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Introduction
Epidemiology
Multiple sclerosis (MS) affects nearly 1 million Americans.1-3 
Among young adults, MS is a leading cause of disability4 and 
reduces life expectancy by 7 to 14 years.5 Peak prevalence of 
MS occurs during the prime ages of employment for men 
and women; women are approximately 3 times more likely 
than men to acquire MS.1,6 

Due to intrinsic and extrinsic factors, the management 
of MS is challenging, heterogeneous, and unpredictable.  
Among affected individuals and by subtypes, MS manifests 
with varying clinical presentations of relapses with partial to 
complete recovery and/or slow disease worsening. An under-
standing of MS pathogenesis, which can importantly inform 
therapeutic strategies, remains incomplete. For example,  
a distinct pathologic process was recently reported in a  
newly discovered subtype, myelocortical MS, in which hemi-
spheric central nervous system (CNS) myelin is curiously  
spared.7 The fact that most people with MS are women of 
reproductive age poses distinct challenges for selecting phar-
macologic therapy that may increase fetal risks. Other man-
agement challenges exist in the selection of an appropriate 
disease-modifying therapy (DMT) from an increasing number  
of options; in ensuring patient access to DMTs; in monitor-
ing the overall safety and tolerability of prescribed DMTs; and  
in keeping up-to-date with evolving best practices. Notably, 
the McDonald criteria for diagnosis were revised in 2017,8  
and in 2018 the American Academy of Neurology (AAN)  
published updated practice guidelines for DMT use in adults 
with MS.9-11

While MS is managed primarily by general neurologists 
and MS specialists, members of a multidisciplinary health 
care team play crucial roles in the coordinated care of peo-
ple with MS.12 Over the course of the disease, a person with 
MS may interact with a variety of health care professionals to 
engage in shared decision making (SDM) about therapeutic 
interventions. By taking into account a patient’s goals, values, 
and preferences and by relying on the expertise of health care 
professionals, SDM becomes a collaborative process whereby 
treatment adherence is promoted and favorable outcomes can 
be realized.13,14

Spectrum of Multiple Sclerosis and  
Timely Recognition
In 2017, the International Panel on Diagnosis of MS pub-
lished its revision of the 2010 McDonald criteria, given 
the advances in diagnosis during the interim 7 years.8 The 
update addressed the recognition of clinically isolated syn-
drome (CIS) and subtypes of MS, on the basis of new clini-
cal, magnetic resonance (MR) imaging, and cerebrospinal 
fluid (CSF) criteria. In addition, the update discussed the 
potentially controversial entity of radiologically isolated 
syndrome (RIS). What emerges from the new diagnostic cri-
teria, as well as from recent reports of “prodromal” MS, is 
a spectrum of disease: from quiescent or subclinical MS to  
overt clinical manifestations of relapses and progressive dis-
ability (Figure 1). The early recognition of MS is critical to 
instituting DMTs that reduce relapses and clinical and sub-
clinical disease worsening, and prevent long-term disability.15

Radiologically Isolated Syndrome
Radiologically isolated syndrome exists when incidental MR 
findings suggest MS-like lesions in the absence of clear clini-
cal signs or symptoms of the disease.8,16,17 The diagnosis of RIS 
raises the possibility of MS. Indeed, approximately one-third of  

  
  

FIGURE 1. Spectrum of MS8,25 

At-Risk Population

RIS

Prodromal MS

CIS

Relapsing-remitting MS (RRMS): Characterized by clinical  
relapses, with stability between relapses 

Primary-progressive MS (PPMS): Characterized by slowly  
increasing, objectively documented neurologic disability from 
disease onset that is independent of clinical relapses

Secondary-progressive MS (SPMS): Slowly progressive course  
of neurologic disability following initial RRMS

Abbreviations: CIS, clinically isolated syndrome; MS, multiple sclerosis;  
RIS, radiologically isolated syndrome.



S4  September 2019  |  Supplement to Neurology Reviews®

people with RIS will be diagnosed with MS, most often relaps-
ing-remitting MS (RRMS), within 5 years of presentation.17-20 
Factors that increase the likelihood of an eventual diagnosis of 
MS in the setting of RIS are similar to those associated with a 
diagnosis of MS after CIS: younger age, higher brain-lesion load, 
asymptomatic infratentorial or spinal cord lesions, gadolinium-
enhancing lesions, positive CSF oligoclonal bands, and abnor-
mal visual evoked potentials.16,18,21,22 Currently, experts recom-
mend that a patient with RIS and no obvious clinical signs or 
symptoms suggestive of MS be followed up prospectively, both 
clinically and with MR imaging.16 However, experts disagree  
on whether DMT is warranted in some cases of RIS.8,23,24 

Prodromal Multiple Sclerosis
A prodromal stage of MS has been suggested by several studies 
that examined health care use before the diagnosis of MS.25-29 
Collectively these studies support the concept of prodromal 
MS, which comprises various genitourinary, musculoskeletal, 
gastrointestinal, psychiatric, ophthalmologic, and nonspecific 
neurologic symptoms. These studies show that health care 
use is increased among people who are eventually diagnosed 
with MS, when compared with matched controls. Increased 
health care use in these cases may involve anxiety, depres-
sion, fatigue, headache, pain, vertigo, or urinary complaints. 
The findings have potential implications for clinical practice 
because they might offer an earlier “window of opportunity” 
for diagnosis and treatment.25 

Clinically Isolated Syndrome
According to the 2017 McDonald criteria, CIS is an acute 
or subacute, monophasic clinical event with symptoms and 

objective findings lasting at least 24 hours that signify 
inflammatory CNS demyelination.8 Typical presentations 
include unilateral optic neuritis, focal supratentorial or 
infratentorial syndrome, or partial myelopathy. High-risk 
CIS has been defined in clinical studies when T2-weighted 
MR images of the brain or spinal cord show 2 or more char-
acteristic lesions that measure at least 3 mm in diameter.30 

Multiple prospective trials have consistently confirmed that 
a person with high-risk CIS remains at significant risk of MS, 
especially during the first 5 years after the initial attack.9 The 
timely recognition of high-risk CIS is crucial, because the 
early institution of DMTs has been shown to significantly 
delay the conversion to MS and reduce brain atrophy and 
progressive disability.15,31 Conversely, people with high-risk 
CIS who start treatment later may not “catch up” to those 
who start DMT immediately.32

Diagnosing Multiple Sclerosis After a First Clinical Attack
The diagnosis of MS requires the demonstration of CNS 
lesions that are disseminated in space (DIS) and time (DIT), 
after excluding other causes of inflammatory, demyelinating  
disease.33 While stipulating that clinical manifestations 
remain necessary to diagnose MS, the 2017 McDonald crite-
ria enable the proactive and early diagnosis by using updated  
MR imaging and CSF findings.8 Table 1 summarizes the  
2017 McDonald criteria for the diagnosis of MS in a person 
with a clinical attack at onset. 

The updated criteria describe radiologic evidence of DIS 
and DIT lesions that support the diagnosis of MS once a typical 
CIS occurs. The DIS lesions are one or more hyperintense lesions 
on T2-weighted MR images in at least 2 of 4 CNS regions: the 

TABLE 1. Diagnostic Criteria for MS After a Clinical Attack at Onset8

Clinical Attacks
Lesions with Objective 

Clinical Evidence
Additional Data Needed for MS Diagnosis

≥2

≥2
None (although MR imaging is urged)

1*

1 DIS lesions via additional clinical attack in a different CNS site or via MR imaging

1

≥2
DIT lesions via an additional clinical attack or MR imaging 

OR  
CSF oligoclonal bands

1

DIS lesions via an additional clinical attack in a different CNS site or via MR imaging
AND

DIT lesions via an additional clinical attack or MR imaging
OR

CSF oligoclonal bands

Abbreviations: CNS, central nervous system; CSF, cerebrospinal fluid; DIS, disseminated in space; DIT, disseminated in time; MR, magnetic resonance; MS, multiple sclerosis.

* As well as clear-cut historical evidence of a previous attack involving a lesion in a distinct anatomic location.
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spinal cord and the periventricular, cortical or juxtacortical, and 
infratentorial areas of the brain. Concurrent enhancing and non-
enhancing lesions on MR images qualify as DIT lesions. Alterna-
tively, a new enhancing or T2-hyperintense lesion on follow-up 
MR images is evidence of DIT. Before the 2017 revision of the 
McDonald criteria, symptomatic lesions in an adult presenting 
with a brainstem or spinal cord CIS were not counted as MR evi-
dence of DIS or DIT lesions, to avoid so-called double counting. 
However, recent studies have shown that the inclusion of such 
lesions increases diagnostic sensitivity without compromising 
specificity.34,35 Therefore, the 2017 criteria allow for the inclusion 
of symptomatic lesions on MR images to establish DIS or DIT 
lesions.8 An exception is the clinical setting of optic neuritis.

Numerous studies have shown that, after controlling for 
demographic, clinical, and MR imaging variables, CSF oligo-
clonal bands are an independent predictor of a second clinical 
attack in an adult with CIS.36-44 The 2017 McDonald criteria 
states that a diagnosis of MS can be made in the setting of 
typical CIS when (1) there is evidence of DIS lesions (either 
clinically or on MR images) and (2) CSF oligoclonal bands 
are present, and there is no better explanation than MS.8 This 
recommendation holds true even if findings on baseline MR 
images do not meet the criteria for DIT lesions. Positive CSF 
oligoclonal bands can also be used to fulfill the diagnostic 
criteria for primary-progressive MS (PPMS) in a person with  
1 year of disability progression (retrospectively or prospectively 
determined) at the time of disease onset and the presence of 
one of the following: (1) 1 or more T2-hyperintense lesions 
characteristic of MS in at least 1 of the following brain regions: 
periventricular, cortical or juxtacortical, or infratentorial, or  
(2) at least 2 T2-hyperintense lesions in the spinal cord.

The 2017 criteria enabled a significantly earlier diagnosis 
of MS in people presenting with CIS.45 In a recent comparison 
study, the 2017 criteria supported the diagnosis of MS in 54% 
of people presenting with CIS at baseline, whereas the 2010 
criteria enabled the diagnosis of MS in only 26% of people 
presenting with CIS (P<.001). These data are reinforced by 
another study in which nearly 90% (121/138) of people diag-
nosed with CIS, according to the 2010 McDonald criteria, 
qualified for a diagnosis of RRMS per the 2017 criteria.46 Nota-
bly the Food and Drug Administration (FDA) now recognizes 
high-risk CIS as a relapsing form of MS, as evidenced by the 
recent approval of siponimod.47

Updated Use of Disease-Modifying Therapies 
in High-Risk Clinically Isolated Syndrome and 
Multiple Sclerosis Phenotypes
Recognizing that MS management has changed dramati-
cally during the last 15 years, the AAN published its updated 
practice guidelines for DMT use in adults with MS in 2018.9-11  

This comprehensive update addressed DMT use in high-risk 
CIS, RRMS, PPMS, and active secondary-progressive MS 
(SPMS) and provided recommendations for the initiation, 
switching, and possible discontinuation of DMTs in various 
clinical settings. Also considered were a number of important 
factors in the management of MS, including the recognition of 
patient comorbidities (eg, depression), medication adherence, 
reproductive plans, DMT access, and the DMT-associated  
risks of opportunistic infections like progressive multifocal 
leukoencephalopathy (PML). Recommendations for disease 
monitoring and the management of “highly active” or “break-
through” disease were addressed as well.

There are a sizeable and growing number of  
FDA-approved DMTs with distinct proposed mecha-
nisms of action for the treatment of various MS subtypes  
(Table 2).10,11,48-50 In addition, several novel agents are in 
development. The FDA-approved DMTs that have been 
shown to significantly delay the conversion of CIS to 
 MS include glatiramer acetate, various formulations of  
interferon-beta (IFNß), teriflunomide, and oral cladribine.9 
Siponimod, an oral sphingosine-1-phosphate receptor mod-
ulator, was also recently approved for the treatment of CIS,  
as well as RRMS and active SPMS.47 In the setting of estab-
lished RRMS, FDA-approved DMTs have been shown to 
reduce the relapse rate from approximately 30% to >50%. 
Additionally, some DMTs have been shown to reduce long-
term disability worsening.10,11 In placebo- and active-control 
studies of RRMS, available DMTs have been shown to sig-
nificantly reduce new or enlarging lesions on MR images.11,48 

Updated AAN guidelines advise clinicians to offer DMTs 
to people with active disease (recent clinical relapses or evi-
dence of MR activity), after discussing risks and benefits of 
therapy.9 Likewise, clinicians should offer DMTs to people 
with high-risk CIS. Given the varying routes of administra-
tion, as well as differing efficacy, safety, and tolerability profiles 
of DMTs (Table 2), AAN practice guidelines stress clinicians 
solicit and respect patients’ treatment goals, values, and pref-
erences before prescribing a specific DMT.9 To address treat-
ment expectations, clinicians should emphasize that DMTs 
are used to reduce relapses, disability, and evidence of new 
disease activity on MR images and are not intended to treat  
common MS-related symptoms, like fatigue or spasticity. 
Notably ocrelizumab, an infused anti-CD20 monoclonal anti-
body, was approved by the FDA in 2017 to treat PPMS and is 
currently the only DMT with this indication. In March 2019, 
oral cladribine was approved for the treatment of relapsing 
forms of MS, including active SPMS.51

Switching DMTs because of limited efficacy is com-
mon during MS management; although other factors, such 
as drug-related safety concerns, nonadherence, high drug 
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costs, and intolerability, influence the decision to change 
DMTs.9,52,53 Typically, when a person with MS shows break-
through disease (either in the form of a clinical relapse  
or new lesions on MR images), switching to a DMT with 
a different mechanism of action and a more robust efficacy 
profile may be beneficial.9 According to the AAN, studies 

suggest that alemtuzumab, natalizumab, fingolimod, and 
ocrelizumab (and by implication siponimod and cladribine) 
provide greater efficacy in RRMS than self-injected DMTs 
like IFNß or glatiramer acetate. However, because of seri-
ous safety issues, the package inserts for alemtuzumab and 
oral cladribine warn that these drugs should be reserved for 

TABLE 2. FDA-Approved DMTs for the Treatment of MS10,11,54-56

DMT and Maintenance 
Dosage

Approved Indication(s) Safety Concerns

IFNß-1a
30 μg IM weekly

High-risk CIS

Relapsing forms of MS

Flulike symptoms, #LFTs, leukopenia,

headache, depression, skin necrosis

IFNß-1a*
22 or 44 μg SQ tiw

Relapsing forms of MS

Pegylated IFNß-1a 
125 μg SQ every 14 days Relapsing forms of MS

IFNß-1b
0.25 mg SQ qod

High-risk CIS

Relapsing forms of MS

Glatiramer acetate*
20 mg SQ daily
40 mg SQ tiw

Relapsing forms of MS
Skin reactions, immediate post-injection

systemic reaction

Fingolimod
0.25 or 0.5 mg PO daily Relapsing forms of MS

Cardiac events, herpes infection,  
macular edema, LFT abnormalities,  

lymphopenia, PML‡ (unusual)

Siponimod†

2 mg PO daily
Relapsing forms of MS (high-risk CIS, 

RRMS, active SPMS)

Infection, macular edema, bradyarrthymias,  
respiratory abnormalities, liver injury, increased  

blood pressure, PML‡ (potential)

Dimethyl fumarate
240 mg PO bid Relapsing forms of MS

Lymphopenia, flushing, gastrointestinal symptoms, PML‡ 
(unusual)

Teriflunomide
7 or 14 mg PO daily Relapsing forms of MS

Teratogenesis, hepatic dysfunction, reactivation of latent  
tuberculosis, hair thinning

Cladribine
10 to 20 mg PO daily for  
4 to 5 days q 6 months

Relapsing forms of MS (RRMS  
and active SPMS)

Reserved for after ≥1 previous DMT

Opportunistic infection, immunosuppression

Natalizumab
300 mg IV q 4 weeks

Relapsing forms of MS Allergic reaction, PML, abnormal LFTs

Ocrelizumab
600 mg IV q 6 months

Relapsing or primary progressive  
forms of MS

Infusion reaction, reactivation of HBV infection,  
opportunistic infection potential

Alemtuzumab
12 mg IV daily for 5 days  
1st year; 12 mg IV daily for  
3 days 2nd year (further 
treatment only if break-
through disease)

Relapsing forms of MS

Reserved for after ≥2 previous DMTs

Autoimmune events, hyperthyroidism, immune  
thrombocytopenia, immune glomerulonephritis, skin cancer, 

infusion reaction, severe viral infections

Abbreviations: CIS, clinically isolated syndrome; DMT, disease-modifying therapy; HBV, hepatitis B virus; IFNB, intraferon-beta; IM, intramuscular; IV, intravenously; LFTs, liver function 
tests; MS, multiple sclerosis; PML, progressive multifocal leukoencephalopathy; PO, per os; q, every; qod, every other day; RRMS, relapsing-remitting MS; SPMS, secondary-progressive 
MS; SQ, subcutaneous; tiw, 3 times per week.

* Clinical efficacy data for 22 SQ tiw (IFNß-1a) and 20 mg SQ daily (glatiramer acetate) in RRMS.

† Clinical efficacy data in active SPMS.

‡ PML cases reported with fingolimod, 21; dimethyl fumarate, 6; siponimod, none to date.
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people who have shown an inadequate response to at least  
2 and 1 DMTs, respectively.49,50 Generally, DMTs should be 
continued indefinitely, even when evidence of disease activity 
is lacking. Yet, uncertainty remains about the continuation of 
DMTs in certain clinical contexts, such as long-term nonactive 
CIS, relapsing MS, and non-ambulatory SPMS.9 

Ongoing studies with available DMTs include head-to-
head efficacy and persistence assessments. Select studies are 
also focusing on the nature of MS and treatment responses 
in ethnic subgroups, including African-Americans and East 
Asians.54-56 Several novel DMT candidates are in late-phase 
development for MS phenotypes. These include 2 more selec-
tive sphingosine-1-phosphate (S1P) receptor modulators, 
ponesimod and ozanimod, and the alternative anti-CD20 
monoclonal antibodies ofatumumab and ublituximab.57

When certain high-efficacy DMTs are considered during 
MS management, serious safety risks, such as the risk of PML, 
must be considered. The updated AAN treatment guidelines 
address the assessment of, and monitoring for, PML.9 This is 
a major issue with natalizumab, where PML is more likely 
in individuals with MS and detectable serum antibodies to 
John Cunningham virus (JCV), history of immunosuppressive 
therapy, and duration of therapy of ≥24 months. Risk is more 
unusual with S1P receptor modulators, dimethyl fumarate 
and anti-CD20 therapy, but this should be discussed prior to 
treatment. Notably, extended-interval dosing of natalizumab 
(eg, 6 to 8 weeks) has been shown to significantly reduce the 
risk of PML in people who are JCV antibody positive, without 
compromising DMT efficacy.58-60

The detection of PML with MR imaging before symp-
toms arise improves outcome and survival. The PML lesions 
are typically subcortical (48% occur in the frontal lobes), 
hyperintense on T2-weighted images, and hypointense on 
T1-weighted images (Figure 2).61 Borders of PML lesions 
are ill defined toward the white matter and sharp toward the 
gray matter. The PML lesions can also involve the deep gray 
matter (thalamus and dentate nuclei).61 Gadolinium enhance-
ment of PML lesions can be patchy, nodular, or speckled. The 
recommended timing of MR surveillance for PML is every  
12 months for people who are negative for serum JCV anti-
bodies. In people who show JCV antibodies and have received 
natalizumab therapy for 18 months, the recommended tim-
ing of MR surveillance is every 3 to 6 months, depending on 
the JCV antibody index (≤1.5 or >1.5).62 Recent surveillance 
data suggest that an elevated blood neurofilament light- 
chain protein level may be an early biomarker of PML during 
natalizumab treatment.63

In an updated assessment of pooled clinical data for 
natalizumab, the estimated risk of PML in people negative for 
JCV antibodies was less than 0.07 per 1000.64 In people with 

positive JCV antibodies, the cumulative probabilities of PML 
over 6 years (72 infusions) were 2.7% in people with previous 
exposure to an immunosuppressant (eg, mitoxantrone, cyclo-
phosphamide) and 1.7% in those without prior exposure. A 
small number of PML cases have been reported with dimethyl 
fumarate and fingolimod treatment.65-68 However, the preva-
lence of PML in people with MS who are taking other DMTs 
is much lower than that with natalizumab, perhaps 1 in 10,000 
to 30,000. An elevated risk of PML in alemtuzumab- and  
ocrelizumab-treated patients is likely but has not yet been 
shown.69 By using the JCV antibody status and periodic MR 
imaging, as described previously, clinicians can stratify the risk 
of PML during natalizumab therapy.70,71

Shared Decision Making in Multiple Sclerosis 
Management and Guideline-Based Monitoring  
for Breakthrough Disease
Disease-Modifying Therapy Adherence
During the course of MS management, adherence to DMTs 
enables the best outcomes, including a reduction in relapses, 
disability worsening, and health care utilization.9,32,72 Yet, DMT 
adherence is often suboptimal and undermined by a wide 
range of factors (Figure 3).32 Optimizing adherence begins 
with identifying nonadherence so that the cause(s) can be 
addressed. In some cases, an alternative DMT that is likely 
to enhance adherence should be considered. The 2018 AAN 
guidelines stressed that, because DMT adherence is necessary to 
achieve full efficacy, discussing adherence issues before initiat-
ing DMT and evaluating a person’s DMT preferences is good  

FIGURE 2. MR Images of Asymptomatic  
Natalizumab-Associated PML62

Susceptibility-weighted (SW), fluid-attenuated inversion recov-
ery (FLAIR), and diffusion-weighted (DW) images of a left frontal 
PML lesion. The lesion is associated with a hypointense cortical 
rim on the SW image and is hyperintense on FLAIR and DW 
images (arrows). Image used with permission.

Abbreviations: PML, progressive multifocal leukoencephalopathy.
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clinical practice.9 To this end, clinicians must address a patient’s 
readiness or reluctance to initiate a particular DMT in order to 
gauge its acceptance. In addition, clinicians must proactively 
address comorbidities, such as depression, that can affect adher-
ence. The most individualized issue regarding DMT choice may 
be tolerability, which relates strongly to a person’s preferences 
and lifestyle and can greatly affect DMT adherence.73

Shared Decision Making and Personalized Treatment Decisions
When a clinician elicits a patient’s goals, values, and pref-
erences about care, SDM is particularly useful during the 
management of chronic, preference-sensitive conditions like 
MS.74,75 In SDM, unlike in a traditional paternalistic style of 
health care, a clinician has an evidence-based discussion of 
treatment options and their associated benefits and risks with 
the patient. This is followed by a mutual treatment decision.75,76 

To further illustrate the process, Elwyn and colleagues have 
proposed a circular “Three-talk Model” of SDM (Figure 4).77 

The SDM process is reflected in a similar “deliberative” model 
of health care, in which the clinician and patient deliberate 
about the kind of health-related values the patient can and 
should pursue.78 The SDM process can be used throughout the 
course of MS management and has been shown to promote 
treatment adherence.76,79 

Guideline-Based Disease Monitoring
The periodic monitoring of MS activity, specifically with serial 
brain MR imaging, is crucial for recognizing potential DMT 
failure or nonadherence. When a patient shows breakthrough 
disease, either in the form of clinical relapses or new lesions 
on MR images, switching DMTs may be beneficial.9 Detailed, 
revised guidelines exist for monitoring and assessing clinical 
and subclinical disease activity in CIS and established MS after 
baseline MR imaging (Figure 5).63 

FIGURE 5. Consortium of MS Centers  
Task Force Guidelines for Surveillance  
MR Imaging63

CIS

•  High-risk: MR study with gadolinium at 6 to 12 months  
after diagnosis 

•  Low-risk: MR study with gadolinium at 12 to 24 months  
after diagnosis 

Established MS

•  If no recent prior imaging available (eg, in cases of new  
patient referrals)

• Postpartum to establish new baseline 

• Before starting or switching DMTs

•  3 to 6 months after switching DMTs (to establish  
new baseline)

• Every 1 to 2 years during unchanged DMT

•  In cases of unexpected clinical deterioration or to reassess  
original diagnosis

Abbreviations: CIS, clinically isolated syndrome; DMT, disease-modifying therapy; 
MR, magnetic resonance; MS, multiple sclerosis.

FIGURE 4. Three-Talk Model of SDM77

Abbreviation: SDM, shared decision making.

Image used with permission.

FIGURE 3. Factors Associated with  
DMT Nonadherence32

•  Perceived lack of efficacy, especially in relation to  
expectations

• Route of administration

• Perceived safety risks

• Tolerability issues

• Length of time on treatment

• Financial costs

•  Psychosocial factors, including coping style, mood, “forget-
ting,” depression, cognitive deficits, poor support system

Abbreviation: DMT, disease-modifying therapy.
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Multiple Sclerosis Management in  
Women of Child-Bearing Age
The decision to prescribe DMTs to women with MS who are of 
reproductive age is especially pertinent, because most people 
with MS are young or middle-aged adult women,1,80 and some 
DMTs may pose significant fetal risks.9,10,11 Despite the fact that 
several DMTs for MS have been available for more than 20 
years, information about DMT safety during pregnancy and 
breastfeeding remains incomplete. More data are needed to 
inform DMT use before, during, and after pregnancy and to 
minimize the potential risks during conception, pregnancy, 
and breastfeeding.9 

The updated AAN guidelines and MS experts recommend 
discussing pregnancy plans prior to DMT initiation in women 
of reproductive age with MS.9,81,82 Typically, DMTs are not pre-
scribed during pregnancy unless the benefits of disease con-
trol outweigh fetal risks. Depending on disease activity, some 
women with MS may choose to postpone pregnancy and begin 
DMT, particularly if the selected agent has a short half-life 
with limited or no washout period (Table 3). In the interim, 
before planned conception, women with MS who take DMTs 
should be advised to adhere to effective contraception.83 For 
women with active MS who still wish to become pregnant in 
the near future, glatiramer acetate or IFNß may be considered, 
because neither therapy has been associated with fetal risk in 
pregnancy registries containing thousands of cases.82,83 Nev-
ertheless, women who do become pregnant while taking any 
DMT should be encouraged to enroll in a pregnancy registry.83

Disease activity in MS changes substantially during preg-
nancy and the postpartum period.83,84 According to a recently 
published, retrospective claims database study, the average 
monthly rate of MS relapse drops significantly during preg-
nancy, increases during the 6 months after pregnancy, and 
decreases modestly 6 to 12 months postpartum.85 In most 
studies, the first 3 postpartum months represent a high-risk 
period for MS activity, both clinically and subclinically (eg, by 
MR imaging). However, in a contemporary cohort of patients 
with MS, no postpartum disease rebound was observed, with 
exclusive breastfeeding found to be particularly protective.86 

Average use of DMTs, including agents with no recommended 
washouts, was incomplete during the year before pregnancy 
(38% of women), and decreased further immediately before 
and during pregnancy. At 9 to 12 months postpartum, DMT 
use increased to a peak of only about 26%. Generally, the preg-
nancy database revealed great uncertainty in DMT use before, 
during, and after pregnancy, thereby highlighting a need for 
ongoing study in these clinical settings.

Conclusions
As disease-modifying options for MS management continue 
to expand, there is an ever-growing need to engage in person-
alized SDM that incorporates the treatment goals, values, and 
preferences of a person with MS before prescribing DMT. To 
that end, clinicians must gain proficiency in the use of avail-
able DMTs in a wide variety of clinical settings. Moreover, 
they must anticipate novel agents and new indications for MS 

TABLE 3. Recommended Washouts for MS DMTs83

DMT Recommended Washout Pregnancy Use

IFNß
Glatiramer acetate

None
Thousands of exposures from pregnancy registry data; no evidence  

of increased fetal risk; use if benefit outweighs potential risk

Dimethyl fumarate None Limited data; use only if benefit outweighs potential fetal risk

Natalizumab None No adequate data

Siponimod48 10 days No adequate data

Fingolimod 6 to 8 weeks Limited data; use only if benefit outweighs potential fetal risk

Alemtuzumab 4 months (from last course) Limited data; use only if benefit outweighs potential fetal risk

Ocrelizumab 6 months Limited data; do not use

Cladribine 6 months (from last course) Do not use

Teriflunomide Use accelerated elimination procedure 
(eg, cholestyramine) to lower serum level 

concentrations to <0.02 mg/L in  
women and men

Without accelerated washout, teriflunomide 
will take between 8 to 24 months to reach a 

plasma concentration of <0.02 mg/L86

Contraindicated due to significant potential teratogenicity  
(based on animal models)

Abbreviations: DMT, disease-modifying therapy; IFMß, interferon-beta.
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subtypes that heretofore had limited or no disease-modifying 
options. Owing to the heterogeneous nature of MS among 
and within affected individuals, disease management is neces-
sarily a mutable process in which the initiation and switching 
of DMTs is informed over time through solicited patient feed-
back, periodic disease surveillance, and therapeutic advances. 
Areas in need of continued study include disease pathogen-
esis, the recognition and potential treatment of prodromal MS, 
the use of DMTs in MS subtypes and ethnic groups, compara-
tive DMT efficacies in well-controlled studies, and DMT safety 
during conception and pregnancy.
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