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Abstract In this article, we review some of the key
advances in multiple sclerosis (MS) over the last 3 years.
Significant progress has been made in understanding the
genetics and pathogenesis of MS. The classification of MS
phenotypes has been revised and the landscape of thera-
peutics is rapidly evolving. We provide a practical sum-
mary of the main developments for the practising
neurologist.
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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disorder of the central nervous system. Until recently, it
was thought to be a predominantly T cell mediated
autoimmune disease. Little was known of the genetic fac-
tors resulting in susceptibility beyond long known human
leucocyte antigen (HLA) associations. Few effective dis-
ease-modifying therapies had been developed. The clinical
classification had not been updated for nearly 20 years. In a
rapidly changing landscape, we have reviewed some key
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areas of progress in these areas over the last 3 years. The
review is inevitably selective and does not cover a number
of areas recently reviewed elsewhere including imaging
[1], environmental risk factors [2] and pathology [3].

Genetics

Up until the last decade, there had been relatively slow
advances in the understanding of the genetics of MS since
the finding of the importance of variants in HLA genes of
the major histocompatibility complex (MHC) in the early
1970s [4]. Since then there has been a revolution led by
large genome-wide association studies (GWASs) [5]. The
latest study from the International MS Genetics Consor-
tium (IMSGC) [6] used a specially constructed gene chip
(ImmunoChip), designed to look in detail at loci with
significant genome-wide associations to at least one
autoimmune disease, with lighter coverage of other regions
with some evidence of association. The genome of nearly
30,000 patients and over 50,000 controls were analysed. Of
the 97 statistically independent single nucleotide poly-
morphisms (SNPs) identified, 48 were new, more or less
doubling the known non-MHC associations of MS. There
was significant overlap with SNPs associated with other
autoimmune diseases, and the majority were within 50 kb
of genes with immunological function.

This, however, still falls some way short of identifying
specific genetic variants relevant to the disease. Farh et al.
[7] looked in more detail at SNPs identified in GWASSs in
MS as well as other autoimmune diseases. They developed
a fine mapping algorithm, which they termed probabilistic
identification of causal SNPs (PICS), to estimate the
probability that SNPs identified were causal rather than
merely associated by linkage to nearby relevant SNPs. The
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results would suggest that only around 5 % of SNPs
identified were causal and that, of these, around 90 % were
in non-coding sequences, particularly clustering around
sites associated with stimulus-specific immune cell
activation.

The IMSGC used a large network of known protein
interactions to demonstrate that genes identified by GWAS
are more likely to fall within specific networks or path-
ways, predominantly concerned with immune function [8].
Incorporating  such  protein-interaction-network-based
pathway analysis allowed identification of five plausible
MS susceptibility candidates (B cell lymphoma 10, CD48,
v-rel reticuloendotheliosis viral oncogene homologue,
TNF-receptor-associated factor 3 and TEC protein tyrosine
kinase). The GWASs have, therefore, opened up a whole
new field of research into genetic and subtle epigenetic
influences. The hope is that these techniques will yield new
insights into the pathophysiology of MS, and in time, result
in novel approaches to therapy.

Antibodies

The influence of B lymphocytes has been underappreciated
for many years in the understanding of pathological pro-
cesses in MS. This is changing. Rituximab, a chimeric anti-
CD20 monoclonal antibody, highly effectively depletes B
cells. In relapsing-remitting MS, it significantly reduces
gadolinium-enhancing lesions and clinical relapses [9]. B
cells are likely to influence MS via a variety of mechanisms
including antigen presentation, cytokine production and
establishment of ectopic lymphoid follicles within the
CNS, as well as via antibody production. Searching for
autoreactive antibodies specific to MS has largely proved
unrewarding. Srivastava et al. [10] purified and enriched
IgG from patients with MS using a column containing the
membrane protein fraction from human brain. The enriched
IgG was then immunoprecipitated with human brain tissue
lysate and the identified brain antigens were separated
using sodium dodecyl sulphate-polyacrylamide-gel elec-
trophoresis. One of the resulting spots on the gel was
shown to be KIR4.1, a glial membrane associated potas-
sium channel.

The authors found KIR4.1 antibodies in 47 % of 397
patients with multiple sclerosis compared to 1 % of 329
people with other neurological conditions, and in none of
59 healthy controls. They further elegantly showed that
binding of serum from patients with MS co-localised in
brain slices with binding from purified anti-KIR4.1 anti-
bodies, whereas this was not shown with serum from
neurological controls. The antibodies seemed to bind, as
one might expect in vivo, to one of the extracellular
domains of the KIR4.1 molecule. They demonstrated

pathological effects of these antibodies when injected
intrathecally in mice. The study did not confirm that the
antibodies are pathogenic in humans and interestingly, they
only found evidence of intrathecal production in two of 19
patients where serum and CSF were available.

Subsequent studies have, however, failed to reproduce
these findings. Using enzyme-linked immunosorbent assay
(ELISA), Brickshawana et al. only found anti-KIR4.1 in
three of 286 serum samples from MS patients compared to
two of 208 control samples antibodies [11]. Also, using an
ELISA similar to the original study, Nerrant et al. found
anti-KIR4.1 antibodies in 7.5 % of 286 MS patients’ sera
compared to 4.3 % of 46 sera from patients with other
neurological diseases and 4.4 % of 45 healthy controls
[12]. The disparity could represent differences in the size,
glycosylation or conformation of the KIR4.1 epitopes used
in the assays [13, 14] although the subsequent studies
clearly cast some doubt over the validity of the original
result. Although the pathological role (if any) of anti-
KIR4.1 antibodies in MS still needs to be confirmed, the
study provides further impetus to study of B cell mecha-
nisms in MS and of B cell targeted therapies.

Classification of the types of MS

In 2014, the International Advisory Committee on Clinical
Trials of MS published their revised classification of the
clinical subtypes of MS [15]. The latest classification takes
into account MRI activity (gadolinium-enhancing lesions
and new or unequivocally enlarging T2 lesions) as well as
clinical relapses. It also includes the entity of clinically
isolated syndrome (CIS) which has emerged since the
group’s original publication in 1996. The new classification
is pragmatic and aims to bring clarity to the subtypes of MS
which will aid selection for clinical trials and treatment
decisions for physicians. The original classification is now
embedded in clinical practice and there are no major
changes to the nomenclature other than the eradication of
the progressive-relapsing subtype. MS patients are now
classified as either: relapsing-remitting MS (RRMS) or
progressive MS (Fig. 1). Progressive MS is further divided
into either primary progressive or secondary progressive.
Each phenotype is defined as either active (clinically or
radiologically) or inactive.

The committee advised that patients with relapsing MS
should have a clinical assessment and MRI brain at least
yearly, although this could represent a significant burden
for some radiology departments. Annual spinal cord MRI
was not recommended unless there is clinical evidence of
spinal cord activity. Patients with progressive MS should
have an annual clinical assessment but no recommendation
was given for the frequency of MRI scanning in this group.
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a Active*

RELAPSING-REMITTING MS

Secondary progressive
i.e. progressive
Not accumulation of
disability following an
initial relapsing course

active*

Fig. 1 Adapted from the 2013 multiple sclerosis phenotype descrip-
tions by Lublin et al. [15] for a relapsing-remitting disease and
b progressive disease. *Activity determined by clinical relapses

Also, progressive disease should (slightly confusingly) be
classified as either having progressed or not progressed in
the last year. For example, a patient with primary pro-
gressive MS who has not had any relapses or evidence of
clinical disease progression in the last year, but has
gadolinium-enhancing lesions on MRI scan, would be
‘primary progressive, active but without progression’.

The group makes some important points regarding the
terminology used in clinical trials relating to increases in
Expanded Disability Status Scale (EDSS) scores. ‘Sus-
tained worsening’ is used as a clinical trials outcome,
referring to a worsening of the EDSS score that persists for
a specified period of time (usually 3 or 6 months). It is
often interpreted to mean disability progression, although it
may not accurately reflect the clinical picture, as some
functional systems may have improved and others wors-
ened, to generate an overall increase in EDSS score. The
group offers the term ‘confirmed worsening’ in place of
sustained, to reflect that disability can improve [15]. The
terms disease or disability progression are often used when
a worsening of EDSS is observed but they do not distin-
guish the accumulation of disability due to relapses from
the onset of the progressive phase of the illness. The group
sensibly suggests using the term ‘worsening’ for patients
with relapsing disease and reserving ‘progression’ only for
those in the progressive phase of MS with an increasing
EDSS independent of relapse activity [15].

Current therapeutics

The range of disease-modifying therapies (DMTs) avail-
able to neurologists for use in relapsing-remitting MS has
expanded significantly in recent years. Currently, 12
products are licenced by the European Medicines Agency
(EMA) and U.S. Food and Drug Administration (FDA).
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b Primary progressive
i.e. progressive
accumulation of
disability from onset

PROGRESSIVE
DISEASE

Active* and with progression**

Active* but without progression

Not active* but with progression

/TN

Not active* and without
progression = stable disease

assessed at least annually and/or MRI activity (contrast-enhancing
lesions; new and unequivocally enlarging T2 lesions). **Progression
measured by clinical evaluation, assessed at least annually

New products/formulations licenced since 2013 are:
dimethyl fumarate (Tecfidera), alemtuzumab (Lemtrada),
pegylated interferon-beta (Plegridy) and glatiramer acetate
(Copaxone) 40 mg. Therapies vary widely in their efficacy,
side effect profiles and safety monitoring requirements.
For patients who prefer the safety profile of the original
DMTs, new formulations of interferon-beta and glatiramer
acetate have been developed to reduce the frequency of
injections. Interferon beta-1a (Avonex) is now available as
a pegylated product (Plegridy), which has equivalent effi-
cacy to the non-pegylated version but only requires one
subcutaneous injection per fortnight [16]. Glatiramer
acetate is now available at 40 mg given three times a week,
compared to the previous daily dose of 20 mg. Interferon-
beta is perceived as a safe, albeit moderately effective
treatment. However, cases of thrombotic microangiopathy
associated with interferon-beta have emerged in recent
years. In 2014, Hunt et al. [17] reported four MS patients
treated for years with interferon-beta who all presented
with renal failure, severe hypertension and microangio-
pathic haemolytic anaemia. In the UK, 13 cases were
reported and a European review has been triggered [18].
Dimethyl fumarate (Tecfidera) was originally used in
the treatment of psoriasis and has been shown in clinical
trials to reduce the annualised relapse rate in MS by
approximately 50 % [19, 20]. The main side effects are
flushing and gastrointestinal upset, which usually resolve in
the first few months. However, progressive multifocal
leukoencephalopathy (PML) has been reported in three
patients treated with dimethyl fumarate who were not
previously immunosuppressed [21]. In October 2015, the
EMA recommended that patients are monitored throughout
treatment with 3 monthly full blood counts and that treat-
ment is suspended if lymphocyte counts are persistently
below 0.5 x 10°/L for greater than 6 months [21]. Fol-
lowing the EMA guidance, however, details of a fourth
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case of PML have emerged [Hughes, S, Medscape Medical
News, Neurology 2015]. The patient is reported to have
been previously treated with natalizumab but this was
stopped 2 years prior to dimethyl fumarate. Worryingly,
the patient had a persistent lymphopaenia of 0.6 x 10%/L.
Although the risk of PML in dimethyl fumarate treatment
of MS remains very low, the fourth case raises questions
about of what level of lymphopaenia should be tolerated
and whether JCV antibody testing should be checked prior
to treatment.

For patients treated with the anti-o4-integrin antibody
natalizumab, the risk of PML has been further defined by
McGuigan et al. [22]. The authors recommend risk strati-
fication based on anti-JCV antibody index, duration of
treatment and prior immunosuppressant use. In patients
receiving natalizumab for more than 2 years, with a high
anti-JCV antibody index, the risk of PML can be as high as
1 in 113 [22]. In February 2016, the EMA updated its
guidance on PML risk reduction with similar recommen-
dations for risk stratification based on anti-JCV antibody
index testing [23]. The recommendations state that all
patients treated with natalizumab should have an yearly
MRI brain scans and those at high risk should be scanned
every 3—-6 months. A recent and ongoing study suggests
that increasing the interval between natalizumab infusions
to 6 or even 8 weeks may reduce the risk of PML without
adversely affecting efficacy although the results have not
yet reached statistical significance [Zhovtis Ryerson L,
Kister I, Foley J et al., ECTRIMS 2015, abstract 57].

Whether to switch from natalizumab to an alternative
therapy, and how to make the transition, is a difficult
decision for both patient and physician. Following cessa-
tion of natalizumab treatment, no rebound of disease
activity (i.e. higher disease activity compared to pre-na-
talizumab), was observed in the phase II and III natal-
izumab studies [24]. A retrospective study of 375 patients
who stopped treatment with natalizumab in Denmark also
suggests that rebound activity is not a major concern [25].
The majority of these patients switched to fingolimod
(65 %), 10 % to interferon-beta/copaxone, 9 % to mitox-
antrone, 8 % resumed natalizumab, 4.5 % to other treat-
ments and 2.7 % had no treatment. On average, the relapse
rate increased in the first 3 months after discontinuation,
but did not reach the same level as in the time period before
natalizumab treatment. After 3 months, the relapse rate
subsequently decreased [25].

The RESTORE study looked at the effect of natal-
izumab treatment interruption on disease activity in 175
patients and whether this could be ameliorated by an
alternative therapy [26]. All patients were relapse-free for
1 year and had no gadolinium-enhancing lesions on MRI
brain. Patients were randomised 1:1:2 to natalizumab,
placebo or an alternate immunomodulatory therapy

(immediate interferon beta-la or glatiramer acetate or
monthly methylprednisolone started after 3 months).
Radiological evidence of disease activity was seen in 29 %
of patients after 12 weeks (all had discontinued natal-
izumab). Clinical relapses occurred in 19 % of patients off
natalizumab and 4 % on natalizumab. Neither interferon-
beta, glatiramer acetate, nor methyl prednisolone reduced
relapses compared to placebo but the numbers in each
group were small. One brain abscess occurred in a patient
who received methyl prednisolone.

Fingolimod is currently being used in patients who are
JCV antibody positive as a follow-on treatment after
natalizumab, however, it does carry its own risk of PML.
Three cases of PML are reported with fingolimod treatment
in patients who have not previously received natalizumab
[27]. In patients with prior natalizumab treatment, 17 cases
of PML have been reported [27]. This suggests ‘carry-over’
PML following natalizumab and raises the question of
washout periods following natalizumab. There is also an
argument to be made for checking CSF for JC virus (by
PCR) after natalizumab treatment before starting another
therapy. Current clinical practice for switching from
natalizumab to an alternative therapy varies widely and
further evidence is needed to establish safe, definitive
protocols. In December 2015, the EMA published recom-
mendations for a baseline MRI scan prior to fingolimod to
check for PML. Also, medical evaluation of the skin is now
recommended before starting fingolimod as basal cell
carcinomas have been associated with treatment.

The lymphocyte-depleting monoclonal antibody alem-
tuzumab was approved for use in relapsing-remitting MS in
2013 and 2014 by the EMA and FDA, respectively. It is
highly efficacious (reduces relapses by approximately
50 % compared to treatment with interferon-beta) but has
well documented autoimmune side effects [28, 29]. Despite
the requirement for rigorous monitoring, it has proved an
useful drug in patients with active relapsing-remitting MS.
Standard treatment involves two courses given a year apart
and pregnancy can be considered 4 months after the second
annual course making it an useful drug in young women.
There have been no cases of PML on treatment with
alemtuzumab, except for one person who, in retrospect, had
developed first symptoms of PML whilst on another dis-
ease-modifying therapy (personal communication from
Prof. Coles, University of Cambridge, UK).

Vitamins
There is a long history of putative alternative treatments for
multiple sclerosis, often championed beyond the main-

stream of MS research. These treatments go through the
cycle of initial (sometimes chance) observation, often “a
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posteriori” rationale for possible mode of action, enthusi-
astic and vociferous support (especially from patient
groups), neurological scepticism/caution and finally wan-
ing enthusiasm, either based on evidence of lack of efficacy
or arrival of the next hope. Examples from relatively recent
history could include the “Cari Loder” regimen [30], low
dose naltrexone [31] and angioplasty for “cerebrospinal
venous insufficiency” [32], which failed to stand up to the
scrutiny of a placebo controlled trial [33]. It remains to be
seen if Vitamin D and biotin will stand the test of time.

Vitamin D supplementation at least has a reasonable a
priori rationale behind it, with the known association of
low Vitamin D levels with increased risk of the devel-
opment of MS [34, 35]. Small randomised studies have
shown no consistent therapeutic benefit [36—40]. Rgsjg
et al. [41], in this journal, looked at the effects of vitamin
D3 supplementation (20,000 IU per week) on eleven
markers of systemic inflammation in 68 RR patients
enrolled in a (negative) Norwegian trial [42], originally
designed to investigate effects on bone health. Despite
mean serum vitamin D levels being double in the treat-
ment arm, there were no significant differences in any of
the inflammatory markers measured, whereas there was an
effect of immunomodulatory therapy (mostly interferon-
beta). Pihl-Jensen and Frederiksen [43] found seasonally
adjusted vitamin D levels to be lower in patients with
optic neuritis compared to those with established MS but
were unable to account for possible vitamin D supple-
mentation in the MS group. In contradiction to an earlier
study [44], there was no correlation between vitamin D
levels and severity of optic neuritis as judged by visual
acuity, contrast sensitivity or retinal nerve fibre thickness.
Some neurologists may continue to recommend vitamin D
supplementation on the grounds that it is cheap and safe
(probably, at least up to 5000 IU per day) but should also
counsel their patients on the current slender evidence of
efficacy.

High dose biotin has been studied as a treatment for
progressive multiple sclerosis by a group from Paris [45].
They studied 23 patients with progressive MS treated in an
open label trial with maximum doses of 200—600 mg a day
and reported improvements in a disparate group of mea-
sures in 21 of them. They postulate an effect of high dose
biotin in boosting biotin-dependent carboxylases involved
in Krebs cycle, helping to reverse an energy deficit in
demyelinated axons. Such a small open label observational
study clearly needs to be interpreted very cautiously,
although the same group is conducting double blinded
placebo controlled trials. The results are currently unpub-
lished but have been presented [Tourbah, Lebrun-Frenay,
Edan et al., ECTRIMS 2015, abstract 233]. They showed
some improvement in EDSS or 25 foot timed walk in
13/103 progressive MS patients treated with biotin 600 mg
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a day but in none of 51 patients treated with placebo. Given
the current paucity of treatments for progressive MS, it will
be of particular interest whether these results can be con-
firmed in further trials and by other groups.

Simvastatin

Whilst awaiting the results of further biotin trials, there is
at least one agent that has been shown to have a beneficial
effect on secondary progressive MS. In a placebo con-
trolled phase 2 trial, Chataway et al. gave simvastatin
80 mg or placebo to 140 patients with SPMS randomised
1:1 and followed them for 2 years [46]. The primary out-
come measure was the rate of whole brain atrophy, with
additional secondary outcomes both MRI (new or enlarging
T2 lesions) and clinical: EDSS, multiple sclerosis func-
tional composite scale (MSFC), multiple sclerosis impact
scale-29 (MSIS-29) and relapse frequency. A statistically
significant 43 % reduction in the accumulation of atrophy
was found in the simvastatin group. All the clinical mea-
sures deteriorated in both groups, as might be expected in
progressive disease. However, there were significant dif-
ferences in favour of the simvastatin group in change in
EDSS and MSIS-29 (but not MSFC). Whether the result
was due directly to effects on vascular comorbidity (there
was as expected a significant fall in serum cholesterol in
the active arm) or anti-inflammatory or cell protective
effects of simvastatin remains to be shown. A statistically
significant result is of course not necessarily the same as a
clinically significant one (a slight reduction in the wors-
ening of EDSS over time is still some way from preventing
further deterioration or even reversing it). This reasonably
small trial does not support indiscriminate administration
of high dose simvastatin to all patients with progressive
MS. It does, however, show the way for further trials in
progressive MS. In the MS-SMART study, the simvastatin
trial methodology is currently being further tested in
exploratory studies repurposing other agents (fluoxetine,
amiloride and riluzole) that may have neuroprotective
properties [47].

The future

Further therapeutic agents will make it into the clinic over
the next few years. Ocrelizumab, another anti-CD20
monoclonal antibody targeting B cells appears to be effi-
cacious and well tolerated, reducing relapses by nearly
50 % compared to interferon-beta in two phase 3 trials
(OPERA T and OPERA 1I) although the trials have yet to be
published [Hauser SL, Comi GC, Hartung H-P et al.,
ECTRIMS 2015, abstract 190]. In a separate phase 3 study
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(ORATORIO), it also appeared to be effective in primary
progressive MS [M Montalban X, Hemmer B, Rammohan
K et al., ECTRIMS 2015, abstract 228] reducing clinical
progression, as well as the rate of atrophy, although in a
primary progressive cohort with moderately active disease
in terms of gadolinium-enhancing lesions on MRI.

Daclizumab is a humanised anti-CD25 (interleukin 2
receptor) antibody, which has recently been shown to be
more effective than interferon-beta in relapsing-remitting
MS in the phase III DECIDE trial [48]. The study showed a
45 % reduction in annualised relapse rate in daclizumab
treated patients compared to those receiving interferon
beta-1a (annualised relapse rate 0.22 vs. 0.39, p < 0.001).
A significant effect on MRI disease activity was also seen
with a reduction in the number of new or newly enlarged
T2 lesions by 54 % in the daclizumab group. The study
demonstrated an increased risk of infection, cutaneous
events and liver derangement in the daclizumab group. The
mechanism of action of daclizumab is intriguing. Initial
studies were based on the hypothesis that lymphocytes in
MS patients are chronically activated and dependent on
high affinity IL-2R signalling [49]. However, rather than a
change in T cell function, an expansion of CD56bright NK
cells has been observed, which in vitro limits the survival
of activated T cells by a contact dependent mechanism
[49].

Minocycline is a tetracycline antibiotic which shows
promise in reducing the risk of conversion from CIS to
multiple sclerosis. A phase III study of 143 people with CIS
and at least two T2 lesions on MRI, randomised patients to
either minocycline 100 mg twice daily or placebo. The
results were presented at ECTRIMS but are yet to be pub-
lished [Metz LM, Li D, Traboulsee A et al., ECTRIMS
2015, abstract 227]. The risk of conversion to MS by
6 months was 61.4 % in the placebo group and 34.0 % in
the minocycline group. At 6 months, there was an absolute
risk reduction of MS of 27.4 % and relative risk reduction
of 44.6 %. At 12 months, the absolute risk reduction was
25.1 %, the relative risk reduction was 37.6 %, and the
NNT was 4 (p = 0.002). It should be noted, however, that
more patients in the placebo group had two or more
gadolinium-enhancing lesions and also spinal cord onset.

Epstein-Barr virus (EBV) remains a key research inter-
est with future trials planned to study the effect of famci-
clovir in MS patients [50]. The development of a vaccine to
prevent EBV infection is also on the horizon. If a vaccine is
licenced, future trials can interrogate whether preventing
EBYV infection could prevent the development of MS.
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