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ABSTRACT
Multiple sclerosis (MS) is an autoimmune,
demyelinating disease of the central nervous system
(CNS). It predominantly affects young women and is
one of the most common causes of disability in
young adults. MS is characterized by formation of
white matter lesions in the CNS as a result of
inﬂammation, demyelination, and axonal loss.
Treatment has been a focus of neurological research
for over 60 years. A number of disease-modifying
therapies (DMTs) have become available making MS
a treatable disease. These compounds target the
inﬂammatory response in MS. They work by
decreasing the chances of relapse, decreasing the
chances of new lesion formation seen on MRI of the
CNS and slowing the accumulation of disability. The
ﬁrst drugs for MS to be available were interferon-β
and glatiramer acetate. These work by modulating
the inﬂammatory response via different mechanisms
that are brieﬂy discussed. Newer agents have since
become available and have signiﬁcantly changed the
dynamics of MS treatment. These include
ﬁngolimod, dimethyl fumarate and teriﬂunomide,
which are oral agents. Other second-line and thirdline Food and Drug Administration (FDA) approved
medications include natalizumab and alemtuzumab.
Natalizumab is considered one of the most potent
treatments for relapse prevention. However, the high
risk of progressive multifocal leukoencephalopathy
(PML), which is caused by JC virus infection in the
brain, tempers the more widespread use of this
agent; nevertheless, JC virus antibody tests have
helped to stratify the risk of PML. Alemtuzumab,
which also has a considerable side effect proﬁle, is
likewise highly efﬁcacious. Ocrelizumab, a
monoclonal antibody to CD20 on B cells, is a highly
effective agent for MS that is likely to be approved
soon by the FDA. MS is a major contributor to
healthcare costs and it is critical that healthcare
providers be aware of the availability and beneﬁts of
DMTs. It is imperative that prompt and adequate
treatment be established on diagnosis. Changes in
therapy should be considered when there is
evidence of disease activity as well as accumulation
of disability or safety or tolerability concerns.
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Multiple sclerosis (MS) is a chronic, autoimmune, demyelinating disease of the central
nervous system (CNS) with onset in young and
mid adulthood. It is a disease affected by
genetic and environmental factors that serve as
triggers and activators of the immune response,

which promotes inﬂammatory and degenerative
changes in the CNS.1 2 MS is the second most
common cause of disability in young adults.
Age of onset is usually in the mid to late 20s
and the female-to-male ratio is about 3:1.3 It is
increasingly more prevalent farther away from
the equator and a higher incidence of the
disease is seen within families.2 Given that it
can involve different neuroanatomical locations
within the CNS, MS can present with a wide
range of symptoms. Patients report problems
with ambulation, weakness, sensory loss, loss of
balance, problems with urination, fatigue,
depression and memory loss, among other
things. Given its fairly early onset and its high
rate of disability, it is considered to be one of
the costliest chronic diseases in the USA.4
MS is characterized by the formation of
white matter lesions in the CNS that are primarily a result of demyelination, axonal loss,
presence of inﬂammatory cells and loss of oligodendrocytes.1 It is now known to be a
disease that affects gray matter as well as white
matter. It is thought that the involvement of
gray matter contributes to irreversible disability
and progressive symptoms.5–7
The pathophysiology of the disease involves,
in part, migration of inﬂammatory cells into
the CNS via the blood–brain barrier (BBB)
causing white matter lesions or plaques. These
lesions, depending on their exact location in
the CNS, are typically manifest symptomatically as ‘attacks’ and denote ‘active’ disease.
These white matter lesions tend to predominate
in highly myelinated areas, thus giving a variety
of clinical symptoms, as aforementioned.
Frequent areas affected are the optic nerves,
the periventricular and subcortical white
matter, and the descending tracks in the pons
and midbrain. The spinal cord is also often
affected.8–10
In
relapsing-remitting
MS
(RRMS), which is the most common form of
MS and constitutes 85% of those diagnosed
with MS, symptoms tend to evolve over hours
to days and often improve after weeks to
months. Early in the disease course, symptoms
usually completely resolve or leave partial
sequelae. Over time, these attacks tend to
incompletely resolve causing variable amounts
of disability. Most patients with MS eventually
experience progressive disability.1 However,
MS is a very heterogeneous disease. Every
single patient with the diagnosis behaves differently and the severity of disease can range
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widely. The frequency and severity of relapses are unpredictable as well as the degree and speed of disability that
accumulates. At least 50% or more of RRMS eventually
develop progression of baseline symptoms without there
being evidence of new lesions. When patients reach this
point in the disease, they are categorized as having secondary progressive MS.11 12 Primary progressive MS (PPMS)
occurs in 15% of patients with MS and usually presents
with ongoing progression of symptoms rather than acute
attacks and episodes of remission.13 Progressive relapsing
MS is a rare form of MS, but also important in that it may
respond to disease-modifying therapies (DMTs). New criteria now deﬁne progressive disease as active or not and
with or without progression.14 Differentiation of the different types of MS is important in the clinical setting as most
approved therapies for MS target the relapsing disease.
Treatment for MS has been a target of research for the past
50 years and a testament to the advancement of medicine.
There have been a number of DMTs that have been proven to
help prevent the formation of inﬂammatory lesions, decrease
the number and severity of clinical attacks, and slow the accumulation of disability. There are currently 13 DMTs that have
been approved for the treatment of MS and about half of
them have only become available in the past 5 years. Given
the complexity and novelty of these drugs, it is instrumental
to have a good understanding of their utility in MS in order
to comfortably treat patients. The purpose of this review is to
address current Food and Drug Administration (FDA)
approved DMTs as well as therapies that are either used off
label or might become FDA approved in the near future; in
particular, we will focus on B-cell depleting agents given that
ocrelizumab is likely to be approved by the FDA this year and
rituximab is already being used off label. These DMTs have
dramatically changed treatment strategies in recent years,
resulting in complex decision-making for the management of
patients with MS.

FDA APPROVED INJECTABLE DMTS
Interferon-β
The ﬁrst treatment for RRMS became available in 1993.15
This is a subcutaneous (SC) preparation of interferon-β
(IFN-1β) called Betaseron. The IFN-β preparations
(table 1) are composed of the same amino acids as the
natural occurring cytokine except for Betaseron which is
one amino acid different in its formulation. IFN-β’s mechanism of action includes induction of several antiinﬂammatory cytokines like interleukin (IL)-10 and IL-4, as
well as decreasing proinﬂammatory cytokines like IFN-γ,
IL-17, tumor necrosis factor-α and others. It also modulates
B-cell trafﬁcking across the BBB.15 16 Several similar preparations later became available that offered different alternatives in the route and frequency of dosing but with
similar safety, efﬁcacy and side effect proﬁle (table 1).
These drugs help in preventing clinical relapses, formation
of acute T2 white matter lesions, which are seen as enhancing when using gadolinium (Gd), on brain MRI and some
of the IFN-β preparations have been shown to slow the
progression of overall disability. Efﬁcacy, across studies,
seems to be of around 30% reduction in relapse rate at
2 years over all different agents and the safety proﬁle is
very favorable in terms of long-term adverse effects
(table 1). Patients may experience inﬂuenza-type symptoms
2

after dosing as well as injection site reactions (with the SC
administered preparations), which can be debilitating and
affect compliance.15–21 Liver enzymes and white cell count
should be monitored on a regular basis as needed.
In the INCOMIN trial, which compared higher dose
IFN-β1b (Betaseron) and IFN-β1a (Avonex), IFN-β1b was
associated with signiﬁcantly greater percentages of relapsefree patients ( p=0.02).22 IFN-β1b, with its higher dose of
IFN versus IFN-β1a (Avonex), was associated with a greater
risk of development of antibodies that can neutralize the
effect of IFN-β. In the EVIDENCE trial, Rebif was more
effective than Avonex at lowering the risk of relapse, reducing active inﬂammation (as seen on MRI), and increasing
the time to ﬁrst exacerbation.23

Glatiramer acetate
Glatiramer acetate (GA) was the second DMT approved for
prevention of MS relapses in 1996 and is marketed as
Copaxone and Glatopa (table 1). GA is a mixture of four
amino acids, which combine to form a polymer. It is a synthetic protein that simulates myelin basic protein and seems
to block myelin-damaging T cells through a mechanism
that is not completely understood.24 GA is similar to the
IFNs (see above) with regard to efﬁcacy, reducing relapse
rate by 29% at 2 years. Injection site reactions using the SC
route are less severe than IFN-β. GA is considered the
safest of all DMTs with a category B pregnancy label and
long-term monitoring requirements are minimal (table 1).
Copaxone was initially marketed as a once daily injection,
while now it is available at a higher dose given three times
weekly. Glatopa is a once daily injection.19 25–28
In the REGARD trial, GA was compared with IFN-β1a
(Rebif) for 96 weeks. Both drugs were equally effective in
increasing time to ﬁrst exacerbation. Rebif was associated with
signiﬁcantly fewer Gd-enhancing lesions (p=0.0002).29 GA
and IFN-β1b again went head to head in the BEYOND trial.
Both drugs were equally effective in lowering risk for relapse.
IFN-β1b resulted in signiﬁcantly better changes in T2 lesion
volume and number of new T2 lesions on MRI.30 The use of
both agents (GA and IFNs) in combination was reported in
the COMBI study with no signiﬁcant clinical beneﬁt with the
use of dual therapy compared with each agent alone.14

Daclizumab
Daclizumab (Zynbrita) is a humanized monoclonal antibody
that works by binding to CD25, the α subunit of the IL-2
receptor of T cells. Daclizumab increases the number of
other cell types, particularly regulatory CD56+ natural
killer cells, which have a regulatory role in controlling autoimmune cells and their inﬂammatory consequences.31–34
This represents a novel mechanism of action compared with
other MS DMTs. Daclizumab was originally approved and
used for transplant rejection. It is the latest drug to be
approved by the FDA (2016) as a once every 28-day SC
injection (table 1). It can only be used after failure of two
previous DMTs and is therefore approved as a second-line
or third-line therapy. The efﬁcacy of daclizumab was
demonstrated in two phase III clinical trials. In the DECIDE
study, daclizumab was compared with IFN-β1a (Avonex)
and results showed fewer clinical relapses with daclizumab.
In the SELECT study, two doses of daclizumab were compared with placebo and the relapse rate reduction was
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Table 1 Injectable DMTs
Treatment

Dose/administration

FDA approval

Common side effects

Interferon β-1a
Avonex

30 mg intramuscular weekly

Headache, influenza-like symptoms, depression
Mild decrease in WCC and elevation in LFTs although rare

Interferon β-1b
Betaseron

0.25 mg SC every other day

Interferon β-1b
Extavia

0.25 mg SC every other day

Interferon β-1a
Rebif

22 mg or 44 mg SC
3xweekly

Pegylated
interferon β-1a
Plegridy

125mcg SC once in 14 days

Glatiramer
acetate
Copaxone

20 mg SC once daily or
40 mg SC three times
weekly

Glatiramer
acetate
Glatopa

20 mg SC once daily

Daclizumab
Zinbryta

150 mg SC once every
28 days

Decrease disability and reduces frequency
of clinical exacerbations by 32% in
RRMS at 2 years
Approved 1996
Pregnancy category C
To reduce frequency of clinical
exacerbations by 31% in RRMS at
2 years
Approved 1993
Pregnancy category C
To reduce frequency of clinical
exacerbations by 34% in RRMS
Approved 2009
Pregnancy category C
To reduce frequency of clinical
exacerbations by 33% in RRMS at 2
years
Approved 2002
Pregnancy category C
To reduce frequency of clinical
exacerbations by 35.6% in RRMS
Approved 2014
Pregnancy category C
To reduce frequency of clinical
exacerbations by 29% in RRMS at
2 years
Approved 1997
3 times weekly 2014
Pregnancy category B
To reduce frequency of clinical
exacerbations by 30% in RRMS
Approved 2015
Pregnancy category B
To reduce frequency of clinical
exacerbations by 45% in RRMS
As a second-line or third-line therapy
Approved 2016
Pregnancy category None

Headache, influenza-like symptoms, depression
Injection site reactions
Mild decrease in WCC and elevation in LFTs

Headache, influenza-like symptoms, depression
Injection site reactions
Mild decrease in WCC and elevation in LFTs
Headache, influenza-like symptoms, depression
Injection site reactions
Mild decrease in WCC and elevation in LFTs with one fatal case
reported
Headache, influenza-like symptoms, depression
Injection site reactions
Mild decrease in WCC and elevation in LFTs
Injection site reactions are usually mild
10% with one time palpitations, chest pain, and SOB
Injection site reactions including lipoatrophy

Approximately 10% of patients may experience transient
symptoms after an injection such as palpitations, chest pain,
diaphoresis, and shortness of breath
Colds, URI, rash, eczema, skin hypersensitivity reactions,
subcutaneous infections and infestations, depression,
lymphadenopathy, colitis, and acute hepatitis
Elevation of LFTs, some cases being severe

DMT, disease-modifying therapy; FDA, Food and Drug Administration; LFTs, liver function tests; RRMS, relapsing-remitting multiple sclerosis; SC, subcutaneous; SOB,
shortness of breath; URI, upper respiratory infections; WCC, white cell count.

∼50% with the higher dose. Reduction in the accumulation
of disability was also seen.35–39
Side effects of the medication include a small, increased
risk of infections, frequent skin eruptions such as erythema
and eczema, and, importantly, elevation of liver enzymes
(table 1). In fact, various skin reactions, most of which
were not severe or were satisfactorily managed, occurred in
77% of daclizumab treated patients.40 Given the risk of
liver enzyme elevation, the FDA requires monitoring of
patient’s liver enzymes on a monthly basis. Like natalizumab, physicians must be certiﬁed in order to prescribe the
daclizumab.32 39 Given the drug’s efﬁcacy but strict monitoring, daclizumab may be used prior to treatment with
natalizumab but after having failed two other FDA
approved therapies with respect to escalation of therapy.

ORAL DMTS
Fingolimod
Fingolimod (Gilenya) was the ﬁrst FDA approved oral agent
for the treatment of RRMS. It is given once daily. It was initially approved by the FDA in 2010 as ﬁrst-line therapy and in
Vargas DL, Tyor WR. J Investig Med 2017;0:1–9. doi:10.1136/jim-2016-000339

2011 by the European Medicines Agency (EMA) as secondline therapy (table 2). It is a ﬁrst in class lymphocyte migration
modulator that binds to four of the ﬁve sphingosine-1phosphate (S1P) receptors on lymphocytes and prevents them
from exiting lymphatic tissue. Therefore, it blocks lymphocytic invasion of the brain.41–43 There have been suggestions
that ﬁngolimod might also have neuroprotective properties
since it is able to enter the CNS and bind to neurons and glia
expressing S1P receptors. However, it failed to show efﬁcacy
in PPMS, which may primarily have a neurodegenerative
pathophysiology. Both the FREEDOMS and TRANSFORMS
phase III trials showed superiority of ﬁngolimod to placebo as
well as to intramuscular IFN-1βa (Avonex), respectively.
Fingolimod effectively reduced relapse rate by 50% compared
with IFN-β1a (p<0.001).44 There was no signiﬁcant difference between ﬁngolimod and IFN-β1a in progression of disability, but MRI results showed a signiﬁcant decrease in CNS
damage for ﬁngolimod compared with IFN-β1a.41 42 44–48
Fingolimod has several safety issues that have limited its
use. Given that it sequesters lymphocytes within lymph
nodes, it can cause mild immunosuppression and
3
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Table 2 Oral DMTS
Treatment

Dose/administration

FDA approval

Common side effects

Teriflunomide
Aubagio

7 mg or 14 mg orally once daily

Headache, hair thinning, diarrhea, nausea
Mild elevation LFTs and decreased WCC

Fingolimod
Gilenya

0.5 mg orally QDAY

To reduce frequency of clinical exacerbations
by 31–36% in RRMS at 2 years
Approved 2012
Pregnancy category X
Decrease disability and reduces frequency by
54% of clinical exacerbations in RRMS
Approved 2010
Pregnancy category C

Dimethyl
fumarate
Tecfidera

120 mg orally two times a day first week,
then 240 mg orally two times a day

To reduce frequency of clinical exacerbations
by 45–50% in RRMS
Approved 2013
Pregnancy category C

Headache, influenza-like symptoms, diarrhea,
back pain, pain in extremities, cough
Bradycardia and/or increased BP on first dose
Rare macular edema
Mild elevation LFTs and decreased WCC
Flushing, diarrhea, nausea, abdominal pain
Mild increase LFTs and decreased WCC

BP, blood pressure; DMT, disease-modifying therapy; FDA, Food and Drug Administration; LFTs, liver enzyme tests; RRMS, relapsing-remitting multiple sclerosis; WCC,
white cell count.

lymphopenia. It also has side effects as a result of off-target
effects of S1P receptors in other tissues (eg, cardiomyocytes)
uncommonly causing cardiac symptoms like bradycardia and
atrioventricular conduction block. These complications are
usually seen on the ﬁrst dose, which has led to a mandatory
6-hour monitoring of blood pressure and heart rate, followed
by a repeat ECG. Fingolimod is contraindicated in patients
with ischemic heart disease and heart failure, as well as those
who have Mobitz type II second-degree or third-degree atrioventricular heart block, sick sinus syndrome, prolonged QT
interval, or current treatment with class Ia or class III antiarrhythmic agents. It also increases risk of viral infections
including herpes virus encephalitis, cryptococcal meningitis,
and disseminated varicella zoster. Immunization for varicella
zoster virus is mandatory if patients have not developed antibodies to the virus prior to initiating treatment. The retina
also expresses S1P receptors, thus presenting a risk (0.5%) of
development of macular edema that requires pretreatment
evaluation with an ophthalmologist and a 3-month follow-up
after initiating treatment. Patients who have diabetes mellitus
have a higher risk of developing macular edema, thus requiring annual ophthalmological assessments while the patient is
on therapy.41 43 49 Recently, there have been a very small
number of cases of progressive multifocal leukoencephalopathy (PML) in patients with ﬁngolimod. PML is a CNS infection by John Cunningham virus ( JCV) that can lead to death
or irreversible neurological deﬁcits for which there is no
proven treatment. JCV is a ubiquitous virus that is harbored
in 50–60% of the general population and usually does not
cause infection unless there is an immunodeﬁciency disorder
or in patients who receive immunosuppressive therapy. Most
cases developed PML after having switched from natalizumab
to ﬁngolimod, although three cases of PML have been
reported during ﬁngolimod monotherapy.50–52 There are no
speciﬁc recommendations for testing of JVC antibody testing
in patients with ﬁngolimod as the risk for PML is very low.
Patients should contact their provider with any new or worsening MS symptoms.

Dimethyl fumarate
Dimethyl fumarate (DMF), formerly known as BG-12 and
commercially available as Tecﬁdera, was approved in 2013
as a ﬁrst-line agent by the FDA and EMA (table 2). It is a
4

twice daily oral agent that was initially used for the treatment of psoriasis. The mechanism of action of DMF is not
completely understood but it is known to activate the
nuclear-related factor 2 transcriptional pathway, which
reduces oxidative stress as well as modulates nuclear factor
κB, which could have anti-inﬂammatory effects as well as it
ameliorates hydroxycarboxylic acid receptor 2-regulated
invasion of neutrophils into the CNS.53 54
The delayed release DMF formulation was found to be
superior in relapse rate reduction to placebo and comparable to or slightly better than GA in two large controlled
phase III trials (table 2). The DEFINE trial compared DMF
to placebo for a 2-year period. DMF had an annual relapse
rate reduction of 48%, a reduction in sustained progression
of disability of 38% and a reduction in the number of new
or enlarging white matter lesions on T2-weighted images
by 85%.55 These efﬁcacy results are consistent with those
of the CONFIRM trial demonstrating that DMF had a
reduction in the annualized relapse rate by 44% with the
twice daily regimen as compared with placebo. Similarly, in
the CONFIRM trial, there were fewer MS lesions on MRIs
in patients who received DMF than in those who received
placebo.56 The safety and tolerability proﬁle of DMF
appears favorable, although it can cause lymphopenia
requiring white cell count done every 3 months for the ﬁrst
year and every 6 months in subsequent years. Patients with
sustained lymphopenia on DMF may have an elevated risk
of PML and discontinuation of the drug should be considered. About 50% of patients experience non-severe but
potentially unpleasant side effects such as gastrointestinal
irritation with diarrhea and abdominal pain, and ﬂushing
of the skin with redness, itching or rash (table 2). These
side effects usually resolve without treatment and last 1–
4 weeks after initiating DMF. They are reduced when taken
with food or aspirin or other more speciﬁc treatments such
as dicylcomine (cramping) or diphenoxylate/atropine (diarrhea).53 57–61 Of concern is the possibility of an association
of PML with the use of fumarates, which was reported in
the European community after four patients developed
PML with the use of Fumaderm (compounded fumaric
acid used to treat psoriasis). An important distinction to
the typical patient with MS is that these cases had confounding factors such as previous immunosuppressive use,
Vargas DL, Tyor WR. J Investig Med 2017;0:1–9. doi:10.1136/jim-2016-000339
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presence of cancer and excessive drug dosing that caused
profound leukopenia. Until now, four cases of PML have
been reported with DMF since FDA approval while on
treatment for MS, aside from those reported in patients
without MS treated with Fumaderm.62–66

Teriﬂunomide
Teriﬂunomide, otherwise known as Aubagio, is the newest
oral drug approved by the FDA for the treatment of MS
(table 2). It comes in a once daily formulation and is the
active metabolite of leﬂunomide, which has been used for
the treatment of rheumatoid arthritis since 1998. It exerts
immunological effects by inhibiting dihydroorotate
dehydrogenase, an enzyme required for de novo pyrimidine synthesis in proliferating, but not resting,
lymphocytes.67 68
Efﬁcacy of teriﬂunomide was superior to placebo in
phase III randomized control trials. In these trials (TEMSO
and TOWER), there was a reduction in the annual relapse
rate of 31% in one and 36% in the other at 2 years compared with placebo. Sixty-four percent of patients were
free of new, Gd-enhancing lesions with the higher dose of
teriﬂunomide with an overall decrease in white matter
lesions in 80% of patients compared with placebo. There
was also a 30% decrease in disability progression.69 70
Teriﬂunomide had better efﬁcacy in annual relapse rate
reduction at its lower dose when compared with IFN-β1a
(Avonex) but not at the higher dose.71 The explanation for
this phenomenon is unclear.
Teriﬂunomide is generally well tolerated. Adverse effects
include lymphopenia, elevated liver enzymes (carries a
black box warning for potentially serious hepatotoxicity),
hypertension, nausea, diarrhea, peripheral neuropathy, alopecia and acute renal failure. These are usually rare except
for alopecia and mild elevations of liver enzymes or slight
reduction in white cell count. A unique safety consideration
for teriﬂunomide is its teratogenicity. It is considered category X in pregnancy and is excreted in breast milk and
semen. It has a long half-life and may take from several

months to up to 2 years to fully eliminate unless an accelerated elimination protocol is used as it is stated in by the
manufacturer.35 68 72–77 This is a major concern for
women and men of childbearing age and usually a signiﬁcant limitation for considering the drug in this population.
In cases when hepatotoxicity is present, cholestyramine or
activated charcoal can be given to decrease teriﬂunomide
half-life and aid in more rapid elimination. Of concern, as
well, is the safety proﬁle of leﬂunomide, with three cases of
PML having been reported, two of which had been previously treated with immunosuppressants and one in which
there is only minimal information available.78–80

INTRAVENOUS DMTS
Natalizumab
Natalizumab (Tysabri) is a humanized monoclonal antibody
that binds α4β1-integrin, a cell adhesion molecule
expressed on the surface of lymphocytes and monocytes. It
inhibits migration of inﬂammatory cells across the BBB by
preventing the adhesion of the integrin to its ligand (cell
adhesion molecule-1) on the brain vascular endothelium.
Thus, it prevents lymphocytes from entering the brain,
contributing to inﬂammation, and causing white matter
lesions.8 81
In 2004, natalizumab was approved by the FDA through
an accelerated process, given its proven efﬁcacy and the
urgent need for a more effective therapy (table 3). The
AFFIRM study showed a relapse reduction rate of 68% as
compared with placebo, with a signiﬁcant reduction in sustained disability progression and presence of new and existent white matter lesions on MRI. The drug was suspended
from the market because of two cases of PML. After considerable scrutiny of these PML cases, natalizumab again
became available in 2006, but only after the FDA mandated
careful monitoring and surveillance for PML through the
TOUCH programme.82–84 Overall, clinical experiences, as
well as patient registry studies, such as the TYSABRI
Observational Program or MSBase, have conﬁrmed the
superiority of natalizumab over IFN-β and GA; however,

Table 3 Intravenous therapies
Treatment

Dose/administration

FDA Approval

Common side effects

Natalizumab
Tysabri

300 mg IV once in 28 days

Headache, fatigue, joint pain, chest discomfort, UTI, lower
respiratory tract infection, gastroenteritis, overall increase
risk of infections
PML
Occasional increase in LFTs and decreased WCC, although
rare

Alemtuzumab
Lemtrada

12 mg IV once daily ×5 days, then
repeat 12 mg IV once daily
×3 days in 1 year

To reduce frequency of clinical
exacerbations by 67% and long-term
disability by 42% in RRMS
As a second-line or third-line therapy,
although sometimes used as a first-line
therapy in very aggressive RRMS
Approved 2006
Pregnancy category C
To reduce frequency of clinical
exacerbations by 49% and reduce
long-term disability by 42% in RRMS
As a third-line therapy
Approved 2014
Pregnancy category C

Rash, headache, fever, nasal congestion, nausea, UTI,
fatigue, insomnia, URI, herpes viral infections, hives, itching,
thyroid gland disorders (common), fungal Infection, pain in
joints, extremities and back, diarrhea, vomiting, flushing.
Infusion reactions
Elevation of LFTs and decreased WCC
Can cause other autoimmune disorders that can be fatal
like Immune thrombocytopenia and increase risk of
malignancies like melanoma, thyroid cancer and
lymphoproliferative disorders

DMT, disease-modifying therapy; FDA, Food and Drug Administration; IV, intravenous; LFTs, liver enzyme tests; RRMS, relapsing-remitting multiple sclerosis; PML,
progressive multifocal leukoencephalopathy; URI, upper respiratory infections; UTI, urinary tract infection; WCC, white cell count.
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the cases of PML in natalizumab treated patients have been
increasing at an alarming rate. As of June 2016, 667 cases
of PML out of 152 500 patients on natalizumab have been
reported. Three of these patients have died; 77% of
patients are alive with varying levels of disability. The
overall risk of PML with natalizumab treatment seems to
be around 4.22:1000, although the risk increases under
certain conditions. Patients who have been on prior
immunosuppression have a higher risk of PML, as well as
patients with antibodies to JCV and those having been on
treatment for longer than 2 years. If all three factors are
present, the risk increases to ∼1:90 patients. If none are
present, the risk is 1:10 000.85 Testing for the presence of
JCV (antibodies not PCR) should be done every 6 months
while the patient is on treatment as the seroconversion rate
is around 1–2% per year, which will then automatically
place the patient in a higher risk category. The risk of PML
seems to linger even after cessation of natalizumab; thus,
monitoring for PML needs to be continued. If PML is suspected, MRI and cerebrospinal ﬂuid analysis for JCV DNA
should be obtained.86 These patients should be admitted to
a hospital and treatment with plasma exchange should be
considered in order to rapidly remove circulating natalizumab.50 51 80 84 87 Depending on the presentation of PML,
intravenous steroids may also be considered.
Given the PML risk, natalizumab has been considered as
a second-line or third-line agent, although it has also been
used as a ﬁrst-line agent in patients who present with
aggressive MS at onset. If the patient has received prior
immunosuppressive treatment and is also JCV antibody
positive, natalizumab is discontinued after 1–2 years of
treatment. However, even in cases of no prior immunosuppressive treatment but who are JCV antibody positive, natalizumab is also typically discontinued after 1–2 years.
Thorough conversations with patients explaining the risks
are critical in order to help aid this complex decision
process. About 6% of patients on natalizumab can develop
neutralizing antibodies that can persist, thus making the
drug ineffective. Patients can also develop active disease
soon after treatment discontinuation. Some of these
patients who develop rebound MS after natalizumab discontinuation have signiﬁcantly aggressive disease and accumulate disability. Therefore, early transition to another
DMT with relatively high efﬁcacy should be strongly considered to reduce the risk of rebound.84 88

Alemtuzumab
Alemtuzumab (Lemtrada) was approved by the EMA in
2013 and later by the FDA for treatment of RRMS as a
third-line agent89 (table 3). This humanized monoclonal
antibody has been available for some time for the use of
chronic lymphocytic leukemia. It depletes CD52+ cells (B
and T lymphocytes, among others). Its mechanism of
action seems to involve the targeting of circulating memory
cells, including those prone to penetrate the CNS, resulting
in the formation of white matter lesions. One course of
treatment depletes T cells, especially CD4 types, B cells and
natural killer cells. B cells repopulate after 5–6 months of
treatment but T cells are depleted for more than a year.
Treatment is repeated once after 1 year.31 33 Efﬁcacy was
shown to be high with a relapse reduction rate of about
50% compared with IFN-1βa in two different studies
6

(CARE-MS I and CARE-MS II).35 89–91 Given that it is
approved as a third-line therapy; patients must have failed
at least two or more DMTs in order for this agent to be
considered. An important advantage of alemtuzumab is
that its efﬁcacy seems to be maintained for years after delivery of two cycles.92 93
Alemtuzumab is associated with signiﬁcant adverse
effects, especially secondary autoimmune disorders such as
autoimmune thyroid disease, which was reported in 34%
of patients, idiopathic thrombocytopenic purpura in 2% of
cases and Goodpasture syndrome in 0.3%. Infusion reactions, herpes infection and other common infections were
also more frequently reported in patients receiving alemtuzumab. It is recommended in patients with herpes infection
that they be treated with acyclovir for 28 days after alemtuzumab infusion.89–91 94 There are no reported cases of
PML in patients with MS treated with alemtuzumab. Since
the FDA requires careful long-term monitoring, most complications are managed satisfactorily. Alemtuzumab is an
important option for patients manifesting severe RRMS.

OFF LABEL TREATMENTS NOT YET FDA APPROVED
FOR MS
Anti-CD20 agents
It is now widely known that MS is a T-cell mediated
disease and that B cells are intimately involved in the
pathogenesis of the disease.95–97 Therefore, agents targeting B cells have been used as effective treatments for MS.
Currently, there are three agents that target the CD20 cell
surface marker on B cells that are under study. These are
rituximab, ocrelizumab and ofatumumab.31 33 98
Rituximab is a human–mouse chimeric monoclonal antibody against CD20 that is approved to treat B-cell lymphomas and rheumatoid arthritis, among other autoimmune
disorders. It has been widely used off label as a treatment
in MS as well as in neuromyelitis optica (an antibodymediated (against aquaporin 4) autoimmune demyelinating
disease similar to MS). The HERMES trial ( phase II study)
examined the use of rituximab in RRMS as compared with
placebo. It was shown to reduce new Gd-enhancing lesions
on MRI by 91% as well as a signiﬁcant reduction in relapse
rate for up to 48 weeks. There was no notable increase in
infection rate but there were very high (78%) infusionrelated symptoms like fever, chills, rigors, hypotension and
inﬂuenza-like symptoms, probably due to the release of
cytokines from B-cell lysis. The OLYMPUS trial, though,
did not meet its end point of delaying disability in patients
with PPMS. However, the pathogenesis of MS in this
patient subset is probably different from RRMS. There is
unlikely to be a phase III trial of rituximab in MS because
of the development of new CD20 monoclonals likely to be
licensed speciﬁcally for the MS indication.31 35 97
Newer, completely humanized ant-CD20 monoclonal
antibodies have been designed to reduce infusion-related
reactions and are currently in trial for the various forms of
MS. Ocrelizumab showed favorable results in the phase III
trial, ORATORIO, where efﬁcacy and safety were studied
in patients with PPMS. Ocrelizumab signiﬁcantly reduced
clinical disease progression in patients with PPMS for at
least 12 weeks by 24% (compared with placebo). OPERA II
and III compared ocrelizumab to IFN-β1a. Results showed
that ocrelizumab was superior to IFNβ-1a, reducing the
Vargas DL, Tyor WR. J Investig Med 2017;0:1–9. doi:10.1136/jim-2016-000339
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annualized relapse rate by nearly 50% over a 2-year controlled treatment period.99 100 Ofatumumab just recently
completed a phase II trial of safety and efﬁcacy showing no
unexpected safety concerns and a 99% suppression of new
brain lesions on MRI at 24 weeks. A phase III trial is currently underway.

CONCLUSION
MS is the second leading cause of disability among young
adults and represents a major health burden. In the past
several years, there has been a tremendous change in the
management of the disease, raising expectations for better
disease control and ultimately reduction in long-term disability. With the multitude of DMTs now FDA approved
for RRMS, the clinician can individually tailor the treatment plan based on individual factors, severity of disease,
side effects and long-term safety.
The options available for de novo treatment of newly
diagnosed patients remain the IFN-β preparations, GA and
the oral agents. Teriﬂunomide and DMF and ﬁngolimod
have been approved for ﬁrst-line therapy. Deciding on a
DMT depends on the side effect proﬁle, preference of
orals over injectables, age, gender and desire of pregnancy,
among other things. Patients now have options to switch to
therapies of equal or similar efﬁcacy based on tolerability.
Escalation of treatment when there is concern for disease
activity is now center stage, given the availability of secondline and third-line agents. Given the availability of these
newer drugs, many clinicians switch therapy if there is any
evidence of disease activity. In addition to relapses, motor
deﬁcits, walking and tremor, factors like brain atrophy, cognition, fatigue, depression and quality of life are now being
factored into decisions to switch DMT. Depending on the
severity of breakthrough disease, one might opt for one
treatment over the other based on the patient’s prior failed
therapies, if any, and efﬁcacy of other more potent drugs.
The challenge now is to master, as clinicians, the different alternatives in therapy as well as to identify and
monitor side effects as they arise. Familiarizing ourselves
with these new agents is important in order to make the
best treatment decision, consider drug or other disease
interactions, and educate patients concerning compliance
and expectations. Existing and emerging therapies will
ultimately improve our management of MS and improve
the lives of our patients.
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