Special Edition

41

Advances in the Treatment of Relapsing – Remitting Multiple
Sclerosis
Radu Tanasescu1,2, Carolina Ionete3, I‑Jun Chou1,4, Cris S. Constantinescu1
This article reviews and discusses the approved and emerging therapies for multiple sclerosis (MS).
MS is a chronic and disabling immune‑mediated disease of the central nervous system (CNS) that
affects mainly young adults. MS imposes a huge economic burden on healthcare systems and the
society. Although the last 20 years have brought a continuous expansion in therapeutic options, there are
still unmet needs in MS management. Available MS drugs have varying degrees of efficacy in reducing
relapse risk. The long‑term term effects of these treatments are incompletely known. New therapies,
along with variations of currently available treatments, may prove more effective and tolerable than
the available drugs. Treatments for MS differ with respect to the mode of administration, tolerability
and likelihood of treatment adherence, side effects, and risk of major toxicity. The armamentarium of
approved disease‑modifying therapies in MS and those in development include: (1) the first approved,
moderately effective, injectable interferon‑β and glatiramer acetate; (2) oral drugs (fingolimod,
laquinimod, teriflunomide, dimethyl fumarate); (3) monoclonal antibodies (rituximab, ocrelizumab,
ofatumumab, daclizumab, alemtuzumab); and (4) immunosuppressive agents (e.g. mitoxantrone).
The place of each drug in the therapeutic algorithm is dependent on its specific risk–benefit
profile. Patients’ clinical and paraclinical phenotypes and biomarker profile may help to elucidate
disease subtypes and response to therapy in the future, thus allowing treatment individualization.
(Biomed J 2014;37:41-49)
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M

ultiple sclerosis (MS) is a chronic, immune‑mediated
disease of the central nervous system (CNS). Pathologic hallmarks of MS lesions are inflammation, demyelination, axonal degeneration, neuronal loss, and gliosis.[1,2]
MS is the most common neurological non‑traumatic
cause of disability in young people in the western world. MS
initially presents in most patients as a relapsing–remitting
condition (RRMS), but the majority of RRMS individuals
develop a secondary progressive course (SPMS) later.[3]
In fewer cases, the disease progresses from the beginning
without superimposed relapses [primary progressive
MS (PPMS)] or with rare superimposed relapses [progressive relapsing MS (PRMS)].[4]
The clinical signs in MS can occur in isolation or in
combination, and can include motor and sensory deficits,
partial or complete visual loss, diplopia, impaired coor-

dination, and gait dysfunction. The diagnosis specifically
integrates magnetic resonance imaging (MRI) with clinical
attacks and paraclinical methods, and implies the dissemination of inflammatory activity in time and space.[5]
MS treatments tackle separately the acute exacerbations and their prevention. Pharmacological management
of relapses involves the use of corticosteroids, while
approved long‑term treatments [disease‑modifying treatments (DMTs)] aim to decrease the clinical relapse rate and
concomitant inflammation within the CNS.
MS therapeutic landscape is changing rapidly. After
several years in which first‑line DMTs – glatiramer acetate (GA) and interferon β (IFNβ) – constituted the principal
treatment options, a variety of new agents for MS treatment
are now approved by regulatory authorities or in phase II and
III clinical trials.[6] In 2010, fingolimod, the first oral agent,
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was approved by the Food and Drug Administration (FDA)
in the US. Fingolimod was proven superior in RRMS to
placebo and once weekly IFNβ.[7,8] Other oral agents have
been recently been approved, are currently in phase III trials,
or will be submitted to the regulatory agencies for approval.
Moreover, several monoclonal antibodies are also in late
stage development for MS.[6] The purpose of this paper is to
provide a brief review of the actual and changing treatment
landscape in RRMS.

Injectable drugs approved for MS
IFNβ and GA have relatively comparable efficacy, reducing the relapse rate (RR) by approximately 30%.[9] Three
IFNβ dr ugs are in widespread use as first‑line DMTs for relapsing MS (RRMS and SPMS) with relapses: IFN‑β1b [Betaseron/Betaferon®, Extavia®, requiring subcutaneous (s.c.)
administration], IFN‑β1a (Avonex®, given intramuscularly),
and Rebif® (s.c.). They are also approved in some countries
for clinically isolated syndrome (CIS).[10,11] Each of the
three IFNβ drugs was licensed following single multicenter,
double‑blind, placebo‑controlled, phase III trials.[12‑14] IFNβ
is well tolerated. Side effects include flu‑like symptoms, increase in liver enzyme activities, and injection‑site reactions.
GA (Copaxone®) is a four amino acid synthetic copolymer based on the composition of myelin basic protein.[15]
GA is approved for RRMS and, in some countries, for CIS
patients. GA has positive effects on regulatory T cells (Treg),
modulates B cell cytokine secretion, and mediates a T cell
shift toward an anti‑inflammatory T helper (Th)‑2 phenotype.[16] GA was approved after a single multicenter, randomized, placebo‑controlled trial.[17] A subsequent multicenter
placebo‑controlled trial showed positive GA effects using
MRI activity as a primary outcome measure.[18] GA is generally safe. Side effects include local injection site reactions
and post‑injection reactions which occur in about 15% of
patients.[19]
Both IFN and GA require regular, long‑term, self‑injection administration. Issues of tolerance and adherence to
treatment may reduce the likelihood of achieving durable
treatment efficacy.[9] Approved second‑line therapies such as
the humanized antibody natalizumab and the cytostatic agent
mitoxantrone are more effective and, therefore, reserved for
highly active MS.[20] They are administered parenterally and
are associated with potentially severe side effects [e.g. progressive multifocal leukoencephalopathy (PML) for natalizumab, cardiotoxicity and acute leukemia for mitoxantrone].
Natalizumab is a humanized recombinant monoclonal
antibody against α4‑integrin. It diminishes leukocyte migration from the peripheral blood into the CNS by preventing its
binding via α4‑integrin to the ligand vascular cell adhesion
molecule (VCAM) found on endothelial surfaces.[15] This
blocks the adhesion and subsequent migration of lymphoBiomed J Vol. 37 No. 2
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cytes across the blood–brain barrier (BBB), attenuating
CNS inflammation.
In the pivotal placebo‑controlled phase III trial Natalizumab Safety and Efficacy in Relapsing‑Remitting
MS (AFFIRM), natalizumab [administered 300 mg intravenously (i.v.) monthly] was found to reduce RR by 68%
and sustained progression of disability at 2 years by 42%.[21]
MRI activity was reduced by 92% in the natalizumab‑treated
group (p < 0.001).[22]
Following two cases of PML in the Safety and Efficacy
of Natalizumab in Combination with Avonex® [IFNβ‑1a]
in Patients with Relapsing‑Remitting Ms (SENTINEL)
trial,[23] the drug was voluntarily suspended in 2005 by the
manufacturer.[15] Natalizumab was reintroduced in June
2006 with revised labeling and after introduction of risk
management programs.[15] Recently, PML risk stratification
for MS patients on natalizumab became possible by assessing anti‑ JC virus (JCV) antibody status reflecting infection
with JCV.[24,25] Duration of treatment and prior immunosuppressant use were determined to be correlated with a higher
risk of PML. As of November 2013, the incidence of PML
was 3.4/1000 patients (95% CI 3.08–3.74). 77% patients
are alive with varying levels of disability. The availability of
the JCV testing is allowing further risk stratification during
natalizumab administration.[15]
Mitoxantrone (Novantrone), an anthracenedione
cytotoxic agent, is an antineoplastic cytotoxic agent that
inhibits type II topoisomerase and disrupts DNA synthesis. Mitoxantrone can cross the disrupted BBB in MS and
in vitro evidence suggests it can induce microglial death.[26]
Mitoxantrone was approved in 2000 for rapidly worsening
RRMS or SPMS by the FDA and has proven its efficacy
in several trials.[27] Mitoxantrone is administered at doses
of 12 mg/m2 monthly or every 3 months i.v.; however, the
cumulative dose is limited, and cardiologic and hematologic
monitoring is required.[27,28] Well‑known side effects of
Mitoxantrone, including nausea, alopecia, increased risk
of infection and infertility, and post‑marketing reports of
cardiotoxicity,[29] resulted in a 2005 FDA “black box” warning, and an American Academy of Neurology review found
that systolic dysfunction occurred in 12% of MS patients
treated with mitoxantrone, congestive heart failure in 0.4%,
and treatment‑related acute leukemia (TRL) in 0.8%.[30] A
5‑year phase 4 study [the Registry to Evaluate Novantrone
Effects in Worsening Multiple Sclerosis (RENEW)] of
509 patients in 46 US centers reported a 2% incidence for
heart failure and 0.6% for TRL.[31]

Approved and emerging oral drugs for MS
Since injectable drugs raise the issues of adherence and
tolerance, oral therapies do offer a step forward in convenience. Fingolimod (Gilenya) is the first in a new class of
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therapeutic compounds known as sphingosine 1‑phosphate
receptor (S1PR) modulators. Fingolimod represents a milestone in the treatment of RRMS, being the first approved oral
therapy. It is approved in a number of countries for the treatment of RRMS in patients with high disease activity despite
treatment with IFNβ or rapidly evolving RRMS. Fingolimod
is an innovative drug developed from fungal metabolite
myriocin and was initially studied in organ transplantation.
It is a prodrug phosphorylated in vivo to fingolimod phosphate (fingolimod‑P) by sphingosine kinase‑2 (Sphk2).[32,33]
Fingolimod‑P is a high‑affinity, non‑selective agonist of four
of the five known G protein–coupled sphingosine‑phosphate
receptors (S1PRs 1, 3, 4, 5) and modulates their expression
on lymphocytes and cells in the CNS and cardiovascular
system.[32] S1PRs have significant functions in the immune
system and CNS, and S1P signaling is important in neuroinflammatory processes.[34] The main effect of fingolimod
on the immune system is the down‑modulation of S1P1
receptors on lymphocytes, preventing their egress from
lymph nodes. This affects selectively naïve and central
memory T cells and B cells, but spares effector memory
T cells and, therefore, preserves their key immune functions[35] Therefore, fingolimod acts through redistribution of
lymphocytes to the lymphoid tissues rather than lymphocyte
destruction, as seen with cytotoxic agents.[36] S1PRs are also
found on virtually all neural cell lineages, and while there
are in vitro data suggesting that fingolimod could affect
oligodendrocyte precursor cell survival, recruitment, and
activation, and attenuate astrogliosis, the evidence needs
supporting in vivo data.
The approval of fingolimod in MS was based on the
largest phase III clinical trial program in MS at the time of
submission.[37] Clinical efficacy and safety of fingolimod
in RRMS have been evaluated in one phase II and two
double‑blind, randomized phase III trials (Efficacy and
Safety of Fingolimod in Patients With Relapsing‑Remitting
Multiple Sclerosis, FREEDOMS; and Efficacy and Safety
of Fingolimod in Patients With Relapsing‑Remitting Multiple Sclerosis With Optional Extension Phase, TRANSFORMS).[8,38,39] The FREEDOMS trial included 1272 RRMS
patients for 24 months, randomized to either 0.5 or 1.25 mg
fingolimod or placebo.[8] There was a significant reduction
in the annualized RR (p < 0.001) for both doses. Fingolimod
reduced the risk of disability progression over 24 months and
met the MRI endpoints (p < 0.001).[8] The TRANSFORMS
study compared fingolimod to intramuscular IFN‑β1a once
weekly.[39] A total of 1292 patients with active RRMS with
an Expanded Disability Status Scale ( EDSS) score between
0 and 5.5 were included. Average disease duration was
7.4 years, and the patients had a mean EDSS of 2.2. The
majority of patients had previous DMTs, mostly IFNβ or
GA. The proportion of relapse‑free patients was signifi-
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cantly higher in both fingolimod‑treated groups (fingolimod
0.5 mg: 82.6%; fingolimod 1.25 mg: 79.8%; IFN‑β1a:
69.3%), as also the MRI outcomes (less Gd+ lesions, new
or enlarged T2 lesions, and brain atrophy). TRANSFORMS
study patients who were treated with IFN‑β1a were randomly assigned to receive 0.5 mg or 1.25 mg of fingolimod
in an extension of the trial.[40] Clinical and MRI outcomes
improved in the group that switched from IFN‑β1a to fingolimod, whilst patients receiving continuous fingolimod
had unchanged benefits.[40] Because initial data suggested
that fingolimod may have an effect on nerve repair, a trial
in PPMS (INFORMS) has been launched.[41] In INFORMS,
the effects of fingolimod (0.5 or 1.25 mg tablets taken daily
for 3 years) on delaying disability progression are compared
to placebo in 654 people with PPMS. INFORMS is due to
end in 2014.
In fingolimod studies, herpes infection and skin
cancers were more common in the treated groups; other
adverse events included mild hypertension, elevated values
of liver enzymes, and macular edema.[8,39] Cardiac adverse
events (bradycardia mainly within 6 h of first administration and first‑ and second‑degree atrioventricular conduction block) are a consequence of modulation of S1PR1 and
S1PR3 on atrial myocytes.[34] The European Medicines
Agency (EMA) and the FDA reviewed the license for
fingolimod after patients started on the drug had serious
cardiovascular events[42,43] and recommended that the drug
should not be prescribed to patients with pre‑existing cardiac or cerebrovascular disease and a closer clinical and
ECG monitoring of patients was advised after the first
administration.
Teriflunomide (Aubagio) is the metabolite of leflunomide, which has been approved for mild to moderate
rheumatoid arthritis. [44] The pharmacokinetics of both
drugs are similar.[44] Teriflunomide is administered once
daily and the oral bioavailability is almost 100%. It inhibits
dihydroorotate dehydrogenase (DHODH), the rate‑limiting
mitochondrial enzyme in de novo pyrimidine synthesis.[44]
A salvage pathway independent of DHODH suffices for
resting lymphocytes, but fast‑proliferating cells such as
activated lymphocytes are dependent on de novo synthesis
and are a selective target of teriflunomide.[44] Other actions
include impairing the migratory capacity of T cells, biasing
the differentiation of naive T cells toward a Th2 phenotype,
decreasing T cell–dependent antibody production, and effects on B cells.[15]
The first randomized phase II study of teriflunomide
versus placebo in RRMS showed a significant suppression
of more than 61% of MRI activity for teriflunomide.[45]
Two phase II trials that investigated the value of teriflunomide as an adjunctive treatment to either IFNβ (now
in phase III – TERACLES) or GA for 24 weeks have also
Biomed J Vol. 37 No. 2
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shown positive clinical and radiological results.[46,47] The
Teriflunomide Multiple Sclerosis Oral (TEMSO) trial was
a phase III trial that randomized 1088 RRMS to placebo,
7, or 14 mg teriflunomide once daily for 108 weeks. The
annualized relapse rate (ARR) was significantly reduced by
teriflunomide (0.54 for placebo vs. 0.37 for either 7 or 14 mg
teriflunomide, representing a 31% relative risk reduction)
and the positive MRI results of the phase II studies were
replicated with a magnitude similar to the currently available
first‑line DMTs.[48]
Two other phase III studies (TENERE and TOWER)
showed similar effects between teriflunomide 7 and 14 mg
and IFNβ, and a 36.3% reduction in RR and a 31.5% reduction in the risk of 12‑week sustained accumulation of disability for 14 mg teriflunomide when compared with placebo.[44]
Currently, the efficacy and safety of 2‑year treatment with
teriflunomide (7 and 14 mg) compared to placebo in CIS patients is evaluated in being a phase III trial (TOPIC) expected
to complete in 2015.[44] Teriflunomide has been approved
by the FDA in 2012 and is currently under review by the
EMA. Common adverse events with teriflunomide include
abdominal pain, diarrhea, dyspepsia, nausea, vomiting and
oral ulcers, elevated liver enzymes, alopecia, skin rashes,
and hypertension.[44] Cases of PML have been described
in patients with a previous history of immunosuppression
treated with leflunomide.[44,49] Teriflunomide is approved by
EMA[50] and FDA.[51]
BG12 (dimethyl fumarate) is an ester of dimethyl
fumaric acid, already licensed as a second‑line agent in
severe psoriasis.[49] BG12 is almost completely absorbed
in the small intestine and is hydrolyzed to the active metabolite monomethyl fumarate. The exact mode of action
of BG12 is not completely understood. It may polarize
the immune system toward a Th2 phenotype, increase the
production of the anti‑inflammatory cytokines interleukin (IL)‑10 and IL‑1 receptor antagonist (IL‑1RA), attenuate
lipopolysaccharide‑induced production of tumor necrosis
factor‑alpha (TNFα), IL‑1β, IL‑6, and  nitric oxide (NO).[15]
BG12 may have neuroprotective effects via activation of
the NF‑E2‑related factor 2 (Nrf‑2) antioxidant pathway.[52]
A 24‑week double‑blind phase II study randomized
257 RRMS patients into four groups to receive 120 or 360
or 720 mg BG12 daily or placebo. The dose of 720 mg
daily resulted in 70% reduction of gadolinium‑enhancing
lesions (Gd+).[53,54] In a first phase III trial (DEFINE), daily
dose of 480 mg and 720 mg of BG12 showed superiority to
placebo by reducing the proportion of patients who relapsed
within 2 years (p < 0.0001) and by reducing the annualized
RR (53 and 48% for the 480 mg and 720 mg daily dose,
respectively) and the MRI outcomes.[55] A second phase III
trial (CONFIRM) compared BG12 with GA and placebo.
The study was not sufficiently powered to detect a difference
Biomed J Vol. 37 No. 2
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between BG12 and GA. There was a significant reduction in
ARR in all active arms of the trial at 2 years, but was more
prominent with BG12 (51% with 720 mg BG12, 44% with
480 mg BG12, and 29% with GA).[56]
Adverse events occurring more frequently with BG12
include gastrointestinal symptoms, and flushing typically
occurring within 30 min of administration.[56] Adverse events
and drug discontinuation were more frequent at treatment
initiation and then substantially subsided.[56] Proteinuria
was the most commonly reported renal event in DEFINE
trial (9% in the 480 mg daily BG12 group, 12% in the
720 mg daily BG12 group, and 8% in the placebo group).[55]
BG12 was approved by the FDA in March 2013.[57] In February 2014, a license was granted by the EMA.[58]
Laquinimod is a novel oral immunomodulator that has
high oral availability and is distributed to the CNS. It has
both anti‑inflammatory and neuroprotective effects, but is
not immunosuppressive.[59,60] Laquinimod is metabolized
by the cytochrome P450 enzyme and is inhibited by other
substrates such as ketoconazole.[60] Laquinimod inhibits
leukocyte migration into the CNS by reducing Very Late
Antigen‑4 (VLA‑4) responsiveness to the chemokine (C–C
motif) ligand 21 (CCL21) produced by T cells and endothelial cells in the inflamed CNS, shifts cytokine profile to
a Th2–Th3 phenotype, decreases the entry of autoreactive
T cells into the CNS, and suppresses major histocompatibility complex (MHC) class II antigen presentation.[15]
Studies in the animal model of MS experimental autoimmune encephalomyelitis (EAE) suggest the neuroprotective
effects of laquinimod exerted by secretion of brain‑derived
neurotrophic factor.[61]
A first phase II study compared 0.1 and 0.3 mg oral
laquinimod to placebo in 209 RRMS patients over 24 weeks.
Laquinimod produced a significant reduction of 44% in the
cumulative number of MRI active lesions versus placebo, but
there were no differences in relapses and disability[62] (the
study was not powered to detect these). A second phase II
study compared 0.3 and 0.6 mg oral laquinimod to placebo
in 306 RRMS patients or placebo.[63] Treatment with 0.6 mg
laquinimod led to a 40% reduction in new enhancing MRI
lesions, 44% reduction in cumulative number of T2 lesions,
and 51% reduction in new T 1‑hypointense lesions, but no
significant change in the RR or disability progression.[63]
The first phase III trial ALLEGRO study showed a
23% reduction in the annualized RR, used as the primary
endpoint, compared to placebo (0.30 for laquinimod vs. 0.39
for placebo; p = 0.002).[64,65] However, a second phase III
trial (BRAVO) which compared 0.6 mg laquinimod with
placebo and IFN‑β1a failed to reach its primary endpoint and
showed no reduction in annualized RR for fingolimod when
compared to placebo.[15] This led the manufacturer (Teva
Pharmaceuticals) to delay requesting for FDA approval
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and conduct more studies. Currently, laquinimod is being
reviewed by the EMA.[15]
Laquinimod is overall safe. In the ALLEGRO study, the
three most common adverse events in the laquinimod group
were abdominal pain, back pain, cough, and elevated liver
enzymes. Further data on laquinimod’s safety will be provided by the ongoing open‑label extension of ALLEGRO.[15]

Monoclonal antibodies
Alemtuzumab (Campath‑1H) is a humanized monoclonal antibody targeting CD52 expressed on lymphocytes, natural killer (NK) cells, monocytes, and some granulocytes.[66]
It produces antibody‑dependent cellular cytotoxicity with
rapid and profound lymphopenia lasting for years.[67]
CAMMS223 was a randomized phase II trial comparing alemtuzumab with IFN‑β1a in the treatment of early
RRMS.[68] At the 36‑month follow‑up, both doses of 12 mg
and 24 mg i.v. alemtuzumab reduced the risk of sustained
disability by 71% and the rate of relapse by 74% compared
to IFN‑β1a.[68] A significantly greater number of patients
experienced a sustained improvement in disability with
alemtuzumab than with IFNβ after 5 years of follow‑up.[69,70]
The first phase III trial compared alemtuzumab with Rebif (CARE‑MS 1).[71] Alemtuzumab reduced the relapse rate
by 55% compared to Rebif (p < 0.0001), but failed to replicate the phase II results of preventing disability progression.
The second phase III trial (CARE‑MS 2) recruited RRMS
patients who had experienced a relapse on previous treatments. Alemtuzumab reduced the RR by 49% (p < 0.0001).
Regarding disability reduction, alemtuzumab induced at
6 months a 42% reduction in the risk of sustained disability
accumulation, in comparison to Rebif (p = 0.0084).[15]
Infusion reactions (rash, flushing, headache, pyrexia,
nausea) were very frequent with alemtuzumab (98.6% in
CAMMS223).[15] Infections (upper respiratory tract, urinary tract and herpetic infections) were more common in
the alemtuzumab groups than in control groups. A protocol
amendment introduced prophylactic oral acyclovir during
and for 28 days after alemtuzumab infusion, which decreased
the frequency of herpetic infections in CARE‑MS 1 and
CARE‑MS 2.[15] Cancers were reported in all trials in the
alemtuzumab treated groups (three in CAMMS223, two in
CARE‑MS 1, two in CARE‑MS 2). The major safety concern
in alemtuzumab treated groups was represented by autoimmune conditions. It was suggested that IL‑21 represents
a marker to identify patients at risk for autoimmunity.[72]
Idiopathic thrombocytopenic purpura (ITP) developed in
six patients in CAMMS223 (one of whom died), in three
patients in CARE‑MS 1, and in seven patients in CARE‑MS
2.[15] Other autoimmune‑associated conditions were reported,
with thyroid disorders being the most common.[3,69]
Rituximab is licensed for the treatment of non‑Hodgkin
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lymphoma, systemic lupus erythematous (SLE), and rheumatoid arthritis refractory to anti‑TNF therapies. Rituximab
is a chimeric monoclonal antibody that targets CD20 expressed by pre‑B cells and mature B cells (but not by plasma
cells or hematopoietic stem precursor cells). CD20 functions
as a calcium channel and is involved in B cell proliferation
and differentiation.[73] Rituximab is administered i.v. and
has a half‑life of 22 days.[74] Circulating B cell numbers
stay low for 6-9 months and recover after 12 months.[15]
Small proportion of T and NK cells expresses CD20 and
their numbers decrease after rituximab administration for
up to 5 months.[75] Another mechanism of action for rituximab was suggested to be the “immune complex decoy
hypothesis” (effector cells expressing Fcγ receptor are attracted by “decoy sacrificial cellular immune complexes,”
preventing tissue inflammation and damage).[76] Rituximab
down‑regulates CD40 and CD80 that are involved in T cell
activation[15] and increases the CD4+ regulatory cells (Treg,
Th3, Tr1) at day 30 and 90.[75]
In an open‑label phase I study, rituximab reduced RR,
and new Gd+ and T2 lesion volume in 26 RRMS patients
after 72 weeks of follow‑up.[77] In a phase II placebo‑controlled trial (HERMES), a single course of 1000 mg of
i.v. rituximab (days 1 and 15) reduced new Gd+ and RR
compared to placebo (20.3 vs. 40.0%; p = 0.04). In a study
of rituximab administered in combination with IFNβ, 30
RRMS patients who had been on an injectable DMT for
at least 6 months and had at least one relapse/one Gd+ received four weekly rituximab infusions (375 mg/m2).[78]
At 52 weeks of follow‑up, rituximab as an add‑on drug
significantly impacted MRI primary outcome measures in
comparison with baseline measures (p < 0.0001).[78] Side
effects after rituximab infusion include headache, nausea,
chills, pyrexia, pharyngeal pain, and fatigue, as reported in
the phase II trial.[78]
Particular attention should be given to the risk of PML
after treatment with rituximab, since more than 50 cases have
been reported up to now (1 case per 25,000 individuals) of
PML in patients with rheumatoid arthritis[79,80] and continued
pharmacovigilance is recommended.[80,81]
Ocrelizumab is a recombinant humanized antibody that
binds to CD20 at a different epitope but partly overlapping
with rituximab.[15] Ocrelizumab has a half‑life of 23-28 days
and induces a rapid B cell depletion after infusion, with a recovery of B cell numbers at 3 months.[82,83] A randomized placebo‑controlled phase II study of 218 RRMS patients compared two doses of i.v. ocrelizumab (600 mg and 2000 mg)
with placebo and   intramuscular interferon beta‑1a (30 μg)
once a week. After 24 weeks, all patients received ocrelizumab 600 mg, but the arm initially treated with 2000 mg
received 1000 mg. Ocrelizumab was administered at weeks
24, 48, and 96.[84] Ocrelizumab (both regimens) had a better
Biomed J Vol. 37 No. 2
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effect on primary MRI outcomes (Gd + lesions at weeks 12
and 24) when compared to both placebo and IFNβ (patients
free of Gd + during 24 weeks: 77% in 600 mg group, 82%
in 2000 mg group, 48% in IFNβ, and 35% in the placebo
arm.[84] Currently, a randomized phase III trial (ocrelizumab
600 mg plus placebo–IFN‑β1a s.c. vs. IFN‑β1a s.c. plus placebo–ocrelizumab every 24 weeks) is ongoing and expected
to complete in 2015 (NCT01412333).[15]
A phase III trial in rheumatoid arthritis enrolling patients receiving concomitant immunosuppressive medications (such as methotrexate or leflunomide) reported high
rates of infections, especially with the 500 mg regimen, and
some of those infections resulted in death.[85‑87] There were
no reported opportunistic infections in the phase II trial.
Adverse events reported were similar between the treatment
groups; however, there was one death in the 2000 mg arm.[84]
Ocrelizumab is less immunogenic due to its humanized
profile and, therefore, less likely to cause infusion reactions
or induce neutralizing antibody formation. In the MS trials,
infusion‑related side effects were more frequently associated
with the first cycle of administration.[15]
Daclizumab is a humanized mouse monoclonal antibody. It antagonizes CD25 which is otherwise up‑regulated
on activated T cells and allows them to receive the IL‑2
signal. Daclizumab has a high specificity for IL‑2R, with a
capacity of saturating IL‑2R for 43 days after a single dose
of 2 mg/kg.[88] Other mechanisms of action for daclizumab
have also been suggested.[15] Daclizumab has previously
been used to prevent allograft rejection in transplantation
and in the treatment of refractory uveitis and adult T cell
leukemia.[15]
Two phase II open‑label studies of daclizumab in MS
suggested a good effectiveness on MRI outcomes (daclizumab added to IFNβ reduced by 78% new Gd+ lesions
after 15 months of treatment [89]) and clinical parameters (EDSS).[90]
The 230 patients with active RRMS enrolled in the first
randomized phase II trial of daclizumab in MS (CHOICE)
received add‑on s.c. high‑ or low‑dose daclizumab (2 mg/
kg every 2 weeks or 1 mg/kg every4 weeks, respectively)
or placebo for 24 weeks, followed by a further 48 weeks
of safety monitoring.[91] Only the high‑dose daclizumab
decreased the new Gd+ lesions when compared to placebo.
The second phase II trial with daclizumab (SELECT) randomized 600 patients with early RRMS to daclizumab (150
or 300 mg) or placebo with 1 year follow‑up.[92] Both doses
of daclizumab reduced the annualized RR (p < 0.001), while
more patients on daclizumab remained relapse‑free at
1 year. Besides the clinical parameters, the MRI outcomes
were favorable under daclizumab. After the second year of
treatment, daclizumab maintained its effects.[15] DECIDE,
a double‑blind phase III trial comparing IFN‑β1b to dacliBiomed J Vol. 37 No. 2
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zumab in RRMS, is currently ongoing and is due to complete
in 2014 (NCT01064401).[15] Rash was more frequent in the
daclizumab arm than in the placebo arm (13% vs. 8%) in
CHOICE trial.[91] Elevation of liver enzymes >5 times the
normal was reported in daclizumab‑treated patients in the
SELECT trial.[15] A case of CNS vasculitis has been reported
in a patient who completed a phase II study but continued
daclizumab, and a specific immunologic vulnerability was
suggested (lack of expansion of CD56bright NK cells).[93]

Conclusion
First‑line DMTs (IFNβ and GA) are safe, but they are
only moderately effective and up to 40% of MS patients
continue to show disease activity on these treatments.[51]
A number of new DMTs in advanced development stage
have set the stage for redefinition of therapy goals. Freedom from disease, defined as absence of relapses, disability
progression, and radiologic evidence of disease activity are
therefore perceived as an actual measure of treatment success.[94] Although potentially providing improved efficacy,
new therapies for MS may require careful consideration in
patient selection and monitoring.The use of other approved
DMTs, mitoxantrone, natalizumab, and fingolimod, showed
that phase III trials are often insufficient to detect rare but
serious adverse events and tend to underestimate their risk
due to their short duration and the relatively low numbers
of patients treated. The emergence of such adverse events
has restricted their use in the light of their risk–benefit
profile. This applies to any new agent in MS treatment and
is relevant for the challenges that they would face: clinical
effectiveness, acceptable side effect profile, and a convenient regimen of administration. Despite meeting all these
criteria in licensing trials, those features will also then need
to withstand the post‑marketing surveillance programs.[94]
The early intervention with the best available therapy, a
high standard for treatment success, and careful assessment
of specific risks are the key to a treatment to significantly
improve long‑term outcomes for people with MS.
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