
It has been almost two decades since the publication of the
pivotal trial results for the first of the disease-modifying
therapies (DMT) for relapsing-remitting multiple sclerosis
(RRMS). In the intervening years, DMTs – interferon (IFN)β-1b,
IFNβ-1a, glatiramer acetate – have become the standard of care
for patients with RRMS.

To assist clinicians in their assessment of patient response to
DMTs and to improve clinical outcomes, in 2004 the Canadian
Multiple Sclerosis Working Group (CMSWG) developed
practical recommendations on treatment optimization using the
best available evidence at that time.1 Since the publication of that
document, considerable advances have been made in our
understanding of the natural history of multiple sclerosis (MS)
and the immunopathological changes that occur. There is now a
greater awareness that MS is not an uncommon finding in
children and adolescents and research in this area may shed new
light on the relative contributions of genetic and environmental
factors to the etiology of MS. 

The prospect that treatment may modify the disease course
has enabled clinicians to intervene promptly after a first clinical
attack in patients with magnetic resonance imaging (MRI)
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features strongly supportive of MS as soon as MS-like central
nervous system (CNS) demyelination is detected. With clinically
isolated syndrome (CIS) consistent with a first attack of MS,
large, randomized controlled studies – CHAMPS, ETOMS,
BENEFIT, PRECISE, REFLEX – have now demonstrated that
DMTs can prolong the time to confirmed “clinically-definite”
MS,2-6 (“clinically definite MS” [CDMS]) is an outdated
definition based on having additional relapses that pre-dated the
use of MRI). However, it remains to be determined if earlier
treatment will improve longer term disability outcomes in
patients treated from the first MS attack.7,8 Several iterations of
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the newer diagnostic criteria have made all of the CIS trials
somewhat obsolete, as up to one-half of the patients in these
trials would today probably fulfill criteria to be called “MS”.9,10

The previous CMSWG recommendations did not consider
cognitive change except as a factor influencing measures of
progression. It is now well established that cognitive impairment
may be detected in 20-30% of patients at the time of a first MS
attack.11-14 An estimated 40-65% of MS patients will
demonstrate cognitive dysfunction at some point in their
illness,15 with prevalence increasing with age and duration of
MS.16 The importance of cognitive change to patients’
employment, daily functioning and quality of life, methods of
assessing cognitive dysfunction in practice, and the clinical
usefulness of these measures in the overall evaluation of
treatment response were the subjects of much discussion in our
drafting of the current recommendations.

The rapid pace of MS research over the past decade had led
to two new DMTs since our initial recommendations. The
monoclonal antibody natalizumab has been shown to be
effective,17,18 but long-term use has been limited by the risk of
progressive multifocal leukoencephalopathy (PML) arising from
John Cunningham (JC) virus reactivation. A great deal of work
has been done to quantify the risk of PML during treatment with
natalizumab, and the recent approval of a JC virus antibody test
in Canada should assist clinicians in individualizing treatment
decisions. However, proposed strategies19 for reducing the risk
of developing PML await validation. Fingolimod, the first oral
DMT, has also been shown to be efficacious in RRMS,20,21 but
has worrisome side effects that require careful patient selection
and post-treatment vigilance. These new therapies will likely be
joined in Canada by numerous other treatments in development,
such as teriflunomide, BG-12, laquinimod, and alemtuzumab.
Our therapeutic options have broadened considerably in the past
eight years and decision-making will become increasingly
complex in the years ahead. These considerations prompted the
CMSWG to re-examine and update its treatment optimization
recommendations to assist clinicians in their management of
relapsing MS patients.  

The overall goals of this paper are to review how disease
activity is assessed; propose a more current, rational approach
for assessing suboptimal response and to suggest a scheme for
switching or escalating therapy; discuss ways to evaluate
cognition and how cognitive changes fit into the clinical
assessment of disease activity; review how these approaches
might be applied to the pediatric population; and address some
of the other treatment issues, such as monitoring for drug
antibody formation. 

METHODOLOGY
The objectives of this consensus document were to update the

CMSWG’s previous recommendations on how neurologists can
assess the status of patients on DMTs, and to determine at what
point in a course of therapy it may be necessary to modify
treatment to optimize patient outcomes. The initial model,
adapted from a similar one proposed by Bashir et al,22 was based
on relapses, disease progression as measured by the Expanded
Disability Status Scale (EDSS) (or EDSS progression), and MRI
outcomes. Criteria were developed for determining the level of
concern for each of these areas to indicate to clinicians when to
consider treatment modification. 

To update its recommendations, the CMSWG formed eight
subgroups to review the literature and develop recommendations.

The subgroups (and team leaders) were Relapses (YL), MRI
(DLA), Cognition (DS), Progression (MSF), Pediatric MS (BB),
Treatment-Initiation (MY), Treatment-Switching (AP), and
Other Issues (DM). A Medline search using the search term
‘multiple sclerosis’ was performed to obtain all relevant papers
for the period 2004 to 2011. Following a review of the literature
and a series of meetings of the subgroups, the CMSWG met in
December 2011 to discuss its findings. Recommendations were
in accordance with published evidence and, where data were
lacking, on group consensus based on clinical experience. 

Relapses
The revised McDonald criteria define a relapse as:

“…[P]atient-reported symptoms or objectively observed signs
typical of an acute inflammatory demyelinating event in the CNS
[central nervous system], current or historical, with duration of
at least 24 hours, in the absence of fever or infection. Although
a new attack should be documented by contemporaneous
neurological examination, in the appropriate context, some
historical events with symptoms and evolution characteristic for
MS, but for which no objective neurological findings are
documented, can provide reasonable evidence of a prior
demyelinating event.”10

McDonald et al also stated that 30 days should separate the
onset of the first event from the onset of a second event.23

The CMSWG was in agreement with these revised
definitions. However, it was noted that duration of 24 hours may
be too brief and could allow poorly explained fluctuations or
pseudorelapses to be counted as relapses; a minimal duration of
48 hours, as used in many clinical trials, may more accurately
reflect true relapses (i.e. indicating CNS inflammatory activity).
In addition, it was noted that the criterion of a 30-day interval
separating relapses is somewhat arbitrary since the mechanisms
leading to localized acute CNS inflammation and the time course
for these processes are not known.

The overall goal of instituting therapy as early as possible in
patients either at very high risk of developing repeated MS
activity or in patients meeting diagnostic criteria for MS is to
suppress early clinical and sub-clinical attacks believed to
contribute eventually to long-term disability.24-26 Though the
overall contribution of relapses to disability progression is
debatable once actual disability is evident,27 natural history has
shown that relapses in the first two years of disease impact early
progression.28 This emphasizes the importance of early
successful control of disease activity to prevent the accumulation
of disability. A caveat is that there are no long-term studies of
sufficient duration to allow us to be sure that this strategy will
prevent or delay the onset of secondary-progressive disease.29

Although we have relied on clinically evident relapses as an
indicator of poor treatment response in the past, the sole use of
relapse rate per se may not be sufficient. Relapses are subject to
recall bias by patients, and observer bias by clinicians; Thygesen
found that relapse rates decline with less frequent observation
(e.g. 1.2 at three weeks and 0.5 at three months).30 Interpretation
of the effects of treatment on relapses is complicated by the
successive decline in overall annualized relapse rates (ARR), as
is evident in looking at the clinical trials over the past two
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decades.31 For example, in the pivotal trial of IFNβ-1b in 1993,
the ARR for the placebo arm was 1.27;32 17 years later, the ARR
for the placebo group in the pivotal trial of fingolimod was
0.40.20 In line with this observation, a systematic review found
that the placebo ARR is declining about 6% per year.33 In clinical
practice, relapse rates have been reported to decrease by 17%
every five years in patients not exposed to a DMT.34 This relapse
decline may reflect the type of patients recruited to more
contemporary trials, especially with the change in diagnostic
criteria favouring earlier diagnosis and translating to including
patients earlier in their disease course. It may also reflect that in
more contemporary studies, patients are often asked to decline
conventionally available therapies to enter a trial and referring
physicians may be biasing their recruitment to patients perceived
to have less of a risk of relapse, especially if the trial includes a
placebo arm.

RECOMMENDATIONS FOR DETERMINING THE LEVEL OF
CONCERN WITH REGARD TO CONSIDERING TREATMENT
MODIFICATION BASED ON RELAPSES

Despite these limitations, population-based studies have
indicated that the number of relapses during the first two years of
MS is predictive of long-term disability.28,35 The prognostic
value beyond the first five years appears to be minimal.26 For
treated cohorts, the relapse rate in the first year of treatment
appears to be correlated with short-term disability;36 this
correlation is more robust when relapse rate and MRI lesion
activity at one year of treatment are combined.37

Given that some patients will be treated today after having
only a single attack, it is difficult simply to use “relapse rate” to
judge a change over time. Other aspects of the attack may be
more important, such as location in the CNS, severity, and the
degree of recovery. Of importance are symptoms indicating
sphincteric, motor, cerebellar or brainstem involvement, which
are associated with worse outcomes.38,39 Also important is the
number of functional systems affected.38 Prognosis is poorer in
patients with multifocal attacks,39,40 which indicate clinically
manifested “dissemination in space” lesions.

As stated, relapse severity and the time to recovery also have
clinical significance. Mowry et al found that patients with

CIS/MS who experience a severe attack and poor recovery are
highly likely to continue on that same course.41 A pooled
analysis of 27 studies found that incomplete recovery from the
first attack and a short interval between the first and second
attack were strongly associated with a poorer prognosis.42

Most EDSS progression in early disease is related to relapses
that don’t recover and leave sequelae.24,25,43 Thus, the degree of
recovery post-relapse, which may reflect the individual patient’s
innate repair mechanisms, needs to be considered in “weighting”
the severity of each attack.44 This evaluation should be made
promptly: a three-year retrospective study found that incomplete
recovery at one month was highly predictive of residual
disability at one-year follow-up.43

Recommendations for the clinical assessment of relapses,
which comprises relapse rate, severity and recovery, are shown
in Table 1. The criteria used differ from those previously
proposed by the CMSWG in one important aspect. In 2004, the
level of concern was determined in part by the percent reduction
in relapse rate. However, since patients with CIS/early MS are
often treated, baseline relapse rates can no longer be used as the
comparator for treatment success or failure. Moreover, either
changes in trial populations or the advent of perhaps more potent
DMTs has made the endpoint of disease activity-free more
attainable, as demonstrated in recent studies.45-48 Thus, the
CMSWG recommends that any relapse during the early
treatment stages should be a cause for concern. However, relapse
frequency should be a major criterion for determining the need
to optimize treatment, at least for the first five years of therapy.
In addition, the use of well-designed diaries for patients to record
relapse frequency, severity, symptoms and impact on activities
of daily living is recommended.

PROGRESSION
Accumulated disability, or “progression”, ultimately

indicates a failure to fully control the advancement of disease.
Progression occurring in relapsing patients or those with
continued MRI activity is probably still amenable to treatment
with agents directed at the early inflammatory component of the
disease. Most early progression is the result of unresolved
relapses, but this may well overshadow a more indolent
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* The level of concern determined by meeting at least one criterion. ADL=activities of daily living

               
  

 
Criteria 

 
Level of concern 

 Low Medium High 
Rate 1 relapse in the second year of treatment 1 relapse in the first  year of treatment >1 relapse in the first year of treatment 
Severity 
 
 
 
 
 
 
Recovery 
(duration) 
 

Mild 
• Steroids not required 
• Minimal effect on ADL 
• 1 functional domain affected 
• No or mild motor/ cerebellar 

involvement 
 

• Prompt recovery 
• No functional deficit 

Moderate 
• Steroids required 
• Moderate effect on ADL 
• >1 functional domain affected 
• Moderate motor/ cerebellar 

involvement 
 

• Incomplete recovery at 3 months 
• Some functional impairment 

Severe 
• Steroids/ hospitalization required 
• Severe effect on ADL 
• >1 functional domain affected 
• Severe motor/ cerebellar 

involvement 
 

• Incomplete recovery at 6 months 
• Functional impairment 
 
 

            
    

 

Table 1: Recommendations for determining the level of concern when considering treatment modification based on
relapses.* 
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progressive process that only manifests once relapses cease and
there is perception of disease worsening. The Kurtzke EDSS49 is
the most commonly used standardized and validated measure of
disease progression. To calculate the EDSS (or Neuro Status
variation), an objective measurement of ambulation is required
that will indicate whether a patient can walk without rest or aid
for 100-500 meters (20-100 m if a walking aid is required). An
observed walk of up to 500 m is generally impractical because of
the time involved and physical restraints of the clinic space. This
is not an issue for EDSS scores <4.0, but is key for higher EDSS
values, particularly 4.0-7.0.   

If observation is not feasible, the clinician must estimate the
distance a patient is able to walk. One solution to improve
accuracy might be a validated tool that allowed patients to report
the distance they are able to walk; this tool could include
reference distances, e.g. 100 m (110 yards) = one North
American city block or the length of a Canadian football field.
The length of hallways the patient must use to get from the
elevator to the office, or the distance from the parking lot to the
clinic, can be calculated and may aid in estimations of
ambulation. The use of GPS-enabled devices such as smart
phones or pedometers may be of use in the future for
determining distances walked.

Patients should be encouraged to consider best unaided
walking distance. For example, patients may use a cane for
security or comfort but do not actually require it. An inability to
walk without a cane requires a minimum EDSS score of 6.0;
however, if a cane is not actually required to walk distances of
100 or 200 m, the EDSS would drop to 5.5 or 5.0, respectively.
It is important to assess changes accurately in this EDSS range
since even half-point increases can be interpreted as significant
progression. In addition, if the EDSS is overestimated (e.g. a
score of 6.0 because the patient prefers to use a cane), the
measure will become insensitive to change over the ensuing
years.

An alternative to the EDSS is the Multiple Sclerosis
Functional Composite (MSFC),50 which comprises quantitative
functional measures of ambulation, arm and hand function, and
cognition. However, the MSFC takes time to administer, requires
a separate examiner, can result in some patient discomfort
(related to the anxiety often associated with the cognitive test
called the Paced Auditory Serial Addition Test [PASAT]), and
the overall score does not allow for ready interpretation in the
absence of a standardized reference population.  

One component, the Timed 25-foot walk (T25FW), is
relatively easy to administer and has shown consistency and
validity.51-53 A >20% change in T25FW correlates with EDSS
changes and provides independent information. The CMSWG
believes that the T25FW as part of the routine assessment would
have practical benefits and may be a more sensitive measure of
progression in some patients, at least in patients with EDSS
scores >4.0.54 Given that this is the same population in which
objective assessment of a 500-metre walk is not practical, the
short time it takes to perform the T25FW makes it a
complementary assessment to the EDSS. It has also become the
most important test for assessing the response to fampridine,55

and hence could become routinely used in MS clinics. Studies
have shown variability in the T25W times of up to 20%, so
changes >20% of baseline are considered meaningful. However,
assessments must consider factors that may influence

ambulatory ability, such as activity prior to the assessment,
distance walked to the clinic, ambient temperature, fatigue,
depression, cognitive function, coexisting medical conditions
and simply whether or not it was a “good day.” Ideally, serial
walking tests would be performed at the same time (e.g. in the
morning) and in the same setting, although this can be difficult
in practice.

Assessments performed annually would be reasonable for
stable patients. More frequent assessments (minimum every
three to six months) are advised for patients with more active
disease. Any changes should be confirmed with a follow-up
assessment to exclude periodic fluctuations. In the clinical trial
setting, disease progression is often confirmed at three or six
months, although some have suggested confirmation at one to
two years to exclude short-term fluctuations. However, in
clinical practice this would seem to be an unreasonable delay for
a change in treatment if a patient is demonstrating progression.

Other patient-based assessment scales may also be
considered. For example, Hobart et al have developed the 12-
item MS Walking Scale, a patient self-reported measure of
walking ability.56 This scale has been shown to be a reliable,
valid and responsive measure of walking ability in MS, and may
offer a more simple and flexible measurement of walking
distance in clinical practice. Other self-report questionnaires of
disability and impairment (e.g. Minimal Record of Disability,57

The Symptom Inventory and The Performance Scales58) have
been shown to have overall moderate correlations with physician
ratings of disability and may be considered when assessing
disease progression. 

The increased availability of MRI has largely eclipsed other
paraclinical surrogates of disease progression. Invernizzi et al
have reported that evoked potentials (EP) have some prognostic
value,59 but this requires further study. There are no data from
immunological or pathological studies to indicate when a change
in therapy should be made. Neurofilament proteins in
cerebrospinal fluid (CSF) have been proposed as a marker of
axonal damage and may have prognostic value for conversion of
CIS to MS and for disease progression in MS;60 while this is
promising, more research is required.

RECOMMENDATIONS FOR DETERMINING THE LEVEL OF
CONCERN WITH REGARD TO CONSIDERING TREATMENT
MODIFICATION BASED ON DISEASE PROGRESSION

The CMSWG recognizes that the treatments available to date
have not conclusively shown a beneficial long-term effect on
disease progression in MS or CIS.7,8,61-64 While a certain
proportion of patients who appear to fail treatment may show
some response with longer follow-up,65 sustained progression
mandates consideration of a treatment change. Rio et al
reassessed the clinical usefulness of different treatment failure
criteria and found that a combination of either relapse or EDSS
progression criteria together with MRI changes were sensitive at
one year to predict continued activity should a patient remain on
the same therapy.66 These findings led to the current
recommendation that treatment modification based on disability
progression alone requires some confirmation at three to six
months from the time it is first suspected. However, unconfirmed
disability progression in conjunction with a substantial MRI
change could also prompt a change in treatment. Expanded
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Disability Status Scale changes due to changes in multiple
domains of the EDSS (the Kurtzke functional subscores such as
motor and cerebellar) are clinically worrisome, and although
evidence is lacking for any strong association with sustained
disability progression, the CMSWG recommends that this be
viewed with a high level of concern. 

Table 2 summarizes the recommendations for determining the
level of concern with regard to considering treatment
modification based on disability progression. These
recommendations assume an observation period of at least one
year. The time of treatment initiation is important in judging
what change might be due to natural history rather than an
inadequate treatment effect. 

From the pivotal clinical trials, a beneficial effect on either
relapses or MRI can generally be observed within about three to
six months of initiating a DMT.67 In the first year of therapy,
signs of progression may reflect disease activity that occurred
prior to starting treatment rather than a failure of the treatment to
affect progression. Since a three-month confirmation could still
be detecting resolving effects of relapse, the CMSWG
recommends that progression of disability be confirmed at six
months; confirmation at 12 months may be advised in clinical
trials but is too stringent for clinical practice. A six-month
sustained change in EDSS score ≥2 is a concern in patients with
EDSS ≤ 3.5; smaller EDSS changes are a concern in patients
with greater disability (Table 2).68,69 Changes on the T25FW and
clinically documented progression will further inform the
clinician’s level of concern for an individual patient.  

The EDSS change, in conjunction with active MRI changes
or ongoing relapses, represents an inadequate treatment
response. In the second and subsequent years of treatment,
progression alone probably becomes a better indicator of a
suboptimal treatment response. 

When assessing progression, it is important to document the
functional subscales that are having the most impact on the
EDSS score. Determining true progression requires that changes
seen in one or more functional systems are maintained over time.
The Neuro Status is an interpretive EDSS that downgrades
changes in ocular or bladder domains of the EDSS so that
subjective changes alone in these domains will not greatly affect
EDSS. Otherwise, blindness in one eye with a visual Functional

System score of 5.0 could make the overall EDSS 5.0 (where
patients are limited to walking no more than 200 m), even though
the patient’s walking ability may be unimpaired.

MAGNETIC RESONANCE IMAGING
Although the diagnostic value of MRI in MS is well

established, the clinical usefulness of routine MRI for
monitoring the evolution of patients with MS is less widely
accepted. It is clear that MRI (especially only of the brain) is not
always well correlated clinically with either relapses or
progression. Thus, lack of inflammatory changes on the MRI
should not be necessarily construed as a sign of disease control.
Alternatively, when the MRI is active, it can reveal important
information about disease control. The following summarizes
some of the evidence that follow-up MRI of MS patients starting
on a DMT provides important information about disease activity
that is predictive of relapse and progression. Since clinical
practice does not include quantitative assessment of lesion
volume or non-lesional pathology, such as atrophy, the
discussion below is limited to the visual assessment of new T2-
weighted lesions and contrast-enhancing (Gd-enhancing) T1-
weighted lesions. 

The significance of MRI lesions in comparison to relapses is
often questioned. In a randomized, placebo-controlled clinical
trial of IFNβ-1a therapy for RRMS, Rudick et al. found that ≥2
Gd-enhancing lesions on MRI over two years were two-fold
more predictive of EDSS progression than relapses; ≥3 or more
new T2 lesions were 3.4 times more predictive than relapses.70

Thus, the evidence does not support the presumption that
relapses are more important than MRI lesions as predictors of
suboptimal response to therapy.

A number of studies have attempted to define poor responders
to therapy and to identify standard MRI features that are
predictive of poor response. In patients with RRMS, ≥1 new
gadolinium-enhancing lesions or new T2 lesions after one year
on therapy with IFNβ is associated with an approximate three to
eight times higher risk of having ≥2 or more relapses
(suboptimal treatment response) over the next four to five
years.71,72 In the study by Tomassini et al, the presence of Gd-
enhancement or black holes at baseline was also associated with
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*If EDSS progression alone is used to assess response to treatment, any change requires subsequent confirmation at 3-6 months.
**Timed 25-foot Walk tested at baseline with aid, if required

               
  

 
Criteria 

 
Level of concern 

EDSS score Low Medium High 
! 3.5 < 1 points 2 points at 6 months* >2 points at 6 months* 

2 points at 12 months* 
4.0 to 5.0 < 1 point 1 point at 6 months* >1 point at 6 months* 

1 point at 12 months* 
" 5.5   0.5 points at 6 months* >0.5 points at 6 months 
Clinically documented 
progression 

No motor 
Minor sensory 

Some motor, cerebellar or cognitive 
Multiple EDSS domains affected 

Pronounced motor, cerebellar or cognitive 
Multiple EDSS domains affected 

T25FW** ! 20% confirmed at 6 months > 20% and < 100% increase 
confirmed at 6 months 

" 100% increase  
confirmed at 6 months 
 
 

                   
          

  
 

Table 2: Recommendations for determining the level of concern when considering treatment modification based on
disability progression
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higher relapse rate (Gd-enhancement) and disability progression
(black holes) on treatment over the next five years.72

In a follow-up of two to three years, Prosperini and
colleagues assessed the risk of EDSS progression associated
with the presence of new T2 lesions on a scan one year after
initiating therapy.73 They found that the risk of EDSS
progression was increased about 10-fold for a single new T2
lesion, about 20-fold for two new T2 lesions, and about 30-fold
for ≥3 new T2 lesions. Similarly, Rio and colleagues reported an
approximate 10-fold increase in the risk of progression over two
years for patients with active lesions on MRI obtained one year
after initiating therapy.74 An increase of ≥5 Gd-enhancing lesions
in serial scans of a patient is associated with a significantly
increased risk of a relapse within the next month.75

Recently, Sormani et al have analysed the Prevention of
Relapses and disability by Interferon beta-1a Subcutaneously in
Multiple Sclerosis (PRISMS76) dataset to determine the
predictive value of a combined metric of new T2 lesions and
relapses at one year after treatment initiation as a surrogate for
disability progression.37 Patients were assigned a modified Rio
score based on new T2 lesions (>5=1 point) and relapses (1
relapse=1 point; >2 relapses=2 points). Scores ranged from 0
(new T2 lesions < 5, no relapses) to 3 (new T2 >5, >2 relapses).
The risk of disease progression at three years (four years after
starting treatment) for patients considered to be treatment
responders (score 0 or 1) was 32-42%, and for treatment non-
responders (score 2 or 3) was 50%. Thus, the combination of
MRI lesions and relapses after treatment initiation appears to be
a reasonable surrogate of disease progression.  

RECOMMENDATIONS FOR DETERMINING THE LEVEL OF
CONCERN BASED ON MRI

Recommendations for levels of concern based on MRI are
shown in Table 3. In keeping with the trend in recent
guidelines,10 these recommendations expand the role of MRI in
determining the level of concern regarding a suboptimal
response to therapy compared to the previous CMSWG
recommendations.

The basic concept underlying these recommendations is that
ongoing focal white-matter inflammation in the setting of a
therapy that is supposed to modulate this inflammation
(particularly IFNβ) is an indicator of suboptimal treatment
response.77 In keeping with this, we have combined new Gd-

enhancing lesions and new T2 lesions as markers of focal white-
matter inflammation. 

However, there are subtle differences in the significance of
new Gd-enhancing lesions and new T2 lesions. Gd-enhancement
has the advantage in that it clearly indicates active inflammation
at the time of the scan; new T2 lesions integrate activity that has
occurred in the interval between the scans being compared.
Thus, new T2 lesions have to be interpreted in terms of the
timing of the reference scan and the pharmacodynamics of the
therapy. As some drugs may take up to six months to become
effective, it is recommended that an MRI that will be used as a
reference to assess new T2 lesion formation be obtained at least
six months after initiating therapy, so that new T2 lesions on
subsequent follow-up scans can be interpreted without the
uncertainty of whether they developed before the drug became
effective. In some cases it may not be possible to get MRI scans
at the most opportune times and a reference scan obtained
around the time of starting a new therapy may have to be used.
In such cases, new T2 lesions on a follow-up scan would need to
be interpreted in the context of the level of disease activity at the
time treatment was initiated, and the time required for the new
therapy to become effective. 

Another benefit of using Gd enhancement rather than T2
lesions is that it is less subject to the technique used to obtain the
MRI and there are fewer uncertainties in the comparison of
paired scans. If MRI lesions are to be used to modify therapy,
rigorous review by an individual experienced in the assessment
of MS and related disorders who has access to comparison with
relevant previous scans is essential to verify the presence of new
T2 or Gd-enhancing lesions. In the case of new T2 lesions, it
may be very difficult to be sure about the formation of new
lesions, especially if they are small and comparison is made in
poorer quality “non-study grade” scans, possibly from different
scanners.

There are a number of issues that are not addressed by the
above recommendations. The long-term use of MRI beyond two
years after treatment initiation has not been discussed due to a
lack of published evidence. The use of spinal imaging has also
not been discussed, in part for the same reason and in part
because it will have a small yield due to technical challenges in
acquiring and interpreting these images. Moreover, most patients
with spinal lesions will also have lesions in the brain, which
represents a much larger proportion of the CNS. 
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Note: Routine follow-up MRI with gadolinium (Gd) is recommended 6-12 months after initiating therapy for RRMS (or in CIS if
therapy is not initiated). Note: New T2 lesions that are also enhancing on the same scan are only counted once as unique active
lesions. *The presence of Gd-enhancing lesions is more reliable than new T2 lesion counts. New T2 lesion counts require high-
quality comparable MRI scans and interpretation by highly qualified individuals77.

               
   

  
Level of concern 

Activity on MRI* Low Medium High 
New Gd-enhancing lesions OR 
Accumulation of new T2 lesions per year 
 

1 lesion 2 lesions !3 lesions 

                    
    

                    
                   

          
  
 

Table 3: Recommendations for determining the level of concern when considering treatment modification based
on annual MRI findings
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The use of atrophy as a marker of suboptimal treatment
response has not been addressed, although there is evidence that
some drugs slow atrophy more than others,20,78 and that atrophy
is a predictor of clinical disease progression.79,80 However, there
is still insufficient evidence to support the assertion that atrophy
alone signals a suboptimal response to treatment that warrants a
change in therapy. It is important to understand the time course
of brain volume loss, as the biological processes that underlie
brain volume loss may be operative several years before brain
volume reduction is appreciated. As such, intervention with a
therapeutic agent after the degenerative process has commenced
may help to reduce future atrophy, but may be ineffective in
limiting the tissue loss ascribed to pre-existing damage.
Quantitation of brain volume requires rigorous computer
analyses, which are not readily available in clinical practice. 

COGNITION
The previous CMSWG recommendations did not consider

cognitive change except as a factor influencing measures of
progression. Routine cognitive assessment was not
recommended due to the absence of easy-to-use standardized
scales and a paucity of evidence that treatment modification
affects cognitive function. 

It is well established that cognitive impairment is present
early in a significant proportion of patients with CIS and
MS.11-13 Cognitive dysfunction may be detected in 20-30% of
patients with CIS, with significant impairment a further risk
factor for progression to MS.14 An estimated 40-65% of MS
patients will demonstrate cognitive dysfunction,15 with
prevalence increasing with age and duration of MS.16 Affected
neurocognitive domains are processing speed, sustained
attention/vigilance and episodic memory, with verbal fluency
and executive function less frequently involved;81,82 intelligence/
IQ is not affected. Cognitive impairments have a significant
impact on activities of daily living, social functioning,
employment and quality of life in MS.83-85

Accordingly, the CMSWG recommends that all MS patients
be screened for cognitive impairment at diagnosis to establish a
baseline level of functioning. Follow-up testing is recommended
every two to three years post-diagnosis. More comprehensive
testing, including full neuropsychological assessment, is advised
if available. More frequent testing is recommended if cognitive
worsening is suspected by the clinician, patient or family
member. 

The recommended test to evaluate cognitive function
(notably processing speed and working memory) is the Symbol
Digit Modalities Test (SDMT),86 which requires subjects to
match symbols and numbers in 90 seconds. The test can be
administered and scored in less than five minutes, and maintains
its validity with repeated testing.87,88 Worsening on the SDMT
over time has been shown to predict changes in employment
status over time.89

The clinical assessment of cognitive impairment may be
confounded by coexisting fatigue and depression.90 In addition,
patient self-reports of cognitive symptoms may not be accurate
and are often influenced by mood and personality factors.91,92

Some symptoms (e.g. cognitive slowing) may indicate cognitive
impairment or depression; and depression may result in a poorer
performance on neuropsychological testing of attention and

memory.93 Accordingly, the CMSWG recommends the
assessment of depression and fatigue as part of the routine
management of all MS patients throughout the clinical course.
Depression may be evaluated with the Beck Depression
Inventory-Fast Screen (BDI-FS), a seven-item questionnaire that
assesses mood, self-evaluation, anhedonia, and suicidal ideation.
This tool has been validated in MS and is recommended.94 Also
recommended is the 21-item Modified Fatigue Impact Scale
(MFIS), which evaluates the impact of fatigue on physical,
cognitive and psychosocial functioning.95 These assessments
(SDMT, BDI-FS, MFIS) can be completed by clinicians in
approximately 15 minutes. If clinical depression is diagnosed,
the CMSWG recommends treatment with an antidepressant
either alone or in combination with cognitive-behavioural
therapy (CBT).96-101 

There are some data indicating that MS therapies may
stabilize or improve cognitive impairment,102-106 but the
evidence is limited. There is insufficient evidence to indicate the
superiority of one DMT over another as a guide to treatment
selection. There is no convincing evidence that other agents (e.g.
cholinesterase inhibitors, ginkgo biloba) improve cognitive
function in MS.107 

The development of new or worsening cognitive impairment
is a worrisome sign during treatment with a DMT. Apart from
their significant impact on physical and social functioning,
cognitive changes may be associated with relapses,108 thus
detection of cognitive worsening may be an indication of MS
disease activity. However, it is unclear if cognitive changes
indicate disease progression in the absence of other clinical or
radiological evidence of progression. There are insufficient data
to identify a clinically significant change on SDMT or other
measures, and so clinicians cannot assign a level of concern
when deterioration in one or more domains of cognitive
functioning is identified. Additional research is urgently needed
to determine clinically relevant changes.

No DMT has demonstrated superiority with respect to
cognitive outcomes, so it has not been established that switching
therapies will improve or stabilize cognitive deterioration.
Accordingly, there was a general consensus that cognitive
change should not be an independent factor when assessing
whether treatment should be further optimized. This
recommendation will be revisited when additional data are
available on the effects of DMTs on cognitive outcomes. 

The use of disease activity-free (combining relapses, MRI
and EDSS progression) as a trial endpoint is becoming more
widespread, and it would be useful to incorporate cognitive
assessment as a component of a more global metric. Data related
to cognition may prove useful for future recommendations on
cognitive functioning as it pertains to treatment optimization. 

The onset or worsening of MS fatigue and/or clinical
depression are also worrisome, but these changes do not
necessarily indicate DMT failure. Thus, while fatigue and
depression may require specific interventions, their presence
should not influence the clinician’s decisions regarding
treatment optimization.
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OTHER POSSIBLE FACTORS RELATED TO TREATMENT RESPONSE
Neutralizing antibodies

The CMSWG reviewed other possible factors that may
contribute to a suboptimal response to DMT and which may
indicate a need to change therapies. Of particular importance is
the development of neutralizing antibodies (NAbs) to IFNβ or
natalizumab.

The most recent estimate of the prevalence of NAbs to IFNβ
is 19%,109 with the frequency differing according to the IFNβ
used. NAbs generally develop after 6-12 months of treatment;
the effects are often transient, with median antibody titres
typically declining with follow-up testing.110 Persistently high
NAb titres appear to reduce the effectiveness of IFNβ,111 and
may suggest the need to switch therapies. However, the long-
term clinical significance of NAbs has not been fully
determined. In the BENEFIT extension study, NAb positivity
was associated with increased MRI activity but there were no
effects on relapse rates or progression at five years.112 The use of
a biomarker, myxovirus A protein (MxA), may be more accurate
in assessing the clinical impact of NAbs but is not routinely
available in clinical practice.113

There was no consensus on NAb testing in clinical practice.
Options include periodic NAb testing in all patients and
treatment modification if persistent NAbs develop; measuring
NAbs only if a change in treatment is being considered and a
high titre might influence this decision; or foregoing routine
NAb testing and basing treatment decisions on clinical
outcomes.

Persistent NAbs to natalizumab have also been reported in
about 6% of patients,114,115 and are associated with a reduced
clinical and radiological effect as well as an increase in allergic
infusion reactions. Treatment modification is advised in patients
with persistent NAbs to natalizumab. 

Testing for antibodies to glatiramer acetate is not required
since their development does not appear to influence the drug’s
clinical activity.116

Vitamin D
An association between MS and sun exposure was first

suggested a half-century ago,117 and epidemiological studies
have shown an association between low serum 25(OH)D levels
and MS risk.118,119 This has potential relevance in Canada, where
low vitamin D concentrations exist in over 80% of the healthy
population during the winter months. vitamin D has been shown

to have effects on immune function.120-122 Several studies have
shown that low sun exposure and/or low serum 25(OH)D levels
are associated with higher rates of relapses and disability
progression in people with RRMS or CIS.123-128 The EPIC study
reported a 15% lower risk of a new T2 lesion, a 32% lower risk
of a Gd-enhancing lesion, and lower disability with each
10 ng/mL increase in serum 25(OH)D.129 A one-year trial of
vitamin D as an add-on to IFNβ showed improvements in MRI
burden of disease, but no significant difference in ARR or
accumulation of disability.130 Two other prospective trials of
vitamin D2

131 and intramuscular D3
132 found no clinical benefit

with supplementation. It has been suggested that Uv exposure
has beneficial immunomodulatory effects that act independently
of vitamin D3 production,133,134 but this requires further study.
Two phase II trials (SOLAR, EvIDIMS) will evaluate vitamin
D3 as add-on therapy to IFNβ.135,136

As there appears to be a low risk of adverse effects with
vitamin D supplementation,137 routine vitamin D supple-
mentation in MS patients appears warranted to maintain serum
25(OH)D levels >75 nmol/L.138 Daily doses of 2000-4000 IU
(50-100 μg) are expected to be necessary to achieve this goal in
Canada.

TREATMENT INITIATION
For the purposes of this review, MS medications have been

categorized as first-, second- and third-line drugs (Table 4). It
should be noted that during a course of treatment, more than one
“first-line” agent may be employed. Second- and third-line
agents are generally associated with higher risks of deleterious
side effects or lack of proven efficacy in large phase III trials.

Clinically isolated syndrome suggestive of MS
The principal goal of treatment in patients with clinically

isolated syndrome (CIS) is to delay the onset of new
signs/symptoms meeting diagnostic criteria for MS. Prospective
trials of IFNβ-1a, IFNβ-1b and glatiramer acetate reported that
treatment reduces the risk of evolution to MS by about 45% at
two to three years.2,4,5 Less benefit was seen with low-dose (22
μg once weekly) IFNβ-1a.3 The REFLEX study has recently
shown that subcutaneous IFNB-1a 44 ug three times/week
versus once/week are both effective at delaying the development
of MS according to the old Poser criteria (i.e. CDMS), but that
the more frequently dosed regimen was more effective at
delaying the development of McDonald (2005 criteria9) MS.6

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

314

           

 

First line 

 

IFN!-1a, IFN!-1b, glatiramer acetate 

Second line Fingolimod, natalizumab 

Third line Mitoxantrone, alemtuzumab, cladribine (IV), cyclophosphamide 

Experimental/unproven therapies Rituximab, daclizumab, ocrelizumab, ofatumumab, bone marrow transplant 

 

 

 

Table 4: Categories of therapies for treatment optimization in RRMS
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While therapy may be considered for any CIS patient and
generally recommended for CIS patients with a moderate to high
burden of disease, the long-term benefits are uncertain. Early
versus delayed treatment has been shown to reduce the rate of
conversion to MS and to lower the annualized relapse rate,
however, long-term disability outcomes were unaffected in the
five-year follow-up of BENEFIT and in the ten-year follow-up
of CHAMPS.7,8 The decision to treat should be made on an
individualized basis in consultation with the patient. If treatment
is considered, then the CMSWG recommends first-line treatment
with intramuscular IFNβ-1a 30 μg/week, subcutaneous IFNβ-1a
44 μg either once/week or three times/ week, subcutaneous
IFNβ-1b 250 μg every other day, or subcutaneous glatiramer
acetate 20 mg/day. There are no data favouring one agent over
another.

RRMS
The goals of therapy in patients with RRMS are to decrease

the number and severity of relapses, reduce MRI burden of
disease, limit disability progression, and maintain patient quality
of life. Four classes of DMT are currently available to treat
RRMS: IFNβ agents; glatiramer acetate; natalizumab, an anti-
alpha4-integrin monoclonal antibody; and fingolimod, a
sphingosine 1-phosphate receptor modulator. Comparative
studies have shown that IFNβs are not superior to glatiramer
acetate in RRMS.78,139 Natalizumab and fingolimod are believed
to have a more potent effect on clinical and MRI outcomes than
first-line agents, but data are limited to one phase III comparative
study of fingolimod versus once-weekly IFNβ-1a 30 μg.21 In
general, these agents are reserved for patients with significant
breakthrough disease activity while on an injectable first-line
agent, patients who cannot tolerate an injectable DMT, or
patients with extremely active RRMS; this is due in part to their
riskier side effects and potential toxicities. 

The currently recommended first-line agents for RRMS are
IFNβ or glatiramer acetate. The options may broaden as other
first-line oral agents become available. As all injectable agents
are considered generally comparable in efficacy, the choice of
agent will be guided by the side effect profile, and by non-
clinical factors, such as dosing schedule, ease of use,
reimbursement and patient preference. High-risk RRMS patients
(Table 5) with more active or progressive disease may be earlier
candidates for fingolimod or natalizumab. This includes patients
of African-American ethnicity, who have a worse prognosis140,141

and a poorer response to interferons,142,143 although there are
only limited data on the use of natalizumab in this population.144

The timing of the first follow-up visit should be within three
to six months of DMT initiation depending on the severity of
disease, and patient/physician preferences. All drug-related
monitoring should be in accordance with that specified in the
product monographs approved by Health Canada. 
Individual physicians may prefer more frequent follow-ups 
or additional surveillance. (To access the Canada vigilance
Adverse Reaction Online database go to
www.hc-sc.gc.ca/dhp-mps/medeff/ databasdon/index-eng.php.)

A follow-up MRI at 6-12 months following initiation of a
DMT is advised to evaluate disease activity on treatment given
the prognostic value of that MRI, especially when combined
with any clinical signs of renewed activity. This recommendation

will be influenced by the accessibility of MRI in different
regions of the country.

MODEL FOR DETERMINING TREATMENT RESPONSE
The goal of treatment is to decrease clinical and radiological

disease activity and delay long-term progression. As treatment
may be especially beneficial earlier in the disease course,
treatment non-responders should be identified as soon as
possible, ideally within the first year after treatment initiation.
The clinical assessment of treatment response should be
determined according to two principal factors: the physician’s
risk assessment for the individual patient; and the level of
concern following treatment initiation. 

Risk assessment evaluates the level of disease activity and
progression at a given point in time and will indicate how
aggressive the treatment approach should be. There are no
accepted criteria for determining risk empirically; rather, this
must be done on a case-by-case basis and is usually based on
several factors such as patient age, EDSS, type of breakthrough
(relapse, progression, MRI), time between breakthrough events,
and prior therapy. For low-risk patients with an inadequate
response or poor tolerability to a given first-line agent, it may be
reasonable to switch laterally from one DMT to another (e.g.
IFNβ to glatiramer acetate/another IFNβ or glatiramer acetate to
IFNβ). For high-risk patients in whom breakthrough disease
activity has occurred, treatment escalation to a potentially more
potent agent (e.g. IFNβ to fingolimod or natalizumab) may be
reasonable.

During the course of treatment, the level of concern is
determined according to the criteria described above for relapses
(Table 1), EDSS progression (Table 2) and MRI (Table 3). The
level of concern should first be determined at 6-12 months after
starting the initial therapy, and at subsequent visits throughout
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ADL=activities of daily living; FS=functional systems; 
Gd+ =gadolinium-enhancing

                     
 
 
 

• Relapse severity 
o >1 moderate or severe attack 
o Steroids/hospitalization required 
o Severe effect on ADLs 
o >1 FS affected 
o Severe motor/cerebellar/brainstem involvement   

• Relapse recovery 
o Incomplete  

• MRI 
o >2 GD+/new T2 lesions or >2 T1 hypointense lesions 
o >2 spinal cord lesions 
o Brain atrophy 

• Older age 
• Male sex 
• African-American ethnicity 

 
 
 

        
 

Table 5: Factors that may be associated with a higher risk of
more active/progressive disease in MS patients at
diagnosis. 
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the course of treatment. The frequency of follow-ups is typically
every 6 or 12 months but will vary according to the clinical
circumstances.
Consideration should be given to switching treatments in a given
patient if there is a:
• High level of concern in any one domain (relapses,

progression or MRI) (see Tables 1-3)
• Medium level of concern in any two domains
• Low level of concern in all three domains (Figure 1). 

Patients who meet any of these criteria should be considered
to have a suboptimal treatment response. Adherence to the
treatment regimen should be evaluated before switching
therapies. The individual patient’s reasons for non-adherence
(e.g. adverse effects, difficulties with self-injection, perceived
lack of benefit, etc.) should be addressed. 

TREATMENT OPTIMIZATION
There are two general approaches to optimizing therapy: a

lateral switch between two agents in the same line of therapy
(e.g. IFNβ to glatiramer acetate); and treatment escalation to a
second-line agent with a potential risk of serious adverse effects
(e.g. IFNβ to fingolimod or natalizumab). 

A lateral switch may be indicated for patients who have an
adequate treatment response but who have poor tolerability to a
particular medication; clinicians should determine if
symptomatic management of adverse effects is possible prior to
switching therapies. Responders to IFNβ who develop

persistently high NAbs could be switched to glatiramer acetate.
A lateral switch may also be necessary for non-clinical reasons
(e.g. change in insurance coverage).  

Treatment escalation to a potentially more potent medication
may be temporary or permanent. A temporary switch uses an
induction strategy to escalate therapy for a pre-determined
period to minimize long-term exposure to that drug. For
example, a clinician may decide to switch to natalizumab for a
set period (e.g. one to two years).

A permanent escalation to a second-line agent would be
indicated in patients with a suboptimal response to a first-line
therapy, or an aggressive course from disease onset. A change in
therapy may also be necessary according to patient preference
for a less frequent dosing schedule or for an oral therapy. 

The idea of treatment “optimization” is to offer patients the
best opportunity of finding a regimen capable of controlling their
active disease – both by deciding quickly which treatments are
producing suboptimal responses, and by moving to treatments
that might offer a better treatment outcome. Although obtaining
a disease activity-free (DAF) status is deemed truly “optimal”,
that may not be possible or feasible for the majority of patients,
as even in trials the majority of patients on treatment were not
DAF. A more realistic and attainable goal would be to strive for
DAF status by defining what is considered to be reasonable
disease control, which allows for what is considered to be low-
level disease activity that is not predictive of further suboptimal
response.  
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Figure 1: The Canadian treatment optimization model: assessing concern whether to modify a treatment regimen.
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Treatment options
Figure 2 depicts a suggested treatment approach based on

perceived disease severity, level of concern and response to
treatment. The choice of agent is determined by the benefit/risk
profile of a drug as assessed by the clinician in consultation with
the patient. The interferons and glatiramer acetate have overall
modest efficacy. While their long-term safety has not been
systematically assessed, there have been no major safety signals
to date to raise concerns. 

Oral drugs in development, such as teriflunomide,145 BG-
12,146 and laquinimod,147 appear to have treatment effects that
are at least comparable to the injectable DMTs. To date their use
has been limited to clinical trials and long-term safety data are
lacking, but they may be expected to become first-line choices. 

The second-line agents fingolimod and natalizumab appear to
be more efficacious and possible adverse effects are generally
manageable. Of concern, however, are PML associated with
natalizumab, and possible cardiovascular events with
fingolimod. The long-term safety and efficacy of these agents
have not been established. 

With respect to escalation from either IFNβ or glatiramer
acetate to natalizumab, retrospective and observational studies
have indicated that switching is associated with a significant
reduction in clinical and radiological activity.148-152 Testing for
JC virus antibody (Ab) status is recommended for all
natalizumab candidates prior to starting treatment. If Ab-
positive, the patient may decide to start natalizumab after being
fully informed of the PML risk, or may elect to start with another
second-line agent such as fingolimod. Another approach is to
start natalizumab for one to two years to reduce the PML risk
with the view either to subsequently de-escalate to a first-line

agent or switch to fingolimod, depending on the clinical picture.
Natalizumab is generally not recommended in patients who are
Ab-positive and have received prior immunosuppressants (e.g.
mitoxantrone, cyclophosphamide).153 A switch to another agent
is recommended in patients who develop persistent NAbs to
natalizumab.

A switch from an IFNβ to fingolimod has also been shown to
produce significant reductions in clinical and radiological
activity.154 There are no data comparing the relative advantage of
fingolimod versus natalizumab. The choice of the optimal agent
should be based on the known benefits and risks of each
treatment, and in accordance with patient preference.

There are insufficient data regarding the optimal washout
period when switching from one therapy to another. No washout
period is required when switching among injectable DMTs.
There are no data indicating whether a washout period is
required when switching from a first-line therapy to
natalizumab, or from natalizumab to a subsequent therapy. There
is a theoretical risk of PML associated with a shorter washout
period when switching to or from natalizumab, but there are no
data to support this. The risk of increased disease activity and
immune reconstitution inflammatory syndrome (IRIS) upon
natalizumab discontinuation155-158 need to be carefully
considered before switching therapies.

There are no data on the optimal washout period when
switching to or from fingolimod. As the use of a more potent
agent suggests more severe disease, the interval between
therapies will often be determined by the risk of clinical
deterioration during the off-treatment period in an individual
patient. 
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Figure 2: Treatment optimization in a patient with relapsing-remitting MS experiencing a suboptimal response to therapy.
*Future options may include teriflunomide, BG-12, laquinimod. IFN=interferon; GA=glatiramer acetate; NZ=natalizumab
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Treatment discontinuation
While disease-modifying therapy is recommended for all

relapsing MS patients, some may elect not to start treatment or
may discontinue therapy altogether. Regular monitoring of these
patients is recommended and the patient’s decision to receive no
treatment should be revisited if clinical worsening is detected.
There is some evidence to suggest that discontinuing IFNβ may
be associated with a return to pre-treatment levels of disease
activity.159

The effectiveness of DMTs in patients with high EDSS
progression has not been established, and clinicians and patients
may elect to discontinue treatment if no further benefit is
perceived.160,161 It may be prudent to discuss stopping treatment
with a patient with significant disease progression (EDSS >6)
who has not experienced a relapse in the preceding two years.
However, it should be noted that no clinical criteria have been
developed to identify candidates for treatment cessation and the
decision to stop therapy must be made on a case-by-case basis
and in accordance with the preferences of the patient. A three to
six month period off treatment (a “drug holiday”), with
subsequent re-evaluation both clinically and with MRI, may be
appropriate to aid in this decision.

Additional treatment strategies
There is limited clinical experience with combination

strategies in RRMS. Combining IFNβ with methotrexate,162 Iv
methylprednisolone,162-164 azathioprine165 or statins,166 or
glatiramer acetate with minocycline,167 has resulted in minimal
additional benefit. The CombiRx study found that there was no
benefit in combining IFNβ and glatiramer acetate.168 Using
natalizumab with another DMT is not recommended, although
phase II data suggest that combining it with glatiramer acetate
may be safe.169 There are preliminary data on the use of
rituximab as add-on therapy,170 but additional research on the
efficacy and safety of this approach is required. There is a phase
II study showing that teriflunomide and IFNβ produce additive
responses, especially on MRI,171 and a phase III study is
underway in patients on IFNβ who experience breakthrough
disease. There are no studies combining fingolimod with another
agent.

Patients who have failed to respond adequately to sequential
therapy with fingolimod and natalizumab may be considered for
mitoxantrone induction, bone-marrow transplantation or a
clinical trial with an experimental treatment, such as one of the
monoclonal antibodies (e.g. alemtuzumab,172 ocrelizumab173) in
development. A careful examination of the risks associated with
these treatment approaches is recommended.

TREATMENT OPTIMIZATION IN PEDIATRIC MS
The onset of multiple sclerosis during childhood or

adolescence is increasingly recognized in Canada and in other
countries.174-176 The current McDonald criteria now specifically
include the view that the revised criteria can be applied in the
context of pediatric MS.10 Over 95% of pediatric MS patients
present with a relapsing-remitting course.177 Progressive accrual
of disability in a child or adolescent should be considered as
exceptionally unlikely to be MS, and clinicians should explore
alternative diagnoses. 

Treatment strategies for pediatric-onset patients have largely
mirrored the current standards of care for adult-onset MS.
Corticosteroids are the mainstay of acute therapy for moderate to
severe attacks although there are no controlled trials in pediatric
subjects. The standard treatment is methylprednisolone 20-30
mg/kg (max. 1 g) per day Iv for three to five days. High-dose
oral prednisone in place of IvMP has been used with doses
ranging from 100 to 500 mg/day. Subsequent oral steroid taper
should be restricted to patients with insufficient resolution of
symptoms and kept as short as possible in order to avoid
potential side effects, e.g. prednisone 1 mg/kg as a single daily
dose for two days then reduce by 5 mg every two days. Plasma
exchange (PLEX) may be considered in patients with severe
symptoms not responding sufficiently to high-dose
corticosteroids, although clinical experience is limited. Current
practice usually consists of five to seven exchanges in total,
performed every other day with a 1:1 exchange. 

A DMT should be started once a diagnosis of MS has been
established irrespective of the age of the child.178 First-line
options are an IFNβ or glatiramer acetate.179-181 Although a
reduction in relapse rate has been described, the available
retrospective studies were not designed to evaluate efficacy.
Initiation of IFNβ may follow titration schedules used for adult
MS patients with the goal of escalation to the adult dose if
tolerated.177 Elevations in liver enzymes have been reported
more frequently in children aged < 10 years; monthly monitoring
is advised during the titration phase and every three to six
months thereafter. Glatiramer acetate may be started at the adult
dose of 20 mg/day.177,182

An inadequate treatment response is observed in many
children with MS. Therapeutic options include switching to
another first-line therapy (IFNβ or GA), or escalating to a
second-line agent.183,184 Safety considerations are paramount.

It should be noted that all DMTs administered to children
have been used off-label, with no clinical trials supporting their
efficacy, short- or long-term safety profile. Clinical trials in
pediatric MS are urgently needed.  Oral therapies are particularly
appealing to children and adolescents. Although oral therapies
have shown promising efficacy results in adult studies, it is a
priority to evaluate the safety and efficacy of such therapies in
the pediatric MS population. However, it is not possible to study
multiple new therapies in children due to the relatively small
population of children available for enrollment. The
International Pediatric MS Study Group (IPMSSG) has recently
convened to discuss how to overcome the challenges inherent to
clinical trials in rare pediatric disorders. Key to the design of
such trials will be adequate power, careful consideration of
placebo or comparator therapy arms, primary outcome metrics,
and secondary outcome evaluations that address physical and
cognitive function. Surveillance registries are also needed to
evaluate the impact of therapeutic interventions in pediatric-
onset MS.  

SUMMARY
This refined review helps to better define a scheme for

initiating therapy for RRMS and monitoring treatment response
in patients to ensure optimized treatment.  The approach helps to
decide what factors determine a suboptimal treatment response,
and offers a strategy for switching among treatments.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

318
https://doi.org/10.1017/S0317167100014244 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100014244


Unacceptable disease “breakthrough” is decided on the basis of
determining a “level of concern” rated from 0 to High, and
depicted for the three gauges of Relapses, Progression and MRI
(Figure 1). A suboptimal response that probably warrants a
change in management is represented by one High on any of the
gauges, Medium ratings on any two gauges, or Low ratings on
all three gauges. 

The focus on these three areas of Relapses, Progression and
MRI a decade ago has been paralleled by the more recent
development of the metric of disease activity-free (DAF) status
in clinical trials. Both the level of concern and DAF are
reflections of the efficacy that is now achievable with the broader
range of treatment choices available to the clinician, although it
remains to be determined if striving for DAF status is reasonable,
feasible, or will result in better long-term outcomes. It is also
unclear if the benefit/risk profile of newer, more potent agents
will be favourable over the lifetime course of MS. 

The revised CMSWG model and treatment approach
probably still need to be tested and validated. An important area
of research will be to determine the impact of different treatment
strategies on cognitive outcomes. Future recommendations may
include cognitive change as a fourth domain for determining the
appropriate level of concern for patients on treatment. It is also
hoped that ongoing and future therapeutic trials will provide
clinicians with more options in managing their patients with
primary- and secondary-progressive MS. 
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