phase III trials.35,37,46–48 Higher-efficacy agents have
been commonly studied as initial therapies but are generally
reserved for patients with a poor response or tolerability with a
base therapy. Escalating to the use of these agents requires
assessment and determination of suboptimal response (see be-
low). Some of these agents should be considered as initial or
induction therapies for patients presenting with high disease
activity, aggressive or rapidly evolving MS at onset. However,
the strategy of treatment initiation with a base therapy, with the
view to switching within 6–12 months to one of the higher-
efficacy DMTs, is the most commonly and conservatively applied
one today for most patients.

Recommendation 3: Risk stratification, based on demo-
graphic and clinical factors known to be associated with early
disease worsening, should be performed for individual patients
at first presentation and on an ongoing basis. This will assist
clinicians in developing an appropriate treatment plan in
consultation with patients and enable prompt optimization of
the regimen as required.

Patients at risk of a more aggressive clinical course, worse
outcomes, and/or a poorer response to DMTs include males,
individuals of non-White ethnicity, and those with high-risk
clinical/radiological disease factors (Table 1).49–51 There is some
evidence to suggest that obesity, smoking, and certain comorbid-
ities (e.g., rheumatoid arthritis, vascular disease, and psychiatric
disorders) may be associated with more active disease or worse
outcomes,52–54 but this requires further study.

Evidence of highly active disease (e.g., frequent relapses and
new MRI lesions), extensive CNS involvement (multifocal,
lesion number and location, and T2 burden of disease), and/or
inadequate recovery/repair (residual impairment, higher baseline
EDSS score) or cognitive reserve are prognostic of a worse
clinical course and poorer long-term outcomes in CIS and
RMS.55,56 It has been suggested that demographic factors have
a lower impact on prognosis than clinical/radiological factors but
may modulate the phenotypic expression of disease activity.57

For example, one database analysis found that men were more
likely to have pyramidal, brain stem, and cerebellar relapses,
which were associated with worse outcomes; women more
commonly had sensory or visual symptoms, which showed better
recovery; and older patients had poorer recovery from relapses.58

Considerable progress has been made in researching the
prognostic value of biomarkers of axonal damage and
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neurodegeneration, such as neurofilament-light chain in CSF or
serum, glial fibrillary acidic protein in CSF, and retinal nerve
fiber layer thickness on OCT.59 While the results to date are
promising, it is premature to recommend biomarker testing as a
guide to clinical decision-making.60,61

The initial clinical assessment will include a complete patient
history, neurological examination and consideration of prognos-
tic factors. An MRI is recommended. Other paraclinical testing
may include OCBs in CSF; examination of the visual system
(e.g., evoked potentials, OCT) will help to characterize demye-
lination and may be useful in diagnosis and prognosis.62–64 These
measures may help to identify patients at higher risk of early
worsening who may be candidates for a more aggressive treat-
ment plan – either initiation with a higher-efficacy agent, or closer
monitoring and earlier planned escalation. A patient’s risk status
may become more apparent in the first few years after diagnosis
so vigilance is needed to identify ongoing disease activity that
may necessitate a prompt change to a more effective agent.

Recommendation 4. The treatment plan should consider
the patient’s general health status including comorbidities.
Wellness efforts, such as smoking cessation, weight reduction,
and regular physical activity, should be encouraged. Vitamin D
supplementation (600–4000 IU/day) may provide some added
clinical benefit.

The patient’s general health status is important to consider
during treatment planning. Medical and psychiatric comorbidities
are highly prevalent in the MS population65 and may be associated
with relapses, worsening disability, and poorer quality of life.66–69

The presence of comorbid conditions will also be an important
consideration during treatment selection and optimization.
Clinicians need to work in collaboration with other healthcare
providers, including the patient’s family physician, to ensure
that other medical conditions are being adequately managed.70

Patients with MS should be encouraged to adopt a healthier
lifestyle as part of the overall disease management strategy. There

is some evidence to suggest that smoking cessation, avoidance of
obesity, a balanced diet, and regular physical activity may reduce
symptoms and improve clinical and radiological outcomes.71-73

Vitamin D supplementation has been shown to be beneficial
in some but not all studies:74–77 a dose of 600–4000 IU/day is
recommended as add-on therapy with a DMT.78

TREATMENT INITIATION – PRIMARY PROGRESSIVE MS (PPMS)

Recommendation 5: Clinicians with experience in treating
patients with PMS should offer ocrelizumab to PPMS patients
with active disease (relapses and/or MRI activity) provided the
benefits outweigh the risks.

The diagnosis of PPMS should be based on the 2017 McDo-
nald criteria of 1 year of disability progression determined
prospectively or retrospectively, with two of the following
criteria: ≥1 T2 lesions (periventricular, cortical, juxtacortical,
and infratentorial); ≥2 T2 lesions in the spinal cord; and presence
of CSF-specific OCBs.2 MRI lesions may be symptomatic or
asymptomatic.2 The clinical course should be determined annu-
ally using the modifiers “active” with or without progression, and
“not active” with or without progression, with activity defined as
clinical relapses and/or new or enlarging MRI lesions.3 Some
DMTs have demonstrated modest effects on progression, most
notably in younger PPMS patients (<51 years) with ongoing overt
inflammatory activity.79,80 It is unclear if these agents influence
long-standing progression or modify the pathophysiology of pro-
gression unrelated to focal inflammation, which may include
progression as a result of normal aging.

At present, ocrelizumab is the only approved DMT that
has been shown to be effective in PPMS. The agent should be
offered to PPMS patients with active disease (relapses and/or
MRI activity) based on the results of a phase III study, which
reported a relative 25% reduction in 6-month confirmed disability
progression (CDP) versus placebo (i.e.,29.6% vs. 35.7%,
respectively).79 Patients without active inflammatory changes
but worsening disability progression may also be candidates for
treatment. Early intervention is recommended since it is likely
that the benefits of therapy are greatest in the first few years of
disease onset and treatment will be less effective later in the disease
course. Ocrelizumab is also recommended in PPMS patients
with active disease with upper limb impairment.81 Treatment can
be considered regardless of the patient’s age, duration of PPMS,
pyramidal functional score, or EDSS score, although younger
(<51 years), more recently diagnosed patients with active
inflammatory disease are more likely to have a better response.79

Caution is recommended when considering treatment for PPMS
subgroups that are less likely to benefit from treatment, such as
older patients, those with long-standing stable disease (not active,
without progression) and/or significant neurological deficits, since
the limited benefits may not justify the risks associated with
treatment.

Rituximab, an anti-CD20 MAb, may be considered as an
alternative therapy for PPMS in regions that permit off-label use
in MS due to cost or other considerations. This recommendation
is based on a post hoc analysis of a phase II/III trial that showed a
significant reduction in time to 3-month CDP in the subgroup of
patients aged < 51 years and/or with Gd-enhancing lesions;80

results should be viewed with caution since the overall trial
results were negative. (Treatment initiation in SPMS will be
discussed below.)

Table 1: Demographic and clinical/radiological factors that
may be associated with a worse prognosis in MS patients at
diagnosis

Demographic Clinical/radiological

Age >40 years
Male sex
Non-White ethnicity
Comorbidity

Relapse frequency
Relapse severity
• >1 moderate or severe attack

• Steroids/hospitalization required

• Severe effect on activities of daily
living

• >1 functional system affected

• Severe motor/cerebellar/brain stem
involvement

Relapse recovery

• Incomplete recovery

MRI

• New gadolinium (Gd)-enhancing
T1- or T2-weighted lesions

• T2 lesion volume

• Spinal cord lesion

• Brain atrophy
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EVALUATING TREATMENT RESPONSE

Treatment optimization is founded on the principles of prompt
recognition of an inadequate response to a given DMT in an
individual patient, either due to lack of efficacy or poor tolera-
bility, and a switch to a more effective therapy when required.
Unfortunately, there is a lack of consensus on how to define an
adequate treatment response. Several CSF or serum biomarkers
of disease activity and treatment response have been proposed but
have not been sufficiently validated for use in clinical practice.

In consequence, clinicians must infer a treatment response
according to the level of disease activity, as demonstrated by
relapses and/or active MRI lesions, after a treatment has been
initiated. The rationale for this approach is the finding that
ongoing relapses and active lesions over the short term are
predictive of disability worsening in patients treated with inter-
feron-β, teriflunomide, and fingolimod.82-85 Attaining no evi-
dence of disease activity (NEDA), defined as no relapses, no
EDSS worsening, and no MRI lesion activity, is an ideal goal but
is difficult to achieve in practice. Most patients will not achieve
NEDA even with a high-efficacy DMT,86–90 and the NEDA rate
will invariably decline during the course of treatment.91 NEDA
has been criticized as not reflecting the underlying pathophysiol-
ogy of MS,92 and the predictive value of NEDA for long-term
disability outcomes has been questioned.93,94 Thus, patients and
clinicians will need to tolerate some minimal evidence of disease
activity (MEDA), a term that has not been adequately defined. In
studies to date, minimal evidence of MRI activity (< 3 new T2 or
< 2 Gd+ lesions) was not predictive of EDSS worsening over a
6.7-year follow-up.95 However, a retrospective analysis reported
that the long-term risk of disability (EDSS ≥ 6) was similar with
NEDA and MEDA, when MEDA was defined as no relapses, <3
new T2 lesions, and no Gd+ lesions in the first year of treat-
ment.96 Additional studies using different definitions of MEDA
are required.

Consequently, there is a need to better define what sort of
ongoing disease activity indicative of a suboptimal response is of
greater clinical concern. The following summarizes the different
domains considered by the CMSWG and recommendations as to
when a treatment regimen needs to be optimized.

Relapses

Recommendation 6: The therapeutic response should be
evaluated early in RMS patients to determine the benefit of
therapy within the first 2 years after DMT initiation. Treatment
response should also be continuously evaluated at regular
intervals thereafter. Efficacy assessments should be based on
at least two time points using clinical and radiological out-
comes. It is recommended that treatment be switched in the first
2 years when there is clear evidence of a suboptimal response.

A relapse is defined according to 2017 McDonald criteria: a
clinical episode with patient-reported symptoms and objective
findings typical of MS reflecting a focal or multifocal inflamma-
tory demyelinating event in the CNS, developing acutely or
subacutely, with a duration ≥ 24 hours, with or without recovery,
and in the absence of fever or infection.2 In unclear cases of new
or recurrent neurologic symptoms sustained < 24 hours (e.g.,
Lhermitte’s symptom, trigeminal neuralgia and cognitive im-
pairment), a relapse may be confirmed by ≥1 new localizing
MRI lesions.

A number of analyses have shown that frequent relapses in the
first 2 years after diagnosis are prognostic of poorer disability
outcomes during long-term follow-up.95–98 On-treatment “break-
through” relapses appear to be more predictive of worse out-
comes than relapses in untreated patients.99 Even minimal
ongoing disease activity in the 1–2 years after treatment initiation
is highly predictive of disability worsening.

The clinical assessment should consider relapse severity and
recovery, both of which have been associated with subsequent
severe events and poorer outcomes in some but not all stud-
ies.100,101 This will require a clinical evaluation, if possible
during an attack as well as 3–6 months post-attack, to ascertain
the degree of recovery. It may be useful to assess the impact of
relapses on work/school attendance and daily functioning as an
indicator of relapse severity. The phenotype of on-treatment
relapses should also be evaluated: relapses affecting bowel/
bladder, cerebellar, pyramidal, and brain stem function have
been reported to have the greatest impact on disability accrual.102

Accordingly, on-treatment relapses may be stratified as being
of Major or Minor concern (Table 2). Minor criteria generally co-
occur (e.g., one mild relapse with one new lesion and no
functional limitation); a change in therapy may be considered
if a Minor criterion (e.g., one mild relapse) is associated with a
second worrisome sign (e.g., two new lesions or a lesion of
significant size). Patients meeting any of the Major criteria should
be considered to have a suboptimal response, and an immediate
change in treatment is recommended. It is important to note that
evaluation of on-treatment relapses should only be performed
once the drug has achieved a full clinical effect; the time to
clinical effect is typically 2–6 months after drug initiation and
will differ depending on the DMT used (Table 3). Relapses that
occur before the maximal efficacy of the drug has been reached
should be given less weight.

The same criteria apply for switching therapies in years 2–10
of treatment although the evidence that on-treatment relapses are

Table 2: Recommended criteria for switching therapies in
RRMS. A change in DMT is indicated for patients who
meet any of the Major criteria

Minor Major

Relapse rate One relapse in first 2 years of
treatment

≥2 relapses in first year of
treatment

Severity • Mild

• No functional impairment
(school, work, daily
activities, etc.)

• No motor/cerebellar/brain
stem/ sphincter involvement

• Moderate to severe

• Functional impairment

• Motor/cerebellar/brain
stem/sphincter involvement

Recovery • Full recovery at 6 months

• No functional impairment

• EDSS change ≤ 1 point at
6 months

• Incomplete recovery

• Functional impairment

• EDSS change >1 point at
6 months*

MRI • One new lesion • ≥3 new lesions during
treatment**

*>1.5 points if baseline EDSS 0. If baseline EDSS >5.5, any EDSS
change would be a Major concern.
**>1 spinal cord lesions may warrant a Major concern.
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predictive of disability worsening after >2 years on therapy is less
robust. Re-dosing may be warranted in patients who have
received a 2-year course of treatment with an immune reconsti-
tution therapy (cladribine and alemtuzumab) followed by a period
off treatment. In such cases, a return of relapse activity may be
attributable to a wearing off of the drug’s pharmacodynamic
effects or an inadequate overall dose.

Disability

Recommendation 7: The patient’s level of physical disability
should be evaluated at least once annually. Some of the most
useful measures in practice are the EDSS, the Timed 25-foot
Walk (T25FW), the 9-Hole Peg Test (9HPT), and the Patient-
Determined Disease Steps (PDDS). Changes in disability
should be confirmed at 6 months.

The EDSS is the most commonly used standardized and
validated measure of disability worsening.103 Scoring is based
on a standard neurological examination of seven functional
systems (plus Other) as well as ambulation and use of assistive
devices. Fully ambulatory patients receive a score ≤ 4.0; scores of
4.5 to 8.0 are based on the distance walked with or without aid.
A change in EDSS score confirmed at 6 months has become the
new standard for differentiating relapse-related residual im-
pairment from disability progression. However, it should be
noted that confirmation at 6 months may overestimate disability
accrual by up to 30%, especially in younger patients.104

The T25FW, a component of the Multiple Sclerosis Func-
tional Composite (MSFC), is another validated method, is easy to
perform, and is recommended as part of the routine patient
assessment.105,106 A> 20% change is considered to be clinically
meaningful.105,106 Assessments should consider factors that may
influence ambulatory ability, such as activity prior to the assess-
ment, distance walked to the clinic, ambient temperature, fatigue,
depression, cognitive function, and coexisting medical
conditions. A second component of the MSFC, the 9HPT, is
also useful for evaluating upper limb impairment and manual
dexterity, both of which are especially important to MS
patients.107 A> 20% change in test scores is considered to be
clinically meaningful.107

There is a need for further development of patient-reported
outcomes (PROs) to provide patient-centered and relevant mea-
sures of disability severity and progression. At present, one of the
few validated PROs for disability is the PDDS, in which patients
rate their ambulation from 0 (normal) to 8 (bedridden).108 PDDS
and EDSS scores have been shown to be strongly correlated,
notably for pyramidal and cerebellar functional system scores.109

Step count can be reliably estimated based on the average of
2 days in patients who walk unaided.110 A change of 800
steps/day corresponds to a one-point worsening in PDDS and
is considered to be clinically meaningful.111

The previous iteration of the TORs included disability pro-
gression as one of the measures for determining the level of
concern.1 However, residual disability following a relapse more
likely represents incomplete relapse recovery rather than true,
irreversible disease progression arising from cumulative neuro-
degeneration and axonal loss. Thus, functional impairment or
EDSS change >1 point at 6 months would be classified as a
Major concern and treatment optimization would be recom-
mended (Table 2). A worsening of EDSS score in the absence
of relapses would in principle indicate that the patient is in the
SPMS phase (see below), but progression independent of relapse
activity has recently been documented to be prevalent in RRMS,
blurring the difference between RRMS and SPMS.112

MRI

Recommendation 8. A re-baseline MRI should be obtained
after initiating or changing treatment once the DMT is deemed
to be fully effective (Table 3). Follow-up MRIs should be
obtained annually for the first few years of treatment.

During disease-modifying treatment, brain/cervical spine
MRIs are most commonly used to establish a new baseline after
treatment initiation, to detect clinically silent breakthrough dis-
ease activity, for progressive multifocal leukoencephalopathy
(PML) surveillance, and to reevaluate patients with new clinical
deterioration.113 The optimal timing of an MRI will depend on
the time to maximal clinical effect of the DMT (Table 3) and the
patient’s level of disease activity.113 A standardized MRI proto-
col for brain/cervical spine imaging should be used that meets
accepted minimal specifications. Whenever feasible, the same
scanner and sequences should be used for sequential MRIs to
minimize inter-rater variability in detecting lesions and lesion
volume changes.113

Contrast enhancement with Gd is recommended for the initial
and re-baseline scans. For the re-baseline scan, the presence of
Gd-enhancing lesions may be useful to identify a suboptimal drug
response earlier. Gd enhancement is helpful for monitoring
clinically silent disease but is not routinely required for
follow-up scans. Most enhancing lesions will have a T2 lesion
equivalent, T2 lesions are more predictive of outcomes, and the
addition of Gd does not appear to provide much additional
information.114–116 Gd may be clinically useful if there is a
concern about an alternative diagnosis or when confluent lesions
preclude the detection of new lesions on T2-weighted imaging
alone.113 Caution is now advised about the regular use of Gd,
especially in early MS, due to the risk of Gd accumulation in
certain areas of the brain with frequent use.117

Spinal cord imaging can identify asymptomatic spinal cord
lesions that can occur in some patients without clinical symptoms

Table 3: Time to effect of disease-modifying therapies.
Treatment response should be evaluated after the full
clinical effect has been attained

DMT Time to effect

• Natalizumab • 1 month

• IFN-β formulations

• Teriflunomide

• Dimethyl fumarate

• Fingolimod

• Ocrelizumab

• 3 months

• Glatiramer acetate • 6 months

• Cladribine

• Alemtuzumab

• 2-year course required for maximal
clinical effect (benefit reported in pivotal
trials after Year 2 dosing, with MRI
evaluation for re-baselining at month 18)
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or lesions on brain MRI.118,119 Periodic spinal cord imaging to
identify lesions, even in the absence of new symptoms attribut-
able to the spinal cord, may be useful in selected patients,
particularly in those with spinal cord-predominant disease. The
recommended sequences include a sagittal T2-weighted and a
proton attenuation (STIR) or T1-weighted inversion recovery
sequence with phase-sensitive reconstruction.113 Axial T2 or T2*
and post-contrast (Gd) axial T1 through the lesions is recom-
mended.113 However, routine spinal cord imaging may not be
feasible in settings of limited resources.

The measurement of brain or spinal cord atrophy is emerging
as an important indicator of disease severity,120 and a substantial
rate of brain atrophy (>0.9–1.2%/year) may have prognostic
value and is clinically worrisome.121,122 However, a number
of technical issues preclude routine use in clinical practice,
including lack of standardization of image acquisition, post-
acquisition processing requirements, and lack of standardization
of interpretation.

MRIs should be obtained annually in the first few years of
treatment; the frequency of MRIs thereafter is at the clinician’s
discretion and will depend on clinical circumstances. More
frequent MRIs are warranted when there is concern about highly
active disease, during follow-up of patients on higher-efficacy
DMTs, to monitor for PML, and to ensure that there is no PML
prior to switching therapies. Less frequent MRIs are needed in
patients who have remained clinically stable for several years, but
it is advised that MRIs should be obtained periodically to guide
future management (due to loss of older scans, change in MRI
scanners or patient re-location).

Recommendation 9. New/enlarging T2-weighted MRI
lesions while on DMT are correlated with new relapses and
clinical disability progression over time. A finding of ≥3 new/
enlarging lesions while on a DMT is considered a suboptimal
response, and a change in treatment is recommended (Table 2).

MRI is the most sensitive method for detecting ongoing CNS
inflammation and provides a good indication of a suboptimal
therapeutic response.95,98,99 Several studies have reported that
≥3 new/enlarging lesions in the first year of therapy are predictive
of worsening EDSS scores during long-term follow-up.95,123

Accordingly, ≥3 new lesions during treatment would be a Major
criterion (Table 2). However, any evidence of ongoing disease
activity in a treated patient is worrisome, and the presence of
fewer new/enlarging T2 lesions will still warrant early reassess-
ment, particularly if accompanied by a relapse. T2 lesion load in
the first 5 years has been shown to be more strongly correlated
with brain atrophy.124 The predictive value of lesions on MRI
appears to decline later in the disease course as focal inflamma-
tory activity becomes less relevant to clinical outcomes. The
number of new asymptomatic spinal cord lesions that warrants a
change in treatment is not known. However, even a single new
spinal cord lesion may be a Major concern since studies have
demonstrated that spinal cord lesions are associated with poorer
clinical outcomes.125,126

Cognition

Recommendation 10. Cognition should be tested regularly
and as part of an overall assessment of functional change to
detect disease activity, relapse recovery or treatment response.
The Symbol Digit Modalities Test (SDMT) is the simplest method
for screening for cognitive impairment and for identifying

changes in cognition over time. An SDMT should be performed
at baseline and every 2–3 years. There is insufficient evidence
that changing DMTs will improve cognitive outcomes. Accord-
ingly, treatment optimization based on a change in cognitive
function alone is not recommended at this time.

Cognitive dysfunction is found in all MS phenotypes, includ-
ing even RIS and CIS, with the domains of information proces-
sing speed, executive function, verbal fluency, and memory being
those most commonly affected.127 Impaired cognition has a
significant impact on patients’ daily functioning, employment/
educational status, driving ability, and quality of life.128–130

The CMSWG recommends that a baseline cognitive assess-
ment should be performed in all MS patients, in accordance with
recommendations from the Consortium of Multiple Sclerosis
Centers and the International Multiple Sclerosis Cognition
Society.131 While annual cognitive testing has been suggested,131

less frequent assessments (every 2–3 years) are recommended to
minimize a practice effect.132 Evaluations should be performed
during periods of clinical stability and adjusted for age133 to
evaluate changes in cognitive function and screen for cognitive
impairments. The Brief International Cognitive Assessment in
Multiple Sclerosis would ideally be used to screen for cognitive
impairment. Otherwise, the recommended tool is the SDMT,
which can be rapidly administered (< 5 minutes) and has high
sensitivity and reliability.134 Cognitive changes often accompany
relapses and MRI activity,135 and additional SDMT testing may
be indicated as part of the assessment of relapses or recovery or to
evaluate response to treatment. It is important to note that other
MS symptoms, including fatigue, mood and anxiety disorders,
pain, sleep disorders, and pathological laughing and crying, as
well as selected medications (including cannabis) will have an
impact on cognition and/or performance on cognitive tests. Once
these conditions have been managed, an earlier SDMT assess-
ment may be warranted. A≥ 4-point change in SDMT score
over a 2–3 year period is considered clinically meaningful,132

especially when it occurs in conjunction with worsening of
neurocognitive symptoms, and may indicate a recurrence of
inflammatory activity, infection and/or treatment nonadherence.
Prompt investigations, including MRI, are recommended. If
cognitive impairment is detected and there is no clear explanation
(e.g., cannabis use), referral for more extensive neuropsycholog-
ical testing and discussion of potential contributing factors may
be warranted. It is generally useful to have a family member or
caregiver present when discussing the benefits and risks of
various treatment options in a patient with cognitive impairment.

Several studies have suggested that DMTs may improve
cognitive function or slow cognitive decline,136–141 although it
is unclear if this is due to a reduction in MRI disease seen
with these agents. The overall evidence does not link any
specific agent consistently with improvement in cognitive func-
tion nor does it support switching agents to benefit cognition.
Accordingly, although cognitive function is an important aspect
of MS management, there is insufficient evidence at this time to
support a change in DMT based on cognitive performance alone.
However, the choice of treatment may be influenced by cognitive
factors, such as the simplicity of adhering to a specific treatment
regimen, or the ability to be cognizant of changes suggestive of
PML. For example, a therapy with a lower PML risk may be
warranted if the patient is unable to reliably contact his/her
neurologist with new symptoms suggestive of PML, if the patient
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does not have a caregiver who can reliably monitor for these
changes, or if the patient is poorly compliant with monitoring
blood work or MRIs.

TREATMENT SEQUENCING

Recommendation 11. Most RMS patients can be expected to
require more than one DMT during the treatment course to
control their disease and limit worsening disability. Escalation
to a higher-efficacy therapy is generally recommended for
treated patients who meet a Major criterion (Table 2). When
sequencing therapies, clinicians should recognize that a given
therapy may have an impact on future treatment choices. Prior
to initiating treatment, the clinician should develop a plan as to
how medications might be sequenced so that safety concerns
or other factors will not limit subsequent treatment options or
delay the initiation of the next DMT.

After initiating a DMT, there is a need for close monitoring and
early detection of breakthrough disease activity with the view to
early escalation to a more effective therapy, if required. Clinicians
should recognize the presence of negative prognostic factors
(Table 1) and be prepared to act early by switching to a more
effective DMT in these higher-risk individuals. A new baseline
MRI on treatment is recommended (see Recommendation 8).
Clinical response should be evaluated at 6–12months after DMT
initiation since ongoing disease activity is associated with poorer
outcomes. The association of early breakthrough disease and
disability accrual is strongest in the first 2 years on therapy but
remains predictive for 5 years after treatment initiation.97,99

Escalation to a higher-efficacy therapy is generally recom-
mended for treated patients who meet a Major criterion (Table 2)
indicative of breakthrough disease activity or severity.142 A DMT
with a different mode of action may be preferred. A lateral switch
from one base therapy (injectable or oral) to another may be
considered in patients with poor tolerability/adherence. However,
the need to switch provides clinicians with an opportunity to
escalate therapy to improve efficacy, which may be preferable,
especially in patients with negative prognostic factors.

There are few clinical concerns when switching patients from
a base therapy to a higher-efficacy DMT. A washout period, that
is, a period off treatment to allow the drug to clear and physio-
logic parameters to normalize, will generally not be required.
Blood test results (e.g., lymphocyte count, hepatic enzymes)
should be in the normal range before the next treatment is
initiated. When discontinuing teriflunomide, an active elimina-
tion protocol is used to wash out the drug. Vigilance for PML is
recommended for patients switching from DMTs with a known
risk of PML (dimethyl fumarate, fingolimod, natalizumab, and
ocrelizumab). A lumbar puncture may be considered to rule out
John Cunningham virus (JCV) in CSF, especially if switching
from one of these medications to a potent immunosuppressive
drug, such as cladribine or alemtuzumab.

There are no phase III studies to date comparing higher-
efficacy therapies. Thus, the choice of higher-efficacy agent
will depend on the severity of ongoing disease activity, and the
relative benefits and risks of the therapy as evaluated by the
clinician and patient. Two treatment approaches are available:
continuous immunomodulation (natalizumab, fingolimod,
and ocrelizumab) and intermittent immunomodulation with
immune reconstitution (cladribine and alemtuzumab), with both
approaches associated with a somewhat unique risk profile.

Natalizumab, which blocks immune cell trafficking into the
CNS, is often employed as a rescue therapy in patients with
aggressive MS due to its high efficacy and rapid onset of action. It
can generally be used for up to 18 months regardless of JCV
antibody status or JCV Ab index. The drug can be maintained
thereafter in patients who are JCV Ab-negative, with close
monitoring of JCV serostatus every 3–6 months and clinical/MRI
vigilance for PML. JCV Ab-positive patients can continue on
natalizumab up to 24 months if the JCV Ab index value ≤ 0.9 but
caution is advised if treatment is maintained beyond 24 months.
If the regimen is continued, it is important to include in the
clinical notes that the patient has acknowledged the increasing
risk of PML with cumulative drug exposure and has agreed to
close clinical/MRI surveillance. JCV Ab+ patients on natalizu-
mab >2 years will generally be switched to another DMT, ideally
during a period of stable disease. Extended interval dosing
(300 mg q6–8 weeks) with natalizumab has been proposed as
a means of possibly reducing PML risk;143 PML cases have still
been reported with extended interval dosing,144 and patients must
be fully informed of the risk of PML. All patients will require
a screening MRI when discontinuing natalizumab; a lumbar
puncture to detect JCV DNA in CSF may be considered. The
risk of disease reactivation after natalizumab discontinuation may
be mitigated somewhat if treatment is switched during a period
of relative disease quiescence or if the transition time is
< 1–2 months.145,146 There are limited data that switching from
natalizumab to alemtuzumab is more effective than to fingoli-
mod.147 However, switching from natalizumab to any DMT with
a long duration of action may be considered a high-risk approach
since treatment could not be withdrawn in such circumstances if
the patient had subclinical PML.

Fingolimod, which sequesters lymphocytes in secondary lym-
phoid organs, may also be considered when there is a need to
switch to a higher-efficacy therapy. The principal safety concerns
are the risk of opportunistic infections associated with chronic
immunosuppression, and clinical worsening on drug discontinu-
ation reported in some but not all studies.148,149 There are few
data on sequencing from fingolimod to other high-efficacy
DMTs. There have been case reports of clinical worsening after
switching from fingolimod to ocrelizumab, rituximab, or alem-
tuzumab.150–152 Conversely, there are reports that rituximab and
alemtuzumab are effective in patients with an inadequate
response to fingolimod,153,154 although persistent T cell depletion
may occur after a fingolimod–alemtuzumab switch.155

A washout period has traditionally been recommended when
switching among second-line agents to allow lymphocyte counts
and other indices (e.g., liver enzymes) to return to normal. The
caveat is that anti-trafficking drugs, such as fingolimod and
natalizumab, are prone to disease “rebound” in the first
3–6 months after cessation, so a washout period <3 months is
generally advised. It should be noted that when switching from
fingolimod to alemtuzumab, lymphocyte counts should return to
normal since alemtuzumab may be less effective if initiated when
lymphocytes are still sequestered in secondary lymphoid organs.

A preferred approach when sequencing from a base therapy
may be to switch to a cell-depleting agent (cladribine, ocrelizu-
mab, and alemtuzumab). Cladribine is an oral drug that is
administered for 8–10 days per year for 2 years (cumulative dose
3.5 mg/kg) and which produces significant suppression of T and
B cells. The main safety consideration is moderate-to-severe
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lymphopenia, which may be minimized if treatment is initiated in
patients with a normal lymphocyte count (grade 0 lymphopenia at
start, grade 1 prior to Year 2 dosing).156 There is no reported
increase in infections with the exception of herpes zoster.157 After
the 2-year course of treatment, patients with an adequate response
to cladribine who subsequently experience breakthrough disease
may be re-dosed with cladribine or switched to another DMT.158

There are no data on the optimal strategy nor on the safety and
efficacy of sequencing cladribine with other agents.

Ocrelizumab is an anti-CD20 MAb that is dosed every
6 months to produce chronic suppression of B cells. Infusion-
related reactions are common but generally mild to moderate in
severity.159 There is an increased risk of infections (upper
respiratory tract, urinary tract, and herpes zoster) but no reported
increase in opportunistic infections.37 PML has rarely occurred;
a small number of cases have been reported after switching from a
high-efficacy therapy, and one case has been reported in an older
patient who was previously untreated.160 There have been case
reports of hepatitis B virus reactivation during therapy.161 Treat-
ment for up to 6 years has been reported to be effective.162 An
emerging concern is that chronic B cell suppression with ocre-
lizumab or rituximab has been associated with cases of hypo-
gammaglobulinemia.163,164 There are no published data on the
safety or efficacy of sequencing DMTs in patients with an
inadequate response to ocrelizumab.

Alemtuzumab is an anti-CD52 MAb administered for 8
treatment days over 2 years, which results in profound T and
B cell suppression. T cell depletion is sustained for several years,
whereas B cells hyper-repopulate within 6–9 months.165 About
90% of patients experience infusion reactions despite pretreat-
ment with corticosteroids, antipyretics, and antihistamines.48

Thyroid disorders are very common; other secondary autoimmu-
nities are less common. Prolonged T cell suppression is also
associated with a risk of infections, including serious opportu-
nistic infections.166 A further concern is the occurrence of ische-
mic or hemorrhagic stroke and cervical arterial dissection, which
has necessitated a change to the US product label.167 The
effectiveness of a 2-year treatment course has been demonstrated
for up to 9 years.168 Patients who experience a return of
disease activity may benefit from a third course of treatment.169

There are limited data on switching patients to another DMT.
B cell-directed therapy has been proposed for patients with
B cell-mediated disease activation or autoimmunity associated with
alemtuzumab treatment,170–172 but additional data are required.

Autologous hematopoietic stem cell transplantation (AHSCT)
may be considered relatively early in the treatment course for
younger patients (18–31 years173) with rapidly evolving MS.
Preliminary data suggest that in patients with an inadequate
response to a DMT, AHSCT may be more effective than a
switch to another DMT,174 although it should be noted that in
that study, some higher-efficacy agents (ocrelizumab and alem-
tuzumab) were not included. AHSCT may also be considered in
patients with early aggressive disease with a poor prognosis or
worsening disability despite treatment with a higher-efficacy
DMT.175

De-escalation and discontinuation in RMS

There are limited data on the long-term safety of chronic
immunosuppression. De-escalation may be considered in patients

on chronic immunosuppressant therapy (>5 years) who have
been clinically stable for >5 years. It should be noted that disease
stability >5 years in younger patients (< 60 years) is unlikely to
indicate treatment success and a maintenance therapy will gen-
erally be required. There are limited data on the use of IFN-β,
glatiramer acetate, teriflunomide, and DMF as de-escalation
agents following natalizumab.176–179 Close monitoring for
breakthrough disease activity and/or worsening disability (clinic
visits every 6–12 months, annual MRIs) is advised following
de-escalation. The higher-efficacy DMT previously used should
be re-instituted or re-dosed if there is clinical/radiological evi-
dence of breakthrough disease activity.

Clinicians may consider stopping treatment in RMS patients
>60 years who have been clinically stable for a prolonged period
(5–10 years).180,181 Older patients have a poorer response to DMTs,
an increasing risk of infections and other adverse effects due to
immunosenescence, and a higher burden of comorbidities.182,183

Close monitoring is required after drug discontinuation with the
view to re-initiating therapy if there is breakthrough disease activity.
A caveat is that the clinical consequences of breakthrough disease
may be significant, since patients later in the disease course show
poorer recovery from relapses.

Recommendation 12. Prior to initiating a DMT and
throughout the treatment course, clinicians should adhere to
a standard screening and monitoring protocol to minimize
treatment-associated risks. Screening should include an assess-
ment of contraindications and comorbidities that may influence
treatment choice.

Prior to treatment initiation, a number of procedures are
recommended depending on the DMT selected, in accordance
with individual product monographs. These may include a com-
plete blood cell count with lymphocytes, liver function testing,
blood pressure, and urinalysis. Pregnancy testing is recommended
for all women of childbearing age. Patients’ immunization status
should be evaluated to ensure that vaccinations are up to date; of
particular importance is vaccination against varicella in patients
without prior exposure to chicken pox.

A comprehensive screening and monitoring protocol is
required prior to initiating a higher-efficacy DMT and would
ideally be performed earlier in the treatment course. A protocol
would include screening for latent or active infections (e.g.,
tuberculosis, hepatitis B, human papillomavirus). Either the
tuberculin skin test or interferon-gamma release assay (IGRA)
can be used to screen for latent TB infection.184 It should be noted
that lymphopenia during IGRA testing may increase the risk of a
false-negative result.185

Required vaccines should ideally be administered before
starting an immune-suppressing DMT; administration of live
vaccines during treatment is expressly contraindicated. However,
for patients with active disease at higher risk of relapse, it is
generally recommended to start the DMT as soon as possible
even if immunization must be delayed; closer monitoring for
infections in such circumstances would be warranted. Product
monographs do not specify when vaccines may be administered
after DMT discontinuation. As a general guide, vaccination may
be considered once lymphocyte counts have returned to normal
range, in accordance with the pharmacodynamics of the specific
DMT.

PML risk assessment and strategies to minimize risk are
required for DMTs known to be associated with PML (primarily
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natalizumab, but also fingolimod, dimethyl fumarate, and ocre-
lizumab). A JCV Ab index should be routinely obtained during
treatment with natalizumab. The utility of the JCV Ab index for
PML risk stratification with other DMTs has not been demon-
strated. Index values may be altered by anti-CD20 agents and
results should be interpreted with caution.186 It is not known
if switching from natalizumab to another high-efficacy DMT
increases the risk of PML. A concern is the reported occurrence
of carryover cases of PML after sequential DMTs.187,188 A recent
MRI (< 6 months) to rule out subclinical PML is recommended
prior to switching to/from a higher-efficacy DMT. Vigilance
for PML is recommended during the treatment course and for
6–12 months after DMT discontinuation.

It will be necessary to re-evaluate the benefits and risks
of therapy as the patient ages. The benefits of treatment may
decline as a result of age-related changes in immune function
(immunosenescence), whereas the risks will increase due
to the development of comorbidities, greater susceptibility to
treatment-related adverse effects, and other factors.189 Close
monitoring for infections is recommended in older patients
(>50 years) who continue on treatment.

TREATMENT OF SECONDARY PROGRESSIVE MS

Recommendation 13. Ongoing treatment of patients transi-
tioning to SPMS who still have active inflammatory disease
is recommended. Use of siponimod, now approved in Canada,
may be considered. Consider stopping treatment in patients with
SPMS characterized by progression without inflammatory dis-
ease activity, with close monitoring to identify breakthrough
inflammatory disease activity.

SPMS is defined as progressive accumulation of disability
after an initial relapsing course and may be categorized as active
with or without progression, not active with progression, and not
active without progression (stable disease).3 A careful assessment
of relapses is needed since pseudorelapses are very common
in PMS.

There are several unknown factors regarding the treatment of
SPMS. There are no data on the potential benefits of continuing a
higher-efficacy DMT after SPMS onset and it is unclear if the
current DMT should be maintained after the transition to SPMS.
Clinical trials of higher-efficacy agents (e.g., natalizumab,
alemtuzumab, and fingolimod) have demonstrated limited or no
benefit in patients with progressive disease.190–192

It is generally advised to continue with the current DMT
after the onset of SPMS since many patients will have ongoing
inflammatory disease;193,194 subclinical disease activity may
worsen if treatment is withdrawn. A change in treatment may
be warranted in patients with active SPMS who continue to have
relapses or new MRI lesions, with the caveat that there is
insufficient evidence to identify criteria for a suboptimal response
in patients with SPMS. Accordingly, the CMSWG recommends
that the current DMT should be maintained or treatment should
be escalated, in patients who transition to SPMS who continue to
have active disease (relapses, new MRI lesions). Treatment may
be maintained but should not be initiated in those with stable
(no relapses or disability progression) SPMS.

Siponimod, a selective sphingosine 1-phosphate receptor-1,5
modulator, has been approved in Canada and other countries for
active SPMS;195 approval was based on the results of a phase III
trial demonstrating a relative 21% reduction in 3-month CDP

versus placebo (i.e.,CDP 26% vs. 32%, respectively).196 Use of
siponimod, may be considered for the treatment of patients with
active SPMS. At present, there are no data on whether patients on
another DMT during the transition to SPMS would benefit from a
switch to siponimod.

Oral cladribine, a purine analog, has also been approved in
some countries (not Canada) for active SPMS,197 based on
preliminary results from randomized trials of injectable formula-
tions.198,199 At present, oral cladribine is generally not recom-
mended for the treatment of non-active PMS. There are no data
on whether cladribine-treated patients who transition to SPMS
would benefit from continuing on the regimen or switching to
siponimod or another high-efficacy DMT.

Treatment discontinuation in PMS

The CMSWG recommends that consideration be given to
discontinuing treatment in inactive patients with progression,
especially if older (>60 years) with a prolonged period (>5 years)
with no new inflammatory disease activity. Preliminary data
suggest that treatment may be discontinued in patients >60 years
with no evidence of inflammatory activity for >2 years.180,181

An MSBase analysis found that the time to relapse was similar in
SPMS patients who stopped versus continued on interferon-β, but
there was a significantly shorter time to disability worsening.200

However, it should be noted that a lack of disease activity may
indicate a therapeutic effect and discontinuation may result in
increased disease activity. Moreover, maintaining treatment may
benefit outcomes other than EDSS, such as inflammatory activity,
progression on the MSFC, upper limb function, and patient
quality of life.190,201,202 The recommendation to discontinue treat-
ment in some cases is not meant to restrict DMT use: individual
patients may have clinical features or preferences that would make
ongoing DMT use a reasonable option.203 Close clinical and MRI
monitoring every 6–12months for the first few years after treat-
ment discontinuation is advised to identify breakthrough disease
activity. In PPMS patients, the potential benefits and risks of
therapy will change during the course of treatment and will need
to be re-evaluated on an ongoing basis, notably in older individuals
and patients who no longer manifest active disease.

SAFETY AND OTHER CONSIDERATIONS

Recommendation 14. Shared decision-making is important
when selecting the optimal treatment for individual patients. The
potential benefits of specific DMTs must be weighed against the
risk of short- and long-term adverse effects associated with that
agent. All patients must be fully informed of the potential risks
associated with treatment before a DMT is initiated.

The safety of DMTs derives primarily from data obtained in
clinical trials and real-world observations, which provide a
clearer picture of potential short-term than of long-term adverse
effects. New adverse events do emerge in the post-marketing
period, and it is important that clinicians exercise caution with
newer agents and report adverse events to regulatory authorities.
This is especially important now that many patients will be
exposed to more than one DMT during their treatment course,
and the risk of cumulative toxicities with sequential therapy is
largely unknown. Neurologists will need to become familiar
with autoimmune, infectious, and oncologic conditions and be
prepared to face still unknown complications.
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All patients must be fully informed of potential adverse effects
and possible long-term toxicities associated with treatment.204

Clinicians should document that patients have acknowledged
potential risks. When switching to a higher-efficacy DMT, they
must agree beforehand to adhere to the pretreatment protocol and
safety monitoring requirements for that drug.

OTHER ISSUES

Recommendation 15. Female MS patients of childbearing
age should use a reliable method of contraception. Discontin-
uation of DMTs is generally recommended prior to conception.

Clinicians and patients need to develop a pregnancy plan that
would enable a period of treatment to stabilize disease while
avoiding potentially harmful drug effects on the fetus. A few
months of treatment and stabilization of disease in an active
patient prior to pregnancy may reduce the risk of postpartum
relapse.205 Pregnancy would ideally be scheduled for a period
when disease activity has been low for a year.206 For patients with
minimal disease activity, glatiramer acetate and interferon-β
drugs can be used up until pregnancy with no washout period
required.207 Treatment can be continued through pregnancy and
breastfeeding if the benefits outweigh the risks. A washout may
not be required with dimethyl fumarate due to the drug’s short
half-life. Teriflunomide should be used only in cases where the
patient understands and agrees to strict contraception prior to
pregnancy and to undergo an active elimination protocol prior to
pregnancy; confirmation of drug elimination with a blood test
prior to conception is recommended.207

For patients with highly active disease who are contemplat-
ing pregnancy within 2 years, anti-trafficking drugs (fingolimod
and natalizumab) should be avoided due to the risk of worsening
MS after drug discontinuation and potential teratogenic effects
with fingolimod.208 Use of a long-acting cell-depleting therapy
(e.g., cladribine, alemtuzumab, and ocrelizumab) would be
preferred; patients should wait for 4 months after the last dose
of alemtuzumab or 6 months after the last dose of cladribine or
ocrelizumab before trying to conceive.207 In high-risk patients,
use of natalizumab and ocrelizumab can be considered up to
conception after extensive discussion with an experienced
clinician about the potential benefits and risks.209 There are
some data to suggest that these agents are not transported across
the placenta until the second trimester. Use of natalizumab
(q4–8 weeks) can be considered for the first two trimesters in
patients with aggressive MS during pregnancy, but hematologic
monitoring of the infant after childbirth will be required.210

With alemtuzumab, close surveillance of new onset thyroid
dysfunction during pregnancy is advised. Cytotoxic agents
(e.g., mitoxantrone, cyclophosphamide) should be avoided in
women of childbearing age; if disease activity warrants their
use, the risk of infertility should be discussed with the patient
beforehand.

Relapses during pregnancy should only be treated if they
are disabling. The preferred treatment is prednisone, prednis-
olone, or methylprednisolone for 3–5 days, but these agents
should be avoided as much as possible in the first trimester.
There is insufficient evidence to support the use of routine
steroids or monthly intravenous immunoglobulins (IVIg)
during pregnancy. Plasmapheresis can be used in severe,
refractory relapses.

TREATMENT OPTIMIZATION IN PEDIATRIC-ONSET MS (POMS)

Recommendation 16. Early treatment of POMS is
recommended. All DMTs approved for the adult population
have been used in POMS and are likely to be efficacious.
Treated children and adolescents with MS should be
monitored comprehensively, with standardized monitoring
according to the specific DMT.

A diagnosis of POMS should be made in accordance with
the 2010 and 2017 McDonald criteria.2,215 Risk factors
include low serum vitamin D levels, smoking, exposure to
second-hand smoke, and obesity. Prepubertal onset is uncom-
mon. A minimum of one T1 hypointense or one T2 hyperin-
tense periventricular lesion on MRI has high specificity for
POMS. MOG antibodies are found in one-third of children/
adolescents with an acute demyelinating syndrome216(ADS)
and are predictive of a non-MS diagnosis; routine antibody
testing is recommended in all ADS cases. Adolescents generally
present with more typical adult-like monofocal symptoms.
PPMS is extremely rare in pediatric patients, and a progressive
disease course would generally suggest an alternative diagnosis.
The need for early treatment should be emphasized with
patients and caregivers, and a thorough discussion is needed
of the goals of therapy, treatment options, potential adverse
effects, the patient’s risk tolerance, and the importance of
adherence to improve outcomes. All DMTs have been used in
pediatric patients and efficacy may be similar to what is seen
in adult MS,217 but only one prospective phase III trial has
been published to date.218 In that study, fingolimod was
superior to interferon-β and had a safety profile that was
generally similar to what has been seen in adult patients.
There was a higher incidence of seizures in the study, so
monitoring for seizure-like events is recommended in addition
to the standard safety monitoring for fingolimod. If other
DMTs are used, the same safety monitoring used for adults
should be adapted for pediatric patients. A high proportion of
pediatric patients will experience breakthrough relapses on
an interferon-β or glatiramer acetate, and therefore higher-
efficacy agents may be considered. However, it should be
noted that most patients will have ongoing MRI activity even
with a higher-efficacy DMT, such as fingolimod.218,219

None of the current DMTs has been shown to influence growth
or puberty. However, it is recommended that height, weight,
and pubertal stage should be monitored at least every 6 months
during treatment. Patients should be counselled to avoid
risk factors (smoking and obesity); there are some data suggest-
ing that obesity is associated with a poorer response to
interferons.220 Vitamin D supplementation (to a maximum of
4000 IU/day) is advised in accordance with MS Society of
Canada recommendations.78 Regular screening for cognitive
impairment is recommended due to the high burden of cognitive
dysfunction in this age group and the higher risk of poorer
cognitive outcomes later in life.221 A further concern is the
long-term safety of higher-efficacy DMTs, notably the impact
of treatment on hormonal changes and fertility, and the
risk of secondary malignancies associated with chronic
immunosuppression. Additional data from randomized trials or
from patient registries on the safety and efficacy of DMTs in
POMS are needed.
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Exclusive breastfeeding for 6 months has been reported to
reduce the risk of postpartum relapses.211 Clinicians should
support exclusive breastfeeding in patients without significant
disease activity or fatigue. Breastfeeding should not be discour-
aged in favor of resuming medication except in cases of highly
active disease. Postpartum relapses may be treated with methyl-
prednisolone or IVIg,212,213 but resumption of a DMT would be
the preferred approach. Glatiramer acetate and interferon-β may
be used during breastfeeding; fingolimod, teriflunomide, dimethyl
fumarate, cladribine, and cytoxic agents should be avoided.214

Ocrelizumab or natalizumab should be considered for highly
active patients or those with a significant postpartum relapse,
since these agents have a more rapid onset of action and
extremely low transfer to breast milk. Patients who choose not
to breastfeed should be started on a DMT as soon as possible after
delivery.

CONCLUSIONS

MS is a chronic, debilitating neurological condition that is
associated with a high risk of physical and cognitive impairment.
Treatment with a DMT may prevent or delay the onset of
worsening disability. Many higher-efficacy options are now
available, and much attention has been paid to the risks associated
with these therapies. While these concerns are clinically appro-
priate, they can overshadow the very real risks of undertreating
MS or not optimizing therapy throughout the disease course,
including the progressive accumulation of disability, poor quality
of life, and early mortality among MS patients.

Early treatment is recommended since DMTs appear to
provide the most clinical benefit during the inflammatory phase
of the disease, when it is more likely that interventions will be
able to alter the rate of progression. Patients should be risk-
stratified at first presentation according to the frequency and
severity of symptoms and the extent of disease activity as shown
on MRI. Patients with highly aggressive disease are at significant
risk of early disability worsening and will require early treatment
with a higher-efficacy DMT. Those with more mild-to-moderate
disease may start with a base therapy, but always with the plan to
escalate therapy as soon as possible if there is breakthrough
disease activity that is a concern (Table 2).

This is the essence of treatment optimization: the early
recognition that a given treatment is suboptimal – either due to
inadequate efficacy in controlling disease activity or poor tolera-
bility – and prompt initiation of a therapy that may be more
effective. Treatment optimization generally involves one or more
escalations until the disease process is adequately controlled. This
can involve continuous immunosuppression with an agent that is
administered daily or every few months. It may also be accom-
plished with an “induction” approach, in which a higher-efficacy
treatment is administered for a limited duration, followed
by periodic redosing if there is a return of disease activity or
de-escalation in the case of stable disease.

Unfortunately, there are no head-to-head data to provide a
comparison of the relative benefits and risks of higher-efficacy
DMTs, nor is there sufficient evidence to guide sequencing
decisions in individual patients. As a result, treatment decisions
must necessarily be based on a rational assessment of the
individual patient’s benefits and risks. Throughout this process,

the patient should be fully informed of the goals of therapy, the
reasons for intensifying therapy, and the potential adverse effects.
Consideration must be given to the patient’s preferences to
encourage a collaborative approach to therapy, and in recognition
that some factors – such as the side effect profile, impact on
quality of life, and convenience of taking the drug –will influence
the patient’s satisfaction with a drug and his/her ability to remain
on the regimen.

There remain many “unknowns” about MS treatment: there
are uncertainties about the key immune target(s); what influ-
ences an individual’s response to a given therapy; the best
treatment strategy; and the extent to which early, aggressive
therapy with the currently available agents will modify the
progressive neurodegeneration seen in MS. The hope is that
employing the core principles of treatment optimization –

recognizing an inadequate response early and promptly
responding with a more effective treatment – will help to
minimize long-term disability, preserve daily functioning, and
improve quality of life in our MS patients.
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