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Ever since the introduction of the first disease modifying therapies, the concept of multiple sclerosis 
treatment algorithms developed ceaselessly. The increasing number of available drugs is paralleled by 
impelling issue of ensuring the most appropriate treatment to the right patient at the right time. The 
purpose of this review is to describe novel agents recently approved for multiple sclerosis treatment, 
namely teriflunomide, alemtuzumab and dimethylfumarate, focusing on mechanism of action, efficacy 
data in experimental setting, safety and tolerability. The place in therapy of newer treatment implies 
careful balancing of risk-benefit profile as well as accurate patient selection. Hence the widening of 
therapeutic arsenal provides greater opportunity for personalized therapy but also entails a complex 
trade-off between efficacy, tolerability, safety and eventually patient preference.

Key words Multiple sclerosis - therapy - safety - tolerability - relapsing - remitting MS

Introduction 

 Just over 20 years ago there was no approved 
therapy for multiple sclerosis (MS) and patients could 
be offered only off-label and symptomatic treatments. 
Ever since their introduction, interferons and then 
later glatiramer acetate have been the mainstay of MS 
treatment for over a decade until the introduction of novel 
therapeutic agents has changed therapeutic scenario. 
Immunomodulatory drugs of the so-called ‘platform 
therapy’ have also been shown equal in efficacy in a 
post-marketing observational study1. First natalizumab 
and then fingolimod provided physicians with additional 
valuable options for patients with suboptimal disease 
control or breakthrough disease. Clinical trials and data 
derived from real life studies proved their efficacy2-7. 
The remarkable impact of second-line therapies on 
inflammatory measures of disease activity is offset 

by safety concern about treatment emergent serious 
adverse events limiting their use in the very early 
phase of disease when inflammatory damage seems 
to predominate. Nevertheless, early treatment with 
highly active drugs is warranted as a reflection of early 
‘window of opportunity’, i.e. the chance to prevent 
the accumulation of long-term disability maximizing 
therapeutic impact during inflammatory phase. In such 
a steeply changing landscape, the complex trade-off 
between efficacy and safety remains a challenge for 
drug developers. Thus, newer agents have to face many 
challenges before definite approval as these must prove 
to be safer, more tolerated or more effective than the 
currently available drugs. This review will focus on 
drugs that have been recently licensed for treatment 
of relapsing-remitting multiple sclerosis (RRMS), 
outlining proposed mechanisms of action, efficacy, 
safety and tolerability profiles.
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Teriflunomide 

 Teriflunomide is the active metabolite of 
leflunomide, a drug with immunosuppressant and 
anti-inflammatory properties licenced for the use 
in rheumatoid arthritis. Teriflunomide proved to be 
effective in mice experimental models of multiple 
sclerosis (experimental autoimmune encephalomyelitis) 
delaying the onset and hastening clinical recovery of 
disease in rats8. Teriflunomide confirmed its efficacy 
and safety profile in clinical trials finally receiving 
FDA (Food and Drug Administration) approval in 
2012 for the treatment of relapsing-remitting multiple 
sclerosis9. 

Mechanism of action 

 Teriflunomide exerts its biological function through 
inhibition of dihydroorotate dehydrogenase (DHODH), 
a key mitochondrial enzyme in de-novo pyrimidine 
synthesis pathway required by rapidly dividing 
cells such as proliferating B and T cells10. Resting 
lymphocytes recycle pyrimidines from intracellular 
pool through an alternative DHODH independent 
“salvage pathway”. Thus, teriflunomide leaves basic 
homeostatic lymphocyte functions unaffected and 
limits lymphocyte overactivation contributing to 
detrimental immune response in multiple sclerosis. 
Pyrimidines seem to be involved in various biological 
functions other than DNA and RNA synthesis like 
lipid and protein glycosylation, phospholipid synthesis 
and DNA repair which may account for additional 
immunomodulatory properties of teriflunomide. 
Teriflunomide also disrupts the JAK-STAT pathway 
causing downstream reduction of pro-inflammatory 
cytokines synthesis (TNF and IL-17)11. In addition, 
cyclooxygenase-2 function and intracellular calcium 
signalling pathway are also affected by teriflunomide, 
eventually contributing to its mechanism of action12,13. 

 Teriflunomide bioavailability after oral 
administration is nearly 100 per cent and food 
intake does not alter intestinal absorption. Time 
to peak plasma concentration ranges from 1 to 4 
hours and mean plasma half-life is 10-12 days14. 
Teriflunomide is only moderately metabolized in the 
liver with limited CYP450 involvement, being largely 
secreted unchanged in bile and, to a lesser extent, in 
urine. Besides, teriflunomide undergoes extensive 
enterohepatic recirculation so that wash-out procedure 
(i.e. cholestyramine or activated charcoal) is necessary 
when accelerated elimination is needed15. 

Phase III clinical trials 

 The Teriflunomide Multiple Sclerosis Oral 
(TEMSO) trial was the first pivotal trial assessing 
teriflunomide efficacy in a cohort of patient diagnosed 
with relapsing remitting multiple sclerosis9. TEMSO 
trial was a phase III, randomized, double blind, 
placebo-controlled, parallel-group study enrolling 1088 
patients worldwide. Patients were randomly assigned 
to placebo, teriflunomide 7 mg daily or teriflunomide 
14 mg daily in a 1:1:1 ratio. Primary endpoint was 
the annualized relapse rate; secondary endpoint 
was 12-weeks confirmed disability progression. 
Teriflunomide reduced annualized relapse ratio (ARR) 
with relative risk reduction of 31.2 and 31.5 per cent 
for teriflunomide at 7 and 14 mg daily, respectively. 
Confirmed disability progression occurred in 27.3 
per cent of patients with placebo, 21.7 per cent with 
teriflunomide at 7 mg (P=0.08), and 20.2 per cent with 
teriflunomide at 14 mg (P=0.03). Teriflunomide also 
yielded a favourable profile on radiological activity 
outcome measures such as the number of gadolinium 
enhancing lesions per scan, unique active lesions per 
scan and total lesion volume. 

 These favourable results were confirmed in the 
Teriflunomide Oral in People with Relapsing-Remitting 
Multiple Sclerosis (TOWER) study, a randomized, 
double-blind, placebo-controlled trial enrolling 1169 
patients with relapsing-remitting multiple sclerosis in 
26 countries16. Participants were assigned to placebo, 
teriflunomide 7 mg or teriflunomide 14 mg daily in 
a 1:1:1 ratio. Primary endpoint was ARR; secondary 
endpoint was time to sustained disability progression. 
Both doses of teriflunomide were superior to placebo 
in lowering ARR (0.50=placebo vs. 0.37 and 0.32= 
teriflunomide 7 mg and 14 mg, respectively); but 
teriflunomide 14 mg was associated with a 31.5 per 
cent risk reduction of sustained disability progression 
compared to placebo (log-rank=0.0442) while no effect 
on disability was noted in the 7 mg group. 

 The Teriflunomide Versus Placebo in Patients with 
First Clinical Symptom of Multiple Sclerosis (TOPIC) 
study assessed efficacy and safety of teriflunomide in 
delaying conversion to definite multiple sclerosis in a 
cohort of patients with a first clinical event suggestive 
of multiple sclerosis17. Patients were recruited and 
randomly assigned to placebo, teriflunomide 7 mg or 
teriflunomide 14 mg daily. The primary endpoint was 
time to relapse, while secondary endpoint was time to 
relapse or time to new gadolinium enhancing lesion 



or time to new T2 lesion, whatever occurred first. 
Teriflunomide at both doses reduced the risk of relapse 
by 42.6 per cent (teriflunomide 14 mg) and 37.2 per 
cent (teriflunomide 7 mg) compared to placebo. 
Secondary endpoint was also met since teriflunomide 
proved effective in reducing the risk of new relapse or 
new MRI lesion (risk reduction: 34.9% teriflunomide 
14 mg; 31.4% teriflunomide 7 mg). 

 Thus far, the only head-to-head trial is the 
Teriflunomide and IFNb-1α (interferon beta-1alpha) in 
Patients with Relapsing Multiple Sclerosis (TENERE) 
study comparing teriflunomide at both doses with IFNb-
1α 44 mcg three times weekly18. Primary endpoint was 
time to failure as defined by treatment discontinuation 
for relapse or any other cause. Secondary endpoints 
were ARR, Fatigue Impact Scale (FIS) and Treatment 
Satisfaction Questionnaire for Medication (TSQM). 
Teriflunomide 14 mg failed to show superiority with 
regards to time to relapse or with ARR (0.259 vs. 0.216 
in teriflunomide 14 mg and IFNb-1α, respectively). 
ARR was significantly higher in the 7 mg group.

Safety and adverse events 

 Teriflunomide is a safe drug with only mild to 
moderate treatment adverse events (AE). Safety 
analysis derived from pooled data of four double 
blind, placebo-controlled clinical trials has been 
conducted. Pooled data were obtained from one phase 
II (NCT01487096) and three phase III trials (TEMSO, 
TOWER and TOPIC)19. Cumulative treatment 
exposure was >3070 patient-years in each group. 
Hair thinning, diarrhoea, alanine aminotransferase 
(ALT) increase, headache and nausea were AEs 
most commonly reported, being transient and mild 
to moderate in severity. Yet, discontinuation rate 
was higher in teriflunomide group at both doses 
compared to placebo (12.5%= teriflunomide 14 mg; 
11.2%= teriflunomide 7 mg; 7.5%= placebo). Alanine 
aminotransferase increase was the most common 
reason for discontinuation, even so the proportion of 
patients with ALT elevation> X3 upper limit of normal 
(ULN) was similar between groups. Asymptomatic 
mild ALT elevation< X3 ULN was more common 
in the teriflunomide group. Decrease in neutrophil 
and lymphocyte counts was small in magnitude and 
unrelated to increased infection risk. Besides, mean 
lymphocyte and neutrophil counts remained within 
normal ranges in the TEMSO study9. Serious infections 
occurred with similar frequency in all groups (≤ 2.7% 

of patients). Malignancy occurred in ≤ 0.5 per cent of 
patients in all groups (14 mg, n=3; 7 mg, n=2; placebo, 
n=5). A recently published case of fatal toxic epidermal 
necrolysis in a patient on teriflunomide treatment 
suggests that strict pharmacovigilance is warranted20.

Women with childbearing potential 

 The teratogenic potential of leflunomide and 
teriflunomide is well documented from animal model 
studies. Because of limited experience in humans, FDA 
assigned teriflunomide to pregnancy risk category 
X. Reliable contraception is needed for females with 
childbearing potential, women whishing to become 
pregnant should discontinue the drug and male patients 
are advised to plan family during treatment since 
small amounts of the drug are excreted into semen and 
the degree of transvaginal absorption is not known. 
Women who become pregnant while taking the drug 
should undergo accelerated elimination procedure 
through cholestyramine or activated charcoal washout 
until teriflunomide plasma level falls below 0.02 g/l 
which is thought to be relatively safe in pregnancy. 
Without the washout procedure, it can take up to two 
years to reach serum concentration as low as 0.02 g/l. 
In TEMSO trial, 11 pregnancies occurred, followed 
by four spontaneous and six induced abortions. One 
patient underwent washout procedure and delivered 
a healthy newborn9. In TOWER study, 14 females 
became pregnant, 10 underwent induced abortions 
and four pregnancies (one in the placebo group, two 
in the 7 mg group, one in the 14 mg group) resulted 
in live births of healthy babies10. A recently published 
retrospective analysis of pregnancy outcome derived 
from pharmacovigilance data identified 83 pregnancies 
in female patients enrolled in teriflunomide clinical 
trials. Out of these, 70 pregnancies (including one twin 
pregnancy) were actually exposed to teriflunomide, 
resulting in 26 live births, 13 spontaneous abortions, 
and 29 induced abortions. The majority of patients 
underwent accelerated elimination procedure21.

ALEMTUZUMAB 

 Alemtuzumab is a humanized monoclonal antibody 
recently approved for the treatment of multiple 
sclerosis22. It is directed against the glycoprotein 
CD52 expressed on immune cells inducing a profound 
lymphocyte depletion early after administration which 
is followed by a slow recovery of a different subset 
of circulating lymphocytes, shifted towards a more 
tolerogenic profile23. Yet, its powerful impact on disease 
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activity measures is somehow offset by its safety and 
tolerability profile.

Mechanism of action 

 Alemtuzumab targets CD52, a 12 amino acid 
glycoprotein expressed on cell surface of T and B cells 
and, to a lesser extent, on monocytes, macrophages 
and eosinophils. Precursor stem cells, mature NK 
(natural killer) cells and plasma cells show little or no 
expression of CD52. Despite being largely expressed 
on lymphocytes, the exact biological function of CD52 
is largely unknown; it has been shown to be involved 
in activation and migration of T lymphocytes and 
induction of regulatory T cells24. A few minutes after 
alemtuzumab administration a depletion of CD52 
positive cells occurs, largely driven by antibody-
dependent cell-mediated cytolysis and complement-
dependent cytolysis. Cytolysis results in cytokine 
release and a marked drop of circulating lymphocyte 
levels. Lymphopenia ensues with nadir cell count 
at one month in phase III clinical trial but probably 
occurring as early as a few days after alemtuzumab 
administration. Then a slow and steady repopulation of a 
distinct subset of immune cells follows with distinctive 
time-course: B cells recover by three months followed 
by CD8 (31 months) and CD4 cells (60 months)25. 
Notably, the recovery of a distinct subset of T and B 
cells may underpin durable effect of alemtuzumab on 
disease activity measures as a reflection of sustained 
reprogramming of the immune system itself. 

Clinical trials 

 Alemtuzumab efficacy and safety was tested 
against an active comparator in two pivotal phase 
III clinical trials (CARE-MSI and CARE-MSII)26,27. 
Patients were randomized to receive intravenous (iv) 
alemtuzumab 12 mg daily for five consecutive days at 
baseline and 12 mg daily for three days at 12 months, 
or SC interferon β-1α 44 μg three times a week. A third 
arm enrolling patients in iv alemtuzumab 24 mg was 
early discontinued to accelerate recruitment in other 
treatment arms. Double-blinding was unattainable for 
definite side effect profile of the two treatment arms. 
Clinical and efficacy data were gathered through rater-
blinded study design. CARE-MSI enrolled treatment 
naïve RRMS patients while CARE-MSII enrolled 
patients who had relapsed on prior interferon or 
glatiramer acetate therapy. Alemtuzumab reduced ARR 
by 55 per cent in CARE-MSI (P<0.0001) and by 49 per 
cent in CARE-MSII (P<0.0001) compared to IFNb-1α. 
Alemtuzumab has been shown superior over interferon 

on sustained accumulation of disability (SAD) achieving 
a risk reduction of SAD of 42 per cent (alemtuzumab 
13% vs. SC IFNb-1α, 21%; P=0.0084) in CARE-MSII. 
In CARE-MSI alemtuzumab also yielded a 30 per cent 
reduction of SAD not reaching statistical significance 
(P=0.22).This result was most likely due to the far 
lower than expected rate of progression of disability 
in the interferon group (11% in CARE-MSI vs. 26% 
in phase II trial CAMMS223)28. In CARE-MSII mean 
EDSS (Expanded Disability Status Scale) improved 
by -0.17 from baseline in alemtuzumab group while 
interferon β-1α group experienced a 0.24 EDSS points 
deterioration from baseline with a net benefit of 0.41 
EDSS points in alemtuzumab group. Alemtuzumab 
also proved superior to interferon in MRI outcome 
measures, i.e. patients with new or newly enlarging 
lesions, patients with gadolinium enhancing lesions 
and the rate of brain volume loss. The extension study 
of CARE-MSI and CARE-MSII showed sustained 
efficacy of alemtuzumab with 64 per cent (CARE-
MSI) and 55 per cent (CARE-MSII) of patients having 
NEDA (No evidence of disease activity) at 3-years 
follow up29.

Safety and adverse events 

 Long term safety data are derived from 4-year 
extension study of pivotal trials (CARE-MS 
extension) and 12-year follow up of the Cambridge 
cohort without new safety warnings other than those 
emerged from phase III trials30. Adverse events were 
reported by 96-98 per cent of patients and serious 
adverse events occurred in 18-20 per cent of cases in 
alemtuzumab 12 mg arm of CARE-MSI and CARE-
MSII. Most of patients experienced mild to moderate 
infusion-associated reactions (IARs) including 
headache, nausea, rash, pyrexia, urticaria, flush and 
chills. Serious IARs occurred in 3 per cent of cases 
with tachycardia, bradycardia and palpitations. Some 
patients may experience transient exacerbation or re-
awakening of pre-existing symptoms bolstered by the 
effect of cytokine release on partially demyelinated 
pathways31. Premedication with iv methylprednisolone 
1 g daily for the first three days of any treatment 
course, antihistamines and antipyretics lower the 
incidence of IARs. Infections were more common in 
alemtuzumab group compared to interferon and were 
mild to moderate in severity, being mostly represented 
by oral herpes, herpes zoster, urinary tract and upper 
respiratory tract infections, influenza, bronchitis, and 
localized superficial mycotic infections. Prophylaxis 
with oral acyclovir 200 mg twice daily should be 
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started at the time of alemtuzumab first administration 
and continued for one month. Two cases of active 
tuberculosis in patients coming from endemic regions 
were reported in clinical trials, and one case of Listeria 
meningitis a few days after alemtuzumab infusion was 
recently reported32. Alemtuzumab has also been shown 
to yield an increase risk of autoimmune diseases (AID) 
such as thyroid disorders, immune thrombocytopenia 
(ITP), and Goodpasture disease. Family history of 
autoimmune diseases and smoking habit seem to be 
predictive of AID susceptibility33. Autoimmune thyroid 
disorders occurred in 35-38 per cent of patients during 
the 4-year extension study of  CARE-MS trials, with 
peak incidence at year 3, in line with previous findings 
from literature34. Immune thrombocytopenia cumulative 
incidence ranged between 1 to 2.5 per cent of cases. 
Prompt recognition of ITP ensures immediate referral 
for urgent care, decreasing the risk of poor outcome. In 
clinical trial 0.3 per cent of patients also suffered from 
glomerulonephritis (including Goodpasture syndrome) 
with good recovery of renal function after treatment. 
Though an increased risk of opportunistic infections 
and malignancy has not emerged so far, real life long-
term safety data are warranted to address this issue. 

Pregnancy 

 Pregnancy outcomes of alemtuzumab exposed 
women during clinical studies have been recently 
reported35. Despite contraception was required to enter 
the studies, 139 pregnancies occurred most of which 
(133/139) >4 months after alemtuzumab exposure. 
They resulted in 67 live births, 14 elective abortions, 24 
miscarriages, one stillbirth, four unknown outcomes, 
and 29 are ongoing. To date alemtuzumab is assigned 
to pregnancy risk category C and women are advised 
to undergo strict contraception up to four months after 
each treatment cycle36.

DIMETHYLFUMARATE 

 Dimethylfumarate (DMF) is a fumaric acid derived 
chemical compounds whose introduction for moderate 
to severe forms of psoriasis dates back to 1950s. The 
understanding of immunomodulatory properties as the 
basis of its mechanism of action paved the way to its 
utilization in other immune diseases. After the first pilot 
study conducted in a small cohort of RRMS patients, 
DMF has been shown to deeply impact MRI disease 
activity measures proving a promising therapeutic 
agent for MS treatment37. 

Mechanism of action 

 Even though the exact mechanism of action of DMF 
has not been fully understood and probably affects 
multiple cellular pathways, DMF enables activation 
of nuclear factor E2 (erythroid derived 2)-related 
factor-2 (NRF2) which in turn promotes transcription 
of many genes involved in the antioxidative stress cell 
machinery38. In addition, DMF induces a shift towards 
a Th2 profile in lymphocytes and dendritic cells and 
enhances Th2-related cytokine (IL-4 and IL5) release. 
Dimethylfumarate is licensed in a delayed release oral 
formulation known as BG12 to allow it to bypass the 
stomach and be absorbed in the intestine. When tables 
are given with a fat meal, mean lag time to peak plasma 
concentration is about a few hours which is useful to 
temper gastrointestinal side effects39.

Clinical trials 

 Dimethylfumarate was first tested against placebo 
in a phase III clinical trial, the Determination of the 
Efficacy and Safety of Oral Fumarate in Relapsing-
Remitting Multiple Sclerosis (DEFINE) study40. 
Patients diagnosed with RRMS were randomized 
to receive BG-12 240 mg twice daily (BID), BG-12 
240 mg thrice daily (TID) or placebo for two years. 
Dimethylfumarate met primary endpoint reducing the 
proportion of patients who relapsed on DMF treatment 
compared to placebo (27% BG-12 240 mg BID, 26% 
BG-12 240 mg TID and 46% placebo, P<0.001); ARR 
at two years dropped to 0.17 in BG-12 240 mg BID 
and 0.19 in BG-12 240 mg TID compared to 0.36 
in the placebo group, with relative risk reduction of 
53 and 48 per cent, respectively. Dimethylfumarate 
also reduced the risk of 12 wk confirmed disability 
progression compared to placebo by 38 per cent in 
BG-12 240 mg BID and 34 per cent in BG-12 240 
mg TID group, respectively (P=0.01). In the second 
pivotal trial, the Comparator and an Oral Fumarate in 
Relapsing–Remitting Multiple Sclerosis (CONFIRM) 
study, BG-12 at both dosages was tested against 
placebo or open-label active comparator glatiramer 
acetate41. The ARR at two years was lower in BG-12 
group (0.22 BG-12 240 mg BID, 0.20 BG-12 240 mg 
TID) and glatiramer acetate group (0.29) compared 
to placebo (0.40) (P=0.01). Dimetylfumarate and 
glatiramer acetate also decreased the number of T2W 
new or newly enlarging lesions, gadolinium enhancing 
lesions and T1W hypointense lesions compared to 
placebo. Yet, either BG-12 and glatiramer acetate 
failed to prove superior to placebo in relative risk 
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reduction of disability progression (21% BG-12 240 
mg BID, 24% BG-12 240 mg TID, 7% glatiramer 
acetate vs. placebo). Efficacy and safety analysis of 
pooled data from newly diagnosed RRMS patients 
enrolled in DEFINE and CONFIRM studies disclosed 
a more powerful impact on treatment naïve population 
having received RRMS diagnosis 1 year prior to study 
entry42. In such a cohort DMF seemed to reduce the 
risk of 12 wk disability progression by 71 per cent in 
BG-12 240 mg BID and 47 per cent in BG-12 240 mg 
TID and to lower the ARR by 56 per cent in BG-12 
240 mg BID and 60 per cent in TID. In the subgroup 
undergoing MRI scan BG-12 also yielded a reduction 
of the number of new/newly enlarging lesions and 
gadolinium enhancing lesions by 80-92 per cent at both 
dosages. The ongoing phase III ENDORSE extension 
study aims at evaluating long-term efficacy and safety 
of BG-12. Integrated interim analysis of efficacy data 
from DEFINE, CONFIRM and ENDORSE confirmed 
sustained low ARR in BID/BID cohort compared to 
placebo/BID group suggesting greater beneficial effect 
in early treatment group43.

Safety and adverse events 

 Dimethylfumarate exhibited a good tolerability 
profile in clinical trials suggesting a favourable trade-
off between safety and efficacy. Gastrointestinal 
complaints including diarrhoea, nausea, vomiting and 
upper abdominal pain were more common in the BG-
12 group compared to placebo (27 vs. 17%). Patients 
in BG-12 group were also more likely to suffer from 
flushing, compared to placebo (32 vs. 4%)44. The 
incidence of gastrointestinal complaints and flushing 
peaked in the first three months, declining afterwards. 
An ongoing trial is set to test usefulness of premedication 
with aspirin to mitigate gastrointestinal side effects. 
The incidence of infection was similar between BG-
12 and placebo. Infections with cumulative incidence 
>2 per cent compared to placebo were nasopharyngitis, 
urinary tract infection, upper respiratory tract infection, 
bronchitis, sinusitis and gastroenteritis in CONFIRM 
study. Though no opportunistic infections occurred in 
clinical trial, five case reports of progressive multifocal 
leukoencephalopathy (PML) have been reported in 
four patients taking oral dimethylfumarate for psoriasis 
and in one patient taking BG-12 for many years after 
entering DEFINE study45-49. Severe lymphopenia 
is associated with increased risk of PML, though 
some cases developed with normal total lymphocyte 
cell count. Thus monitoring for leukocytopenia, 
lymphocytopenia and fall in specific lymphocyte 

subpopulations is mandatory for the potential for 
opportunistic infections in BG-12.

Pregnancy 

 Dimethylfumarate is labelled as pregnancy 
risk category C. Pregnancy outcomes from clinical 
development programme and postmarketing experience 
showed no association between DMF exposure and 
increased risk of foetal abnormalities or miscarriages50. 
A total of 45 pregnancy occurred in clinical trials, of 
which 40 outcomes are known resulting in 27 live 
births, three miscarriages and 10 elective aborptions. 
The incidence of pregnancy loss did not differ 
significantly from that expected in general population.

Conclusive remarks 

 The tremendous widening of therapeutic arsenal 
provided neurologists with more valid options to 
favourably impact natural disease course of multiple 
sclerosis. This is paralleled by the urgency to address 
unmet needs: patient selection, risk prediction for 
serious adverse events, early recognition of treatment 
failure and need for therapeutic shift. The need to fill 
this informational gap will pave the way towards the 
concept of personalized medicine in multiple sclerosis. 
Every effort should be made to translate recent 
breakthroughs in multiple sclerosis treatment into a 
more personalized approach to MS disease.
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