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Disease-Modifying Therapies in 
Multiple Sclerosis: Overview and 

Treatment Considerations
Derrick Robertson, MD; and Natalie Moreo, MD

Controlling symptoms can slow the physical and emotional disabilities associated with multiple 
sclerosis and help patients attain the highest quality of life possible for as long as possible.

M
ultiple sclerosis (MS) is a 
disorder characterized by 
inflammation, demyelin-
ation, and degeneration of 

the central nervous system (CNS). 
The hallmark of the disorder is re-
lapses and remissions of neurologic 
symptoms occurring early in the dis-
ease course, which are often associ-
ated with areas of CNS inflammation 
and myelin loss.1-3 The inciting cause 
for this inflammation is unknown 
but is believed to be multifactorial, 
with environmental and genetic in-
fluences creating an adaptive, T cell-
mediated autoimmune response 
against the CNS.4 Separate from the 
acute attacks, progressive neurode-
generation can occur more chroni-
cally and is characterized by axonal 
loss and grey matter atrophy thought 
to be due to direct cytotoxic activity 
of the innate immune system as well 
as toxic intermediates, such as nitric 
oxide.4,5 Despite the multiple insults 
early on, neurologic disability typi-
cally becomes more apparent over 
time.6 The disability threshold theory 

argues that neurologic function com-
pensates for brain tissue loss until a 
threshold of accumulated damage is 
exceeded.7

BACKGROUND
The incidence of MS follows a geo-
graphic gradient; rates rise as the dis-
tance from the equator increases.8,9 
This is thought to be due to the gra-
dient of relative sun exposure and its 
role in the production of vitamin D, 
which plays an important role in im-
mune regulation when converted to 
its active hormonal form. Multiple 
sclerosis is more prevalent in non- 
Hispanic white patients than it is in 
other racial groups, and women are 
affected nearly 2 to 3 times more often 
than are men.10 About 450,000 in-
dividuals in the U.S. and more than  
2 million worldwide have MS.11-14

Multiple sclerosis is the most com-
mon cause of nontraumatic neuro-
logic disability in young adults. It is 
typically diagnosed in the third and 
fourth decades of life, and those who 
are diagnosed after age 50 years often 
can recount neurologic symptoms 
that began years before. However, 
pediatric-onset and new-onset cases 
in the elderly have been reported. It 
has been estimated that up to 10% 
of patients with MS have onset be-

fore 18 years of age.15-17 Compared 
with adult-onset MS, pediatric-onset 
is associated with a longer period 
between initial attack and physical 
disability, although the average age 
of disability onset is about 10 years 
younger.17,18

Disease Courses
Relapsing-remitting MS (RRMS) is 
the most common disease course 
overall, and this pattern affects 97% 
of individuals with disease onset be-
fore age 18 years.15-17 The clinically 
isolated syndrome disease course 
leads to clinically definite MS in 
one-third of patients within 1 year 
and in one-half of patients within  
2 years.19 In the majority of cases, the 
RRMS course transitions over time to 
secondary-progressive MS (SPMS), 
which is a disease pattern of progres-
sively worsening disability with few 
neurologic relapses. Although inflam-
mation is present at all stages, the 
difference is in the predominance of 
cell types involved.5 Why the shift 
from active to chronic inflammation 
occurs and how to prevent it remain 
central questions in MS research.4 Re-
gardless, tentative evidence suggests 
that prevention of relapses may re-
duce disability accumulation and risk 
of conversion to progressive MS.20

Dr. Robertson is director of the Multiple Sclerosis 
Center of Excellence at James A. Haley Veterans’ 
Hospital in Tampa, Florida. Dr. Moreo is a PGY-1 
multiple sclerosis fellow, and Dr. Robertson is an 
assistant professor of neurology and director of the 
multiple sclerosis division, both at the University of 
South Florida in Tampa.

0616FED_Moreo.indd   28 5/26/16   2:07 PM



www.fedprac.com

A minority of patients with MS are 
diagnosed with primary-progressive 
MS (PPMS) at onset, which is char-
acterized by a disease pattern that 
follows a relatively steady progres-

sion of neurologic symptoms over 
time, without clear relapses or re-
missions of these symptoms, though 
phases of stability or fluctuations 
in disability may still occur.21 It is 

typically diagnosed at an older age 
than is RRMS, and it is rare in chil-
dren; suspicion of PPMS in this age 
group should prompt detailed as-
sessment of alternative diagnoses.17,22  
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Table 1. 2010 Revised McDonald Criteria for Multiple Sclerosis Diagnosis

Clinical Attacks CNS Lesionsa Additional Criteria Needed

2 or more (DIT  
satisfied)b

Objective clinical evidence of  
at least 2 lesions (DIS satisfied)
OR
Objective clinical evidence of  
1 lesion, plus reasonable  
historic evidence of a prior  
attack consistent with MS 

1. More likely diagnoses ruled outc

2 or more (DIT  
satisfied)b

Objective clinical  
evidence of 1 lesion

1. More likely diagnoses ruled outc 
2.  DIS, demonstrated by either of the following:
     a.  At least 2 of the 4 typical locations on MRI have at least 1 T2 lesion eachd

     b.  Await another clinical attack that implicates a new CNS site

1 Objective clinical  
evidence of at least  
2 lesions (DIS satisfied)

1. More likely diagnoses ruled outc 
2. DIT, demonstrated by any of the following:
     a.  Simultaneous presence of asymptomatic Gd-E and nonenhancing lesions at any time
     b.  New T2 and/or new Gd-E lesion(s) on follow-up MRI, irrespective of timing
     c.  Await a second clinical attack

1 Objective clinical  
evidence of 1 lesion

1. More likely diagnoses ruled outc 
2. DIS, demonstrated by any of the following:
     a.  At least 2 of the 4 typical locations on MRI have at least 1 T2 lesion eachd

     b.  Await another clinical attack that implicates a new CNS site
3. DIT, demonstrated by any of the following: 
     a.  Simultaneous presence of asymptomatic Gd-E and nonenhancing lesions at any time
     b.  New T2 and/or new Gd-E lesion(s) on follow-up MRI, irrespective of timing
     c.  Await a second clinical attack

0 1. More likely diagnoses ruled outc

2. One year of disease progression
3. Any 2 of the following:
     a.  At least 1 T2 lesion in the periventricular, juxtacortical, or infratentorial area(s)
     b.  DIS in the spinal cord (at least 2 T2 lesions)
     c.  Positive CSF (eg, unmatched oligoclonal bands, elevated immunoglobulin G index)

Abbreviations: CSF, cerebrospinal fluid; CNS, central nervous system; DIS, dissemination in space; DIT, dissemination in time; ECTRIMS, European 
Committee for Treatment and Research in Multiple Sclerosis; Gd-E, gadolinium enhancing; MRI, magnetic resonance imaging; MS, multiple sclerosis. 
Sources: Polman and colleagues and the National Multiple Sclerosis Society/ECTRIMS Tip Sheet.22,30

aExclude symptomatic brain stem or spinal cord lesions from counts. Attention should be paid to lesion characteristics (eg, size, shape, orientation) in order 
to differentiate from those due to other causes.
bThe onset of the second attack must be separated from the onset of the first by at least 30 days. The definition of a clinical attack is neurologic 
disturbance consistent with acute inflammation and demyelination, which is subjectively reported or objectively observed, lasting at least 24 hours (but 
more often days to weeks), and occurring in the absence of infection or increased body temperature. 
cExamples of differential diagnoses of MS include chronic small-vessel ischemic disease, neuromyelitis optica, CNS vasculitis, CNS infection, acute 
disseminated encephalomyelitis, subacute combined degeneration of the spinal cord, neurosarcoidosis, and more. 
dThe 4 typical locations in the CNS where MS lesions occur are periventricular, juxtacortical, infratentorial, and spinal cord. 
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Primary-progressive MS is more 
equally distributed in men and 
women than is RRMS. 

Regardless of onset type, dis-
ability progression seems to occur 
at the same rate among all patients 
with MS after a certain threshold is 
reached. The established assessment 
scale for disability progression in 
MS is the Kurtzke Expanded Dis-
ability Status scale (EDSS), which 
has a scoring range from 0 to 10. 
Data from several patient registries 
have shown that once EDSS step 
4 is reached, progression thereaf-
ter occurs at a predictable rate that 
is similar across MS phenotypes.23 
The time it takes patients to sub-
sequently reach higher EDSS steps 

may be independent of preceding 
factors.23 

MS Symptom Burden
The neurologic symptoms that pa-
tients experience are fluctuating and 
disabling throughout the disease 
course, irrespective of onset type. 
Typical MS symptoms include mobil-
ity impairment, changes in cognition 
and mood, pain and other sensa-
tion disturbances, bowel and blad-
der dysfunction, fatigue, and visual 
disturbances. The burden of these 
symptoms can significantly impact 
quality of life (QOL) for patients 
and their families. The symptom 
burden can pose a direct threat to a 
patient’s autonomy, necessitating ad-

aptation to an unpredictable disease 
that requires frequent health care 
visits to many different health care 
providers (eg, neurologists; primary 
care providers; physiatrists; urolo-
gists; ophthalmologists; and speech, 
physical, and occupational thera-
pists), periodic testing, and often 
costly medications.24

Compared with patients who have 
other chronic conditions, patients 
with MS experience diminished so-
cietal roles, along with decreased 
assessments in health, energy, and 
physical functions.25 These often lead 
to early exit from the workforce and 
limitations in household responsibili-
ties, which further impact QOL.26 In-
cluding both direct and indirect costs 

Table 2. FDA-Approved Injectable Disease-Modifying Therapies

Injectable Therapies Dosing Adverse Effects/Warnings/Precautions

Glatiramer acetate33 20 mg SC daily or 40 mg SC 3 times per wk

Indication: relapsing forms of MS

Injection-site reactions 
Lipoatrophy 
Postinjection systemic reaction (eg, chest pain, palpitations, flushing,  
   anxiety, dyspnea)
Pregnancy Category: B

Interferon beta-1a34 30 mcg IM once per wk

Indication: relapsing forms of MS

Injection-site reactions
Flulike symptoms
Hematologic abnormalities
Elevated liver enzymes
Exacerbation of preexisting thyroid disease
Worsening of mood disorder, including depression/anxiety
Pregnancy Category: C

Interferon beta-1a35 22 mcg or 44 mcg SC 3 times per wk

Indication: relapsing forms of MS

Same as above 

Interferon beta-1b36,37 0.25 mg SC every other day

Indication: relapsing forms of MS

Same as above 

Peginterferon beta-1a38,39 125 mcg SC every 2 wk 

Indication: relapsing forms of MS

Same as above 

Abbreviations: IM, intramuscular; SC, subcutaneous; MS, multiple sclerosis.
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of the disease, a patient with MS can 
expect a lifetime financial burden of 
nearly $1.2 million.27 

Large population cohort stud-
ies in MS, along with MS registry 
studies of patients untreated with 
disease-modifying therapies, have 
shown reduced survival rates by an 
average of 7 to 14 years.23,28 Mul-
tiple sclerosis is the main cause of 
death in about 50% of cases (EDSS 
step 10), which is defined as “acute 
death due to brain stem involvement 
or to respiratory failure, or death 
consequent to the chronic bedrid-
den state with terminal pneumonia, 
sepsis, uremia, or cardiorespiratory 
failure [and excluding] intercurrent 
causes of death.”23 For the remaining 

patients with MS, cause of death is 
similar to those of the general popu-
lation, such as cardiovascular disease 
and cancer.23 However, the incidence 
of suicide is higher among patients 
with MS.23 

All these factors underscore the 
importance of early diagnosis as well 
as early initiation of effective disease-
modifying therapy. The diagnosis of 
MS is difficult largely due to the lack 
of definitive diagnostic testing and 
specific biomarkers for disease activ-
ity and because of the wide range of 
differential diagnoses that can mimic 
MS.19,21,29 Diagnosis of MS requires 
that more likely diagnoses have 
been excluded as well as that lesions 
(scleroses) are disseminated in space 

within the CNS and disseminated in 
time. The 2010 Revised McDonald 
Diagnostic Criteria for MS are out-
lined in Table 1.

DISEASE-MODIFYING THERAPIES
The goal of MS disease-modifying 
therapy is to reduce the early clini-
cal and subclinical disease activ-
ity that eventually contributes to 
long-term disability.31,32 There are 
currently 13 FDA-approved disease-
modifying therapies for MS. These 
include 7 self-injecting therapies,  
3 oral therapies, and 3 infusion 
therapies. These 13 medications 
have 8 different mechanisms of ac-
tion (MOA) that target distinct areas 
of the immune-mediated disease  

Table 3. FDA-Approved Oral Disease-Modifying Therapies

Oral Therapies Dosing Adverse Effects/Warnings/Precautions

Dimethyl fumarate40 240 mg PO twice d

Indication: relapsing 
forms of MS

Flushing 
GI symptoms (abdominal pain, diarrhea, and nausea)
Pruritus/rash 
Lymphopenia 
 Potential opportunistic infections, including 4 reported cases of PML that have occurred in the  
   setting of prolonged lymphopenia
Pregnancy Category: C 

Fingolimod41 0.5 mg PO per d

Indication: relapsing 
forms of MS

Headache 
Diarrhea 
Back pain 
Elevated liver enzymes  
Macular edema 
Bradyarrhythmia and/or atrioventricular blocks following first dose administration
 Caution during treatment initiation in those concurrently taking beta blockers or calcium  
   channel blockers that affect heart rate
Elevated blood pressure
Lymphopenia
Potential opportunistic infections, including 3 reported cases of PML
Pregnancy Category: C

Teriflunomide42 7 mg or 14 mg PO per d 

Indication: relapsing 
forms of MS

Alopecia
GI symptoms (diarrhea and nausea)
Hematologic abnormalities
Elevated liver enzymes
Pregnancy Category: X/risk of teratogenicity

Abbreviations: GI, gastrointestinal; MS, multiple sclerosis; PML, progressive multifocal leukoencephalopathy; PO, by mouth.
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process. They also differ in their fre-
quencies and routes of administra-
tion in addition to their adverse effect 
(AE) profiles (Tables 2, 3, and 4).

Treatment Considerations
In 1993, interferon beta-1b became 
the first FDA-approved MS medica-
tion. In the following 2 decades, there 
became 12 additional FDA-approved 
medications for MS, beginning with 
other injectables. The first infusion 
therapy was introduced in 2004, fol-
lowed by various oral medications. 
The treatment landscape continues 
to change rapidly. This therapeutic 
revolution has occurred largely due 
to the improved understanding of the 

pathophysiology of MS and unques-
tionably has improved the progno-
sis and overall QOL for patients. The 
question is no longer how to treat MS 
but rather how to personalize and op-
timize treatment for each patient.20

Despite all available treatment op-
tions, none are curative, and none 
have been proven to offer neuropro-
tection or contribute to neural re-
pair. To date, no studies have led to 
FDA-approved therapies for PPMS. 
Further, the efficacy of any of these 
medications varies from patient to 
patient. Due largely to the lack of 
biomarkers for disease activity and 
treatment response, drug efficacy 
continues to be measured according 

to the current gold standard, which 
is identification of gadolinium- 
enhancing lesions in the white mat-
ter on magnetic resonance imaging 
(MRI), combined with other mark-
ers of disease, including clinical re-
lapse rate and confirmed disability 
progression.19 In general, the inject-
able therapies are expected to protect 
against about 20% to 35% of relapses; 
the oral agents, 50% to 55%; and the 
infusion therapies, > 60%.20

In conjunction with a medica-
tion’s efficacy rate and safety profile, 
the frequency and route of adminis-
tration also must be considered. In 
general, MS medications are exceed-
ingly expensive, some costing up to  

Table 4. FDA-Approved Infusion Disease-Modifying Therapies

Infusion Therapies Dosing Adverse Effects/Warnings/Precautions

Alemtuzumab43-45 12 mg per d IV for 5 d 
followed 12 mo later by 12 
mg per d IV for 3 d 

Indication: relapsing forms 
of MS

Infusion-related reactions (eg, fever, rash, headache, muscle aches) 
 Profound lymphopenia; prophylaxis with antiviral agent is recommended for at least  
   2 months after the infusions or until CD4 count is > 200 cells/mL due to higher rates of    
   herpes simplex and zoster infections
Secondary autoimmunity (eg, thyroid disorders, immune thrombocytopenia, other  
   cytopenias, glomerular nephropathies) 
Malignancies, including melanoma
Pneumonitis 
 Due to the potential risk of secondary autoimmunity, infusion reactions, and malignancies,  
   alemtuzumab is available only through a REMS program
Pregnancy Category: C

Mitoxantrone46 12 mg/m2 IV every 3 mo; 
maximum cumulative dose: 
140 mg/m2 

Indication: relapsing forms  
of MS or secondary- 
progressive MS 

Cardiotoxicity (arrhythmia and congestive heart failure) 
Alopecia
Nausea
Menstrual disorders, including amenorrhea and infertility 
Increased risk of URI and UTI infections
Bone marrow suppression
Secondary acute myelogenous leukemia
Pregnancy Category: D

Natalizumab47 300 mg IV every 28 d 

Indication: relapsing forms 
of MS

Arthralgia 
Urticaria
 Lower threshold for opportunistic infections, including PML, herpes encephalitis, and  
   meningitis
Due to the potential risk of PML, natalizumab is available only through a REMS program
Pregnancy Category: C

Abbreviations: MS, multiple sclerosis; PML, progressive multifocal leukoencephalopathy; REMS, risk evaluation mitigation strategy; URI, upper respiratory 
infection; UTI, urinary tract infection.
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tens-of-thousands of dollars per 
year.48 All these factors have the real 
potential to negatively impact patient 
adherence. Nonadherence and gaps in 
treatment have been correlated with 
increased rates of relapses and pro-
gression of disability as well as nega-
tive MRI outcomes.49-53 

When to Initiate Treatment
Once a patient is diagnosed, a 
common question is, when is the 
right time to initiate treatment? 
The primary target of the current 
MS medications is to decrease 
CNS inflammation (relapses). The 
ideal time to start treatment is as 
promptly as possible after confir-
mation of the diagnosis to combat 
the early inflammatory relapsing 
phase of the disease. There seems 
to be an early window in the dis-
ease course when achieving disease 
control can have a profound impact 
on long-term disability. Disease 
control is typically defined as de-
creasing relapses, slowing the ac-
cumulation of lesions visualized on 
MRI, and preventing the disability 
that occurs from both incomplete 
recovery after relapses and overall 
disease progression.54,55 

Certain clinical indicators, such as 
higher relapse rates early in the dis-
ease course and MRI characteristics, 
including total lesion burden and the 
location of lesions within the CNS, 
seem to be associated with a higher 
risk of disease progression.56 These 
are potential prognostic indica-
tors that can help tailor the choice 
of disease-modifying therapy for 
patients.57 Those with highly in-
flammatory and potentially aggres-
sive disease at onset, for example, 
may benefit from early initiation of 
higher efficacy therapies, whereas 
those with more benign forms of 
MS at onset may fare well on lower 
efficacy therapies. In general, when 

it comes to currently available MS 
treatments, higher efficacy is often 
tied to riskier AE profiles, so the best 
medication may be the “least effica-
cious” one that can still control the 
disease.20 

Hauser and colleagues suggested 
a treatment decision-making model 
that identifies the interferons, glat-
iramer acetate, dimethyl fumarate, 
and teriflunomide as acceptable 
first-line therapies; fingolimod and 
natalizumab as acceptable second-
line options; and mitoxantrone and 
alemtuzumab as acceptable third-line 
therapeutic options.20 The authors 
generally agree with Hauser and col-
leagues’ model, and it is important 
to consider individual patient fac-
tors (eg, comorbidities, concurrent 
medications, life circumstances) and 
disease severity when deciding on a 
treatment plan. 

Perhaps an even more difficult 
question is, when is the right time 
to switch therapies? There remains 
a dearth of either guidelines or com-
parative studies for treatment man-
agement decisions. Further, without 
reliable biomarkers, the clinical and 
pathologic heterogeneity of MS 
makes treatment difficult.4,19 In 
practice, there is general consensus 
that 1 year of treatment monitor-
ing for effects on clinical and ra-
diologic outcomes is an acceptable 
time frame to evaluate effectiveness 
of a disease-modifying treatment. If 
adherence is maintained and there 
is still evidence of clinical or MRI 
activity (suggesting a suboptimal re-
sponse), an alternative therapy, par-
ticularly one with a different MOA, 
should be strongly considered. This 
highlights the importance of broad 
access to all available MS therapies 
to allow for early selection of a cor-
rect therapy that patients will re-
main adherent to and that controls 
their disease. 

CONCLUSION 
Multiple sclerosis remains a highly 
unpredictable disease, and relapses 
have the ability to produce a mea-
surable and sustained impact on the 
level of disability.58 Still, the influ-
ence of reduced relapses on prevent-
ing disability in an individual patient 
remains unclear. Large, long-term, 
prospective cohort studies may clar-
ify whether early treatment affects 
disease progression and disability.20 
However, it is quite evident that effec-
tive relapse reduction decreases dis-
comfort, reduces days lost from work 
and other important activities of daily 
life, and improves QOL.58,59

There is still much to learn about 
this unique disease, but emerging 
evidence in the medical literature 
highlights the importance of setting 
treatment goals that include targeting 
disease activity to achieve early and 
effective control. Attaining control 
with a MS medication seems to be a 
key component of slowing the physi-
cal and emotional disability that can 
accumulate, helping patients remain 
active and maintain the highest QOL 
possible for as long as possible.  l
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unlabeled or investigational use of cer-
tain drugs. Please review complete pre-
scribing information for specific drugs 
or drug combinations—including indi-
cations, contraindications, warnings, 
and adverse effects—before administer-
ing pharmacologic therapy to patients.
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