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A B S T R A C T

Initiating disease modifying therapy in a patient with newly diagnosed relapsing multiple sclerosis currently
offers the best opportunity to influence their subsequent disease course. This article reviews personal factors,
disease presentation characteristics, and data on current disease modifying therapies from the perspective of
choosing initial treatment in this setting. Although metrics for prognostication at the individual level remain
unreliable, particularly for those with mild presentations, currently available data on the relative efficacy of
disease modifying therapies supports offering high efficacy therapy first line to most patients with newly diag-
nosed relapsing multiple sclerosis.
Multiple sclerosis (MS) is an inflammatory and degenerative disease
of the central nervous system. It is considered the most common non-
traumatic cause of neurologic disability in young and middle-aged
adults [1,2]. It has also become one of the more successful stories in
modern neurologic therapeutics, with the emergence of ten classes of
medication, encompassing more than twenty individual agents, currently
approved for treatment of relapsing forms of MS. Initiation of disease
modifying treatment (DMT) of relapsing multiple sclerosis has been
shown to modify the course of the disease, reducing the risk of disability
progression for both relapsing onset [2,3], and more recently, progres-
sive onset, multiple sclerosis [4,5]. While approved options for treating
progressive onset MS are currently limited to a single agent, the choices
are broader for the more common relapse onset presentations of MS.
From the perspective of the newly diagnosed patient, and even for
non-specialist treating clinicians, choosing among this multitude of op-
tions may appear overwhelming and complex [2]. This review will
discuss factors to consider in guiding patients to successful initiation of a
first disease modifying therapy, with the goal of optimizing their sub-
sequent clinical course.

Before discussing issues related to medication choices, it is important
to comment on the process by which both patient and clinician can
successfully implement an initial course of treatment. Current thera-
peutic principles emphasize shared decision making for medical de-
cisions, in which the patient's concerns and preferences are integrated
with the physician's evidence-based recommendations, to collaborate on
a treatment decision. Decisions should be patient centered and respon-
sive to individuals' needs and values [6]. The American Academy of
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g initial MS therapy; persona
Neurology practice guidelines for initiating disease modifying treatment
for multiple sclerosis recommend that the clinician counsel the patient
regarding treatment options, and respect and incorporate patient pref-
erences when initiating a DMT [7].

Factors Contributing to the Initial Choice of DMT for MS

It is possible to organize the considerations impacting the choice of a
specific DMT for MS into three overlapping domains; those related to
personal preferences and characteristics, those related to the presenting
features of the disease, and attributes of specific therapeutic agents.

Personal factors

Patient values and preferences are heterogeneous with respect to
concerns regarding potency, risks of adverse effects, impacts of different
treatments on the quality of their life, and costs [8,9]. The diagnosis of
MS presents a profound change to a previously healthy person. They now
have concerns about the future course of an individually unpredictable
illness, whether life and career goals must be altered, how a need for
continuing treatment will affect their daily life, and financial consider-
ations including the costs of the treatment and the potential financial
impact of the diagnosis on insurance access and perhaps employment,
now or in the future. They must now adapt to the identity of being a
person with a chronic illness, while they still seek to maintain the
normalcy of their life. How a person responds to the diagnosis, and need
for initiation of treatment, including their perceptions of risks and
peutics.
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benefits of medication, is shaped by the psychosocial context in which
they live, including their trust in physicians, general coping responses
and resilience to stress, support from family, friends, and faith organi-
zations, and inclination to pursue independent investigation and infor-
mation gathering [10]. Potential responses may range from denial of
illness and offered treatment, to aggressive pursuit of medical therapy as
a means of exerting control and providing hope for a better future course
and a way to maintain normalcy [11].

The author finds it useful following delivery of the diagnosis to ask
the patient what they know about MS, as a means of gathering insight
into their initial reactions and potential fears. It may be helpful to probe
for concerns regarding work or home life, and whether the patient has
social support to help them adjust, by introducing a discussion advising
initial discretion in disclosure of the diagnosis in work environments or
other settings where the information might have unintended
consequences.

Because making or confirming the diagnosis of MS is a stressful life
event, it is wise to allow the patient time to process the diagnosis, provide
an opportunity to discuss and affirm the emotions and fears that emerge,
address individualized concerns, and importantly, convey reassurance
that the availability of effective therapeutics offer hope in their potential
to permit continuation and fulfillment of life plans. Because reaction to
the imparting of the diagnosis may leave the individual less receptive to
processing information at that time, it is best to leave the detailed dis-
cussion of specific treatment options to a follow up visit a short time later
[7].

Education on the disease and treatment expectations and attributes
are critical to enabling shared decision making and treatment adherence
[12], and it is important to provide clear information on the disease,
prognosis, and the role of DMT in maintaining normal life activities, in
words easily understood by the patient. Education should begin when the
diagnosis is made, and initially address both expressed concerns and the
favorable changes in the natural history of MS when treated early with
effective DMTs. It may helpful to note that while individuals with
obvious impairments may come to the patient's mind, they are less likely
to know about people with invisible symptoms of MS, who may be pur-
suing similar life and career aspirations without disclosing their diag-
nosis. It is also important to guide the person with newly diagnosedMS to
reliable and unbiased sources of information, in anticipation of internet
searches and seeking of opinions from others who may provide medical
information based on limited knowledge and personal biases. Sources
such as multiple sclerosis societies offer information on websites, as well
as access to programs for newly diagnosed MS patients, which provide
both disease information and support services. These sources also pro-
vide commercially neutral sources of information on available medica-
tions. The complexity of the current treatment environment can be
overwhelming, yet research suggests that patients with MS desire more
information about the disease and its management than they receive
from their clinicians [6]. Individuals will vary in their weighting of risks
and benefits as they consider medication choices [8,11,12], and the
extent to which they prefer to engage in shared decision making [13].
The relative importance of perceived attributes of different medications
may vary between patients and clinicians [14]. Routes and frequency of
administration, impact of treatment on normalcy of daily life, infection
risks, monitoring requirements, and potential side effects will vary in
their impact on individual choices [8,9]. Age and gender may affect
therapeutic choices [15]. Diverse beliefs about the medical system, and
efficacy of treatment may reflect cultural and spiritual influences, and
trust in the healthcare system and a clinician's medication recommen-
dations [16,17].

An important consideration for women of childbearing age con-
fronting a new diagnosis of MS, relates to plans for a future pregnancy,
whether short term or at an undefined time in the future [8]. Counseling
regarding possibility of a future pregnancy should always be included in
the context of choosing an initial therapy. The newly diagnosed woman
with MS should be educated that the disease and its treatment are
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compatible with future pregnancy, that pregnancy does not adversely
affect the course of MS, and that when pregnancies are planned, out-
comes are similar to those of comparable women without MS [18].
Women are generally advised to initiate DMT to establish disease control
before pursuing pregnancy, and to use or continue effective contracep-
tion during that time period. Choices among initial disease modifying
treatments will be influenced by their strategies for management, once
pregnancy is to be pursued. Some agents will need to be discontinued
prior to pursuit of pregnancy while others are safe to continue until
pregnancy occurs. Some DMTs are compatible with post-partum nursing
while others will need to be avoided during that period (reviewed in
reference [18] and discussed below) Some highly effective therapies
prior to pregnancy, and exclusive breast feeding, may influence
post-partum relapse risk [19].

Finally, but importantly, it is an unfortunate reality that access to
specific medications may vary based on an individual's health insurance
coverage, or regulatory policies in some national health systems [20]. In
some health settings, out of pocket costs can be a significant concern for
patients with newly diagnosed MS and influence their treatment de-
cisions [8,9]. Out of pocket medication cost may be defrayed by phar-
maceutical support programs for some individuals, while others may be
ineligible for support based on the source of their health care insurance.
Formulary restrictions may limit access to preferred initial therapeutic
choices For medications which are not self-administered, out of pocket
cost for medication administration may be significant, even when the
medication itself is provided without cost. Fortunately, a number of
generic DMTs are now available at relatively low cost from large discount
pharmacies and may offer treatment options to people otherwise unable
to afford medication costs.

Disease factors

Prognostication for future disability in patients presenting with newly
diagnosed relapse onset MS remains challenging at the individual level
[21]. Prognostic factors have been described in natural history and
treatment cohorts, which are often used to inform DMT decision making
in patients with relapse onset MS, however, the quality of evidence for
published prognostic models is low [22].

Early natural history studies reported frequent relapses in the first
two years of onset, and shorter intervals between early relapses, to be
associated with shorter times to later disability [23–27]. A recent study
also found that increased relapses, even if mild and non -disabling, were
associated with increased risk of subsequent disability in untreated pa-
tients and those treated with lower efficacy DMTs [28].

More rapid accrual of disability as evidenced by presence of pyra-
midal signs, brainstem, cerebellar or cerebral deficits [23,25,27,29],
incomplete remission from relapses (23.24.27), multifocal attack and
symptom persistence [23,24,26,27,29–32], increased age at onset
greater than 35–45 [26,29], and cognitive impairment at onset [33],
have also been associated with increased risk of later disability impair-
ment. In an Italian cohort with pediatric onset MS, female sex and
multifocal onset were risk factors for a second attack, and age younger
than 15 and early DMT exposure decreased the risk of worsening
disability. In comparison to an isolated brainstem or supratentorial syn-
drome, isolated spinal cord presentation or optic neuritis, or multifocal
presentation was associated with a higher incidence of a first disability
worsening event [34].

Literature suggests increased risk for disability in people of African
ancestry [35–37], but reports are conflicting in Hispanic Americans [38,
39]. Disparities in neurologic health care likely play a role in these out-
comes [16,40,41].

Magnetic resonance imaging in patients presenting with a first clin-
ical demyelinating event often reveals evidence of more extensive disease
activity than apparent at clinical presentation. The extent of MRI
involvement may have a stronger association with later disability than
clinical features, particularly the presence of ten or more T2 lesions at
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presentation [42]. The presence of infratentorial brainstem and cere-
bellar lesions, and spinal cord lesions, have also been associated with
increased risk of later disability in patients presenting with initial CNS
demyelinating symptoms [43].

The classic fluid biomarker supporting the diagnosis of MS is the
presence of unique oligoclonal bands in the cerebrospinal fluid. In
addition to its value in supporting diagnosis, the presence of csf oligo-
clonal bands has also been associated with increased risk of later
disability, compared to individuals without them at presentation [42].

Neurofilament light chains (NFLC) are markers of axonal damage
which have been associated with both active inflammation, and risk of
disability, in people with MS. Elevation of serum NFLC have been found
in stored blood samples to precede initial symptoms of MS [44], and to
increase prior to disability progression in patients with early MS [45,46].
NFLC are particularly sensitive to inflammatory disease activity and may
have utility for monitoring efficacy of disease modifying therapy [47,48].
In patients with their first demyelinating event, high serum NFLC were
associated with long term disability worsening [49]. Interpretation of
NFLC results, however, may be confounded by similar elevations in
neurodegenerative diseases, traumatic brain injury and aging [50], dia-
betes, impaired renal function, and tobacco smoking [51].

Elevations of glial fibrillary acidic protein (GFAP) levels are measures
of astrocyte damage and possibly astrogliosis [52]. Increased GFAP levels
have been found to associate with subsequent disability in both relapsing
and progressive MS [53,54]. In contrast to NFLC, they are not thought
sensitive to acute inflammatory activity [53,55]. A recent study found
that elevated CSF, but not serum, GFAP levels obtained at onset of
treatment in a cohort of patients with relapse and progressive onset MS
was associated with increased risk for subsequent disability progression
[56], hence the optimal fluid for assessing GFAP levels may not yet be
certain.

Multicomponent serum assays for MS disease assessment are starting
to emerge. By measuring multiple proteins with associations to MS dis-
ease processes, these assays may provide increased prognostic utility over
single component metrics. One recent study demonstrated improved
performance of an MS disease activity test panel, compared to NFLC, for
prediction of new inflammatory disease activity, and may prove useful in
estimating risk of future activity for treatment selection and monitoring
[57]. Future panels might predict risk for disability progression to further
inform early treatment decisions.

Medication factors

Individual disease modifying medications for multiple sclerosis vary
in efficacy when assessed in short term clinical trial cohorts. Earlier
studies used comparisons to placebo in relapse onset MS, while more
recent trials have employed active therapies as comparators. Cohorts in
different trials perform differently, even when given similar therapeutic
agents, for a variety of reasons, including changes in trial populations and
MS diagnostic criteria, availability of established DMT options at the time
of the study, unassessed and unrandomized comorbidity factors, and trial
design differences [58]. To cite one recent example, the proportion of
patients with three month confirmed disability progression events for
teriflunomide 14 mg once daily in the original phase 3 randomized
controlled trial (RCT) was 20.2 %, and the annualized relapse rate (ARR)
was 0.37 [59], while for the same agent over a similar time period in the
recent ublituximab trials in which teriflunomide was an active compar-
ator, the three month confirmed disability progression rate was 5.9 %,
and the ARR was 0.18 and 0.19 [60]. Nonetheless, available DMTs can be
grouped into a hierarchy of therapeutic potency based on combined re-
sults of randomized trial and observational cohort studies [61]. Perhaps
the closest approximation to the clinical setting of initiating a first DMT
can be found in data from studies evaluating cohorts, or sub-cohorts, with
a first clinical demyelinating event and naïve to prior therapy.

At the individual level, unknown genetic or biologic disease factors
may affect individual response to a particular therapeutic class, and co-
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morbid conditions may affect the risk profile of particular agents.
Monitoring requirements and concerns about adherence may favor one
DMT choice over another for a particular individual. Even though general
themes are emerging, the choice of a specific initial agent remains a
decision best made in consideration of individual patient circumstances
and clinician judgment.

The following paragraphs highlight aspects of each of the current U.S.
FDA approved drug classes, from the perspective of their use as first line
treatment choices for patients with newly diagnosed relapsing multiple
sclerosis. At the time of this writing, only ocrelizumab is approved for
treatment of primary progressive multiple sclerosis. These descriptions
are not intended to be comprehensive presentations of the agents which
can be found in other sources [62].
Beta interferons

The approval of interferon beta-1b in 1993 marked the emergence of
the DMT era for people with multiple sclerosis. Multiple formulations of
interferon beta (IFNB) are currently available, all administered by in-
jection either subcutaneously or intramuscularly. In randomized trials of
patients presenting with their first clinical demyelinating event, the
proportions of individuals initially treated with formulations of inter-
feron beta who had a second clinical relapse at 2–3 years was 20.6 %–35
% [63–65]. In the interferon beta-1b study, 15 % of participants on active
treatment from the onset of the study had EDSS progression within three
years [66]. In a five-year extension study, the cumulative probability of a
relapse in patients taking interferon beta 1a three times weekly was 39.2
% [67].

IFNB agents require injection administration and may cause mild or
more serious injection site reactions. Initiation of treatment is usually
accompanied by transient flu-like symptoms of myalgias, arthralgias, low
grade fevers and fatigue. Patients should be monitored for hepatic
enzyme elevations, and leukopenia, lymphocytopenia thrombocytopenia
and thyroid dysfunction. The association of interferon therapy with
depression is controversial, but reversible mood changes with interferon
beta therapy may occur [68]. Interferon agents are now considered safe
for use in pregnant women [18]. They are not immue suppressive and
have not been associated with opportunistic infections such as progres-
sive multifocal leukoencephalopathy (PML). Interferon beta agents have
been in use for MS treatment for three decades without emergence of late
safety concerns, but have diminished efficacy compared to newer agents
as shown in direct clinical trial comparisons (see below).
Glatiramer acetate

Glatiramer acetate (GA) was the second class of agents approved for
treatment of multiple sclerosis. Administered by subcutaneous injection,
GA showed similar benefits to interferon beta in randomized controlled
trials, on relapse risk and time to first relapse [69,70], although the
interferon group in one of the studies had fewer newMRI lesions [69]. In
a study of patients with a first CNS demyelinating event, 24.75 % of
subjects given GA developed a second clinical relapse during up to 36
months of follow up [71]. In a 12 month study of patients administering
GA at 40 mg three times weekly, 23 % developed relapses [72].

Commonly reported side effects include injection site reactions and
sporadic transient post injection reactions with symptoms of dyspnea,
heat, tachycardia, chest discomfort and/or flushing, which are self-
limited [72]. Lipoatrophy, resulting in permanent cosmetic changes,
commonly occurs with prolonged use [73]. Anaphylactic reactions occur
rarely but may be severe. GA is not immune suppressive and has not been
associated with an increased risk of infections such as PML. Laboratory
monitoring is not required, and the agent is safe for use in pregnancy
[18]. Overall, GA offers a long-term safety record and limited monitoring
requirements, but lesser efficacy than newer therapies.
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Teriflunomide

Teriflunomide is an oral DMT, approved in 2012, which has been
shown to decrease relapse activity and reduce disability worsening in
relapsing MS. Over 108 weeks, annualized relapse rate (ARR) for the 14
mg oral daily dose was 0.37 with relative risk reduction of 31.5 % versus
placebo. The proportion of patients with 12 week confirmed disability
worsening was 20.2 % for this dose. [59]. As illustrated above, relapse
rates, and rates of disability worsening have been lower in more recent
studies in which teriflunomide was used as an active comparator,
although cohorts recruited in different treatment eras may be subject to
selection bias for individuals with less active disease. In a study of pa-
tients with a first demyelinating event, the cumulative rate of relapse at
108 weeks for teriflunomide 14 mg orally once daily was 24 % [74]. In a
small cohort of patients with radiologically isolated syndrome, teri-
flunomide was recently shown to reduce the risk of a clinical event
compared to placebo by 72% over a 3-year period [75].

Teriflunomide is generally well tolerated but requires initial monthly
hepatic enzyme monitoring for the first 6 months, commonly causes
transient hair thinning during the first 6 months, and can cause headache
and gastrointestinal side effects. Less commonly, it can cause hyperten-
sion and peripheral neuropathy with paresthesias. A major consideration
regarding its use as an initial therapy is its teratogenic potential, which
requires effective contraception in both women of childbearing potential
and men who have partners who may become pregnant. Additionally,
due to enterohepatic recirculation, it is eliminated very slowly and must
be extracted with cholestyramine in the event of a need to rapidly dis-
continue its use [76].

Teriflunomide offers once a day oral dosing and long-term safety and
tolerability [76,77]. It is considered a lower efficacy therapy and has
been used as a comparator agent in recent clinical trials (see below). It is
now available in the US as a generic formulation at greatly reduced cost
from discount pharmacies.

Fumarates

Dimethyl fumarate (DMF) is an oral DMT approved for relapsing MS
in 2013. Taken twice daily (bid), it showed benefit, compared to placebo,
in randomized clinical trials, in reducing relapse rate, proportion re-
lapsing and proportion with 3 month confirmed disability, over a two-
year period. Annualized relapse rate for the bid dose group was 0.17,
and proportion with confirmed progression of disability was 16 % [78].
In a second parallel study, ARR over 2 years was 0.22. In this study, a
reference arm compared GA to placebo and found a lower reduction of
ARR compared to placebo for DMF than for GA, however, the study was
not powered to compare the two active treatment arms [79]. In a post hoc
analysis, for individuals with newly diagnosed multiple sclerosis within
one year and naïve to DMT, ARR at 2 years was 0.17 and estimated
proportion with 12-week sustained disability progression was 0.07 for
the twice daily dosing group [80]. In a small cohort of people with
radiologically isolated syndrome, dimethyl fumarate reduced the risk of a
clinical demyelinating event over 96 weeks compared to placebo by 82%,
with three events in 44 patients [81]. In a 96-week randomized trial,
compared with IFNB-1a in pediatric onset MS, DMF was superior in
prevention of new/enlarging T2 lesions and in reducing ARR which was
0.24 in the DMF group [82].

Common side effects with DMF are flushing, and initial gastrointes-
tinal symptoms which tend to resolve with continued use, and lympho-
penia in about 10 % of patients. Serious infections are rare but can occur
irrespective of the leukocyte count [83]. Progressive multifocal leu-
koencephalopathy has been rarely reported in dimethyl fumarate treated
patients [84]. Formulations of monomethyl fumarate, the active metab-
olite of DMF, and diroximel, which is converted into monomethyl
fumarate, also taken twice daily are available and may be associated with
less initial gastrointestinal symptoms.

Advantages of this class of agents include a long-term and relatively
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benign safety profile, oral administration, short half-life allowing rapid
discontinuation, and moderate efficacy. Now that generic DMF is avail-
able, cost is low when purchased directly from discount pharmacies.
Disadvantages include less potency when compared to newer agents, and
the need for twice daily dosing. Fumarates are generally categorized as
moderate efficacy agents and have been compared indirectly to higher
efficacy DMTs in recent observational studies assessing comparative
outcomes of initial treatment strategies (see below).

Sphingosine 1 phosphate modulators

Fingolimod, the initial drug in this class, was the first oral agent
approved for treatment of relapsing multiple sclerosis in 2010. Ran-
domized clinical trials in relapsing MS patients showed reductions in
annualized relapse rate (0.18 vs 0.40) and probability of disability pro-
gression confirmed at three months (17.7 % vs 24.1 %) for the 0.5 mg
approved dose compared to placebo [85]. In addition to reduction of new
inflammatory lesions on MRI, fingolimod also was effective in decreasing
the rate of brain volume loss [85]. In a study comparing fingolimod to
once weekly interferon beta-1a, fingolimod was more effective in
reducing annualized relapse rate over 12 months which was 0.16 for
fingolimod 0.5 mg compared to 0.33 for interferon beta-1a [86]. In a
study of pediatric patients with relapsing MS, fingolimod was superior to
weekly intramuscular interferon in reducing relapse rate. In a study
comparing fingolimod to GA, fingolimod 0.5 mg daily was more effective
in reducing annualized relapse rate which was 0.15 compared to 0.26 for
GA over 12 months [87].

Fingolimod is believed to work as an anti-migratory agent by
restricting access of lymphocytes activated in lymph nodes to the circu-
lation through binding and internalization of the S1P-1 receptor, thereby
preventing their access to the CNS [88,89]. Pre-clinical data supports an
effect on glial cells which express S1P-5 receptors, although this has not
been shown in humans [90]. A study of fingolimod in primary progres-
sive multiple sclerosis failed to show benefit over placebo in preventing
disability progression [91].

Fingolimod is contraindicated when pursuing pregnancy. [18].
Rebound relapses can occur following discontinuation and may be more
likely in younger patients with lower lymphocyte counts and longer
exposure to the medication [92,93]. Risks of infection are increased in
people taking this medication [94,95], with some potential for serious
infections, notably including PML [96], and cryptococcal infections [97].
Response to vaccines is diminished but not eliminated, and live vaccines
are contraindicated, when taking this medication and until repletion of
lymphocytes following discontinuation [98].

Because the S1P receptor is widely expressed among its five subtypes,
off target effects occur with fingolimod. Transient first dose effects on the
cardiovascular system, including hypotension, bradycardia, transient
conduction block and arrhythmias, require first dose monitoring. Rarely
the agent can cause macular edema, and pretreatment screening, and
post treatment ophthalmologic evaluation are required. The risk of
macular edema is increased in people with diabetes and patients with a
history of uveitis, requiring regular ophthalmologic monitoring [99]. An
increased risk of cutaneous malignancies is also associated with fingoli-
mod, and regular dermatologic screening is recommended. Additional
adverse effects include hepatotoxicity and hypertension [89,100].

Additional agents in this class have been developed with more se-
lective targeting of sphingosine receptor subtypes and have employed
initial titration regimens to eliminate the need for first dose observations
in patients without cardiovascular disease. Risks of macular edema are
reduced but not eliminated with these agents. Other adverse effects
overlap with fingolimod, with some additional considerations noted
below.

Siponimod and ozanimod selectively target S1P-1 and S1P-5 re-
ceptors. Siponimod was evaluated in patients with secondary progressive
MS. Compared to placebo, Siponimod reduced the risk of confirmed 3-
month disability progression by 21 %, the primary outcome, and 6
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month confirmed disability progression by 26 % [101]. In an open label
extension, six month confirmed disability progression risk was reduced
by 22 % in continuously treated patients, compared to those initially
randomized to placebo, and risk reduction was greater in those with
relapses or MRI activity prior to entry into the study [102]. A reduction of
23 % was found on the risk of worsening cognitive processing speed for
the continuously treated group [102]. Siponimod requires CYP2C9
genotyping prior to dosing and is contraindicated in those homozygous
for the type 3 genotype. Reduced dosing is required for individuals het-
erozygous for this genotype. Other medications inducing or inhibiting
this enzyme can result in drug interactions, including modafinil, which is
not recommended for concomitant use. Siponimod has a short half-life of
approximately 30 hours and is rapidly eliminated following discontinu-
ation. It is indicated for relapsing MS and active forms of secondary
progressive MS [100].

Ozanimod was compared to weekly IFNB-1a in relapsing MS and
proved superior in reducing relapse rates and new inflammatory MRI
lesions in two clinical trials. Annualized relapse rates for ozanimod 1.0
mg orally once daily were 0.17, compared to 0.28 for interferon beta over
24 months [103], and 0.18 for ozanimod 1.0 mg versus 0.35 for inter-
feron beta over 12 months [104]. No difference in disability progression
was found in these studies. In an extension study, 12 % had a serious
treatment emergent adverse event (TEAE), 2.8 % had serious infections
and 2.8 % had cardiac events. Over 48 months, 71 % remained relapse
free and frequency of new MRI lesions remained low [105]. Although
ozanimod has a short half-life, it has a longer acting active metabolite
with a half-life of 10 days. Concomitant use of opioids, selective sero-
tonin reuptake inhibitors, selective norepinephrine reuptake inhibitors,
and tricyclic agents are not recommended, although a post hoc analysis of
the DAYBREAK extension study did not find an increased number of
serotonin syndrome related adverse events [105].

Ponesimod selectively targets S1P-1 and was superior to teri-
flunomide 14 mg daily in reducing relapses and inflammatory MRI ac-
tivity, but not risk of disability progression, over 108 weeks. Annualized
relapse rates for ponesimod 20 mg daily were 0.202 compared to 0.290
for teriflunomide [106]. Ponesimod has a short half-life and is eliminated
within two weeks [100].

Fingolimod is variably considered to be either moderate or high ef-
ficacy by different authors [61]. It offers advantages of once daily oral
dosing but requires significant safety monitoring and has potential risk
for serious infections. When discontinued, it can be associated with
rebound relapse activity, which can be an issue when discontinuation
may be anticipated for future pregnancy. Newer agents in this class target
fewer receptor subtypes and may have less off-target side effects offering
advantages over fingolimod. They do not require first dose monitoring
due to titration schedules, and those with shorter half-lives do not appear
to be associated with rebound on discontinuation. This class of agents
offers an oral therapy with relatively high efficacy, but may not offer
advantages compared to some alternate high efficacy DMTs with less
extensive adverse effect profiles and equivalent or superior efficacy.
Comorbid conditions may impact suitability of S1P agents for use in
particular individuals, and potential interactions with commonly used
medications in MS patients occur with some agents in this class. Fingo-
limod is now available as a generic medication in the US.

Cladribine

Cladribine is an oral cytolytic agent, which is metabolized and
taken up by lymphocytes resulting in selective accumulation of 2-
chlorodeoxyadenosine-5' -diphosphate (2-CdATP) due to lack of 50

nucleotidases in these cells. Incorporation of 2-CdATP into cellular
DNA interferes with DNA synthesis and repair leading to cell death
[107]. Cladribine is taken orally in two courses a month apart dosed
according to weight. After 48 weeks, the dosing cycle is repeated. In a
randomized clinical trial, cladribine reduced annualized relapse rates
to 0.14 for the approved 3.5 mg/kg dose arm compared to 0.33 in
5

placebo treated individuals, reduced new MRI lesion activity, and
reduced risk of three month confirmed disability progression by 33 %
[108]. In an extension trial in participants who were given no addi-
tional active therapy, 75 % remained relapse free over 2 years [109]. A
separate study in patients with a first clinical demyelinating event was
terminated by the sponsor before completion, however, it did show a
reduction in the number of individuals with subsequent relapse of 13
% in the 3.5 mg/kg treatment group compared to 34 % in the placebo
group [110]. In a retrospective observational study of a prospective
cohort, cladribine treatment was associated with a lower annualized
relapse rate than fingolimod, but a higher rate than natalizumab,
alemtuzumab, or ocrelizumab. Risk of disability worsening for cla-
dribine did not differ from fingolimod or alemtuzumab but was higher
than natalizumab and ocrelizumab [111].

Potential adverse effects of cladribine include immune suppression,
infections, hepatotoxicity, persistent lymphopenia and teratogenicity.
Transfusion associated graft versus host disease has rarely been observed
in MS patients who have been treated with cladribine and it is recom-
mended that only irradiated blood be administered to individuals who
have been treated with this agent. Cladribine carries a black box warning
for malignancy and teratogenicity, and the US FDA considers it generally
recommended for patients who have had an inadequate response to, or
are unable to tolerate, an alternate drug indicated for the treatment of
MS. It is not recommended for use in clinically isolated syndrome
because of its safety profile [112].

Natalizumab

Natalizumab was the first monoclonal antibody approved for treat-
ment of multiple sclerosis. Compared to placebo, it was effective in
reducing relapses by 68 %, new T2 activity on MRI by 83 %, and the risk
of disability worsening by 42 % over two years [113]. Initially given
intravenously every four weeks, a recent study found extended interval
dosing at 6 weeks similarly effective in most patients [114]. Natalizumab
is an anti-migratory agent which targets alpha 4-beta1- integrin
expressed by activated lymphocytes to bind vascular cell adhesion mol-
ecules at the endothelial cell membrane, allowing them to adhere and
then migrate into the CNS. CSF studies in patients taking natalizumab
show diminished numbers of T and B lymphocytes [115]. The major
adverse effect of this strategy is a risk of CNS infections, particularly PML.
The risk of PML is increased in patients taking natalizumab who were
previously treated with immune suppressive therapies, or after longer
durations of treatment [116]. A reliable biomarker for PML risk in pa-
tients treated with natalizumab, the anti JCV antibody index, is now
available and can be used to predict risk of PML at the individual level in
patients not previously treated with immune suppressive therapy [117,
118]. Individuals seronegative for this antibody have extremely low risk
of PML, however, seroconversion occurs, and the antibody must be
re-tested at least every 6 months during therapy. Periodic brain MRI is
also recommended in patients taking natalizumab as discovery of PML
prior to symptom onset is associated with improved prognosis [119].
Other side effects include infusion reactions which may be related to
anti-natalizumab antibodies, and rare hepatotoxicity [115]. Cases of
other CNS infections have been reported in patients taking natalizumab.

Natalizumab effects on peripheral immune cells reverse within 16
weeks following discontinuation [120]. Discontinuation of natalizumab
is associated with potential rebound attacks which can be severe and
prevention requires overlap of an alternate DMT with a rapid onset of
action [121].

Natalizumab is not approved for use in pregnancy, although some
studies suggest it may be safe during the first and second trimesters. Later
in the pregnancy, natalizumab administration may be associated with
anemia and thrombocytopenia in the neonate. Use while nursing is not
approved, but literature suggests that infant exposure through nursing is
low, due to limited transmission to breast milk and breakup of any
ingested antibody in the stomach [122].
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Natalizumab offers a highly effective therapy for relapse suppression
and reduction of future disability risk, with a reasonable safety profile in
anti JCV antibody seronegative individuals. Natalizumab has high
monitoring requirements and requires relatively frequent infusion
dosing. Anti -JCV antibody status must be monitored because serocon-
version occurs and may advise discontinuation of the drug. Because of
potential rebound disease activity, gaps in therapy and discontinuation
may put patients at risk, unless an alternate DMT with a rapid onset of
action is started to provide overlapping protection. In contrast to cyto-
lytic agents, natalizumab is not a systemic immune suppressant, and
immune response to systemic infections and vaccines are not impaired.
Alemtuzumab

Alemtuzumab is a potent monoclonal antibody targeting CD52 which
is present on both T and B lymphocytes. Although the U.S. FDA does not
recommend it for CIS and considers it generally indicated in individuals
who have failed to respond to other therapies, it has been used as first
line therapy in the United Kingdom. One of the pivotal phase 3 trials for
alemtuzumab enrolled patients with active MS, naïve to prior treatment,
and within five years of onset (CARE-MS-1). This study used interferon
beta-1a as an active comparator, and hence, represents the first ran-
domized controlled study comparing a high efficacy therapy to a lower
efficacy agent as first line treatment. Administered by infusion in two
annual cycles, alemtuzumab results in rapid lysis of blood lymphocytes,
associated with significant infusion reactions requiring pre-infusion
prophylaxis. In CARE-MS-1, alemtuzumab was found superior to inter-
feron beta-1a three times weekly in reducing relapse rate by 55 % over 2
years, with 78% of patients relapse free [123]. In an extension study over
5 years which allowed retreatment for emergent disease activity, 68.5 %
received no additional therapy. At five years, 60 % had stable disability
scores, 18 % were worse, and 22 % were improved compared to baseline
[124]. In an open label follow on study entered by 68 % of the original
participants, of those receiving alemtuzumab in the randomized study,
65 % were free of 6 month confirmed disability progression, and 42 %
showed 6 month confirmed disability improvement, over a period of up
to 13 years following initial treatment, which did not differ significantly
from those assigned to IFNB during the RCT and switched to alemtuzu-
mab on entry into the follow on study. The ARR for years 3-13 was 0.14
in both groups. Freedom from MRI activity during years 3–11 was
observed for 28 % of those originally randomized to alemtuzumab [125].

Alemtuzumab has a significant adverse event profile. Severe infusion
reactions can occur, and treatment requires prophylaxis with steroids and
antihistamines prior to infusion. Secondary autoimmune diseases appear in
more than 40 % of patients, most commonly Grave's disease, but also im-
mune thrombocytopenia, andglomerulonephropathydue to anti-glomerular
basement membrane antibodies. Infectious complications include herpes
simplex infections during the initial months following infusion for which
prophylaxis is recommended [126], and listeria infections for which dietary
restrictions have been recommended for patients taking this medication
[127]. Additional reported adverse effects include hemolytic anemia, rare
cases of cerebral artery dissection and stroke in the peri-infusion period,
thrombotic microangiopathy, acute coronary syndrome, acalculous chole-
cystitis, and a case of PML [128]. The US FDA lists warnings for secondary
autoimmune conditions, serious and life-threatening infections, stroke, and
possible increased risk of malignancies, as black box risks [129]. A risk
management program requires monthly blood and urine screening for four
years following the last dose of alemtuzumab.

Alemtuzumab is a highly potent DMT with prolonged suppression of
inflammatory MS activity in many patients, however, breakthrough
disease occurs in a substantial number of individuals following initial
therapy, requiring either retreatment with the agent or an alternate DMT,
and serious adverse effects may occur with its’ use. Intensive monitoring
is required for years following the last administration of the agent, which
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can be difficult to implement when patients move or otherwise lose
contact with the administering center. The emergence of newer treat-
ments has provided safer and more easily monitored alternatives for high
efficacy therapeutic strategies.
B-cell depleting therapies

B cell depleting agents for MS act on lymphocytes in blood, pre-
dominantly B lineage cells, which carry the CD20 epitope. These
monoclonal antibodies bind the cell and induce destruction through
antibody mediated cytotoxicity, or complement dependent cytotoxicity,
inducing a selective immune suppression. Re-emergence of lymphocytes
into the blood requires periodic re-infusion or injection to maintain
benefit [130]. Analysis of pathological material has shown follicle-like
aggregates in the meninges of people with secondary progressive MS,
associated with underlying cortical pathology, implicating B- lympho-
cytes in mechanisms of progressive worsening in the disease [131].

Ocrelizumab was the first of these agents to be approved for use in
MS. Administered intravenously at six-month intervals in two parallel
clinical trials, ocrelizumab was 46/47 % more effective than interferon
beta-1a subcutaneously three times weekly, in reducing relapses (ARR
0.16 vs 0.29), and in a pooled analysis, 40 % more effective in reducing
confirmed disability worsening at 24 weeks (6.9 % vs 10.5 %) in people
with relapsing MS [132]. A separate study in patients with progressive
onset MS showed a 24 % reduction in risk of disability progression at 12
weeks (32.9 % vs 39.3 %) and 25 % reduction at 24 weeks (29.6 % vs
35.7 %) compared to placebo [133]. Benefits in both populations have
been maintained in extension studies in which patients receiving ocre-
lizumab in the randomized portion of the trials have done better than the
comparator groups switching to ocrelizumab treatment for the extension
[134,135]. In a subgroup of participants receiving ocrelizumab as their
first therapy for relapsing MS, 48 % had no evidence of disease activity
clinically or by MRI, and 79 % had no evidence of 24 week disability
progression over nine years of follow up [136].

As this is being written, a subcutaneous formulation of ocrelizumab
has been approved by the U.S. FDA for use in patients with either relapse
onset or progressive onset MS. This formulation is also dosed every six
months and should be prepared by a health care professional and then
injected over 10 min immediately following preparation [137]. In a
phase 3 randomized, open-label, controlled, study, 920 mg subcutaneous
administered ocrelizumab demonstrated non-inferiority compared to
intravenous 600mg ocrelizumab on clinical relapse and newMRI activity
outcomes [138]. The most common adverse events with subcutaneous
ocrelizumab were injection reactions with 47 % experiencing local in-
jection site reactions and 11 % systemic reactions with the first dose.
Most occurred within 24 h and all were mild or moderate in severity.
Treatment was required in 26 % and median duration was three to three
and a half days. Subsequent doses were associated with injection site
reactions in 31–43 % and systemic reactions in 3–7 % over the second
through fourth injections [137].

Ofatumumab is a more humanized anti-CD20 monoclonal antibody,
given by self-administered subcutaneous injection every 28 days. In a
phase 3 randomized clinical trial, it reduced annualized relapse rates by
50 % (0.11 vs 0.22, and 0.12 vs 0.25) compared to teriflunomide 14 mg
daily. Ofatumumab reduced the risk of 3- and 6-month disability wors-
ening by 34 % (10.9% vs 15% ) and 32 % (8.1% vs 12%) respectively
[139]. In an open label extension study, recently diagnosed, treatment
naïve, individuals receiving ofatumumab beginning with assignment in
the randomized study, had annualized relapse rates of 0.1-0.01 over five
years [140].

Ublituximab, is glyco-engineered to decrease fucose content and in-
crease FC¥RIIIa receptor binding and activation of natural killer cells. In
paired phase 3 trials in relapsing MS, ublituximab reduced adjusted
annualized relapse rates over 96 weeks by 59 % (0.08 vs 0.19) and 49 %
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(0.09 vs 0.18) compared to teriflunomide 14 mg daily, with parallel
benefits on new MRI activity, but was not more effective in reducing the
risk of disability worsening which was low in both groups (5.2 % vs 5.9
%) [60]. In a subset of treatment naïve participants within three years of
their first symptoms of MS, improvements in expanded disability status
score and multiple sclerosis functional composite score from baseline
were greater in those receiving ublituximab, compared to those starting
treatment with teriflunomide [141].

Rituximab, which is considered to work in a similar fashion to ocre-
lizumab, is used in many parts of the world, and in some US centers,
although not approved by the US FDA for use in MS. A recent observa-
tional study compared rituximab 500 mg every six months to other DMTs
on clinical disability progression, MS related quality of life, and clinical
relapses and new MRI activity. Results showed benefits for rituximab
over injectable and oral comparators, but not over natalizumab, for
outcomes other than clinical disability worsening, which was low [142].
Another study showed superior clinical efficacy for rituximab over
injectable DMTs and dimethyl fumarate as initial therapy for relapsing
MS [143]. A recent observational cohort study failed to show
non-inferiority of rituximab compared to ocrelizumab for relapse pre-
vention, however, no difference in disability worsening was seen be-
tween the arms [144].

The most common side effects of the b cell depleting agents are
infusion reactions for the intravenous formulations, and cutaneous re-
actions for the subcutaneous administered agents. Infection risk is
increased, particularly for respiratory tract infections. Most, but not all,
infections are mild, and rates are similar to those in active control agents
[134]. Lower respiratory tract infections and other more serious in-
fections may occur in some individuals. Latent Hepatitis B infection may
reactivate in patients on b-cell depletion therapies and screening is
required prior to use. Serious opportunistic infections such as PML have
been rare. Most PML cases have occurred in patients transitioning from
natalizumab or fingolimod to ocrelizumab, and still in the risk window
for the prior drug [145]. Long term use of ocrelizumab and rituximab
have been associated with the emergence of hypogammaglobulinemia,
which if severe, can further increase risk of infection [146]. Recently,
cases of immune mediated colitis have been described in patients taking
ocrelizumab [147].

B cell depleting agents attenuate response to vaccines, however, a
response is preserved from persisting T lymphocytes. Live virus immu-
nizations cannot be given to patients taking these medications [148]. A
concern for potential increased risk of malignancies, particularly breast
cancer, emerged in the initial clinical trials. Longer term follow-up of the
cohorts has suggested that this risk is not different from the background
population risk [149], although the U.S.FDA has not removed the caution
regarding possible increased risk of malignancy at this time.

Although not approved by the FDA for use in women pursuing
pregnancy or nursing infants, the intravenous formulation of ocrelizu-
mab offers prolonged biologic effects beyond its pharmacologic clear-
ance, which can accommodate planned pregnancy timing [18].
Discontinuation of ocrelizumab is not associated with rebound MS ac-
tivity. Ocrelizumab and rituximab have been shown to have little pene-
tration into breast milk, and small risk of impact on nursing infants,
potentially allowing resumption of treatment two weeks following
completion of the pregnancy [150].

The B cell depleting agents offer high efficacy treatment options with
reasonable risk profiles and monitoring schedules, compared to other
highly effective DMTs, for patients with relapse onset MS. The adminis-
tration schedule and prolonged efficacy of the intravenous formulations
are compatible with planned pregnancies, an important consideration for
many women at the common ages of onset for relapsing MS. Because
meningeal lymphocyte aggregates are a feature of progressive MS, these
therapies may impact pathogenic mechanisms of progression indepen-
dent of relapses. Benefits of ocrelizumab for progressive onset MS are
modest but, at this time, represent the only DMT with demonstrated
benefit on disability worsening in an RCT approved for use in patients
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with this presentation.

Therapeutic strategies for initial MS DMT

Therapeutic strategies for initial MS treatment include escalation, or
initial high efficacy therapy. Escalation strategies initiate a moderately
potent agent with a modest side effect profile based on the premise that
some individuals will respond well to the first therapy, as seen in earlier
treatment eras when more limited options were available, and that the
risk of serious and/or long term side effects will be less [2]. In addition to
safety monitoring, the strategy requires monitoring for efficacy by clin-
ical andMRI imaging. Ideally a target for efficacy is set and if the patient's
disease activity exceeds the target, treatment is switched to a higher ef-
ficacy agent. As more effective DMTs have emerged, the target has
shifted towards minimal or no evident disease activity (MEDA/NEDA)
consisting of the absence of clinical relapses, minimal or no new lesions
on MRI, and no changes in disability based on examination and func-
tional performance measures [61,151]. The strategy requires that both
patient and clinician are attuned to potential symptoms of disease ac-
tivity and the need for timely evaluation to confirm emergent clinical
symptoms represent instances of true breakthrough on current therapy
and not pseudo-relapses. An important limitation to this strategy in the
current era is the inability to predict MS disease course at the individual
level and the possibility that a breakthrough relapse will result in residual
impairment [151].

Initial treatment with high potency therapy offers the opportunity to
maximize suppression of MS related inflammation as early in the course
of disease as possible, when the impact of relapse reduction has been
shown to offer the most benefit on disability progression [151–153], in a
population less likely to have co-morbidities increasing the risk of ther-
apy, and having the potential for initial high efficacy therapy to confer
lasting benefits on mechanisms of subsequent disability progression. A
consideration with this strategy is the potential risk for serious adverse
effects and limited data on long term safety of high efficacy therapies
which must be weighed against the reduced risk of disability progression
for the specific agents of interest [61].

Some observational data has emerged comparing disability outcomes
between patient cohorts initiated on high efficacy therapies to groups
initiating moderate efficacy agents. A study using the MSBase and
Swedish MS registries, compared individuals starting high efficacy
infusion therapies within two years of disease onset to those starting
these therapies later, on subsequent disability at 6–10 years, using pro-
pensity score matching. The authors report a benefit on subsequent
disability favoring the early high efficacy treatment group persisting each
year through the tenth year of treatment [154]. In a propensity matched
cohort from a Danish registry, initial high efficacy therapy which
included fingolimod, was associated with 47 % reduced rate of disability
worsening, and a 50 % reduced rate of first on treatment relapse,
compared to the moderate efficacy initial treatment over 4 years of
follow up [155]. In a propensity matched cohort of 1825 Finnish patients,
initial treatment with high efficacy infusion therapy, compared to mod-
erate efficacy agents, reduced the risk of disability progression confirmed
at 6 months by 40 %, and first on treatment relapse by 30 % over 5 years
of follow up [156]. An observational cohort study found a lower risk of
conversion to secondary progressive MS in patients initially treated with
fingolimod, natalizumab or alemtuzumab, compared to those starting
treatment with interferon beta or glatiramer acetate, with a hazard ratio
of 0.66 at 5 years [157]. In open label extension studies of patients
receiving ocrelizumab for relapsing MS, 76.6 % were free of 48 week
confirmed disability progression after 10 years of follow up. The risk was
lower in those starting ocrelizumab compared to those switching to
ocrelizumab for the open label extension (HR ¼ 0.77) [149].

Two currently ongoing randomized controlled studies are addressing
the question of whether high efficacy initial therapy is more effective in
all patients, regardless of presenting risk factors; Traditional versus early
aggressive therapy for multiple sclerosis trial- TREAT-MS, NCT
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03500328; and Determining the effectiveness of early intensive versus
escalation approaches for RRMS, DELIVER MS NCT 03535298. The
TREAT-MS study is stratifying enrollment by baseline risk factors. Until
data from these ongoing studies is available, and validated biomarkers to
inform individual level prognostication emerge, available data from
direct treatment comparisons, and consistent findings in observational
cohorts discussed above, support initiation with a higher efficacy therapy
in most patients with newly diagnosed relapsing multiple sclerosis and
should be considered and offered in the absence of contraindications.

Selecting a first DMT for the individual; the Author's approach

The author prefers to defer discussion of initial treatment choices to a
separate visit shortly following the initial evaluation and delivery of the
diagnosis of MS. At the time of the initial visit, education on the disease
and benefits of DMT is introduced, and screening laboratory studies for
potential treatment options are obtained. Prior to the second visit, a short
list of three or four agents are selected for presentation based on co-
morbidities, potential pregnancy considerations, patient expressed pref-
erences, any known access limitations and results of the screening labs.
Typically, choices will include both high efficacy and at least one mod-
erate efficacy agent.

Most patients will not be interested in agents requiring frequent in-
jections, except for those individuals who are so risk averse, that they will
prefer glatiramer acetate. However, as this is being written, the U.S.FDA
has issued a black box safety warning regarding rare cases of serious
anaphylactic reactions in patients using GA, even after prolonged expo-
sure [158], which will now need to be discussed when presenting this
option.

I do not use teriflunomide in women of childbearing age or their
partners, due to its potential teratogenicity, however, it is a reasonable
option for patients with later onset mild MS who favor a low-risk option.

I do not offer S1P modulators to patients with comorbid cardiovas-
cular disease, uveitis, or diabetes mellitus, but will consider more se-
lective options in this class for someone who wants a once daily oral
agent. In women of childbearing age, I would consider siponimod or
ponesimod because of their shorter half-lives. Ozanimod is an attractive
option for a patient with both MS and inflammatory bowel disease as it is
approved for ulcerative colitis and has shown benefit in studies of Crohn's
disease.

I offer a B-cell depleting agent to any patient without a contraindi-
cation, although I prefer other options if screening labs show baseline
hypogammaglobulinemia or Hepatitis B virus infection. In patients with
latent Hepatitis C virus infection, treatment of the hepatitis can be
accomplished in a few months allowing a strategy of initiating a short
term bridging agent with a planned switch to a B-cell depletion therapy
following successful clearance of the HCV.

I will offer natalizumab as an alternate high efficacy therapy in pa-
tients who have a negative anti-JCV antibody index, and somemay prefer
this option over a broader, albeit selective, immune suppressive therapy.

I do not consider alemtuzumab for first line treatment of MS, even in
patients with active presentations, preferring natalizumab or a B-cell
depleting agent in that setting. I also generally avoid cladribine as first
line therapy, unless other high efficacy treatment options are limited by
individual factors, although it can be considered in settings where
frequent therapeutic monitoring is challenging.

I initiate the treatment discussion by presenting goals and expecta-
tions for DMTs and explain and review comparative data on escalation
and high efficacy initial therapeutic strategies, noting that these repre-
sent group comparisons and that individuals may differ in their response
to any specific agent. I present the selected options in each category
reviewing their efficacy, monitoring requirements, and potential adverse
effects. After addressing questions, I present my recommendation to the
patient, usually a high efficacy therapy. I provide time for them to
consider the options and do their research if desired, directing them to
sources such as the website for the National Multiple Sclerosis Society for
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commercially neutral information. We agree to talk again within a week
to initiate treatment.

Concluding Comments

Early initiation of effective disease modifying therapy in a patient
with new onset relapsing multiple sclerosis currently offers the best op-
portunity to influence the subsequent disease course. The implementa-
tion of initial treatment takes place during a period of disruption in the
patient's life, with personal factors impacting their perceptions, and
influencing decisions regarding treatment for the disease. It is important
to provide education and a reference point for reliable information on the
disease, its prognosis, and particularly on the impact of current DMTs on
the natural history of the disease. While disease factors have been
identified, which are associated with increased risk of clinical worsening,
the prognosis for individuals with mild presentations is presently difficult
to assess accurately. Randomized studies are underway to evaluate the
relative benefits of high vs moderate efficacy initial therapy for MS,
however long term follow up will be needed to adequately inform sus-
tained benefits and any long term emergent risks. At the present time,
comparative trial data and observational data support offering high ef-
ficacy therapy to most patients with newly diagnosed relapsing MS, in the
absence of contraindications.

Author contributions

Author is 100% responsible for contents.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Reich DS, Lucchinetti CF, Calabresi PA. Multiple sclerosis. N Engl J Med 2018;
378:169–80.

[2] Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple sclerosis.
Lancet Neurol 2018;391:1622–36.

[3] Kalincik T, Diouf I, Sharmin S, Malpas C, Spelman T, Horakova D, et al. Effect of
disease-modifying therapy on disability in multiple sclerosis over 15 years.
Neurology 2021;96:e787–97.

[4] Montalban X, Hauser SL, Kappos L, Arnold DL, Bar-Or A, Comi G, et al.
Ocrelizuamb versus placebo in primary progressive multiple sclerosis. N Engl J
Med 2017;376:209–20.

[5] Wolinski JS, Arnold DL, Brachet B, Hartung H-P, Montalban X, Naismith RT, et al.
Long term follow-up from the ORATORIO trial of ocrelizumab for primary
progressive multiple sclerosis:a post hoc analysis form the on-going open-label
extension of the randomized, placebo- controlled, phase 3 trial. Lancet Neurol
2020;19:998–1009.

[6] Colligan E, Metzler A, Tiryaki E. Shared decision-making in multiple sclerosis.
Mult Scler J 2017;23:185–90.

[7] Rae-Grant A, Day GS, Marrie RA, Rabinstein A, Cree BAC, Gonseth GS, et al.
Practice guideline recommendations summary: disease-modifying therapies for
adults with multiple sclerosis. Neurology 2018;90:777–88.

[8] Tatlock S, Sully K, Batish A, Finbow C, Neill W, Lines C, et al. Individual
differences in the patient experience of relapsing multiple sclerosis (RMS): a
multi-country qualitative exploration of drivers of treatment preferences among
people living with rms. The Patient-Patient-centered outcomes res 2023;16:
345–57.

[9] Frost N, Freeman J, Brixner D, Mort J, Clem J, Ngorsuraches S. Patients'
preferences and willingness to pay for disease modifying therapies. Mult Scler Rel
Disord 2019;35:55–60.

[10] Eskyte I, Manzano A, Pepper G, Pavitt S, Ford H, Bekker H, et al. Understanding
treatment decisions from the perspective of people with relapsing remitting
multiple sclerosis: a critical interpretive synthesis. Mult Scler Rel Disord 2019;27:
370–7.

[11] Carey G, Wilson N, Janssen J, Chohan A, Rog D, Roddam H. “I'm walking into the
unknown”: qualitative insights into how the emotions and lived experience related
to multiple sclerosis impact on decisions to pursue disease modifying treatment.
Mult Scler Rel Disord 2022;58:103464.

[12] Bruce JM, Bruce AS, Lynch S, Thelen J, Lim S-L, Smith J, et al. Probability
discounting of treatment decisions in multiple sclerosis: associations with disease

http://refhub.elsevier.com/S1878-7479(25)00060-1/sref1
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref1
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref1
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref2
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref2
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref2
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref3
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref3
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref3
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref3
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref4
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref4
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref4
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref4
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref5
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref6
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref6
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref6
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref7
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref7
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref7
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref7
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref8
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref9
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref9
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref9
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref9
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref10
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref10
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref10
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref10
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref10
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref11
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref11
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref11
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref11
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref12
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref12


B.A. Cohen Neurotherapeutics xxx (xxxx) xxx
knowledge, neuropsychiatric status and adherence. Psychpharmacol 2018;235:
3303–13.

[13] Cofield S, Thomas N, Tyry TM, Fox RJ, Salter A. Shared decision making and
autonomy among US participants with multiple sclerosis in the NARCOMS
registry. Int J MS care 2017;19:303–12.

[14] Kremer IEH, Evers SMAA, Jongen PJ, Hiligsmann M. Comparison of preferences of
healthcare professionals and MS patients for attributes of disease-modifying drugs:
a best-worst scaling. Health Expect 2018;21:171–80.

[15] Sorensen PS, Kopp TI, Joensen H, Olsson A, Sellebjerg F, Magyari M. Age and sex
as determinants of treatment decisions in patients with relapsing-remitting MS.
Mult Scler Rel Disord 2021;50:102813.

[16] Amezcua L, Rivera VM, Vasquez TC, Baezconde-Garbanati L, Langer-Gould A.
Health disparities, inequities, and social determinants of health in multiple
sclerosis and related disorders in the US. JAMA Neurol 2021;78:1515–24.

[17] Stoll S, Costello K, Newsome SD, Schmidt H, Sullivan AB, Hendin B. Insights for
healthcare providers on shared decision-making in multiple sclerosis: a narrative
review. Neurol Ther 2024;13:21–37.

[18] Graham EL, Bove R, Costello K, Crayton H, Jocobs DA, Shah S, et al. Practical
considerations for managing pregnancy in patients with multiple sclerosis.
Neurology: Clin Pract 2024;14:e200253.

[19] Schubert C, Steinberg L, Peper J, Ramien C, Hellwig K, Kopke S, et al. Postpartum
relapse risk in multiple sclerosis: a systematic review and meta-analysis. J Neurol
Neurosurg Psychiatry 2023;94:718–25.

[20] Moghavem N, Castaneda GDR, Chatfield AJ, Amezcua L. The impact of medical
insurance on health care access and quality for people with multiple sclerosis in
the United States: a scoping review. Mult Scler J 2024;30:299–307.

[21] Simmons SB, Schippling S, Giovannoni G, Ontaneda D. Predicting disability
worsening in relapsing and progressive multiple sclerosis. Curr Opin Neurol 2021;
34:312–21.

[22] Reeve K, On BI, Havla J, Burns J, Gosteli-Peter MA, Alabsawi A, et al. Prognostic
models for predicting clinical disease progression, worsening, and activity in
people with multiple sclerosis. Cochrane Database Syst Rev 2023;9:CD013606.

[23] Weinshenker BG, Rice GPA, Noseworthy JH, Carriere W, Baskerville J, Ebers GC.
The natural history of multiple sclerosis: a geographically based study. 3.
Multivariate analysis of predictive factors and models of ocutcome. Brain 1991;
114:1045–56.

[24] Eriksson M, Andersen O, Runmarker B. Long-term follow up of patients with
clinically isolated syndromes,relapsing-remitting and secondary progressive
multiple sclerosis. Mult Scler 2003;9:260–74.

[25] Scalfari A, Neuhaus A, Degenhardt A, Rice GP, Muraro PA, Daumer M, et al. The
natural history of multiple sclerosis, a geographically based study 10: relapses and
long-term disability. Brain 2010;133:1914–29.

[26] Tomassini V, Fanelli F, Prosperini L, Cerqua R, Cavalla P, Pozzilli C.
Predicting the profile of increasing disability in multiple sclerosis. Mult Scler J
2019;25:1306–15.

[27] Confavreux C, Vukusic S, Adeline P. Early clinical predictors and progression of
irreversible disability in multiple sclerosis: an amnesic process. Brain 2003;126:
770–82.

[28] Daruwalla C, Shaygannejad V, Ozakbas S, Hardova EK, Horakova D, Alroughani R,
et al. Early non-disabling relapses are important predictors of disability
accumulation in people with relapsing-remitting multiple sclerosis. Mult Scler J
2023;29:875–83.

[29] Malpas CB, Manouchehrinia A, Sharmin S, Roos I, Horakova D, Havrdova EK, et al.
Early clinical markers of aggressive multiple sclerosis. Brain 2020;143:1400–13.

[30] Runmarker B, Andersen O. Prognostic factors in a multiple sclerosis incidence
cohort with twenty-five years of follow up. Brain 1993;116:117–34.

[31] Gholipour T, Healy B, Baruch NF, Weiner HL, Chitnis T. Demographic and
clinical characteristics of malignant multiple sclerosis. Neurology 2011;76:
1996–2001.

[32] Rush CA, MacLean HJ, Freedman MS. Aggressive multiple sclerosis: proposed
definition and treatment algorithm. Nat Rev Neurol 2015;11:379–89.

[33] Pitteri M, Romualdi C, Magliozzi R, Monaco S, Calabresse M. Cognitive
impairment predicts disability and cortical thinning in MS:an 8-year study. Mult
Scler J 2017;23:848–54.

[34] Iaffaldano P, Simone M, Lucisano G, Ghezzi A, Coniglio G, Morra VB, et al.
Prognostic indicators in pediatric clinically isolated syndrome. Ann Neurol 2017;
81:729–39.

[35] Weinstock-Guttman B, Jacobs LD, Brownscheidle CM, Baier M, Rea DF,
Apatoff BR, et al. Multiple sclerosis characteristics in African American patients in
the New York state multiple sclerosis consortium. Mult Scler 2003;9:293–8.

[36] Cree BAC, Khan O, Bourdette D, Goodin DS, Cohen JA, Marrie RA, et al. Clinical
characteristics of african americans vs caucasian americans with multiple
sclerosis. Neurology 2004;63:2039–45.

[37] Gray-Roncal K, Fitzgerald KC, Ryerson LZ, Charvet L, Cassard SD, Naismith R,
et al. Association of disease severity and socioeconomic status in black and white
americans with multiple sclerosis. Neurology 2021;97:e881–9.

[38] Ventura RE, Antezana AO, Bacon T, Kister I. Hispanic Americans and African
Americans with multiple sclerosis have more severe disease course than Caucasian
Americans. Mult Scler J 2017;23:1554–7.

[39] Amezcua L, Lund BT, Weiner LP, Islam T. Multiple sclerosis in Hispanics:a study of
clinical disease expression. Mult Scler J 2011;17:1010–6.

[40] Saadi A, Himmelstein DU, Woolhandler S, Mejia NI. Racial disparities in
neurologic health care access and utilization in the United States. Neurology 2017;
88:2268–75.

[41] Marrie RA, Cutter G, Tyry T, Vollmer T, Campagnolo D. Does multiple sclerosis-
associated disability differ between races? Neurology 2006;66:1235–40.
9

[42] Tintore M, Rovira A, Rio J, Otero-Romero S, Arrambide G, Tur C, et al. Defining
high, medium, and low impact prognostic factors for developing multiple
sclerosis. Brain 2015;138:1863–74.

[43] Rocca MA, Peziosa P, Barkhof F, Brownlee W, Calabrese M, De Stefano N, et al.
Current and future role of MRI in the diagnosis and prognosis of multiple sclerosis.
Lancet Reg Health-Eur 2024;44:100978.

[44] Bjornevik K, Munger KL, Cortese M, Barro C, Healy BC, Niebuhr DW, et al. Serum
neurofilament light chain levels in patients with presymptomatic multiple
sclerosis. JAMA Neuorl 2020;77:58–64.

[45] Abdelhak A, Benkert P, Schaedelin S, Boscardin WJ, Cordano C, Oechtering J,
et al. Neurofilament light chain elevations and diablility progression in multiple
sclerosis. JAMA Neurol 2023;80:1317–25.

[46] Manouchehrinia A, Stridh P, Khademi M, Leppert D, Barro C, Michalak Z, et al.
Plasma neurofilament light levels are associated with risk of disability in multiple
sclerosis. Neurology 2020;94:e2457–67.

[47] Disanto G, Barro C, Benkert P, Naegelin Y, Schadelin S, Giardiello A, et al. Serum
neurofilament light: a biomarker of neuronal damage in multiple sclerosis. Ann
Neurol 2017;81:857–70.

[48] Kuhle J, Kropshofer H, Haering DA, Kundu U, Meinert R, Barro c, et al. Blood
neurofilament light chain as a biomarker of MS disease activity and treatment
response. Neurology 2019;92:e1007–15.

[49] Monreal E, Fernandez-Velasco JI, Garcia-Sanchez MI, de la Maza SS, Llufriu S,
Alvarez-Lafuente R, et al. Association of serum neurofilament light chain levels at
disease onset with disability worsening in patients with a first demyelinating
multiple sclerosis event not treated with high-efficacy drugs. JAMA Neurol 2023;
80:397–403.

[50] Khalil M. Confounders affecting interpretation of neurofilament biomarkers in MS.
Int J MS Care 2021;(suppl 1):19–23.

[51] Sotirchos ES, Fitzgerald KC, Singh CM, Smith MD, Reyes-Mantilla M, Hersh CM,
et al. Associations of sNfl with clinico-radiological measures in a large MS
population. Ann Clin Transl Neurol 2022;10:84–97.

[52] Abdelhak A, Huss A, Kassubek J, Tumani H, Otto M. Serum GFAP as a biomarker
for disease severity in multiple sclerosis. Sci Rep 2018;8:14798.

[53] Meier S, Willemse EAJ, Schaedelin S, Oechtering J, Lorscheider J, Melie-Gardia L,
et al. Serum glial fibrillary acidic protein compared with neurofilament light chain
as a biomarker for disease progression in multiple sclerosis. JAMA Neurol 2023;
80:287–97.

[54] Abdelhak A, Antweiler K, Kowarik MC, Senel M, Havla J, Zettl UK, et al. Serum
glial fibrillary acidic protein and disability in progressive multiple sclerosis. Ann
Clin Transl Neurol 2024;11:477–85.

[55] Barro C, Healy BC, Liu Y, Saxena S, Paul A, Polgar-Turcsanyl M, et al. Serum GFAP
and NfL levels differentiate subsequent progression and disease activity in patients
with progressive multiple sclerosis. Neurol Neuroimmunol Neuroinflamm 2023;
10:e200052.

[56] Cross AH, Gelfand JM, Thebault S, Bennett JL, von Budingen HC, Cameron B, et al.
Emerging cerebrospinal fluid biomarkers of disease activity and progression in
multiple sclerosis. JAMA Neurol 2024;81:373–83.

[57] Chitnis T, Foley J, Ionete C, El Ayoubi NK, Saxena S, Gaitan-Walsh P, et al. Clinical
validation of a multi-protein, serum -based assay for disease activity assessments
in multiple sclerosis. Clin Immunol 2023;253:109688.

[58] Zhang Y, Salter A, Wallstrom E, Cutter G, Stuve O. Evolution of clinical trials in
multiple sclerosis. Ther Adv Neurol Disord 2019;12:1–14.

[59] O'Connor P, Wolinsky JS, Confavreux C, Comi G, Kappos L, Olsson TP, et al.
Randomized trial of oral teriflunomide for relapsing multiple sclerosis. N Engl J
Med 2011;365:1293–303.

[60] Steinman L, Fox E, Hartung H-P, Alvarez E, Qian P, Wray S, et al. Ublituximab
versus teriflunomide in relapsing multiple sclerosis. N Engl J Med 2022;387:
704–14.

[61] Freeman L, Longbrake EE, Coyle PK, Hendin B, Vollmer T. High-efficacy therapies
for treatment- naïve individuals with relapsing multiple sclerosis. CNS Drugs
2022;36:1285–99.

[62] Amin M, Hersh CM. Updates and advances in multiple sclerosis therapeutics.
Neurodegener Dis Manag 2023;13:47–70.

[63] Comi G, De Stefano N, Freedman MS, Barkhof F, Polman CH, Uitdehaag BMJ, et al.
Comparison of two dosing frequencies of subcutaneous interferon beta-1a in
patients with a first clinical demyelinating event suggestive of multiple sclerosis
(REFLEX): a phase 3 randomized trial. Lancet Neurol 2012;11:33–41.

[64] Kappos L, Polman CH, Freedman MS, Edan G, Hartung H-P, Miller DH, et al.
Treatment with interferon beta -1b delays conversion to clinically definite and
McDonald MS in patients with clinically isolated syndromes. Neurology 2006;67:
1242–9.

[65] Jacobs LD, Beck RW, Simon JH, Kinkel RP, Brownscheidle CM, Murray TJ, et al.
Intramuscular interferon beta-1a therapy initiated during a first demyelinating
event in multiple sclerosis. N Engl J Med 2000;343:898–904.

[66] Kappos L, Freedman MS, Polman CH, Edan G, Hartung H-P, Miller DH, et al. Effect
of early versus delayed interferon beta-1b treatment on disability after a first
clinical event suggestive of multiple sclerosis: a 3-year follow-up analysis of the
BENEFIT study. Lancet 2007;370:389–97.

[67] Comi G, De Stefano N, Freedman MS, Barkhof F, Uitdehaag BM, de Vos M, et al.
Subcutaneous interferon β-1a in the treatment of clinically isolated syndromes: 3-
year and 5-year results of the phase III dosing frequency -blind multicentre
REFLEXION study. J Neurol Neurosurg Psychiatry 2017;88:285–94.

[68] Walther EU, Hohlfield R. Multiple sclerosis; side effects of interferon beta therapy
and their management. Neurology 1999;53:1622–7.

[69] Mikol DD, Barkhof F, Chang P, Coyle PK, Jeffrey DR, Schwid SR, et al. Comparison
of subcutaneous interferon beta-1a with glatiramer acetate in patients with

http://refhub.elsevier.com/S1878-7479(25)00060-1/sref12
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref12
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref12
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref13
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref13
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref13
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref13
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref14
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref14
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref14
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref14
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref15
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref15
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref15
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref16
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref16
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref16
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref16
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref17
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref17
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref17
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref17
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref18
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref18
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref18
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref19
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref19
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref19
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref19
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref20
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref20
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref20
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref20
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref21
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref21
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref21
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref21
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref22
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref22
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref22
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref23
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref23
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref23
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref23
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref23
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref24
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref24
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref24
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref24
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref25
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref25
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref25
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref25
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref26
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref26
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref26
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref26
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref27
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref27
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref27
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref27
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref28
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref28
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref28
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref28
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref28
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref29
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref29
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref29
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref30
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref30
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref30
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref31
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref31
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref31
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref31
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref32
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref32
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref32
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref33
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref33
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref33
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref33
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref34
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref34
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref34
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref34
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref35
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref35
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref35
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref35
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref36
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref36
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref36
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref36
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref37
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref37
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref37
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref37
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref38
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref38
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref38
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref38
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref39
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref39
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref39
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref40
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref40
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref40
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref40
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref41
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref41
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref41
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref42
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref42
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref42
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref42
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref43
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref43
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref43
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref44
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref44
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref44
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref44
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref45
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref45
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref45
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref45
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref46
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref46
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref46
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref46
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref47
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref47
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref47
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref47
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref48
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref48
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref48
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref48
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref49
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref50
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref50
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref50
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref51
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref51
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref51
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref51
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref52
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref52
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref53
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref53
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref53
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref53
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref53
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref54
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref54
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref54
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref54
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref55
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref55
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref55
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref55
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref56
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref56
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref56
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref56
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref57
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref57
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref57
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref58
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref58
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref58
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref59
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref59
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref59
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref59
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref60
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref60
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref60
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref60
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref61
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref61
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref61
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref61
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref62
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref62
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref62
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref63
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref63
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref63
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref63
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref63
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref64
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref64
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref64
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref64
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref64
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref65
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref65
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref65
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref65
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref66
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref66
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref66
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref66
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref66
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref67
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref68
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref68
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref68
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69


B.A. Cohen Neurotherapeutics xxx (xxxx) xxx
relapsing multiple sclerosis (the Rebif vs Glatiramer Acetate in Relapsing MS
Disease [REGARD] study): a multicentre, randomized, parallel, open-label trial.
Lancet Neurol 2008;7:903–14.

[70] O'Connor P, Filippi M, Arnason B, Comi G, Cook S, Goodin D, et al. 250μg or
500μg interferon beta-1b versus 20mg glatiramer acetate in relapsing-remitting
multiple sclerosis: a prospective, randomized, multicentre, study. Lancet Neurol
2009;8:889–97.

[71] Comi G, Martinelli V, Rodegher M, Moiola L, Bajenaru O, Carra A, et al. Effect of
glatiramer acetate on conversion to clinically definite multiple sclerosis in patients
with clinically isolated syndrome (PreCISe study): a randomized, double-blind,
placebo-controlled trial. Lancet 2009;374:1503–11.

[72] Khan O, Rieckmann P, Boyko A, Selmaj K, Zivadinov R. Three times weekly
glatiramer acetate in relapsing-remitting multiple sclerosis. Ann Neurol 2013;73:
705–13.

[73] Edgar CM, Brunet DG, Fenton P, McBride EV, Green P. Lipoatrophy in patients
with multiple sclerosis on glatiramer acetate. Can J Neurol Sci 2004;31:58–63.

[74] Miller AE, Wolinsky JS, Kappos L, Comi G, Freedman MS, Olsson T, et al. Oral
teriflunomide for patients with a first clinical episode suggestive of multiple
sclerosis (TOPIC): a randomized, double-blind, placebo-controlled, phase 3 trial.
Lancet Neurol 2014;13:977–86.

[75] Leburn-Frenay C, Siva A, Sormani MP, Lndes-Chateau C, Mondot L, Bovis F, et al.
Teriflunomide and time to clinical multiple sclerosis in patients with
radiologically isolated syndrome. JAMA Neurol 2023;80:1080–8.

[76] Miller AE. An updated review of teriflunomide's use in multiple sclerosis.
Neurodegener Dis Manag 2021;11:387–409.

[77] Miller AE, Olsson TP, Wolinsky JS, Comi G, Kappos L, Hu X, et al. Long-term safety
and efficacy of teriflunomide in patients with relapsing multiple sclerosis: results
from the TOWER extension study. Mult Scler Rel Disord 2020;46:102438.

[78] Gold R, Kappos L, Arnold DL, Bar-Or A, Giovannoni G, Selmaj K, et al. Placebo
controlled phase 3 study of oral BG-12 for relapsing multiple sclerosis. N Engl J
Med 2012;367:1098–107.

[79] Fox RJ, Miller DH, Phillips JT, Hutchinson M, Havrdova E, Kita M, et al. Placebo-
controlled phase 3 study of oral BG-12 or Glatiraamer in multiple sclerosis. N Engl
J Med 2012;367:1087–97.

[80] Gold R, Giovannoni G, Phillips JT, Fox RJ, Zhang A, Meltzer L, et al. Efficacy and
safety of delayed-release dimethyl fumarate in patients newly diagnosed with
relapsing-remitting multiple sclerosis (RRMS). Mult Scler J 2015;21:57–66.

[81] Okuda DT, Kantarci O, Lebrun-Frenay C, Sormani MP, Azevedo CJ, Bovis F, et al.
Dimethyl fumarate delays multiple sclerosis in radiologically isolated syndrome.
Ann Neurol 2023;93:604–14.

[82] Vermersch P, Scaramozza M, Levin S, Alroughani R, Deiva K, Pozzilli C, et al.
Effect of dimethyl fumarate vs interferon β¼1a n patients with pediatric-onset
multiple sclerosis. JAMA Netw Open 2022;5:e2230439.

[83] Gold R, Arnold DL, Bar-Or A, Fox RJ, Kappos L, Mokliatchouk O, et al. Long -term
safety and efficacy of dimethyl fumarate for up to 13 years in patients with
relapsing-remitting multiple sclerosis: final ENDORSE study results. Mult Scler J
2022;28:801–16.

[84] Jordan ALM, Yang J, Fisher CJ, Racke MK, Mao-Draayer Y. Progressive multifocal
leukoencephalopathy in dimethyl fumarate-treated multiple sclerosis patients.
Mult Scler J 2022;28:7–15.

[85] Kappos L, Radue E-W, O'Connor P, Polman C, Hohlfeld R, Calabresi P, et al.
A placebo-controlled trial of oral fingolimod in relapsing multiple sclerosis. N Engl
J Med 2010;362:387–401.

[86] Cohen JA, Barkhof F, Comi G, Hartung H-P, Khatri BO, Mantalban X, et al. Oral
fingolimod or intramuscular interferon for relapsing multiple sclerosis. N Engl J
Med 2010;362:402–15.

[87] Cree BAC, Goldman MD, Corboy JR, Singer BA, Fox EJ, Arnold DL, et al. Efficacy
and safety of 2 fingolimod doses vs glatiramer acetate for the treatment of patients
with relapsing-remitting multiple sclerosis: a randomized clinical trial. JAMA
Neurol 2021;78:48–60.

[88] McGinley MP, Cohen JA. Sphingosine-1-phosphate receptor modulators in
multiple sclerosis and other conditions. Lancet 2021;398:1184–94.

[89] Roy R, Alotaibi AA, Freedman MS. Sphingosine 1-phosphate receptor modulators
for multiple sclerosis. CNS Drugs 2021;35:385–402.

[90] Groves A, Kihara Y, Chun J. Fingolimod: direct CNS effects of sphingosine 1-
phosphate (S1P) receptor modulation and implications in multiple sclerosis
therapy. J Neurol Sci 2013;328:9–18.

[91] Lublin F, Miller DH, Freedman MS, Cree BAC, Wolinsky JS, Weiner H, et al. Oral
fingolimod in primary progressive multiple sclerosis (INFORMS): a phase 3,
randomized, double-blind, placebo-controlled trial. Lancet 2016;387:1075–84.

[92] Hatcher SE, Waubant E, Nourbakhsh B, Crabtree-Hartman E, Graves JS. Rebound
syndrome in patients with multiple sclerosis after cessation of fingolimod
treatment. JAMA Neurol 2016;73:790–4.

[93] Maunula A, Atula S, Laakso SM, Tienari PJ. Frequency and risk factors of rebound
after fingolimod discontinuation-a retrospective study. Mult Scler Rel Disord
2024;81:105134.

[94] Zhao Z, Ma C-L, Gu Z-C, Dong Y, Lv Y, Zhong M-K. Incidence and risk of infection
associated with fingolimod in patients with multiple sclerosis: a systematic review
and meta-analysis of 8448 patients from 12 randomized controlled trials. Front
Immunol 2021;12:611711.

[95] Luna G, Alping P, Burman J, Fink K, Fogdell-Hahn A, Gunnarsson M, et al.
Infection risks among patients with multiple sclerosis treated with fingolimod,
natalizumab, rituximab and injectable therapies. JAMA Neurol 2020;77:184–91.

[96] Berger JR, Cree BAC, Greenberg B, Hemmer B, Ward BJ, Dong VM, et al.
Progressive multifocal leukoencephalopathy after fingolimod treatment.
Neurology 2018;90:e1815–21.
10
[97] Del Poeta M, Ward BJ, Greenberg B, Hemmer B, Cree BAC, Komatireddy S, et al.
Cryptococcal meningitis reported with fingolimod treatment. Neurol
Neuroimmunol Neuroinflamm 2022;9:e1156.

[98] Kappos L, Mehling M, Arroyo R, Izquierdo G, Selmaj K, Curovic-Perisic V, et al.
Randomized trial of vaccination in fingolimod-treated patients with multiple
sclerosis. Neurology 2015;84:872–9.

[99] Jain N, Bhatti MT. Fingolimod-associated macular edema. Incidence, detection
and management. Neurology 2012;78:672–80.

[100] Coyle PK, Freedman MS, Cohen BA, Cree BAC, Markowitz CE. Sphingosine 1-
phosphate modulators in multiple sclerosis treatment: a practical review. Ann Clin
Transl Neurol 2024;11:842–55.

[101] Kappos L, Bar-Or A, Cree BAC, Fox RJ, Givovannoni G, Gold R, et al. Siponimod
versus placebo in secondary progressive multiple sclerosis (EXPAND): a double-
blind, randomized, phase 3 study. Lancet 2018;391:1263–73.

[102] Cree BAC, Arnold DL, Fox RJ, Gold R, Vermersch P, Benedict RHB, et al. Long-term
efficacy and safety of Siponimod in patients with secondary progressive multiple
sclerosis: analysis of EXPAND core and extension data up to >5years. Mult Scler J
2022;28:1591–605.

[103] Cohen JA, Comi G, Selmaj KW, Bar-Or A, Arnold DL, Steinman L, et al. Safety and
efficacy of ozanimod versus interferon beta-1a in relapsing multiple
sclerosis(RADIANCE):a multicentre, randomized, 24 month, phase 3 trial. Lancet
Neurol 2019;18:1021–33.

[104] Comi G, Kappos L, Selmaj KW, Bar-Or A, Arnold DL, Steinman L, et al. Safety and
efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis
(SUNBEAM): a multicentre, randomized, 12- month, phase 3 trial. Lancet Neurol
2019;18:1009–20.

[105] Cree BAC, Selmaj KW, Steinman L, Comi G, Bar-Or A, Arnold DL, et al. Long-term
safety andefficacy of ozanimod in relapsingmultiple sclerosis: up to 5 years of follow-
up in the DAYBREAK open -label extension trial. Mult Scler J 2022;28:1944–62.

[106] Kappos L, Fox RJ, Burcklen M, Freedman MS, Havrdova EK, Hennessy B, et al.
Ponesimod compared with teriflunomide in patients with relapsing multiple
sclerosis in the active-comparator phase 3 OPTIMUM study. JAMA Neurol 2021;
78:558–67.

[107] Leist TP, Weissert R. Cladribine: mode of action and implications for treatment of
multiple sclerosis. Clin Neuropharmacol 2011;34:28–35.

[108] Giovannoni G, Comi G, Cook S, Rammohan K, Rieckmann P, Sorensen PS, et al.
A placebo-controlled trial of oral cladribine for relapsing multiple sclerosis. N Engl
J Med 2010;362:416–26.

[109] Giovannonni G, Sorensen PS, Cook S, Rammohan K, Rieckmann P, Comi G, et al.
Safety and efficacy of cladribine tablets in patients with relapsing-remitting
multiple sclerosis: results form the randomized extension trial of the CLARITY
study. Mult Scler J 2018;24:1594–604.

[110] Leist TP, Comi G, Cree BAC, Coyle PK, Freedman MS, Hartung H-P, et al. Effect of
oral cladribine on time to conversion to clinically definite multiple sclerosis in
patients with a first demyelinating event (ORACLE MS): a phase 3 randomized
trial. Lancet Neurol 2014;13:257–67.

[111] Roos I, Sharmin S, Malpas C, Ozakbas S, Lechner-Scott J, Hodgkinson S, et al.
Effectiveness of cladribine compared to fingolimod, natalizumab, ocrelizumab,
and alemtuzumab in relapsing-remitting multiple sclerosis. Mult Scler J 2024;30:
1163–5.

[112] Mavenclad prescribing information 5/2024. www.emdserono.com/us-en/pi/
mavenclad-pi.pdf.

[113] Polman CH, O'Connor PW, Havrdova E, Hutchinson M, Kappos L, Miller DH, et al.
A randomized, placebo-controlled trial of natalizumab for relapsing multiple
sclerosis. N Engl J Med 2006;354:899–910.

[114] Foley JF, Defer G, Ryerson LZ, Cohen JA, Arnold DL, Butzkueven H, et al.
Comparison of switching to 6-week dosing in patients with relapsing-remitting
multiple sclerosis (NOVA): a randomized, controlled, open-label, pivotal 3b trial.
Lancet Neurol 2022;31:608–19.

[115] Khoy K, Mariotte D, Defer G, Petit G, Toutirais O, Le Mauff B. Natalizumab in
multiple sclerosis treatment: from biological effects to immune monitoring. Front
Immunol 2020;11:549842.

[116] Bloomgren G, Richman S, Hotermans C, Subramanyam M, Goelz S, Natarajan A,
et al. Risk of natalizumab-associated progressive multifocal leukoencephalopathy.
N Engl J Med 2012;366:1870–80.

[117] Plavina T, Subramanyam M, Bloomgren G, Richman S, Pace A, Lee S, et al. Anti-JC
virus antibody levels in serum or plasma further define risk of natalizumab-
associated progressive multifocal leukoencephalopathy. Ann Neurol 2014;76:
802–12.

[118] Ho P-R, Koendgen H, Campbell N, Haddock B, Richman S, Chang I. Risk of
natalizumab-associated progressive multifocal leukoencephalopathy in patients
with multiple sclerosis: a retrospective analysis of data from four clinical studies.
Lancet Neurol 2017;16:925–33.

[119] Scarpazza C, Signori A, Cosottini M, Sormani MP, Gerevini S, Capra R. Should
frequent MRI monitoring be performed in natalizumab-treated MS patients. A
contribution to a recent debate. Mult Scler J 2020;26:1227–36.

[120] Plavina T, Muralidharan KK, Kuesters G, Mikol D, Evans K, Subramanyam M, et al.
Reversibility of the effects of natalizumab on peripheral immune cell dynamics in
MS patients. Neurology 2017;89:1584–93.

[121] Larochelle C, Metz I, Lecuyer M-A, Terouz S, Roger M, Arbour N, et al.
Immunological and pathological characterization of fatal rebound MS activity
following natalizumab withdrawl. Mult Scler J 2017;23:72–81.

[122] Natalizumab, NIH lactation database. October 15,2024. ncbi.nlm.nih.g
ov/books/NBK501613/.

[123] Cohen JA, Coles AJ, Arnold DL, Confavreux C, Fox EJ, Hartung H-P, et al.
Alemtuzumab versus interferon beta-1a as first-line therapy for patients with

http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref69
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref70
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref71
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref71
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref71
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref71
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref71
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref72
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref72
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref72
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref72
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref73
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref73
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref73
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref74
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref74
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref74
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref74
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref74
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref75
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref75
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref75
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref75
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref76
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref76
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref76
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref77
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref77
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref77
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref78
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref78
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref78
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref78
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref79
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref79
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref79
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref79
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref80
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref80
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref80
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref80
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref81
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref81
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref81
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref81
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref82
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref82
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref82
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref82
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref83
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref83
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref83
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref83
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref83
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref84
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref84
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref84
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref84
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref85
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref85
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref85
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref85
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref86
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref86
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref86
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref86
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref87
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref87
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref87
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref87
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref87
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref88
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref88
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref88
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref89
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref89
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref89
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref90
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref90
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref90
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref90
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref91
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref91
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref91
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref91
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref92
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref92
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref92
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref92
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref93
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref93
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref93
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref94
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref94
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref94
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref94
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref95
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref95
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref95
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref95
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref96
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref96
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref96
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref96
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref97
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref97
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref97
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref98
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref98
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref98
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref98
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref99
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref99
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref99
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref100
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref100
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref100
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref100
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref101
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref101
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref101
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref101
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref102
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref103
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref103
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref103
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref103
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref103
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref104
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref104
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref104
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref104
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref104
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref105
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref105
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref105
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref105
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref106
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref106
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref106
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref106
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref106
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref107
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref107
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref107
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref108
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref108
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref108
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref108
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref109
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref109
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref109
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref109
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref109
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref110
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref110
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref110
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref110
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref110
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref111
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref111
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref111
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref111
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref111
http://www.emdserono.com/us-en/pi/mavenclad-pi.pdf
http://www.emdserono.com/us-en/pi/mavenclad-pi.pdf
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref113
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref113
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref113
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref113
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref114
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref114
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref114
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref114
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref114
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref115
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref115
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref115
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref116
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref116
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref116
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref116
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref117
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref117
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref117
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref117
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref117
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref118
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref118
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref118
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref118
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref118
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref119
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref119
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref119
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref119
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref120
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref120
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref120
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref120
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref121
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref121
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref121
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref121
http://ncbi.nlm.nih.gov/books/NBK501613/
http://ncbi.nlm.nih.gov/books/NBK501613/
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref123
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref123


B.A. Cohen Neurotherapeutics xxx (xxxx) xxx
relapsing-remitting multiple sclerosis: a randomized controlled phase 3 trial.
Lancet 2012;380:1819–28.

[124] Havrdova E, Arnold DL, Cohen JA, Hartung H-P, Fox EJ, Giovannoni G, et al.
Alemtuzumab CARE-MS I 5-year follow up. Neurology 2017;89:1107–16.

[125] Coles AJ, Achiron A, Traboulsee A, Singer BA, Pozzilli C, Oreja-Guevara C, et al.
Safety and efficacy with alemtuzumab over 13 years in relapsing-remitting
multiple sclerosis: final results from the open-label Topaz study. Ther Adv Neurol
Disord 2023;16:1–16.

[126] Havrdova E, Horakova D, Kovarova I. Alemtuzumab in the treatment of multiple
sclerosis: key clinical trial results and considerations for use. Ther Adv Neurol
Disord 2015;8:31–45.

[127] Canham LJW, Manara A, Fawcett J, Rolinski M, Mortimer A, Inglis KEA, et al.
Mortality from listeria monocytogenes meningoencephalitis following escalation
to alemtuzumab therapy for relapsing- remitting multiple sclerosis. Mult Scler Rel
Disord 2018;24:38–41.

[128] Cree BAC, Mares J, Hartung H-P. Current therapeutic landscape in multiple
sclerosis: evolving treatment paradigm. Curr Opin Neurol 2019;32:365–77.

[129] Lemtrada prescribing information, 5/2024. https://products.sanofi.us/lemtrada
/lemtrada.pdf.

[130] Greenfield AL, Hauser SL. B-cell therapy for multiple sclerosis: entering an era.
Ann Neurol 2018;83:12–26.

[131] Magliozzi R, Howell O, Vora A, Serafini B, Nicholas R, Puopolo M, et al. Meningeal
B-cell follicles in secondary progressive multiple sclerosis associate with early
onset of disease and severe cortical pathology. Brain 2007;130:1089–104.

[132] Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung H-P, Hemmer B, et al.
Ocrelizumab versus interferon beta-1a in relapsing multiple sclerosis. N Engl J
Med 2017;376:221–34.

[133] Montalban X, Hauser SL, Kappos L, Arnold DL, Bar Or A, Comi G, et al.
Ocrelizumab versus placebo in primary progressive multiple sclerosis. N Engl J
Med 2017;376:209–20.

[134] Hauser SL, Kappos L, Arnold DL, Bar-Or A, Brochet B, Naismith RT, et al. Five
years of ocrelizumab in relapsing multiple sclerosis. Neurology 2020;95:
e1854–67.

[135] Wolinsky JS, Arnold DL, Brochet B, Hartung H-P, Montalban X, Naismith RT, et al.
Long-term follow -up from the ORATORIO trial of ocrelizumab for primary
progressive multiple sclerosis: a post-hoc analysis from the ongoing open-label
extension of the randomized, placebo, -controlled, phase 3 trial. Lancet Neurol
2020;19:998–1009.

[136] Cerqueira J, Berthele A, Cree BAC, Filippi M, Pardo G, Pearson OR, et al. Long-
term treatment with ocrelizumab in patients with early-stage relapsing MS; 9-year
data from the OPERA studies open-label extension. Neurology 2025;104:e210142.

[137] Zunovo prescribing information. 9/2024. www.accessdata.fda.gov/drugsatfda_d
ocs/label/2024/761371s000lbl.

[138] Newsome S, Krzystanek E, Krzvsztof S, Goldstick L, Figueirdo C, Townsend B, et al.
OCARINA II, phase III study results of subcutaneous ocrelizumab administration in
patients with multiple sclerosis (S31.006). Neuology 2024;102(17 supplement 1).
April 9, 2024.

[139] Hauser SL, Bar-Or A, Cohen JA, Comi G, Correale J, Coyle PK, et al. Ofatumumab
versus teriflunomide in multiple sclerosis. N Engl J Med 2020;383:546–57.

[140] Pardo G, Hauser S, Bar-Or A, Gold R, Montalban X, Cohen J, et al. Longer -term(up
to 6 years) efficacy of ofatumumab in people with recently diagnosed and
treatment-naïve relapsing multiple sclerosis (S31.003). Neurology 2024;102(17_
supplement_1). April 9, 2024.
11
[141] Robertson D, Hartung H-P, Qian P, Wray S, Lee L, Mok K, et al. Earlier initiation of
ublituximab treatment is associated with improved disability among treatment-
naïve participants in Ultimate I and II. (P9-6.001). Neurology 2024;102(17_
supplement_1). April 9,2024.

[142] Piehl F, Alping P, Virtanen S, Englund S, Burman J, Fink K, et al. COMBAT-MS: a
population-based observational cohort study addressing the benefit-risk balance of
multiple sclerosis therapies compared with rituximab. Ann Neurol 2024;96:
678–93.

[143] Granqvist M, Boremalm M, Poorghobad A, Svenningsson A, Salzer J, Frisell T,
et al. Comparative effectiveness of rituximab and other initial treatment choices
for multiple sclerosis. JAMA Neurol 2018;75:320–7.

[144] Roos I, Hughes S, McDonnell G, Malpas CB, Sharmin S, Boz C, et al. Rituximab vs
ocrelizumab in relapsing-remitting multiple sclerosis. JAMA Neurol 2023;80:
789–97.

[145] Carlson AK, Amin M, Cohen JA. Drugs targeting CD20 in multiple sclerosis:
pharmacology, efficacy, safety and tolerability. Drugs 2024;84:285–304.

[146] Alvarez E, Longbrake EE, Rammohan KW, Stankiewicz J, Hersh CM. Secondary
hypogammaglobulinemia in patients with multiple sclerosis on anti-CD20 therapy:
pathogenesis, risk of infection, and disease management. Mult Scler Rel Disord
2023;79:105009.

[147] Kim T, Brinker A, Croteau D, Lee PR, Baldassari LE, Stevens J, et al. Immune-
mediated colitis associated with ocrelizumab: a new safety risk. Mult Scler J 2023;
29:1275–81.

[148] Bar-Or A, Calkwood JC, Chognot C, Eveshed J, Fox EJ, Herman A, et al. Effect of
ocrelizumab on vaccine responsesin patients with multiple sclerosis. Neurology
2020;95:e1999–2008.

[149] Hauser S, Kappos L, Filippi M, Wolinsky J, Weber M, Nicholas J, et al. 10 years of
ocrelizumab treatment in multiple sclerosis: long-term efficacy and safety clinical
trial data (S31.005). Neurology 2024;102(17_supplement_1). April 9, 2024.

[150] Drugs and Lactation Database. Ocrelizumab July 15, 2024. Ncbi.nlm.nih.gov/
books/NBK500903.

[151] Rjeily NB, Mowry EM, Ontaneda D, Carlson AK. Highly effective therapy versus
escalation approaches in early multiple sclerosis. Neurol Clin 2024;42:185–201.

[152] Selmaj K, Cree BAC, Barnett M, Thompson A, Hartung H-P. Multiple sclerosis: time
for early treatment with high efficacy drugs. J Neurol 2024;271:105–15.

[153] Lublin FD, Haring DA, Ganjgahi H, Ocampo A, Hatami F, Cuklina J, et al. How
patients with multiple sclerosis acquire disability. Brain 2022;145:3147–61.

[154] He A, Merkel B, Brown JWL, Ryerson LZ, Kister I, Malpas CB, et al. Timing of high-
efficacy therapy for multiple sclerosis: a retrospective observational cohort study.
Lancet Neurol 2020;19:307–16.

[155] Buron MD, Chalmer TA, Sellebjerg F, Barzinji I, Christensen JR, Christensen MK,
et al. Initial high-efficacy disease-modifying therapy in multiple sclerosis.
Neurology 2020;95:e1041–51.

[156] Hanninen K, Vitalal M, Atula S, Laakso SM, Kuusisto H, Soilu-Hanninen M. Initial
treatment strategy and clinical outcomes in Finnish MS patients: a propensity
matched study. J Neurol 2022;269:913–22.

[157] Brown JWL, Coles A, Horakova D, Havrdova E, Izquierdo G, Prat A, et al.
Association of initial disease-modifying therapy with later conversion to secondary
progressive multiple sclerosis. JAMA Neurol 2019;321:175–87.

[158] FDA drug safety communication. 1/22/2025. fda.gov/safety/medical-product-safe
ty-information/Copaxone-glatopa-glatiramer-acetate-drug-safety-communicati
on-fda-adds-boxed-warning-about-rare-but-serious-allergic-reaction-called-anap
hylaxis..

http://refhub.elsevier.com/S1878-7479(25)00060-1/sref123
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref123
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref123
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref124
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref124
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref124
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref125
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref125
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref125
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref125
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref125
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref126
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref126
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref126
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref126
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref127
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref127
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref127
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref127
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref127
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref128
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref128
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref128
https://products.sanofi.us/lemtrada/lemtrada.pdf
https://products.sanofi.us/lemtrada/lemtrada.pdf
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref130
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref130
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref130
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref131
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref131
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref131
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref131
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref132
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref132
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref132
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref132
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref133
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref133
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref133
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref133
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref134
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref134
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref134
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref134
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref135
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref136
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref136
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref136
http://www.accessdata.fda.gov/drugsatfda_docs/label/2024/761371s000lbl
http://www.accessdata.fda.gov/drugsatfda_docs/label/2024/761371s000lbl
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref138
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref138
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref138
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref138
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref139
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref139
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref139
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref140
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref140
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref140
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref140
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref141
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref141
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref141
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref141
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref142
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref142
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref142
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref142
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref142
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref143
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref143
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref143
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref143
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref144
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref144
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref144
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref144
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref145
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref145
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref145
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref146
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref146
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref146
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref146
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref147
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref147
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref147
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref147
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref148
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref148
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref148
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref148
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref149
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref149
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref149
http://Ncbi.nlm.nih.gov/books/NBK500903
http://Ncbi.nlm.nih.gov/books/NBK500903
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref151
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref151
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref151
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref152
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref152
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref152
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref153
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref153
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref153
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref154
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref154
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref154
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref154
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref155
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref155
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref155
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref155
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref156
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref156
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref156
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref156
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref157
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref157
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref157
http://refhub.elsevier.com/S1878-7479(25)00060-1/sref157
http://fda.gov/safety/medical-product-safety-information/Copaxone-glatopa-glatiramer-acetate-drug-safety-communication-fda-adds-boxed-warning-about-rare-but-serious-allergic-reaction-called-anaphylaxis
http://fda.gov/safety/medical-product-safety-information/Copaxone-glatopa-glatiramer-acetate-drug-safety-communication-fda-adds-boxed-warning-about-rare-but-serious-allergic-reaction-called-anaphylaxis
http://fda.gov/safety/medical-product-safety-information/Copaxone-glatopa-glatiramer-acetate-drug-safety-communication-fda-adds-boxed-warning-about-rare-but-serious-allergic-reaction-called-anaphylaxis
http://fda.gov/safety/medical-product-safety-information/Copaxone-glatopa-glatiramer-acetate-drug-safety-communication-fda-adds-boxed-warning-about-rare-but-serious-allergic-reaction-called-anaphylaxis

	Choosing initial MS therapy; personal, disease, and medication factors
	Factors Contributing to the Initial Choice of DMT for MS
	Personal factors
	Disease factors
	Medication factors
	Beta interferons
	Glatiramer acetate
	Teriflunomide
	Fumarates
	Sphingosine 1 phosphate modulators
	Cladribine
	Natalizumab
	Alemtuzumab
	B-cell depleting therapies

	Therapeutic strategies for initial MS DMT
	Selecting a first DMT for the individual; the Author's approach

	Concluding Comments
	Author contributions
	Declaration of competing interest
	References


