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Multiple sclerosis (MS) is a neurodegenerative disease with a major inflammatory component that constitutes the most common
progressive and disabling neurological condition in young adults. Injectable immunomodulatory medicines such as interferon drugs
and glatiramer acetate have dominated the MS market for over the past two decades but this situation is set to change. This is because
of: (i) patent expirations, (ii) the introduction of natalizumab, which targets the interaction between leukocytes and the blood–CNS
barrier, (iii) the launch of three oral immunomodulatory drugs (fingolimod, dimethyl fumarate and teriflunomide), with another
(laquinimod) under regulatory review and (iv) a number of immunomodulatory monoclonal antibodies (alemtuzumab, daclizumab and
ocrelizumab) about to enter the market. Current and emerging medicines are reviewed and their impact on people with MS considered.

Introduction

Multiple sclerosis (MS) is an acquired autoimmune disease
that affects the central nervous system and optic nerves. It
leads to neuroinflammation, neuronal dysfunction (par-
ticularly loss of myelin, the lipophilic insulating sheath
around axons) and neuronal loss. These changes manifest
as a variety of symptoms that include deterioration in
motor function, sense perception, mental function, visual
function, pain and fatigue [1–3]. MS presents in different
forms that follow distinct patterns of evolution and rates
of disability progression [4]. The most common form is
relapsing–remitting MS (RRMS), which affects about 85%
of people with MS. It is more common in females than
males, by a ratio of 2:1, and has an average age at diagnosis
of 29 years [5]. RRMS is characterized by acute attacks
(relapses) followed by partial or full recovery (remission). It
contrasts with primary progressive MS (PPMS), which
affects about 10–15% of people with MS, has no gender
bias, is diagnosed (on average) at age 40 years, and is
characterized by a steady and irreversible progression of
functional impairments [6–8]. PPMS begins insidiously

whereas the harbinger of RRMS is clinically isolated syn-
drome (CIS), a transient impairment in motor or sensory
function accompanied by white matter abnormalities
shown by magnetic resonance imaging (MRI) [9, 10]. Most
cases of CIS (80% after 20 years) convert to RRMS [11] and,
after two or three decades, RRMS converts to secondary
progressive MS (SPMS), which has a remission-free pro-
gression [12–14]. A final subset is progressive relapsing MS
(PRMS), which affects less than 5% of people with MS and
is characterized by a steady decline in neurologic function
and clear superimposed exacerbations [4]. This sub-
categorization of MS is made on the basis of clinical and
MRI data and probably reflects different expressions of a
single disease. Indeed, a large longitudinal study of people
with MS has compared disability progression in those with
relapsing and progressive disease. Both groups reached
Kurtzke disability status scales scores of 3 and 6 at the
same age, but the time taken to reach each of these points
was lower in the progressive onset phenotype compared
with the relapsing onset phenotype (Figure 1).

MS is a complex disease that is caused by a combination
of genetic, environmental and lifestyle factors, knowledge
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of which is still emerging. What is known is that there is a
complex interaction between dozens of genetic variations,
particularly in the major histocompatibility complex (MHC)
[15–17], and environmental factors, such as Epstein-Barr
virus seropositivity, cigarette smoking and low plasma con-
centrations of vitamin D3 [18–22]. The disease is character-
ized by multiple plaques throughout the CNS that range in
size from a few mm to more than 1 cm and reflect regions
of neuroinflammation, demyelination and neuronal loss
[23–25]. They are formed by the paracellular movement of
activated immune cells from the bloodstream into the CNS
principally across the blood–brain barrier (BBB), but also
the blood–spinal cord barrier (BSCB) and blood–CSF barri-
ers. These three permeability barriers are collectively
referred to as the blood–CNS barrier (BCNSB) [26–28].
Plaques can be assessed in the intact brain and upper
spinal cord by magnetic resonance imaging (MRI). This
technique is used in (i) patient selection and stratification,
(ii) as the primary endpoint in proof-of-concept clinical
trials and (iii) as the secondary endpoint in definitive phase
III trials [29]. MRI images (either T1-or T2-weighted) allow
areas of demyelination to be visualized and measured and
sensitivity can be improved by the use of contrast agents
such as gadolinium diethylenetriaminepentaacetic acid. It
also allows breaches in the BBB and BSCB to be assessed
and the emergence of new plaques to be monitored
[28, 30].

The cascade of inflammatory change is probably medi-
ated by a coordinated attack by T cells, monocytes and B
cells against CNS tissue. Although the site and the antigen
that triggers the inflammatory sequelae has not been
clearly established, the most prominent hypothesis is that
antigens (probably proteins associated with myelin or
microbial antigens cross-reactive with myelin-associated
proteins) are presented to naïve T cells by MHC molecules
on specialized antigen-presenting cells (Figure 2) [31–33].

Once exposed to such antigens, these T cells differentiate
into T helper cells 1, 2 and 17 expressing the glycoprotein
called cluster of differentiation 4 (CD4+) and cytotoxic T
cells expressing the CD8+ glycoprotein. These autoreactive
T cells then enter the CNS through a sequential and coor-
dinated process involving the binding of adhesion mol-
ecules with their respective ligands that tether, roll and
anchor the activated immune cells to the inside surface of
blood vessels [34]. Anchoring is mediated by the interac-
tion between α4β1-integrin on the leukocytes and vascu-
lar cell adhesion molecule-1 on the endothelial cell layer.
The expansion of lymphocytes in the CNS is amplified by
pro-inflammatory cytokines through the recruitment of
naive microglia [35, 36]. The resultant perivascular plaques
throughout CNS white matter cause transient breakdown
of the BCNSB, partly through the action of interleukins 17
and 22 [28]. BCNSB disruption permits the movement of
more leukocytes into the CNS where they contribute to the
loss of both myelin and the glial cells that form myelin in
the CNS (oligodendrocytes) and culminate in neuronal loss
by a mechanism that is not yet fully understood [3, 34,
37–40] [41, 42].

Pharmacotherapy for MS has focussed, almost exclu-
sively, on RRMS. The first generation of MS medicines were
β-interferon (IFNβ) drugs and glatiramer acetate [2, 3]. The
clinical impact of these biologic immunomodulatory drugs
will be considered, along with a new generation of
immunomodulatory MS medicines.

First generation immune-targeted
MS drugs (Table 1)

IFNβs drugs and glatiramer acetate
IFNβ drugs have been available as first line therapy for
RRMS for nearly two decades. The first IFNβ drug to gain
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Figure 1
Kaplan–Meier estimated median age at multiple sclerosis clinical onset
and at Disability Status Score (DSS) score of both 3 (n = 2054) and 6 (n =
1415) in people with MS with relapsing (blue columns) and progressive
(red columns) onset. Data derived from Figure 2 of Leray et al. [89]
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Figure 2
Antigen presentation stimulates naïve T cells to become either cytotoxic
CD8+ cells or helper CD4+ cells. CD4+ and CD8+ are receptors that assist the
binding of T cell receptors with an antigen presenting cell. The inflam-
matory sequelae associated with MS may be triggered by an antigen with
some epitope homology with one or more myelin-associated protein
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Food and Drug Administration (FDA) approval was
Betaseron (1993), followed by Avonex (1996), Rebif (2002)
and Extavia (2009). These recombinant proteins are pro-
duced by expression in either Chinese hamster ovary cells
(IFNβ-1a; Avonex and Rebif) or in Escherichia coli (IFNβ-1b;
Betaseron and Extavia). They are all administered by injec-
tion, reduce relapse rates by about a third and make
relapses milder [43]. Glatiramer acetate, a random polymer
of four amino acids, gained FDA approval in 1996. Injection
of all these biologic drugs is often associated with side
effects, principally injection site reactions, moderate to
severe flu-like symptoms and the potential for liver
damage. Such side effects can be burdensome and lead to
poor adherence [44, 45]. In addition, they all produce neu-
tralizing antibodies in a substantial minority of those
treated [46] and there is a high proportion of non-
responders [47]. Neutralizing antibodies are less of an issue
with glatiramer acetate than the IFNβ drugs and so this
drug provides a useful alternative for people with MS
expressing neutralizing antibodies to IFNβ drugs [48]. On

the basis of both systematic analysis and long term
studies, it appears that although IFNβ drugs and
glatiramer acetate reduce relapse rates in RRMS, they have
little impact on disease progression [49] [50]. These drugs
also have no impact on the course of either SPMS or PPMS
[50–52], but they do delay the conversion from CIS to
RRMS [53–55].

Second generation
immune-targeted MS drugs
(Table 1)

Mitoxantrone
Mitoxantrone is an immunosuppressant drug (unlike IFNβ
drug and glatiramer acetate) as it inhibits the proliferation
of T cells, B cells and macrophages. It gained FDA approval
for use in the reduction of neurological disability progres-
sion and/or frequency of clinical relapses in SPMS, PRMS or
worsening RRMS [56]. Mitoxantrone treatment over a 6

Table 1
Drugs approved for the treatment of multiple sclerosis [3]

Generic name
(brand name) Mechanism of action Route of administration (dose)

Location of
molecular target Therapeutic efficacy

IFNβ-1a (Avonex
and Rebif))

Suppression of Th1 and enhancement of Th2 immune
response

Avonex: Once a week, i.m. (30 μg). Circulating
compartment*

Reduced relapse rate
(32%) and MRI
lesions (circa 80%)

Rebif: Three times a week; subcutanous (44 μg)

IFNβ-1b (Betaseron
and Extavia)

Suppression of Th1 and enhancement of Th2 immune
response

Betaseron: Every other day, subcutanous (250 μg). Circulating
compartment

Reduced relapse rate
(32%) and MRI
lesions (circa 80%)

Extavia: Three times a week, subcutanous (250 μg)

Glatiramer acetate
(Copaxone)

Tolerization with myelin-like antigens and modulation
of autoreactive T cells by inducing a shift from Th1
toTh2 cells.

Every day, subcutanous (20 mg) Circulating
compartment

Reduced relapse rate
(29%) and MRI
lesions (35%)

Mitoxantrone
(Novantrone)

Inhibition of the proliferation of T cells, B cells and
macrophages

Four times a year; intravenous. The lifetime
cumulative dose is limited to 8–12 doses over
2–3 years (140 mg).

Circulating
compartment

Reduced relapse
(67%), and MRI
lesions (85%) and
disease
progression

Natalizumab
(Tysabri)

A humanized monoclonal antibody to α4β1 integrin
that prevents the movement of leukocytes from the
bloodstream into the CNS

Every 4 weeks by intravenous infusion (300 mg) Circulating
compartment

Reduced relapse
(66%), and MRI
lesions (90%) and
disease
progression

Fingolimod
(Gilenya/Gilenia)

Reduction in the number of lymphocytes in the blood
by preventing their egress from lymph nodes
through modulation of the sphingosine-1-phosphate
receptor 1.

Every day; oral (0.5 mg) Circulating
compartment

Reduced relapse rate
(54%) and MRI
lesions (67%)

Teriflunomide
(Aubagio)

An immunomodulator with anti-inflammatory
properties, probably through inhibition of
dihydro-orotate dehydrogenase.

Every day; oral (7 or 14 mg) Circulating
compartment

Reduced relapse rate
(31%) and MRI
lesions

Dimethyl fumarate
(Tecfidera)

TCA intermediate with immune modulation. Activator
of the Nrf2 pathway (the innate cellular phase 2
detoxifying pathway). Nrf2 is: (i) a transcription
factor that binds to anti-oxidant response elements
and elicits changes in anti-oxidant gene transcription
pathway and (ii) Nrf2 has major role in cellular
neuroprotective and anti-inflammatory effects

Twice a day, oral (240 mg) Circulating
compartment

Reduced relapse,
rate (51%), and
new MRI lesions
(69%) and disease
progression

*Blood plasma and lymph fluid. BCNSB, blood–central nervous system barrier; CNS, central nervous system; PNS, peripheral nervous system; Th, T helper cell.
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month period was found to reduce both the risk of disabil-
ity and relapse rate compared with IFNβ-1b in people with
aggressive RRMS in a 3 year randomized clinical trial [57].
This, together with data showing that mitoxantrone
(administered every 3 months for 24 months) slowed the
progression of disability in people with worsening RRMS
and SPMS [58], supports the use of mitoxantrone in the
treatment of MS, particularly in rapidly worsening pheno-
types. The dose of mitoxantrone that is used is strictly
limited to 140 mg m−2 because of the long term risk of
infertility, leukaemia and cardiotoxicity [56, 59].

Natalizumab
Natalizumab, a humanized monoclonal antibody (mAb) to
α4β1-integrin, blocks the interaction between α4β1-
integrin on leukocytes and cell vascular cell adhesion
molecule-1 on endothelial cells. Thus, it inhibits the trans-
migration of immune cells into the CNS. A systematic
review and meta-analysis of all double-blind, randomized,
controlled trials of studies of natalizumab in people with
RRMS, that included one placebo-controlled trial and two
add-on placebo-controlled trials (one plus glatiramer
acetate and the other plus IFNβ-1a), indicated that the
drug displayed robust evidence in favour of a reduction in
both relapses and disability at 2 years, along with dimin-
ished MRI disease [60]. The reduction in annualized relapse
rate resulting from treatment with natalizumab is about
twice that seen with IFNβ drugs and glatiramer acetate
(Table 2), which is supported by a head-to-head study with
IFNβ-1a (s.c. 44 μg; Rebif) [61].

Natalizumab renders the CNS immune-compromised
by blocking immune-surveillance. This permits reactiva-
tion of dormant viruses, such as JC-1, which causes pro-
gressive multifocal leukoencephalopathy (PML), a rare and
potentially fatal disorder characterized by progressive
damage to white matter. Reports of PML in people with MS

administered natalizumab led to its withdrawal from the
market in 2005. It was re-introduced after no additional
cases were identified in previously treated patients. The
risk of people with MS treated with natalizumab develop-
ing PML has been quantified [62]. The major risk factors are
the presence of anti-JC virus antibodies in blood, prior
use of immunosuppressants, and increasing duration of
natalizumab treatment. Regular monitoring of these
factors, coupled with appropriate action, substantially
reduces the risk of people with MS administered
natalizumab developing PML [63].

Fingolimod
Fingolimod is the first orally available immunomodulatory
medicine for the treatment of RRMS. It was approved by
the FDA in 2010 and the European Medicines Agency
(EMA) in 2011. It is indicated in the US as first line treat-
ment of RRMS, at a recommended dose of 0.5 mg once
daily, to reduce the frequency of clinical exacerbations and
delay the accumulation of physical disability. In the EU,
fingolimod is indicated for the treatment of people with
highly active RRMS despite treatment with IFNβ drugs, or
people with MS with rapidly-evolving severe RRMS.
Fingolimod is a structural analogue of intracellular
sphingosine that is phosphorylated by the enzyme
sphingosine kinase-2 and exerts its immunomodulatory
effect by mimicking sphingosine 1-phosphate (S1P) and
binding to four of the five S1P receptors on lymphocytes.
This binding leads to internalization of activated S1P
receptors, and their down regulation. In the absence of
S1P receptor signalling, CD4+ and CD8+ T cells and B cells
are unable to egress from secondary lymphoid tissue. This
reduces the number of lymphocytes in the blood by about
70%, which attenuates their movement into the CNS
[64]. Fingolimod showed superior efficacy over IFNβ-1a
(Avonex) on the basis of head-to-head studies comparing

Table 2
Drug candidates in late-stage development for the treatment of multiple sclerosis [3]

Generic name (brand name) Mechanism of action Route of administration (dose) Therapeutic efficacy

Alemtuzumab (Lemdra) mAb for CD52 antigen expressed on T and B cell
lymphocytes, neutrophils and natural killer cells that
reduces the immune response.

Treatment is by intravenous infusion
administered over 3 to 5 consecutive
days once a year.

Reduced relapse rates by 55% compared with
IFNβ-1a (Rebif), but there was no difference
in accumulated disability between the two
groups.

Daclizumab mAb for CD25 that increases a subset of dendritic cells
which have a regulatory activity and limits T cell
expansion by blocking IL-2 signalling

1 or 2 mg kg−1 by intravenous infusion
every 4 weeks.

Reduced relapse rate and MRI lesions

150 mg or 300 mg administered
subcutaneously every 4 weeks.

Ocrelizumab mAb for CD20 Every day, subcutanous (20 mg). Reduced relapse rate and MRI lesions
Laquinimod Shifts immune response from Th1 to Th2, Once a day (0.3 mg) Reduced relapse, and MRI lesions and disease

progression

Firategrast α4β1-integrin antagonist Every day; oral (0.5 mg) Reduced relapse rate and MRI lesions
NU100 recombinant human IFNβ-1b Every day; oral (7 or 14 mg) Reduced relapse rate and MRI lesions

BII-B017 PEGylated IFNβ-1a Twice a day (10 mg) Reduced relapse rate and MRI lesions

All compounds act on targets in the circulating compartment (blood plasma and lymph fluid). mAb, monoclonal antibody. Th, T helper cell.
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relapse rates in people with RRMS [65]. A systematic review
and meta-analyses of treatments in RRMS concluded that
fingolimod significantly reduces relapse frequency in
people with RRMS compared with IFNβ drugs and
glatiramer acetate [66]. Because of effects on heart rate
and atrioventricular conduction that may cause bradycar-
dia and heart block, fingolimod requires enhanced cardio-
vascular monitoring on first dose or when recommencing
dosing following treatment interruption. In addition,
dimethyl fumarate has been linked to four cases of PML
[67]. The FDA is currently investigating a case of PML in a
patient with MS taking fingolimod.

Teriflunomide
Teriflunomide, another oral drug, gained FDA in 2012 and
EMA approval the following year, for the treatment of
RRMS. It is an active metabolite of leflunomide, the first
disease modifying anti-rheumatic drug, and inhibits the
mitochondrial enzyme dihydro-orotate dehydrogenase. It
thus reduces pyrimidine synthesis and, because the pro-
duction of activated T cells largely depends on de novo
pyrimidine synthesis, inhibits immune cell proliferation
[68]. On the basis of five phase III studies, teriflunomide
reduced MRI lesions and annual relapse rates, to an extent
similar to that of IFNβ drugs and glatiramer acetate. There
were no serious adverse events and the most common
ones were liver dysfunction, alopecia, diarrhoea, influenza,
nausea and paraesthesia [69–71].

Dmethyl fumarate
Dimethyl fumarate (BG-12) is the methyl ester of fumaric
acid, an intermediate in the tricarboxylic acid cycle, that is
formed by the oxidation of succinate by the enzyme
succinate dehydrogenase. Although the biological basis of
its immunomodulatory action is not fully understood,
fumarate does induce IL-4-producing Th2 cells. These cells
generate type II dendritic cells that produce IL-10 instead
of IL-12 and IL-23 [72].

Results from two phase III trials were recently pub-
lished. DEFINE compared 240 mg dimethyl fumarate,
administered either twice or three times daily with
placebo in people with RRMS [73]. CONFIRM compared
dimethyl fumarate treatment with both placebo and
glatiramer acetate in 1200 people with RRMS [74]. Both
studies showed that dimethyl fumarate reduced relapse
rate by 44–53%, with some evidence of a reduced risk of
disability progression. Dimethyl fumarate also reduced
new gadolinium lesion development across a range of
subgroups (defined on the basis of baseline disease char-
acteristics or demographics) by 49–89% [75]. In 2013,
dimethyl fumarate gained FDA approval and the Commit-
tee for Medicinal Products for Human Use of the EMA rec-
ommended the granting of marketing authorization.
Adverse events associated with dimethyl fumarate
included flushing and gastrointestinal (such as diarrhoea,
nausea, and upper abdominal pain), along with reduced

numbers of lymphocytes, elevated liver aminotransferase
activity and evidence of acute kidney injury [73].

Emerging immune-targeted MS
drugs (Table 2)

Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody for
CD52, a surface glycoprotein of unknown function that
is expressed throughout the immune system on T and B
lymphocytes, natural killer cells, dendritic cells and
most monocytes. Alemtuzumab causes complement and
antibody-dependent cytoxicity of lymphocytes that leads
to a profound depletion of circulating T and B cells. While
B cells rapidly recover, CD4+ T helper cells take years to
recover to pre-treatment numbers. Other factors are prob-
ably also involved, including increased numbers of regula-
tory T cells and fewer memory T cells [76].

The results from two phase III trials were recently pub-
lished: (i) CARE-MS1 compared alemtuzumab and IFNβ-1a
(Rebif) in people with MS in the first few years after diag-
nosis and were immunomodulatory drug free [77] and (ii)
CARE-MS2 examined people with MS who had continued
to have relapses despite treatment with IFNβ drugs or
glatiramer acetate [78]. The results indicated that, com-
pared with comparator drugs, alemtuzumab reduced the
relapse rate by 49–55%, improved radiological markers of
MS pathology, reduced the risk of sustaining disability and
partially reversed disability. Alemtuzumab was also found
to increase the risk of developing other autoimmune dis-
eases, particularly autoimmune thyroid-related problems
and idiopathic thrombocytopenic purpura [79]. Marketing
authorization applications have been submitted for the
use of alemtuzumab in MS to the FDA and EMA.

Daclizumab
Daclizumab is a monoclonal antibody that binds to CD25,
a receptor for IL-2 on the surface of lymphocytes and thus
prevents T cell activation [80]. A recent systematic analysis
of the use of daclizumab (both alone and combined with
other immunomodulatory drugs) in the treatment of
RRMS concluded that high dose daclizumab (300 mg
month−1) reduces the number of new or enlarged gado-
linium contrast-enhancing lesions, with the caveat that
more studies are required to evaluate properly its efficacy
and safety [81].

Ocrelizumab
Ocrelizumab is a mAb that targets CD20 on the surface
of B cells and thus attenuates the abnormal immune
response associated with MS. It is under development for
the treatment of both RRMS and PPMS. Ocrelizumab
reduced the total number of gadolinium-enhancing and
T1-weighted MRI lesions in a phase II study [82] and phase
III trials for both RRMS and PPMS are on-going.

New and emerging drugs for multiple sclerosis
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Laquinimod
Laquinimod is an oral immunomodulatory agent for RRMS
that is thought to act by shifting the immune response
from Th1 to Th2, thus decreasing the concentration of
pro-inflammatory cytokines (particularly IFNγ and tumour
necrosis factor) and increasing production of IL-4, an anti-
inflammatory cytokine [83]. The results from two phase III
trials were recently published. ALLEGRO compared 0.6 mg
laquinimod, administered once daily, with placebo in
people with RRMS. BRAVO compared laquinimod 0.6 mg
with IFNβ-1a (Avonex) with placebo. In the ALLEGRO
study, laquinimod produced a modest (23%) reduction in
the relapse rate compared with placebo and reduced the
risk of disability progression, although laquinimod and
placebo groups showed no difference in their Multiple
Sclerosis Functional Composite scores [84]. Results from
the BRAVO study have not yet been published fully, but
initial reports indicate a similar modest effect. Laquinimod
has been well-tolerated in clinical studies, with the most
frequent side effects being back pain, increased liver
enzyme activity and headache [84–86] A study is about to
commence to compare two doses of laquinimod (0.6 mg
and 1.2 mg) in approximately 1800 people for up to 24
months. The main outcome measure will be progression of
disability measured by the Expanded Disability Status
Scale (EDSS).

Firategrast
Firategrast is an orally active, small molecule α4β1-integrin
antagonist with a shorter half-life than natalizumab. It
showed efficacy, on the basis of imaging endpoints, in a
phase II study of individuals with RRMS. One of four twice
daily treatment regimens was applied: (i) 150 mg, (ii)
600 mg, (iii) 900 mg (women) or 1200 mg (men) and (iv)
placebo. A 49% reduction was observed in the cumulative
number of new gadolinium-enhancing lesions at the
highest dose tested, with no cases of PML or evidence of
JC-1 reactivation [87]. No planned phase III study is listed
on the U.S. National Institutes of Health website http://
www.clinicaltrials.gov.

NU100
NU100 is a proprietary recombinant human IFNβ-1b being
developed for the treatment of RRMS. A phase III study is
underway in people with RRMS randomized to receive
NU100, a marketed IFNβ-1b or placebo over a 12 month
period [3].

BII-B017
BII-B017 is polyethylene glycol covalently bonded to
IFNβ-1a and so represents an extended-release version of
Avonex and Rebif. Thus, it only needs to be administered
every 2–4 weeks, rather than one to three times weekly.
The top-line results from a phase III trial comparing BII-
B017 with placebo indicate that it reduces relapse rate at 1

year and has favourable safety and tolerability profiles
(Biogen Idec press release, January 24, 2013).

Conclusions

The first IFNβ drug gained regulatory approval in 1993 and
glatiramer acetate in 1997 and have dominated the MS
market ever since [88]. However, a number of factors are
now changing this situation. Patent expirations are immi-
nent and a number of oral immunomodulatory drugs
(fingolimod, dimethyl fumarate and teriflunomide) have
recently been launched. More orally available MS drugs are
in the pipeline, with laquinimod submitted for approval
and firategrast is in late stage development. The emer-
gence of a number of immunomodulatory mAb drugs
(alemtuzumab, daclizumab and ocrelizumab) and medi-
cines to manage symptoms, including motor dysfunction
(dalfampride and botulinum toxin) and spasticity
(nabiximols), are also changing the market landscape.

A two stage disease process has been proposed on the
basis of a large longitudinal study of people with MS [89].
It suggests that immunomodulatory drugs that reduce
demyelination will slow the course of MS by reducing the
extent of subsequent neurodegeneration [90]. However,
although IFNβ drugs and glatiramer acetate are described
as ‘disease modifying’, they have little impact on the
course of RRMS, unless given during the prodromal stage
of MS (CIS) [3]. In addition, no immune-targeted therapy
has shown efficacy in the treatment of progressive forms
of MS [49–55]. There are three possible explanations for
this: (i) non-immune based mechanisms are critically
involved in the progressive development of the symp-
toms, (ii) IFNβ drugs and glatiramer acetate have insuffi-
cient impact on the process of demyelination to
meaningfully alter disease progression, or (iii) a combina-
tion of both. It remains to be established whether the new
and emerging immunomodulatory MS drugs (Tables 1 and
2) have efficacy in slowing the course of MS over the long
term. The magnitude of the reduction in relapse rate with
natalizumab is twice that seen with IFNβ drugs and
glatiramer acetate and appears to slow disease progres-
sion (Table 1) [60].

Grey matter damage has attracted much less interest
than white matter lesions, mainly because it has been dif-
ficult to see cortical grey matter lesions using conventional
histochemical staining procedures. However, greater MRI
resolution now permits the detection of grey matter
changes in the intact CNS [91]. The importance of such
change is demonstrated by loss of grey matter (but not
white matter) correlating with long term disability [92].
The loss of corticospinal axons is the major contributor to
the disability associated with both PPMS and SPMS [93,
94]. On the basis of recent MRI studies, cortical lesions and
cortical atrophy have been observed in patients with early
multiple sclerosis [95–99]. This has been confirmed on the
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basis of immune-histochemical studies of cortical biopsy
tissue from people with early stage MS that showed that
cortical demyelinating lesions were frequent, inflamma-
tory and strongly associated with meningeal inflammation
[100].

Focal inflammation that results in loss of myelin is
probably the pivotal event in the pathophysiology of MS,
in all its phenotypes [89]. Myelin plays a critical role in
neuronal conduction since it inhibits charge leakage
through the axonal membrane. The sheath of myelin does
not provide a continuous insulating cover, as there are
numerous gaps (nodes of Ranvier) about 1 mm long along
the length of the axon. This permits the action potential to
move from one node to another. This saltatory conduction
both increases the speed of the nerve impulse and reduces
energy expenditure at the area of depolarization. The
demyelination that occurs in MS therefore slows the speed
of nerve transmission and can lead to conduction block,
i.e. a failure of an action potential to propagate along a
structurally intact axon. This increases the energy required
for neurotransmission in a manner that is directly propor-
tional to the extent of myelin loss. Once the energy
expenditure required for the propagation of neuronal
impulses in myelin-denuded axons reaches a critical point,
excitotoxic processes will begin to occur that will eventu-
ally lead to neuronal cell death. In terms of directly target-
ing the neurodegenerative processes occurring in MS,
anti-excitotoxic compounds, including AMPA/kainite
receptor antagonists and sodium channel blockers, have
shown some evidence of neuroprotective efficacy in
experimental models of MS. There is also evidence for
one sodium channel blocker (lamotrigine) showing
neuroprotective efficacy in people with SPMS [101–103].
Another approach showing promise is blockade of acid-
sensing ion channel 1 using the drug amiloride, which is
licensed for the treatment of hypertension and congestive
cardiac failure. This compound has shown neuroprotective
efficacy in experimental models of MS [104] and displayed
evidence consistent with neuroprotection in a pilot study
of people with PPMS [105].
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