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Abstract

Background: Multiple sclerosis (MS) is a chronic inflamma-
tory disease of the central nervous system characterized by
demyelination and axonal loss. The etiology of MS is un-
known; however, environmental and genetic factors play a
key role in the development of MS. Diagnostic criteria have
been adapted to facilitate earlier diagnosis with increased
sensitivity and specificity. Our understanding of the patho-
physiology of MS has deepened considerably in recent years,
resulting in different therapies to modify the disease course.
Furthermore, several drugs have lately shown efficacy in
phase lll studies and their approval is expected in the near
future. As treatment options expand, a future challenge will
be to find the optimal treatment for the individual patient.
Summary: This mini-review gives an overview of the current
knowledge of MS with emphasis on the latest diagnostic cri-
teriaand both currentand upcoming treatment options. Key
Messages: Treatment of MS changes rapidly as the knowl-

edge and therapeutic options in MS expand. Clinical Im-
pact: Diagnosis of MS is based on McDonald criteria. MS
therapy can be divided into relapse, disease-modifying and
symptomatic treatment. Relapses are commonly treated
with intravenous methylprednisolone. First-line therapy
consists of either interferon-f3, glatiramer acetate or teriflu-
nomide. In general, agents used as escalation therapies (na-
talizumab, fingolimod and mitoxantrone) are more potent
than the agents used for first-line therapy; however, these
have potentially serious side effects and should be used with
care. © 2014 S. Karger AG, Basel

Epidemiology

Multiple sclerosis (MS) is a chronic inflammatory dis-
ease of the central nervous system (CNS) and the most
common cause of nontraumatic disability in young adults
[1]. The incidence of MS is low in childhood and increas-
es after the age of 18, reaching a peak between 20 and 40
years (mean age of 30 years) with women being affected
approximately 2-5 years earlier than men [2]. After-
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wards, the incidence declines, becoming rare at ages
above 50 years. Across Europe, the prevalence rate of MS
is about 83:100,000, and the mean annual incidence rate
is about 4.3:100,000 [3].

MS is more common in women than in men, and has
increased over the last decades from a female-to-male ra-
tio of 1.4 in 1955 to 2.3 in 2000. This corresponds to a
lifetime risk of 2.5% in women compared to 1.4% in men
[4, 5]. The increasing overall prevalence seen in longitu-
dinal studies is due to the longer life expectancy of MS
patients and advances in diagnosing MS rather than an
increased overall disease risk [5, 6]. Life expectancy in MS
patients is reduced by 7-10 years. The standardized mor-
tality ratio is increased threefold, but this has improved
over the last decades [7].

Etiology

The etiology of MS is unknown. Epidemiological data
indicate that both environmental and genetic factors play
a key role in the development of MS, as the prevalence of
this disorder is unevenly distributed around the world [3,
5, 6].

Environmental Factors

Higher latitude, i.e. increasing distance north or south
of the equator, is correlated with an increased incidence
and prevalence of MS, a correlation that, however, de-
creased over the past decades [3, 4, 6].

Latitude correlates with several environmental factors,
one of the strongest being sunlight exposure. MS risk is
inversely correlated to sunlight exposure, and vitamin D
is likely to be the responsible protective agent [8]. The ef-
fect of vitamin D supplementation in MS patients is, how-
ever, unknown, and is currently being investigated in a
randomized controlled trial examining the addition of vi-
tamin D2 to interferon (IFN)-{-1a in relapsing-remitting
MS (RRMS; clinicaltrials.gov: NCT01285401).

Smoking increases MS risk in a dose-dependent man-
ner (odds ratio, OR 1.2-1.8). Furthermore, studies indi-
cate an association between smoking and the risk of con-
version to secondary progressive MS (SPMS), disease
progression and disease severity [9]. Besides smoking,
vascular comorbidities are associated with the risk of dis-
ability progression in MS (OR 1.5), which increases
alongside the number of vascular risk factors [10].

A single causative infectious agent for MS has not been
identified and the existence of such an agent is highly un-
likely. Rather, MS is an autoimmune disease that can be
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triggered by several microorganisms in genetically sus-
ceptible individuals. However, it is not known which in-
fections increase, decrease or do not influence the risk of
MS [11]. Recent animal studies, furthermore, suggest that
the commensal gut flora could be essential in triggering
immune processes in the absence of pathogenic agents
[12].

The Epstein-Barr virus is an infectious agent associ-
ated with the risk of MS. Disease risk is extremely low
among seronegative individuals, with >99% of MS pa-
tients being seropositive compared to 95% in the general
population [OR 0.06 (95% CI 0.02-0.13)]. Furthermore,
individuals with a history of infectious mononucleosis
have a higher risk of MS than individuals without, espe-
cially if the infection occurs after adolescence [11].

The timing of exposure to environmental risk factors
plays a critical role, with childhood and adolescence being
the most critical time frames. This is indicated by migra-
tion studies between high- and low-risk regions. Migrants
who immigrate before adolescence acquire the risk of
their new region, whereas migrants who immigrate after
adolescence retain the risk of their home region [13].

Furthermore, MS risk depends on the month of birth.
In the northern hemisphere, MS risk is highest for indi-
viduals born in May and lowest for those born in Novem-
ber, which indicates that gestational environmental influ-
ences also contribute to the risk of developing MS later in
life [14].

Genetic Factors

MS is not considered a hereditary disease. However,
genetic factors are known to contribute to the MS risk.
MS has an overall familial recurrence rate of 20%. MS risk
changes from 2.77% [relative risk (RR) = 9.2] in first-de-
gree relatives to 1.02% (RR = 3.4) in second-degree rela-
tives and 0.88% (RR = 2.9) in third-degree relatives, com-
pared to 0.3% in the general population [15]. Monozy-
gotic twins are concordant in 24-30% of cases, compared
to 3-5% in dizygotic twins, which is comparable to that
of siblings [16]. Furthermore, there is no increased risk
for adoptive relatives. Besides kinship, the sex of the af-
fected family member and a parent-of-origin effect is also
known to influence the MS risk [15, 17].

MS frequency differs between ethnicities living under
comparable environmental influences, further under-
scoring the genetic contribution to the MS risk [18, 19].
Genetic susceptibility to MS is associated with the human
leukocyte antigen (HLA) region located on the short arm
of chromosome 6 (6p21). Variations in this region can be
positively or negatively associated with disease risk and
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disease course. The HLA class II region has the largest
influence, with HLA-DRB1*15.01 being the single stron-
gest susceptibility locus, conferring a threefold increase in
the MS risk. Independent HLA class I and non-HLA risk
foci exist as well; however, most of these exhibit weaker
correlations. No variant is specific for MS. Therefore, ge-
netic testing of individual patients is not helpful for defin-
ing a person’s risk of developing MS [20, 21].

Pathophysiology

MS is characterized by CNS inflammation, demyelin-
ation, axonal injury and axonal loss. It is believed to be an
autoimmune disorder, but the antigen specificity of the
immune response is unknown.

During the early stages of RRMS, disease pathology is
dominated by focal inflammatory white matter lesions
(‘plaques’) characterized by primary demyelination and a
variable extent of axonal loss and reactive gliosis.

Autoreactive T cells activated outside the CNS cross
the blood-brain barrier and are reactivated by local anti-
gen-presenting cells. Secretion of proinflammatory cyto-
kines stimulates microglial cells and astrocytes, recruits
additional inflammatory cells, and induces antibody pro-
duction by plasma cells. This inflammatory process fi-
nally leads to tissue damage within the plaque [22]. In
parallel, remyelination is possible and can repair dam-
aged tissue to some extent. Several ‘patterns of demyelin-
ation” have been distinguished based on the dominating
pathophysiological mechanisms [23].

The cortex is also affected in early stages of the disease.
This is observed with the presence of cortical inflamma-
tion and demyelination, cortical neurodegeneration, in-
cluding neuronal, neuritic and oligodendroglial injury,
and finally cortical atrophy [24]. Axonal injury is usually
regarded as a secondary event to myelin damage, with the
lesion developing from the myelin to the axon (‘outside-
in’ model). However, primary axonal injury could also
trigger secondary demyelination and inflammation (‘in-
side-out’ model). It is a matter of debate if one mecha-
nism is exclusively responsible for initiating MS pathol-
ogy or if both mechanisms take place simultaneously
(fig. 1) [25].

In progressive disease courses, classical active white
matter plaques are rare and the pathophysiology is dom-
inated by diffuse gray and white matter atrophy. Preexist-
ing plaques show slow and gradual expansion, character-
ized by low-grade inflammation and microglial activation
at the plaque borders. In addition, there is diffuse injury
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Fig. 1. Schematic contrasting the two competing hypothetical eti-
ologies of MS (from Stys et al. [25] with permission). Tradition-
ally, MS has been considered to be an autoimmune disease in
which dysregulated autoreactive T cells in the periphery cross into
the CNS and, together with macrophages and B cells, proceed to
destroy various CNS elements. The resulting inflammatory reac-
tion, which typically follows a relapsing-remitting clinical course
in the initial stages, causes further demyelination and tissue injury.
Such an ‘outside-in” model is being challenged by a competing
view that argues that the initial malfunction occurs within the
CNS, similarly to other neurodegenerative disorders such as Alz-
heimer’s and Parkinson’s diseases. This alternative, ‘inside-out’
model argues that a primary cytodegeneration (possibly focused
on the oligodendrocyte-myelin complex) is the initial event, and
by releasing highly antigenic constituents, secondarily promotes
an autoimmune and inflammatory response in the predisposed
host, possibly further driving degeneration. NO = Nitric oxide.

of the normal-appearing white matter outside the plaque,
consisting of inflammation and microglial activation
with axonal and myelin injury followed by secondary de-
myelination. The diffuse ongoing destruction of gray and
white matter defines the progressive nature of progressive
disease courses [22].

Clinical Course

The clinical course of MS is characterized by relapses
and/or disease progression. Relapses are defined as newly
appearing neurological symptoms in the absence of fever
or infections that last for more than 24 h. Relapses may
fully recover over days or weeks, or lead to persistent re-
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sidual deficits. Disease progression is a steady worsening
of symptoms and signs over at least 6 months. Typical
clinical presentations of relapses are optic neuritis (in
about 20% of cases this is the initial symptom), sensory
deficits or cerebellar dysfunction, whereas progressive
courses are often characterized by spinal symptoms such
as gait ataxia, paresis and spasticity [2]. Disability is com-
monly measured using the Expanded Disability Status
Scale (EDSS) [26].

In 85% of patients, a relapse is the initial clinical event
leading to RRMS. After a median time of approximately
19 years (at a mean age of 40 years), RRMS changes to
SPMS in 75% of patients. In SPMS, a steady worsening of
symptoms dominates the clinical course with superim-
posed relapses in 40% of patients, especially early after
conversion [2].

In 15% of patients, the disease is progressive from the
onset (primary progressive MS, PPMS), with a mean age
of onset of 40 years. Amongst these patients, 40% experi-
ence superimposed relapses (progressive-relapsing MS;
tig. 2) [27]. Clinical symptoms are dominated by dysfunc-
tions of the corticospinal tracts and disease courses are
more severe compared to initially relapsing forms of MS.
For example, an EDSS score of 6, i.e. the need for unilat-
eral support to walk at least 100 m, is reached in 7 years
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in PPMS compared to 12.5 years in SPMS patients [2].
However, the disease course is not predictable for the in-
dividual patient [28].

Diagnosis

The diagnosis of MS is based on the demonstration of
MS-typical CNS lesions disseminated in space (DIS) and
time (DIT) based upon clinical findings alone or a com-
bination of clinical and MRI findings. In 2010, the so-
called McDonald criteria, first published in 2001, were
revised for the second time by the International Panel on
Diagnosis of MS based on new evidence and consensus to
facilitate earlier diagnosis of MS and to increase the sen-
sitivity and specificity of diagnosis [29]. DIS lesions de-
tected using MRI can now be used for diagnosis, with at
least one T2 lesion in two out of four CNS regions con-
sidered typical of MS. For DIS, symptomatic lesions in
patients with brainstem and/or spinal cord symptoms are
excluded. DIT lesions detected using MRI can be demon-
strated by the presence of a new T2 and/or gadolinium
(Gd)-enhancing lesion(s) on follow-up MRI, with refer-
ence to a baseline scan irrespective of the timing of the
baseline MRI, or by the simultaneous presence of asymp-
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Table 1. The 2010 McDonald criteria for the diagnosis of MS

Clinical presentation

Additional data needed for MS diagnosis

>2 attacks, objective clinical evidence of >2 lesions None

or objective clinical evidence of 1 lesion with

reasonable historical evidence of a prior attack

>2 attacks, objective clinical evidence of 1 lesion DIS demonstrated by:

- 21 T2lesion® in at least 2 out of 4 MS-typical regions of the CNS
(periventricular, juxtacortical, infratentorial or spinal cord®), or
— Await a further clinical attack implicating a different CNS site

1 attack, objective clinical evidence of 22 lesions DIT demonstrated by:
- Simultaneous presence of asymptomatic Gd-enhancing and
non-enhancing lesions at any time, or
- Anew T2 and/or Gd-enhancing lesion(s) on follow-up MRI, irrespective
of its timing with reference to a baseline scan, or
- Await a second clinical attack

1 attack, objective clinical evidence of 1 lesion
(clinically isolated syndrome)

Demonstration of DIS and DIT (see above)

Insidious neurological progression suggestive of MS
(PPMS)

1 year of disease progression (retrospectively or prospectively determined)
plus 2 out of 3 of the following criteria®:

1. Evidence for DIS in the brain based on >1 T2 lesion in the
MS-characteristic regions (periventricular, juxtacortical or infratentorial)

2. Evidence for DIS in the spinal cord based on >2 T2 lesions in the cord

3. Positive cerebrospinal fluid (isoelectric focusing evidence of oligoclonal
bands and/or elevated IgG index)

Based on Polman et al. [29], used with permission.

2 Gd enhancement of lesions is not required for DIS. ® If a subject has a brainstem or spinal cord syndrome, the symptomatic lesions
are excluded from the criteria and do not contribute to lesion count. € Gd-enhancing lesions are not required; symptomatic lesions are
excluded from consideration in subjects with brainstem or spinal cord syndromes.

tomatic Gd-enhancing and non-enhancing lesions at any
time (table 1). Therefore, at earliest, RRMS can be diag-
nosed after a single relapse with a single MRI showing
asymptomatic Gd-enhancing and non-enhancing lesions
that are disseminated in space.

For the diagnosis of PPMS, 1 year of disease progres-
sion and 2 out of 3 criteria regarding the presence of le-
sions in typical brain regions, DIS in the spinal cord and
positive cerebrospinal fluid findings are required (table 1).

In general, at least one clinical attack must be corrobo-
rated by findings on neurological examination, visual
evoked potentials or MRI consistent with the clinical pre-
sentation. Furthermore, the exclusion of alternative diag-
noses is mandatory when applying the criteria. Besides
the correct interpretation of the clinical symptoms and
signs as well as the MRI, additional assessments such as
lumbar puncture, blood tests and visual evoked potentials
are useful for excluding other diseases and to support the
diagnosis of MS.
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Therapeutic Management

There is no cure for MS. In principle, the therapeutic
management of MS patients can be divided into relapse
treatment, disease-modifying treatment and symptom-
atic treatment.

Relapse Treatment

Relapses are commonly treated with intravenous
methylprednisolone at a dose of 1 g/day or 500 mg/day
for 3-5 days with or without oral tapering. Alternatively,
the treatment can be administered orally in equal doses
[30]. In case of persistent severe relapse symptoms, a sec-
ond cycle can be applied with dosages up to 2 g/day for 5
days. If the second cycle is also not effective, plasmapher-
esis may be considered [31].
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Table 2. Currently approved therapies (Europe)

Drug (brand name) Approval Indication Dosage/application Side effects

Basic therapeutics

IFN-B-1b 1995 CIS 250 pg s.c. Flu-like symptoms, injection site

(Betaferon/Betaseron) RRMS, SPMS  every other day reactions, elevated liver enzymes

IFN-B-1a 1997 CIS 30 pg i.m. once weekly Flu-like symptoms, injection site

(Avonex) RRMS reactions, elevated liver enzymes

Glatiramer acetate 1997 CIS 20 mg s.c. daily Injection site reactions, immediate

(Copaxone) RRMS postinjection systemic reaction

IFN-B-1a 2002 CIS 44 ug s.c. three times weekly Flu-like symptoms, injection site

(Rebif) RRMS reactions, elevated liver enzymes
SPMS

Teriflunomide 2013 RRMS 7 mg/day p.o. Diarrhea, nausea, hair thinning

(Aubagio) 14 mg/day p.o.

Escalation therapy

Natalizumab 2007 Highly active 300 mg i.v. every 4 weeks Allergic infusion reactions, PML

(Tysabri) RRMS

Fingolimod 2011 RRMS 0.5 mg p.o. once daily (Brady-)arrhythmias, FEV reduction,

(Gilenya) macular edema

Mitoxantrone 2002 Highly active 12 mg/m? BS i.v. every 3 months; Nausea, vomiting, alopecia,

(Novantron, RRMS or SPMS maximum lifetime cumulative dose: therapy-related leukemia, cardiotoxicity

Mitoxantron Ebewe)

140 mg/m? BS

CIS = Clinically isolated syndrome; FEV, = forced expiratory volume in 1 s; BS = body surface. Gilenya is approved as basic therapy

in Switzerland.

Disease-Modifying Treatment

Several drugs are available to potentially ameliorate
the disease course in case the clinical course is dominated
by relapses, as for the clinically isolated syndrome, RRMS
and occasionally SPMS. The indication depends mainly
on the clinical course, disease stage and disease activity
(table 2). In general, therapy should be initiated as early
as possible [32]. So far, no drug has been approved for the
treatment of PPMS.

First-line basic therapy is distinguished from second-
line escalation therapies. Usually, treatment is started
with basic therapeutics and the patient monitored clini-
cally with subsequent MRI. In case of stable disease and
well-tolerated treatment, therapy is continued. In case of
ongoing clinical and/or radiological disease activity and/
or relevant side effects, escalation therapy can be initiat-
ed. In general, patients with >1 relapse per year, absence
of complete recovery from relapses, sustained EDSS pro-
gression of 21 and MRI progression with or without clin-
ical signs are considered as ‘treatment nonresponders’,
justifying the transition from basic to escalation therapy.

Multiple Sclerosis

While this procedure is well established for ‘inflamma-
tory treatment nonresponders’ with ongoing inflamma-
tory disease activity (relapses, new T2 or Gd-enhancing
lesions), effective escalation strategies for noninflamma-
tory treatment nonresponders with disease progression
without inflammatory disease activity are lacking, as no
drug sufficiently ameliorates the degenerative part of the
disease.

Besides its use as second-line therapy, escalation ther-
apeutics can also be considered as first-line therapy in
very active MS. An overview of the currently approved
drugs in Europe is given in table 2.

Basic Therapeutics

IFN-B (Avonex®, Betaferon®/Betaseron® and Rebif®)
and glatiramer acetate (Copaxone®) are immunomodu-
lators used as first-line therapeutics with more than 20
years of experience. They reduce the annualized relapse
rate (ARR) by approximately 30% and do not cause severe
side effects [32].
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Teriflunomide (Aubagio®) is an oral drug that reduc-
es the activity of the mitochondrial enzyme dihydrooro-
tate dehydrogenase, which is crucial in pyrimidine syn-
thesis and is necessary for T-lymphocyte proliferation. In
a pivotal trial, it reduced ARR by 31% compared to pla-
cebo and had a favorable safety profile [33].

Fingolimod (Gilenya®) is approved as basic therapy in
Switzerland, and in all other countries as escalation ther-
apy. Therefore, it is described in the section below.

Escalation Therapy

In general, the currently available escalation therapeu-
tics are more potent than the basic therapeutics (IFN-f/
glatiramer acetate); however, these agents have potential-
ly serious side effects.

Natalizumab (Tysabri®) is a humanized monoclonal
anti-a4-integrin antibody that inhibits leukocytes from
entering the brain via the blood-brain barrier. It reduced
the ARR by 68% in a pivotal trial [34]. The most clini-
cally significant complication was progressive multifocal
leukoencephalopathy (PML), a JC virus infection of the
brain that is lethal in 20% of patients. If patients survive
PML, neurological impairments can be severe (30%),
moderate (50%) or mild (15%), and in few cases absent
[35]. PML differs clinically from MS relapses, and in the
presence of symptoms suspicious of PML, brain MRI and
lumbar puncture including JC virus PCR are mandatory
[36]. Overall, PML occurs in approximately 2.6 per 1,000
natalizumab-treated patients. However, risk stratifica-
tion can be performed depending on three risk factors:
anti-JC virus antibody status, treatment duration (more
or less than 2 years) and prior immunosuppressive ther-
apy. Risks range from <1:50,000 (no risk factors) to 1:56
(all risk factors) [35]. Furthermore, the newly developed
anti-JC virus antibody index, which is corollary to the an-
tibody titer, might be useful to further predict PML risk
in JC-positive patients. The use of natalizumab is restrict-
ed to RRMS patients with high disease activity despite
basic therapy or in treatment-naive patients with highly
active RRMS (for details, please see www.ema.europa.eu
or www.fda.gov).

Fingolimod (Gilenya) is an immunomodulatory and
immunosuppressive oral drug. It binds to sphingosine-
1-phosphate receptors and inhibits B and T cells from
egressing the lymph nodes. In pivotal trials, fingolimod
reduced ARR by 54% compared to placebo and 52% com-
pared to IFN-B-1a (Avonex) [37, 38]. Important side ef-
fects are transient cardiac arrhythmias at therapy start
and macular edema mostly within the first 6 months.
However, there have been case reports on possible drug-

138 Eur Neurol 2014;72:132-141
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related serious cardiac side effects, including asystole and
sustained bradycardia as well as sudden unexpected death
possibly due to ventricular arrhythmia [39, 40]. The ap-
proved dosage (0.5 mg) was not clearly related to an in-
creased risk of infections or tumors. However, the long-
term safety profile is unknown and 2 fatal herpes infec-
tions occurred in the 1.25-mg group [37, 38]. Due to these
side effects and safety concerns, several contraindications
apply and extensive safety monitoring is necessary before
and during first-dose application as well as during thera-
py (for details please see www.ema.europa.eu or www.
tda.gov).

Mitoxantrone (Novantron® and Mitoxantron Ebe-
we®) is an immunosuppressive anthracenedione deriva-
tive approved for the treatment of worsening RRMS,
SPMS and progressive-relapsing MS, either as first-line
therapy or in case of failure or intolerance to previous im-
munomodulatory therapy [41]. Treatment is restricted to
a cumulative total life dose of 140 mg/m? body surface
due to risk of cardiac toxicity. Therapy-related acute leu-
kemia can occur, with a relative risk of 0.21%. Therefore,
safety assessments, such as regular echocardiographic ex-
aminations and blood tests, are mandatory during and
after treatment [42].

Symptomatic Treatment

MS patients may suffer from various neurologic se-
quelae such as fatigue, depression, spasticity, tremor,
ataxia, seizures, pain, sleep disorders, nystagmus, sexual
dysfunction, and urogenital and bowel disorders that can
be addressed with drugs and/or physical and occupation-
al therapy. This is critical in the care of MS patients in
order to improve quality of life and the ability to work. A
detailed review on symptomatic treatment in MS is given
by de Sa et al. [43].

Future Perspectives

Several new drugs have recently demonstrated their
efficacy in RRMS in randomized controlled phase III tri-
als, and have been recently approved in some countries or
their approval can be expected in the near future. An
overview of the pivotal trials, including dosage, applica-
tion, efficacy (ARR) and side effects, is given in table 3.

Dimethyl fumarate (Tecfidera®) was approved by the
US Food and Drug Administration in March 2013 for the
treatment of RRMS. It is protective against oxidative
stress-related neuronal death and myelin damage medi-
ated through activation of the nuclear factor (erythroid-
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Table 3. Future therapies: published phase III, randomized, controlled trials

Drug Study

(brand name)

name/reference No. comparator  dosage/application ARR (RRR)  side effects

Oral drugs

Dimethyl fumarate DEFINE [44] Placebo 2x240 mg/day p.o. -53% ‘Flushing’, gastrointestinal

(Tecfidera) 3x240 mg/day p.o. -48% complaints

Laquinimod ALLEGRO [49] Placebo 0.6 mg/day p.o. -23% Elevated liver enzymes

(Nerventra)

Humanized monoclonal antibodies

Alemtuzumab CARE-MST [45] Rebif 12mgiv. for 5daysand  -54.9% Infusion-associated reactions;

(Lemtrada) CARE-MSII [46] Rebif after 12 months for 3 days, -49.4% secondary autoimmune diseases
in both studies (thyroid disorders, immune

thrombocytopenia)

Daclizumab SELECT [50] Placebo 150 mg s.c. monthly -54% Elevated liver enzymes, infections,

300 mg s.c. monthly -50% cutaneous reaction

ARR is the primary study endpoint. RRR = RR reduction; Tecfidera was approved in March 2013 by the FDA for the treatment of
RRMS; Lemtrada was approved in September 2013 by the EMA for the treatment of active RRMS.

derived 2)-like 2 (Nrf2) antioxidant response pathway
and additionally has anti-inflammatory properties. Di-
methyl fumarate appears to have a good efficacy/safety
profile [44].

Alemtuzumab (Lemtrada®) was approved in Septem-
ber 2013 by the European Medicines Agency for the treat-
ment of active RRMS. It is a humanized anti-CD52 mono-
clonal antibody that leads to a long-lasting depletion of
circulating T and B lymphocytes. Besides good efficacy
shown against an active comparator, there are relevant
side effects dominated by secondary autoimmune diseas-
es, including thyroid disorders and immune thrombocy-
topenia [45, 46].

With respect to the growing number of therapeutic
agents with different modes of action, application, effi-
cacy, tolerability and safety profiles, a future challenge
will be to choose the most efficacious, safe and tolerable
drug for the individual patient. Biomarkers that help to
predict these issues in the individual patient would there-
fore be of importance [47].

Furthermore, all approved and upcoming drugs pre-
dominantly exert their effects on the inflammatory dis-
ease process. No drugs so far substantially improve the
degenerative disease process, explaining the lack of effi-
cacy in progressive disease courses. The real breakthrough
in the treatment of MS will be in identifying treatments
that prevent neurodegeneration as well as support remy-
elination and repair of damaged tissue [48].
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