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Abstract

With evolving diagnostic criteria and the advent of new oral and parenteral therapies for MS, most current
diagnostic and treatment algorithms need re-evaluation and updating. The diagnosis of MS relies on
incorporating clinical and paraclinical findings to prove dissemination in space and in time, and exclude
alternative diseases that can explain the findings at hand. The differential diagnostic workup should be
guided by clinical and laboratory red flags to avoid unnecessary tests. Appropriate multiple sclerosis (MS)
therapy selection is critical to maximize patient benefit. The current guidelines review the scientific evidence
supporting treatment of acute relapses, radiologically isolated syndrome, clinically isolated syndrome,
relapsing remitting MS, secondary progressive MS, and primary progressive MS. The purpose of these
guidelines is to provide practical recommendations and algorithms for the diagnosis and treatment of MS
based on current scientific evidence and clinical experience.

Background and introduction

Multiple Sclerosis (MS) is a chronic demyelinating disorder of the central ner-
vous system (CNS) that predominantly affects patients aged 20-40 years. The
epidemiology of MS is changing worldwide, as is the understanding of its
immunopathogenesis and natural history with new evidence pointing towards
a multifactorial etiology involving both environmental and genetic factors™?.
The prevalence and incidence rates of MS have been steadily increasing world-
wide over the last few decades including the Middle East’™®. The field of MS
therapeutics is evolving rapidly as several novel treatments have been added to
our armamentarium in the last decade. There is a clear need to unify and update
the diagnostic and therapeutic paradigms across the Middle East as most coun-
tries in the region are in the process of establishing specialized MS centers. On
the other hand, some diagnostic mimickers of MS, such as neurobrucellosis,
neuro-Behcet, Toxocaracanis myelitis’, HTLV1 infection, and others might
be unique or much more common in the Middle East compared to Europe or
North America, which necessitates a slightly different diagnostic approach.
Neurologists from different countries in the Middle East with experience in
the management of MS met at a workshop to update previously published
consensus guidelines for the diagnosis and treatment of MS'®. The members
represent countries in the region with specialized MS clinics/centers or dedi-
cated neurological services to MS patients. The panel consisted of academic,
hospital-based and community general neurologists with expertise in MS, along
with specialized MS neurologists in order to ensure a wide diversity of opinions.

Consensus recommendations for diagnosis and treatment of MS Yamout et al. 1349
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Diagnosis of multiple sclerosis

The diagnosis of MS remains clinical despite recent advances in diagnostics
including availability of several radiological and immunological surrogate mar-
kers. The diagnosis relies on incorporating clinical/paraclinical findings to prove
dissemination in space and time, and exclude any alternative diseases that can
explain the clinical findings at hand.

Historically, the diagnosis was based solely on clinical evidence of dissemin-
ation in time and space as proposed by Schumacher et al. in 1965'". Poser et al. in
1983 introduced the concept of a clinical attack, a symptom of neurological
dysfunction lasting more than 24 hours, and paraclinical evidence demonstrat-
ing by any test the existence of non-clinical lesions in the CNS such as neuro-
physiologic tests (evoked potentials) and oligoclonal bands in cerebrospinal
fluid (CSF). The Poser criteria were developed before the introduction of
MRI scans; the use of MRI scans in clinical practice soon resulted in their
increasing adoption as paraclinical evidence in the diagnosis of MS'2. With
the development of effective disease modifying therapies (DMTs), it became
essential to identify patients with CIS (clinically isolated syndrome) at high risk
of developing MS. The diagnostic criteria proposed by McDonald in 2001 and
revised twice, in 2005 and 2010, expanded the role of MRI in proving dissem-
ination in space and time, and allowed for earlier diagnosis of MS!?1#,

It is recommended to use the 2010 revised McDonald criteria for the diagnosis
of relapsing and progressive forms of MS. However, in patients presenting with
CIS suggestive of MS, clinical and paraclinical red flags should be sought, and
alternative diagnoses excluded through a thorough history/physical examin-
ation, and extensive diagnostic work-up. A list of the most common red flags
is outlined in Table 1. Although CSF analysis is not required to establish the
diagnosis of MS, it is recommended to obtain CSF in atypical presentations in
order to exclude other diseases, especially in pediatric patients. The potential list
of MS mimickers is exhaustive (Table 2), with a variety of available testing to
exclude such possibilities. Considering such diagnostic alternatives randomly
has a very low yield and leads to unnecessary workup. The differential and
subsequent workup should be guided by ‘atypical’ clinical/paraclinical findings
or red flags, which are specific to each case.

With respect to MRI protocol, it is recommended to adopt the 2009 revised
guidelines of the Consortium of MS Centers MRI Protocol for the Diagnosis and
Follow-up of MS™. In CIS patients, a repeat brain and cervical spine MRI with
gadolinium is recommended at 3—6 month intervals, in order to demonstrate
dissemination in time and space. Additional MRI sections through the thoracic
cord may be performed if indicated by the clinical presentation.

Treatment of multiple sclerosis

Acute relapse (attack)

Historically, ACTH (adrenocorticotrophic hormone) was widely used to treat
acute relapses after FDA approval based on the study by Rose et al.'S.
Subsequently, several publications demonstrated the efficacy of intravenous
methylprednisolone (IV-MP)!""'°. A Cochrane meta-analysis of ACTH and
corticosteroids for acute MS exacerbations showed that both reduced disease
progression within the first five weeks of treatment. There was a trend for better
efficacy with methylprednisolone and IV treatment (class I evidence), but no
significant difference between short (5 days) and extended (15 days) steroid

treatment was observed. Upper gastrointestinal and psychiatric side effects

www.cmrojournal.com  © 2015 Informa UK Ltd
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Table 1. Red flags in the diagnosis of multiple sclerosis.

Clinical presentations:

o No dissemination in time/space
Onset <10 or >55 years of age
Prominent fever/headache, impairment of consciousness
Abrupt hearing loss
Non-scotomatous field defect
Cortical features (seizures, aphasia, cortical blindness)
Encephalopathy
ic neuritis:
Bilateral presentation
Severe pain that restricts movement or awakens patient
Very severe visual loss without recovery after 1 month
Uveitis
Retinal exudates or hemorrhages, severe optic disc edema and
vitreous reaction

o History of cancer
Transverse myelitis:

e Hyperacute non-progressive onset
Complete involvement of the spinal segment
Progressive myelopathy in the absence of bladder involvement
Anterior spinal artery distribution
Radicular pain
Cauda Equina Syndrome

o (Co-existing lower motor neuron (LMN) signs
Brainstem/cerebellar:

e Hyperacute onset in a vascular territory

e Fluctuating or fatigable ocular or bulbar symptoms
Complete external ophthalmoplegia

= 0o 6 o 0 0 O

Op

[ ]
MRI:
e Brain: normal, small lesions <3 mm, prominent gray matter
involvement, hydrocephalus, absence of callosal or periventricular
lesions, symmetric confluent WM lesions, meningeal enhance-
ment, or simultaneous enhancement of all lesions
e Spine: extensive lesion spanning 3 or more segments, swelling,
full thickness lesions, leptomeningial enhancement
CSF:
o Normal
e Absence of OCB (by isoelectric focusing technique)
o White blood cell count >50
e Protein >80 mg/dl

were more common in the oral

high  dose
methylprednisolone group®®. A more recent Cochrane
meta-analysis of oral versus intravenous steroids for treat-
ment of MS relapses showed no significant difference in
efficacy between the two routes of administration. There
was however a trend for higher incidence of adverse events
in the oral group®!. It is generally accepted that oral pred-
nisone taper should be used only in selected patients who
are considered to be at an increased risk of rebound activity
within the following 2 weeks. A second course of high dose
IV-MP has been recommended by certain consensus guide-
lines in patients failing to improve on the initial course,
but no clinical evidence is available to support such
approach”. A recent retrospective trial evaluated the effi-
cacy of intramuscular (IM) or subcutaneous (SC) ACTH
gel in 18 patients with acute relapses failing to improve on
high dose MP. Most patients had clinical improvement
with none of the adverse events reported with MP.
Further studies are needed before firm recommendations

© 2015 Informa UK Ltd  www.cmrojournal.com

can be made regarding the role of ACTH gel in acute MS
relapses”’. Nevertheless, it is important to recognize that
the best route of administration of corticosteroids, the
optimal dose and duration of treatment, and the preferred
agent have yet to be firmly established.

In patients with severe deficits who fail to respond to
IV-MP, plasmapheresis may be considered based on clin-
ical evidence (class II) from two randomized controlled
trials (RCTs)?*?. Several case series demonstrated func-
tional neurological improvement following plasmapheresis
in patients who failed to improve on IV-MP or those with
severe acute exacerbations’®™’. The American Academy
of Neurology guideline recommends considering plasma-
pheresis in patients with severe relapses who fail to respond
to high dose steroids’®.

Intravenous immunoglobulin (IVIG) is not recom-
mended for routine use in the treatment of MS relapses
given the insufficient evidence. However, in patients who
have contraindications to IV-MP and plasmapheresis,
IVIG (2 g/kg over 3-5 days) may be used based on the
available supportive data®'?.

Recommendations

It is recommended to treat acute MS relapses with a
3-5 day course of IV methylprednisolone (IV-MP). It is
appropriate to consider plasmapheresis in the treatment
of patients with severe disability who fail to respond to

IV-MP.

Radiologically isolated syndrome (RIS)

A recently developed concept in MS is the radiologically
isolated syndrome (RIS). It refers to asymptomatic
patients, who are found on routine MRI to have lesions
highly suggestive of MS. The diagnosis is based on the
Okuda criteria which require fulfillment of Barkhoff cri-
teria for dissemination in space, absence of any symptoms,
and lack of any other possible explanation for the radio-
logical lesions®. In patients fulfilling the Okuda criteria
for RIS, clinical and radiological (brain and spine MRI)
follow-up is appropriate. Current evidence does not sup-
port initiation of disease modifying therapy before the

development of a clinical event™.

Clinically isolated syndrome (CIS)

Definition

CIS is defined as a single episode of neurological symptoms
suggestive of MS, typically involving the optic nerve,
brainstem/cerebellum, spinal cord or cerebral hemisphere.
Other possible explanations need to be ruled out by a com-
prehensive work-up.

Consensus recommendations for diagnosis and treatment of MS Yamout et al. 1351
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Table 2. Some of the unusual mimics of relapsing/remitting multiple sclerosis.

Optic Neuritis/Neuropathy

Spinal Cord Syndrome/Myelitis

Infectious Cat scratch, syphilis, Lyme, viral neuroretinitis, toxo-
plasmosis, histoplasmosis
Inflammatory/Autoimmune Sarcoid, SLE, Sjogren, Behget’s, neuromyelitis optica,

paraneoplastic, Susac disease
Neoplastic/Infiltrative

Optic nerve glioma, sphenoid meningioma, metastatic

Viral: HSV, VZV, West Nile, HTLV1, EBV, CMV, HIV
Syphilis, Lyme, tuberculosis, Toxocaracanis

Sarcoid, SLE, Sjogren’s, paraneoplastic, neuromyelitis
optica

Epidural metastasis, intravascular lymphoma

tumor, Rosai Dorfman, Erdheim Chester disease

Ischemic/Hemorrhagic

optic neuropathy
Metabolic/Toxic Vitamin B12 deficiency, malnutrition
Hereditary Leber’s disease

Degenerative/Structural

Brain Stem Syndrome

Retinal artery occlusion, anterior/posterior ischemic

Retinal detachment, cerebral aneurysm

Spinal cord infraction, cavernous angioma, Dural
arteriovenous fistula

Nitrous oxide toxicity, vitamin B12 or copper defi-
ciency, heavy metal poisoning

Hereditary spastic paraplegia, spinocerebellar ataxia

Disc herniation, epidural abscess’/hematoma

Cerebral/Cognitive Syndrome

Infectious
CNS Whipple, neurobrucellosis

Inflammatory/Autoimmune

Syphilis, listeria, mycoplasma, viral/PML tuberculosis,

Behget, sarcoid, postinfectious cerebellitis, paraneo-
plastic, Bickerstaff encephalitis, myasthenia

Cryptococcus, toxoplasmosis, cysticercosis, CNS
Whipple, neurobrucellosis; Viral: HSV, HHV6, VZV,
EBV, CMV, enteroviruses, arboviruses

SLE, Hashimoto’s encephalopathy, paraneoplastic,
sarcoid, vasculitis

gravis, celiac disease, neuromyelitis optica

Neoplastic/Infiltrative

Ischemic/Hemorrhagic
aneurysms
Metabolic/Toxic Central pontine myelinolysis, alcohol
Hereditary
Degenerative/Structural
vascular loops

Pontine glioma, Erdheim Chester disease

Cavernous angioma, cardioembolic stroke, dissection,

Spinocerebellar ataxia, basilar migraine
Chiari malformation, basilar invagination, abnormal

Cerebral ischemia, seizures, tumors, Erdheim Chester
disease, Langerhans histiocytosis
Antiphospholipid syndrome, CADASIL

Vitamin B12 deficiency, heavy metal poisoning,
serotonin syndrome, Wernicke encephalopathy

Mitochondrial disorders

Epidural/subdural hematoma

HSV, herpes simplex virus; VZV, varicella zooster virus; EBV, Epstein—Barr virus; CMV, cytomegalovirus; HIV, human immunodeficiency virus; SLE, systemic lupus
erythematosus; PML, progressive multifocal leukoencephalopathy; CNS, central nervous system; HHV6, human herpes virus 6; CADASIL, cerebral autosomal

dominant arteriopathy with subcortical infarcts and leukoencephalopathy.

Risks

In the longest prospectively followed cohort of CIS
patients, conversion rates to clinically definite MS
(CDMS) were 43% at 5 years, 59% at 10 years, and 63%
at 20 years”. In this study 50% of enrolled patients
presented with optic neuritis, which is the case of most
studies assessing conversion of CIS to MS. Accordingly,
the published figures may not reflect the risk of conversion
to MS in patients with multi-focal presentations at onset.
Most patients who are going to convert to CDMS do so
within the first 5 years’®. MRI remains the best predictor of
conversion to CDMS. Studies have shown that the long-
term risk of developing MS is 60-80% in CIS patients with
demyelinating lesions on brain MRI, compared to 20% in
patients with a normal baseline MRI**?®, The presence of
a spinal cord lesion is associated with a higher risk of con-
version to CDMS, especially in patients with non-spinal
CIS***. Oligoclonal bands in the CSF, multifocal presen-
tation, the presence of >9 T2 lesions and possibly
non-enhancing black holes on MRI, increase the risk of
conversion to CDMS?"*1=#* Severe relapses with motor
and cerebellar deficits, incomplete recovery, and multiple
system involvement predict a more aggressive disease®.

1352 Consensus recommendations for diagnosis and treatment of MS Yamout et al.

Treatment
Four DMTs, interferon (IFN) beta la SC, interferon
beta la IM, interferon beta 1b SC, and glatiramer
acetate (GA) SC, are currently approved for the treat-
ment of CIS based on several randomized clinical
trials (class I evidence). It is notable that the mean
number of T2 lesions in patients recruited for those
trials was significantly higher than in the natural his-
tory cohort patients*®. The relative and absolute risk
reductions for conversion to CDMS over 2 years in
the various RCTs were 50% and 15-20% respect-
ively*’ 1. Patients with more than nine T2 and/or
gadolinium-enhancing (Gad+) lesions had the greatest
benefit’?. More recent data suggests that the presence
of more than three T2 lesions on baseline
MRI predicts higher conversion rate to CDMS and
risk of future disability’>>?.

In a recent phase II1 trial in CIS patients, teriflunomide,
a novel oral DMT, reduced the relative risk of conversion
to CDMS by 42.6%°. There were no serious adverse
effects. Teriflunomide is currently under review by regula-
tory authorities for approval as treatment in patients
with CIS.

www.cmrojournal.com  © 2015 Informa UK Ltd
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Recommendations

CIS patients should be offered any of the approved DMTs
based on the available evidence showing efficacy in redu-
cing the risk of conversion to definite MS. High risk
patients with high MRI lesion load (>9 T2 lesions),
and/or severe relapses with incomplete recovery, are
advised to start DMT early. It is appropriate to monitor
low risk patients (those with normal baseline MRI) clin-
ically and radiologically and offer treatment if they show
signs of new demyelinating disease activity. In patients
who fall in between the two risk groups, factors such as
CSF oligoclonal bands, spinal lesions, relapse severity,
extent of recovery, multifocal onset, and patient prefer-
ence can influence the clinical decision. In that case,
a brief watchful phase with a follow up brain/cervical
spine MRI at 6 months or early DMT initiation are
both appropriate.

Relapsing remitting multiple sclerosis (RRMS)

Seven DMTs are currently approved as first-line therapy in
RRMS without any restrictions: IFN-beta 1a IM, IFN-beta
1a SC, IFN-beta 1b SC, pegylated interferon beta 1a, GA,
teriflunomide, and dimethyl fumarate (DMF). Three other
DMTs are approved as first line therapy but with certain
restrictions. Fingolimod is approved for initial treatment of
RRMS in the USA, but can only be used in Europe for
patients failing first line therapies or those with aggressive
disease from onset. Alemtuzumab is approved in Europe as
first line therapy for patients with active disease as defined
by clinical and imaging features and in the USA as second
line therapy for patients with inadequate response to two
or more approved DMTs. Natalizumab is approved as
second line therapy or in patients with aggressive disease
from onset.

Interferons and glatiramer acetate

The use of IFN-beta and GA in RRMS is supported by class
I evidence derived from several multicenter RCTs®. They
show moderate efficacy in reducing relapse rate and risk
of disability progression by approximately 30%’7~.
Furthermore, early treatment with IFN-beta 1b SC was
associated with 47% reduction in the hazard ratio for
all-cause mortality over 21 years compared with initial
placebo treatment®’. The major advantage of IFN-beta
and GA is their long-term safety data accumulated over
more than two decades. Their main drawback relates to
their route of administration and acute side effects such as
injection site reactions and flu-like symptoms, which have
led to poor therapy adherence®. Pegylated interferon beta
la is a newly approved subcutaneous interferon. Its pro-
longed half-life through a process called pegylation allows
for a single dosing every 2 weeks. In the ADVANCE trial,
pegylated interferon beta la reduced annualized relapse

rate (ARR) by 36% and risk of disability progression by

© 2015 Informa UK Ltd  www.cmrojournal.com

38% with an adverse event profile similar to the rest of the

interferons®’.

Fingolimod

Fingolimod is a sphingosinel-phosphate receptor modula-
tor, which inhibits lymphocyte egress from lymph nodes
resulting in reduced infiltration of potentially auto-
aggressive lymphocytes into the CNS®*®. Fingolimod
was the first oral DMT approved for RRMS based on two
phase III clinical trials®®®’. It reduced the ARR by 55%
and 52% compared to placebo and IFN-beta 1a IM respect-
ively, and the risk of disability progression by 30%
compared to placebo only®®®?. In a subgroup analysis of
patients with highly active disease despite IFN treatment
in the year preceding enrollment, fingolimod reduced
ARR by 61% relative to IFN-beta la IM along with
reduction in lesion counts and brain volume loss®®. In a
real-world study using propensity-matched data from
MSBase, patients switching to fingolimod due to break-
through disease on first line DMTs had a 45% reduction
in time to first relapse when compared to patients switch-
ing to other first line therapies such as IFN or GA%. In
another real-world study using propensity-matched data
from a US claims database, patients switching from IFN
to fingolimod had a 62% reduction in ARR compared to
those shifting to GA™. However, careful monitoring is
needed due to several safety issues including bradycardia,
macular edema and infections. Recent data from the
international fingolimod pregnancy registry revealed a
significant incidence of major congenital malformations
in female patients exposed to the drug during the first
trimester. Accordingly, it is advisable for women
with MS to discontinue fingolimod 2-3 months before
attempting to get pregnant”.

Teriflunomide

Teriflunomide is a reversible inhibitor of the mitochon-
drial enzyme dihydro-orotate dehydrogenase (DHODH),
which mediates de novo synthesis of pyrimidine in rapidly
proliferating immune cells’>”. Teriflunomide was the
second oral DMT to receive FDA approval based on two
phase III clinical trials in patients with RRMS. In both
TOWER and TEMSO trials, teriflunomide at a dose of
14 mg daily reduced ARR by 36.3% and 31%, and the
risk of disability progression by 31.5% and 30% respect-
ively when compared to placebo’?. The lower dose
(7 mg) failed to show significant effect on disability meas-
ures. Teriflunomide is the only approved oral medication
to have shown statistically significant effect on disability
progression in both phase III trials. When compared to
[FN-beta 1a SC in a randomized rater-blinded study, teri-
flunomide 14 mg daily did not show any difference in time
to failure (defined as first occurrence of confirmed relapse
or permanent treatment discontinuation for any cause) .

Consensus recommendations for diagnosis and treatment of MS Yamout et al. 1353
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Overall, teriflunomide is well tolerated and safe with rare
and mild adverse events including hair thinning, elevation
of serum liver enzymes and mild leucopenia. In addition,
patients receiving teriflunomide are advised to use ade-
quate methods of contraception since it is labeled as
pregnancy category X based on animal studies. However,
human pregnancy registries of teriflunomide and its
precursor leflunomide did not show any increase in risk
of congenital malformations compared to the general
population”’. Teriflunomide can be quickly cleared from
the body within 11 days using oral cholestyramine or
charcoal.

Dimethyl fumarate (DMF)

DMEF is another oral medication that has recently been
approved for the treatment of RRMS. It is a modified
fumaric acid ester which promotes anti-inflammatory
and cytoprotective activities that are mediated, at least
in part, by the (Nrf2) antioxidant response pathway’®.
The drug was approved based on two phase III trials”®.
In the DEFINE study, both doses of DMF (240 mg twice or
three times per day) showed a significant reduction in
ARR (53% and 48%), and disability progression (38%
and 34%) compared to placebo’’. The results were repli-
cated in the CONFIRM study in that both doses of DMF
were associated with significant reduction in ARR (44%
and 51%) compared with placebo, but there was no sig-
nificant effect on disability progression®. Although the
study had an active comparator (GA), no significant dif-
ference in ARR or risk of disability progression was
observed between DMF and GA. It should be noted
however that the study was not powered to evaluate
head-to-head treatment superiority™. In a recent subgroup
analysis of the DEFINE and CONFIRM trials, patients not
responding to IFN-beta in the year preceding random-
ization were assessed. DMF was superior to placebo in
reducing the number of relapses with a 43% relative risk
reduction. The number of patients in each subgroup was,
however, small®!. DMF was generally safe and well toler-
ated; the most common AEs included flushing and
gastrointestinal AEs (e.g., diarrhea, nausea, vomiting). In
October 2014, a fatal case of progressive multifocal leu-
koencephalopathy (PML) was reported after exposure to
DMEF for 4.5 years in a naive MS patient in the setting
of prolonged (over 3.5 years), severe grade 3 lymphopenia
(lymphocyte count fluctuated between 200-580 cell/
upL)®. This was the first case of PML associated with
DME. In the past, other cases of PML have been reported
with the use of fumaric acid esters in lymphopenic patients
with psoriasis, although in the majority of these cases, the
causal relationship could not be clarified (e.g. other risks
for PML were present)®’. Consequently, it is advised that
patients receiving DMF who experience lymphopenia

1354 Consensus recommendations for diagnosis and treatment of MS Yamout et al.

should be monitored regularly and at close intervals as
clinically indicated.

Natalizumab

Natalizumab was the first approved monoclonal antibody
for RRMS®. It is a selective adhesion molecule inhibitor,
that interferes with the influx of inflammatory cells into
the brain by binding to the o4 subunit of the o4 integrin
expressed on the surface of immune cells, preventing its
interaction with the vascular cell adhesion molecule
(VCAMI1) on the endothelial cells®. In phase 1II
AFFIRM trial, natalizumab reduced the rate of clinical
relapse by 68% and the risk of sustained disability progres-
sion by 42% compared to placebo®®. This was supported by
extensive post-marketing data, reporting improved effi-
cacy in patients switched from first line therapies due to
suboptimal response®”°. A large Spanish observational
study evaluated 825 patients who were treated with nata-
lizumab for at least 1 year, of whom 93% had received prior
immunotherapies. The percentage of patients with at least
one relapse decreased from 89% in the year prior to treat-
ment to 20% in the year after starting treatment, and 24%
of patients showed improvement in their EDSS
(p<0.0001)%%. However, due to the risk of PML, estimated
at around 3.45 per 1000 (95% CI 3.1-3.79), its use was
restricted to patients failing first line therapy or those with
aggressive disease’!. Infection with the JC virus (JCV) is a
prerequisite for developing PML as all cases with prior
testing were seropositive for JCV antibodies. Prior use of
immunosuppressant and duration of natalizumab for more
than 2 years increase the risk of PML?2. A two-step
enzyme-linked immunosorbent assay (ELISA) has been
developed to detect JCV antibodies in serum”. The preva-
lence of JCV antibodies in MS patients is approximately
50-60% with a 2-3% rate of seroconversion annually”***.
The risk of PML remains significantly low in seronegative
patients (0.1/1000) or in seropositive patients with less
than 2 years of treatment and no prior use of immuno-
suppressants (0.7/1000). The risk however increases
significantly reaching 11.2/1000 in seropositive patients
treated with natalizumab for more than 2 years and with
prior exposure to immunosuppressants’'. The risk of PML
can be stratified further by quantifying serum antibodies
level, measured as antibody index. Seropositive patients
with no previous immunosuppressant use and a JCV anti-
body index <1.5 have a similar PML risk (0.1/1000) as
seronegative patients during the first 2 years of natalizu-
mab therapy. Even in patients on treatment for 25-48
months and no previous immunosuppressant use, the risk
of PML was 0.3/1000 and 1.2/1000 for index levels <0.9
and <1.5 respectively. The risk of PML and antibody index
showed no correlation in patients with previous immuno-
suppressant use”. It should be noted that anti-JCV
antibody testing is still an unproven concept of risk
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stratification since the test was not validated in a prospect-
ive large cohort of MS patients exposed to various DMTs.
Therefore, the duration of natalizumab exposure remains
the most useful parameter in the risk stratification. On the
other hand, natalizumab remains one of the well tolerated
DMTs with low incidence of hypersensitivity reactions®®

Recent data showed a good safety profile in women
exposed to natalizumab during their first trimester of
pregnancy’’.

Alemtuzumab

Alemtuzumab is a humanized monoclonal antibody that
has been approved in the European Union, USA, and
other countries for the treatment of active RRMS.
Alemtuzumab targets the CD52 surface protein, which is
present at high levels on T and B lymphocytes and to a
lesser extent on other immune cells”. In a 2 year phase I1I
RCT, which included 581 treatment-naive early RRMS
patients, alemtuzumab was associated with a significant
54.9% reduction in the risk of relapse at 2 years compared
to IFN-beta 1a SC (p<0.0001). However, there was no
significant difference in sustained accumulation of disabil-
ity (8% vs. 11%; p=0-22)"®. In a separate, 2 year phase III
RCT, alemtuzumab was compared with [FN-beta 1a SC in
840 RRMS patients who had at least one relapse on IFN-
beta or GA. The relapse rate and risk of sustained accu-
mulation of disability were reduced by 49.4% and 42%
respectively compared to IFN beta-1a over 2 years”. The
latter represents the only class | head-to-head comparative
study in patients with suboptimal response or break-
through disease while on approved first line DMTs.
Alemtuzumab was associated with frequent mild to mod-
erate infusion reactions (managed with premedication)
and increased rate of infections (predominately cutaneous
herpes). Prophylactic acyclovir following alemtuzumab
infusion reduced significantly the risk of herpes infection
and is currently part of the treatment protocol. The major
drawback however was related to delayed secondary auto-
immune events with a peak incidence in the third year of
therapy. Autoimmune thyroiditis was reported in almost
30% of patients, followed by immune thrombocytopenia in
less than 1%, and rare cases of anti-glomerular basement
membrane disease.

Treatment algorithm for RRMS patients

Given the increasing number of available DMTs, different
treatment strategies have been proposed for initiation and
escalation of therapy in patients with RRMS due to lack of
class I evidence comparative data between the newer
agents. Comparison across trials with different designs
and baseline characteristics is associated with inherent
limitations. On the other hand, given the difference in
mode of action of the new agents and the absence of
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such comparative data, lateral switching may be an accept-
able option in patients with poor response to any of the
DMTs. Despite advances in therapeutic trials during
the last two decades, only two randomized controlled
head-to-head studies were conducted®”®’. Therefore,
evidence-based medicine derived from clinical studies
must be supplemented by real world evidence and expert
opinion in order to decide on the best therapeutic option
available for an individual patient. Ideally, in a not so far
future, MS therapy will be tailored to individual patient
needs based on different biological and radiological bio-
markers. Taking all the of the above into consideration, we
developed an algorithm for the treatment of MS based on
the available scientific evidence, approved FDA and EMA
indication labels, and expert opinion. Aggressive RRMS
was defined as patients with rapidly evolving severe
relapsing remitting course evident by two or more dis-
abling relapses in the previous year and at least one gado-
linium-enhancing lesion or significant increase in T2
lesion load on MRI. Patients who did not fulfill the
above definition were considered as non-aggressive in
the treatment algorithm.

Treatment naive patients

It is imperative to start DMTs early once the diagnosis of
RRMS is established in order to reduce inflammation and
secondary axonal loss in the CNS. Multiple studies have
shown that early treatment might decrease the long-term
accumulation of disability in patients with MS'®*1°1,

Recommendations

The following DMTs can be initiated in treatment naive
patients based on class I evidence: IFN-beta, GA, teriflu-
nomide, and DMF. In patients with needle phobia, or
contraindications/adverse events related to the above
DMTs, fingolimod is an acceptable alternative.

In patients with aggressive or highly active disease, as
defined by two disabling relapses in the past year and the
presence of Gd-enhancing lesions and/or significant
increase in T2 lesion load on MRI, fingolimod, natalizu-
mab, or alemtuzumab may be initiated following careful
risk stratification (serum anti-JCV antibody, prior
immunosuppressant use, cardiac disease, diabetes, retinal
disorders, previous autoimmune diseases, and thyroid
disorders).

If natalizumab is initiated in patients who are seronega-
tive for JCV, it is recommended to test for the antibody
every 6 months. In patients with no previous exposure to
immunosuppressants and who are seropositive for JCV or
seroconvert during therapy with an antibody index >1.5, it
is recommended to reassess the benefit/risk ratio after 2
years of treatment. In patients with prior immunosuppres-
sant use and on natalizumab therapy for more than 2 years,
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a shift to either alemtuzumab or fingolimod should be con-
sidered based on risk stratification (Figure 1).

Suboptimal responders with breakthrough disease

This term has been interchangeably used with treatment
failure, or treatment non-responders. We prefer to avoid
both terms as they imply that the specific DMT being used
has failed, while a certain degree of disease activity is
expected with most currently available MS therapies'®%.
Certain confounding factors need to be considered before
labeling a patient as a suboptimal responder, including
poor adherence to therapy, and an adequate DMT trial
for at least 6-12 months. The advent of more potent
therapies has made the ‘no evidence of disease activity’
endpoint, as defined by absence of relapses, new MRI
lesions, and disability progression, more attainable, and
raised our level of concern to ongoing clinical or radio-
logical disease activity in patients on DMTs.

Although we still lack a clear definition of break-
through disease, most current criteria are based on clinical
relapses, MRI activity, and accumulation of disability. The
two major efforts in providing evidence-based criteria for
breakthrough disease came from Rio and his group'®*!®*
and the Canadian Multiple Sclerosis  Group
(CMSWG)'*>1%  The CMSWG based their criteria on
different levels of concern, reflecting increasing clinical
and radiological disease activity. Low, medium, and high
levels of concern were defined for clinical relapses, MRI
activity, and disability progression. Suboptimal response
requiring a change in therapy was defined as the presence
of one high, two medium, or three low levels of concern
after one year of treatment. Applying the original
CMSWG criteria to the PRISMS trial data, 89% of
patients labeled as suboptimal responders at the end of
the first year of therapy went on to develop significant
breakthrough disease in the ensuing 3 years'®>. It is notable
that the high level of concern for MRI activity requiring
therapy change was defined as >3 active lesions (enhan-
cing and/or new T2W lesions)'®. In a recent systematic
review of all studies assessing predictors of poor response
to IFN-beta therapy, patients with >2 new T2 or >1
gadolinium-enhancing lesions had significantly increased
risk of both future relapses and progression'®”.

The modified Rio score was based on statistical model-
ing using the PRISMS trial data. It was derived from the
addition of two scores reflecting number of relapses
(no relapse =0, 1 relapse =1, >2 relapses =2) and new
T2W lesions (<4 lesions =0, >4 lesions = 1) during the
first year of therapy'®*. Progressive disability was not used
in the final score as MRI lesions and relapses mediated the
full effect on the final outcome. Disability progression in
the subsequent 3 years occurred in 65% of patients with a
modified Rio score of 2-3, and 24% of patients with a score
of 0 at the end of the first year of treatment. Patients with
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an intermediate score of 1 were further stratified by a
follow-up MRI at 18 months. The presence of >2 new
T2W lesions on MRI or >1 relapse shifted them into the
high-risk group'®*.

In conclusion, the combined use of clinical and radio-
logical criteria during the first year of therapy is an appro-
priate method in identifying non-responders early in the
disease course. We recommend that breakthrough disease
should be considered in patients with clinically active dis-
ease (>1 relapse and/or disability progression) and >2
active MRI lesions (Gd+ and/or new T2W), or in patients
with severe relapses (defined as high concern by the

CMSWG) or >3 active lesions.

Recommendation

In patients with suboptimal response to first-line therapies
as defined above, treatment escalation to fingolimod,
natalizumab, or alemtuzumab should be considered.
Alemtuzumab has class I evidence in this category of
patients while effectiveness of natalizumab and fingolimod
is derived mainly from subgroup analysis of their pivotal
RCTs, or post-marketing studies. The choice among them
should be based on risk stratification (serum anti-JCV anti-
body, prior immunosuppressant use, cardiac disease, dia-
betes, retinal disorders, previous autoimmune diseases, and
thyroid disorders).

If natalizumab is initiated in patients who are seronega-
tive for JCV, it is recommended to test for the antibody
every 6 months. In patients with no previous exposure to
immunosuppressants and who are seropositive for JCV or
seroconvert during therapy with an antibody index >1.5, it
is recommended to reassess the benefit/risk ratio after 2
years of treatment. In patients with prior immunosuppres-
sant use and on natalizumab therapy for more than 2 years,
a shift to either alemtuzumab or fingolimod should be con-
sidered based on risk stratification.

In patients with evidence of clinical and/or radiological
disease activity not fulfilling criteria for breakthrough
disease, especially those with minor relapses, minimal dis-
ability, and full recovery (defined as low concern clinical
activity by the CMSWG), lateral switch to another first
line DMT with a different mechanism of action may be
considered. On the other hand, a watchful period for
6 months with reassessment of risk at 18 months is also
acceptable: in patients with >1 relapse or >2 new T2W on
MRI, therapy escalation should be considered.

In patients with evidence of breakthrough disease on
any of the second line medications, a lateral switch should
be considered based on the risk stratification strategy men-
tioned above before resorting to third line medications
that are either used off-label such as rituximab or cyclo-
phosphamide, or have a poor safety profile such as mitox-
antrone (Figure 1).
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Figure 1. Algorithm for the management of relapsing remitting multiple sclerosis.

Secondary progressive multiple sclerosis (SPMS)

Secondary progressive MS is a challenging entity in terms
of therapeutics as most clinical trials have failed to show
significant efficacy in halting disease progression. For
treatment purposes, two subtypes of SPMS should be
differentiated: SPMS with or without evidence of disease
activity, as defined by presence of superimposed relapses. A
European randomized trial comparing IFN-beta 1b SC to
placebo showed a significant reduction in disability pro-
gression'®®. However, patients with superimposed relapses
were included which could have affected the primary end-
point'®®. A similar trial conducted in the US failed to
reproduce this result despite reduction in relapse rate and
MRI activity'®. Similar results were obtained when IFN-
beta 1a SC was investigated''°. Both drugs are currently
approved in Europe for use in SPMS with relapses.
Another trial with high dose IFN-beta 1la IM (60 mcg
once weekly) failed to show any benefit on disability pro-
gression despite 44.4% reduction in the MSFC (MS
Functional Composite) score!!'. A Cochrane review eval-
uating five RCTS of I[FN-beta in 3122 patients with SPMS
concluded that IFN-beta does not prevent the develop-
ment of permanent physical disability in SPMS despite
reduction in the risk of relapse and short term relapse-
related disability, which could be related to the anti-
inflammatory effects of [FNs!!2.
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Mitoxantrone (MX) is a cytotoxic agent, which acts by
intercalating with DNA and inhibiting the topoisomerase
Il enzyme activity for DNA repair' . It was approved by
the FDA for treatment of progressive MS based on a small
phase 1II trial including 194 patients, considered to repre-
sent at best class II/I1] evidence due to inadequate blinding
and small numbers''™*. A Cochrane review evaluating
three trials, with 221 patients, showed that MX reduced
disability progression and relapse rate in the short term
(two years). Its use in clinical practice, however, has
decreased significantly in recent years due to a high rate
of serious adverse events including cardiotoxicity (12%)
and leukemia (0.8%)'"°.

Other immunosuppressants such as cyclophosphamide,
methotrexate and mycophenolate were evaluated in either
single arm or small open-label unblinded trials, with sug-
gested effects on short term disability progression. Such
results however were not confirmed by large-scale rando-
mized placebo-controlled trials!!¢118,

Recommendations

In SPMS patients with evidence of superimposed relapses,
IFN-beta 1b SC or IFN-beta 1a SC (high dose) is recom-
mended (class I evidence). There is insufficient evidence
to recommend continuation of IFN-beta in SPMS patients
who show disease progression. In SPMS patients without
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relapses, mitoxantrone may be offered after comprehensive
discussion with the patient regarding its serious adverse
event profile (class II/IIl evidence). Short term (6
months) trials with cyclophosphamide, methotrexate, or
mycophenolate may be considered based on rate of disabil-
ity progression, presence of enhancing lesions on MRI, and
patient’s choice. Escalation therapy may be considered in
SPMS with relapses and evidence of suboptimal response
on IFN beta.

Primary progressive multiple sclerosis (PPMS)

Several drugs have been evaluated for the treatment
of PPMS in the last two decades but none of them
showed any significant benefit in halting disease progres-

sion119—122.

Recommendations

No treatment can be currently recommended for patients
with PPMS.

Conclusion

With evolving diagnostic criteria and the advent of new
oral and parenteral therapies for MS, most current diag-
nostic and treatment algorithms need re-evaluation and
updating. Diagnostic and therapeutic decisions need to
be based on the currently available scientific data as well
as personal experience. The aim of this review is to provide
recommendations and general guidelines for the diagnosis
and treatment of MS based on scientific evidence and
expert opinion.

Transparency

Declaration of funding

This effort was sponsored and carried out under the supervision of
MENACTRIMS (the Middle East and North Africa Committee
for Treatment and Research In Multiple Sclerosis).

Author contributions: All authors participated as members of
the panel of experts in the meeting that led to the development of
the manuscript. All authors actively contributed to the discussion
and the consensus reached. B.Y. and R.A. drafted the initial
version of the manuscript and all authors discussed, reviewed
and approved of the final version of the manuscript.

Declaration of financial/other relationships

The authors received no honoraria for this effort. There was no
industry/pharmaceutical input or support or bias in the selection
of the members or the recommendations reached. R.G. has dis-
closed that he has no significant relationships with or financial
interests in any commercial companies related to this study or
article. B.Y., R A., M.A.-].,, M.D,, J.I,, SH, LLA., M.S., SKh.
Z.A. SKo., M.Z.,, J].LAK., T.A. and S.B. have disclosed that

1358  Consensus recommendations for diagnosis and treatment of MS Yamout et al.

they have received honoraria from one or more of the following
companies (individual disclosures available upon request):
Biologix (Biogen Idec across the Middle East and North Africa
region), Bayer, Novartis, Genzyme, Genpharm, Merck Serono
and GSK. The manuscript represents the views and opinions of
the members involved in the development of the guidelines.

CMRO peer reviewers on this manuscript have no relevant
financial or other relationships to disclose.

References

1. Goodin DS. The epidemiology of multiple sclerosis: insights to disease patho-
genesis. Handb Clin Neurol 2014;122:231-66
2. Trojano M, Paolicelli D, Tortorella C, et al. Natural history of multiple sclerosis:
have available therapies impacted long-term prognosis? Neurol Clin
2011;29:309-21
3. El-Salem K, Al-Shimmery E, Horany K, et al. Multiple sclerosis in Jordan: a
clinical and epidemiological study. J Neurol 2006;253:1210-16
4. Al-Hashel J, Besterman AD, Wolfson C. The prevalence of multiple sclerosis in
the Middle East. Neuroepidemiology 2008;31:129-37
5. Inshasi J, Thakre M. Prevalence of multiple sclerosis in Dubai, United Arab
Emirates. Int J Neurosci 2011;121:393-8
6. Deleu D, Mir D, Al Tabouki A, et al. Prevalence, demographics and clinical
characteristics of multiple sclerosis in Qatar. Mult Scler 2013;19:816-19
7. Alroughani R, Ahmed SF, Behbahani R, et al. Increasing prevalence and
incidence rates of multiple sclerosis in Kuwait. Mult Scler 2014;20:543-7
8. Etemadifar M, Izadi S, Nikseresht A, et al. Estimated prevalence and incidence
of multiple sclerosis in Iran. Eur Neurol 2014;72:370-4
9. Jabbour RA, Kanj SS, Sawaya RA, et al. Toxocara canis myelitis: clinical
features, magnetic resonance imaging (MRI) findings, and treatment outcome
in 17 patients. Medicine (Baltimore) 2011;90:337-43
10.  Yamout B, Alroughani R, Al-Jumah M, et al. Consensus guidelines for the
diagnosis and treatment of multiple sclerosis. Curr Med Res Opin
2013;29:611-21
11, Schumacher GA, Beebe G, Kibler RF, et al. Problems of experimental trials
of therapy in multiple sclerosis: report by the panel on the evaluation of
experimental trials of therapy in multiple sclerosis. Ann NY Acad Sci
1965;122:552-68
12.  Poser CM, Paty DW, Scheinberg L, et al. New diagnostic criteria for multiple
sclerosis: guidelines for research protocols. Ann Neurol 1983;13:227-31
13. McDonald WI, Compston A, Edan G, et al. Recommended diagnostic criteria
for multiple sclerosis: guidelines from the International Panel on the diagnosis
of multiple sclerosis. Ann Neurol 2001;50:121-7
14, Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple
sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol 2011;69:292-
302
15, Simon JH, Li D, Traboulsse A, et al. Standardized MR imaging protocol for
multiple sclerosis: Consortium of MS Centers consensus guidelines. Am J
Neuroradiol 2006;27:455-61
16.  Rose AS, Kuzma JW, Kurtzke JF, et al. Cooperative study in the evaluation of
therapy in multiple sclerosis. ACTH vs. placebo — final report. Neurology
1970;20:1-59
17. Durelli L, Cocito D, Riccio A, et al. High-dose intravenous methylprednisolone
in the treatment of multiple sclerosis: clinical—immunologic correlations.
Neurology 1986;36:238-43
18.  Milligan NM, Newcombe R, Compston DA. A double-blind controlled trial of
high dose methylprednisolone in patients with multiple sclerosis: 1. Clinical
effects. J Neurol Neurosurg Psychiatry 1987;50:511-16
19. Milanese C, La Mantia L, Salmaggi A, et al. Double-blind randomized trial of
ACTH versus dexamethasone versus methylprednisolone in multiple sclerosis
bouts. Clinical, cerebrospinal fluid and neurophysiological results. Eur Neurol
1989;29:10-14

www.cmrojournal.com  © 2015 Informa UK Ltd



CMRO

Current Medical Research & Opinion  Volume 31, Number 7 July 2015

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Filippini G, Brusaferri F, Sibley WA, et al. Corticosteroids or ACTH for acute
exacerbations in multiple sclerosis. Cochrane Database Syst Rev 2000:
CD001331

Burton JM, O’Connor PW, Hohol M, Beyene J. Oral versus intravenous ster-
oids for treatment of relapses in multiple sclerosis. Cochrane Database Syst
Rev 2012;12:CD006921

Rieckmann P, Toyka KV, Bassetti C, et al. Escalating immunotherapy of
multiple sclerosis — new aspects and practical application. J Neurol
2004;251:1329-39

Berkovich R FM, Subhani D. Adrenocorticotropic hormone treatment of mul-
tiple sclerosis exacerbations. San Diego, CA: Consortium of Multiple Sclerosis
Centers, 2012

Weiner HL, Dau PC, Khatri BO, et al. Double-blind study of true vs. sham
plasma exchange in patients treated with immunosuppression for acute
attacks of multiple sclerosis. Neurology 1989;39:1143-9

Weinshenker BG, O'Brien PC, Petterson TM, et al. A randomized trial of
plasma exchange in acute central nervous system inflammatory demyelinat-
ing disease. Ann Neurol 1999;46:878-86

Llufriu'S, Castillo J, Blanco Y, et al. Plasma exchange for acute attacks of CNS
demyelination: predictors of improvement at 6 months. Neurology
2009;73:949-53

Trebst C, Reising A, Kielstein JT, et al. Plasma exchange therapy in steroid-
unresponsive relapses in patients with multiple sclerosis. Blood Purif
2009;28:108-15

Habek M, Barun B, Puretic Z, Brinar VW. Treatment of steroid unresponsive
relapse with plasma exchange in aggressive multiple sclerosis. Ther Apher
Dial 2010;14:298-302

Magana SM, Keegan BM, Weinshenker BG, et al. Beneficial plasma exchange
response in central nervous system inflammatory demyelination. Arch Neurol
2011;68:870-8

Cortese I, Chaudhry V, So YT, et al. Evidence-based guideline update:
plasmapheresis in neurologic disorders: report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy of
Neurology. Neurology 2011;76:294-300

Visser LH, Beekman R, Tijssen CC, et al. A randomized, double-blind, pla-
cebo-controlled pilot study of i.v. immune globulins in combination with i.v.
methylprednisolone in the treatment of relapses in patients with MS. Mult
Scler 2004;10:89-91

Tselis A, Perumal J, Caon C, et al. Treatment of corticosteroid refractory optic
neuritis in multiple sclerosis patients with intravenous immunoglobulin. Eur J
Neurol 2008;15:1163-7

Okuda DT, Mowry EM, Beheshtian A, et al. Incidental MRI anomalies sug-
gestive of multiple sclerosis: the radiologically isolated syndrome. Neurology
2009;72:800-5

Okuda DT, Siva A, Kantarci O, et al. Radiologically isolated syndrome: 5-year
risk for an initial clinical event. PLoS One 2014;9:e90509

Fisniku LK, Brex PA, Altmann DR, et al. Disability and T2 MRI lesions: a 20-
year follow-up of patients with relapse onset of multiple sclerosis. Brain
2008;131:808-17

Confavreux C, Vukusic S, Adeleine P. Early clinical predictors and progression
of irreversible disability in multiple sclerosis: an amnesic process. Brain
2003;126:770-82

Tintore M, Rovira A, Rio J, et al. Baseline MRI predicts future attacks and
disability in clinically isolated syndromes. Neurology 2006;67:968-72
Swanton JK, Fernando KT, Dalton CM, et al. Early MRI in optic neuritis: the risk
for clinically definite multiple sclerosis. Mult Scler 2010;16:156-65
Sombekke MH, Wattjes MP, Balk LJ, et al. Spinal cord lesions in patients with
clinically isolated syndrome: a powerful tool in diagnosis and prognosis.
Neurology 2013;80:69-75

Mowry EM, Deen S, Malikova I, et al. The onset location of multiple sclerosis
predicts the location of subsequent relapses. J Neurol Neurosurg Psychiatry
2009;80:400-3

Villar LM, Garcia-Barragan N, Sadaba MC, et al. Accuracy of CSF and MRI
criteria for dissemination in space in the diagnosis of multiple sclerosis.
J Neurol Sci 2008;266:34-7

© 2015 Informa UK Ltd  www.cmrojournal.com

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Consensus recommendations for diagnosis and treatment of MS Yamout et al.

Mitjana R, Tintore M, Rocca MA, et al. Diagnostic value of brain chronic black
holes on T1-weighted MR images in clinically isolated syndromes. Mult Scler
2014;20:1471-7

Swanton JK, Fernando K, Dalton CM, et al. Is the frequency of abnormalities
on magnetic resonance imaging in isolated optic neuritis related to the preva-
lence of multiple sclerosis? A global comparison. J Neurol Neurosurg
Psychiatry 2006;77:1070-2

Beck RW, Trobe JD, Moke PS, et al. High- and low-risk profiles for the
development of multiple sclerosis within 10 years after optic neuritis:
experience of the optic neuritis treatment trial. Arch Ophthalmol 2003;121:
944-9

Miller DH, Chard DT, Ciccarelli O. Clinically isolated syndromes. Lancet Neurol
2012;11:157-69

Clerico M, Faggiano F, Palace J, et al. Recombinant interferon beta or glatir-
amer acetate for delaying conversion of the first demyelinating event to mul-
tiple sclerosis. Cochrane Database Syst Rev 2008:CD005278

Jacobs LD, Beck RW, Simon JH, et al. Intramuscular interferon beta-1a
therapy initiated during a first demyelinating event in multiple sclerosis.
CHAMPS Study Group. N Engl J Med 2000;343:898-904

Comi G, Filippi M, Barkhof F, et al. Effect of early interferon treatment on
conversion to definite multiple sclerosis: a randomised study. Lancet
2001;357:1576-82

Kappos L, Polman CH, Freedman MS, et al. Treatment with interferon beta-1b
delays conversion to clinically definite and McDonald MS in patients with
clinically isolated syndromes. Neurology 2006;67:1242-9

Comi G, Martinelli V, Rodegher M, et al. Effect of glatiramer acetate on
conversion to clinically definite multiple sclerosis in patients with clinically
isolated syndrome (PreCISe study): a randomised, double-blind, placebo-
controlled trial. Lancet 2009;374:1503-11

Comi G, De Stefano N, Freedman MS, et al. Comparison of two dosing
frequencies of subcutaneous interferon beta-1a in patients with a first clinical
demyelinating event suggestive of multiple sclerosis (REFLEX): a phase 3
randomised controlled trial. Lancet Neurol 2012;11:33-41

0’Connor P, Kinkel RP, Kremenchutzky M. Efficacy of intramuscular interferon
beta-1a in patients with clinically isolated syndrome: analysis of subgroups
based on new risk criteria. Mult Scler 2009;15:728-34

Ruet A, Deloire MS, Quallet JC, et al. Predictive factors for multiple sclerosis in
patients with clinically isolated spinal cord syndrome. Mult Scler
2011;17:312-18

Ruet A, Arrambide G, Brochet B, et al. Early predictors of multiple sclerosis
after a typical clinically isolated syndrome. Mult Scler 2014;20:1721-6
Miller AWJ, Kappos L, Comi G, et al. TOPIC Main Outcomes: Efficacy and
Safety of Once-Daily Oral Teriflunomide in patients with Clinically Isolated
Syndrome. Copenhagen, Denmark: ECTRIMS, 2013

Rice GP, Incorvaia B, Munari L, et al. Interferon in relapsing—remitting multiple
sclerosis. Cochrane Database Syst Rev 2001:CD002002

The IFNB Multiple Sclerosis Study Group. Interferon beta-1b is effective in
relapsing-remitting multiple sclerosis. 1. Clinical results of a multicenter,
randomized, double-blind, placebo-controlled trial. Neurology 1993;
43:655-61

Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon beta-1a for
disease progression in relapsing multiple sclerosis. The Multiple Sclerosis
Collaborative Research Group (MSCRG). Ann Neurol 1996;39:285-94
PRISMS Study Group. Randomised double-blind placebo-controlled study of
interferon  beta-1a in relapsing/remitting multiple  sclerosis. Lancet
1998;352:1498-504

Johnson KP, Brooks BR, Cohen JA, et al. Copolymer 1 reduces relapse rate
and improves disability in relapsing—remitting multiple sclerosis: results of a
phase Ill multicenter, double-blind placebo-controlled trial. The Copolymer 1
Multiple Sclerosis Study Group. Neurology 1995;45:1268-76

Goodin DS, Reder AT, Ebers GC, et al. Survival in MS: a randomized cohort
study 21 years after the start of the pivotal IFNbeta-1b trial. Neurology
2012;78:1315-22

Devonshire V, Lapierre Y, Macdonell R, et al. The Global Adherence Project
(GAP): a multicenter observational study on adherence to disease-modifying

1359



Current Medical Research & Opinion  Volume 31, Number 7  July 2015

CMRO

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

therapies in patients with relapsing—remitting multiple sclerosis. Eur J Neurol
2011;18:69-77

Calabresi PA, Kieseier BC, Arnold DL, et al. Pegylated interferon beta-1a for
relapsing-remitting multiple sclerosis (ADVANCE): a randomised, phase 3,
double-blind study. Lancet Neurol 2014;13:657-65

Mehling M, Kappos L, Derfuss T. Fingolimod for multiple sclerosis: mechan-
ism of action, clinical outcomes, and future directions. Curr Neurol Neurosci
Rep 2011;11:492-7

Matloubian M, Lo CG, Cinamon G, et al. Lymphocyte egress from thymus and
peripheral lymphoid organs is dependent on S1P receptor 1. Nature
2004;427:355-60

Kappos L, Radue EW, O’Connor P, et al. A placebo-controlled trial of
oral fingolimod in relapsing multiple sclerosis. N Engl J Med 2010;362:
387-401

Cohen JA, Barkhof F, Comi G, et al. Oral fingolimod or intramuscular inter-
feron for relapsing multiple sclerosis. N Engl J Med 2010;362:402-15
Cohen JA, Barkhof F, Comi G, et al. Fingolimod versus intramuscular
interferon in patient subgroups from TRANSFORMS. J Neurol 2013;260:
2023-32

Spelman TBN, Tomic D, Trojano M, et al. Real-world comparative effective-
ness of fingolimod and interferon/glatiramer therapies in a switch population
using propensity-matched data from MSBase. Copenhagen, Denmark:
ECTRIMS, 2013

Bergvall N, Makin C, Lahoz R, et al. Comparative effectiveness of fingolimod
versus interferons or glatiramer acetate for relapse rates in multiple sclerosis:
a retrospective US claims database analysis. Curr Med Res Opin
2013;29:1647-56

Lu E, Wang BW, Alwan S, et al. A review of safety-related pregnancy data
surrounding the oral disease-modifying drugs for multiple sclerosis. CNS
Drugs 2014;28:89-94

Palmer AM. Teriflunomide, an inhibitor of dihydroorotate dehydrogenase for
the potential oral treatment of multiple sclerosis. Curr Opin Investig Drugs
2010;11:1313-23

Claussen MG, Korn T. Immune mechanisms of new therapeutic strategies in
MS: teriflunomide. Clin Immunol 2012;142:49-56

Confavreux C, O’Connor P, Comi G, et al. Oral teriflunomide for patients with
relapsing multiple sclerosis (TOWER): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Neurol 2014;13:247-56

0’Connor P, Wolinsky JS, Confavreux C, et al. Randomized trial of oral
teriflunomide for relapsing multiple sclerosis. N Engl J Med 2011;365:
1293-303

Vermersch P, Czlonkowska A, Grimaldi LM, et al. Teriflunomide versus sub-
cutaneous interferon beta-1a in patients with relapsing multiple sclerosis: a
randomised, controlled phase 3 trial. Mult Scler 2014;20:705-16

Henson LBM, Truffinet P, Kieseier B. Updated Pregnancy Outcomes in
Patients and Partners of Patients in the Teriflunomide Clinical Trial
Program. Philadelphia, PA: American Academy of Neurology, 2014

Linker RA, Gold R. Dimethyl fumarate for treatment of multiple sclerosis:
mechanism of action, effectiveness, and side effects. Curr Neurol Neurosci
Rep 2013;13:394-401

Gold R, Kappos L, Arnold DL, et al. Placebo-controlled phase 3 study of oral
BG-12 for relapsing multiple sclerosis. N Engl J Med 2012;367:1098-107
Fox RJ, Miller DH, Phillips JT, et al. Placebo-controlled phase 3 study of oral
BG-12 or glatiramer in multiple sclerosis. N Engl J Med 2012;367:1087-97
Fernandez O, Giovannoni G, Fox R, et al. Efficacy of delayed-release dimethyl
fumarate for relapsing—remitting multiple sclerosis (RRMS) in ‘non-respon-
ders’ to prior treatment with interferon beta. Istanbul, Turkey: ENS/EFNS,
2014

Biogen Idec. Safety update with Tecfidera. Available at: http://www.biogen-
idec.com/therapies_tecfidera.aspx?ID=13012 [Last accessed 8 March
2015]

Ermis U, Weis J, Schulz JB. PML in a patient treated with fumaric acid. N Engl
J Med 2013;368:1657-8

Pucci E, Giuliani G, Solari A, et al. Natalizumab for relapsing remitting multiple
sclerosis. Cochrane Database Syst Rev 2011;10:CD007621

1360 Consensus recommendations for diagnosis and treatment of MS Yamout et al.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

Baron JL, Madri JA, Ruddle NH, et al. Surface expression of alpha 4 integrin
by CD4 T cells is required for their entry into brain parenchyma. J Exp Med
1993;177:57-68

Polman CH, O’Connor PW, Havrdova E, et al. A randomized, placebo-con-
trolled trial of natalizumab for relapsing multiple sclerosis. N Engl J Med
2006;354:899-910

Prosperini L, Gianni C, Leonardi L, et al. Escalation to natalizumab or switch-
ing among immunomodulators in relapsing multiple sclerosis. Mult Scler
2012;18:64-71

Fernandez O, Oreja-Guevara C, Arroyo R, et al. Natalizumab treatment of
multiple sclerosis in Spain: results of an extensive observational study.
J Neurol 2012;259:1814-23

Lanzillo R, Quarantelli M, Bonavita S, et al. Natalizumab vs interferon beta 1a
in relapsing-remitting multiple sclerosis: a head-to-head retrospective
study. Acta Neurol Scand 2012;126:306-14

Lanzillo R, Bonavita S, Quarantelli M, et al. Natalizumab is effective in mul-
tiple sclerosis patients switching from other disease modifying therapies in
clinical practice. Neurol Sci 2013;34:521-8

Biogen Idec. Medical information website. Available at: https://medinfo.bio-
genidec.com/medinfo. Accessed September 2012 to August 30, 2014
Sorensen PS, Bertolotto A, Edan G, et al. Risk stratification for progressive
multifocal leukoencephalopathy in patients treated with natalizumab. Mult
Scler 2012;18:143-52

Lee P, Plavina T, Castro A, et al. A second-generation ELISA (STRATIFY JCV
DxSelect) for detection of JC virus antibodies in human serum and plasma to
support progressive multifocal leukoencephalopathy risk stratification. J Clin
Virol 2013;57:141-6

Gorelik L, Lerner M, Bixler S, et al. Anti-JC virus antibodies: implications for
PML risk stratification. Ann Neurol 2010;68:295-303

Plavina T, Subramanyam M, Bloomgren G, et al. Anti-JC virus antibody
levels in serum or plasma further define risk of natalizumab-associated
progressive multifocal leukoencephalopathy. Ann Neurol 2014;76:802-12
Ebrahimi N, Herbstritt S, Gold R, et al. Pregnancy and fetal outcomes fol-
lowing natalizumab exposure in pregnancy. A prospective, controlled obser-
vational study. Mult Scler 2014;21:198-205

Fox EJ. Alemtuzumab in the treatment of relapsing—remitting multiple scler-
osis. Expert Rev Neurother 2010;10:1789-97

Cohen JA, Coles AJ, Arnold DL, et al. Alemtuzumab versus interferon
beta 1a as first-line treatment for patients with relapsing—remitting mul-
tiple sclerosis: a randomised controlled phase 3 trial. Lancet 2012;380:
1819-28

Coles AJ, Twyman CL, Arnold DL, et al. Alemtuzumab for patients with
relapsing multiple sclerosis after disease-modifying therapy: a randomised
controlled phase 3 trial. Lancet 2012;380:1829-39

Comi G. Early treatment. Neurol Sci 2006;27(Suppl 1):S8-12

Noyes K, Weinstock-Guttman B. Impact of diagnosis and early treat-
ment on the course of multiple sclerosis. Am J Manag Care 2013;
19:5321-31

Freedman MS, Cohen B, Dhib-Jalbut S, et al. Recognizing and treating
suboptimally controlled multiple sclerosis: steps toward regaining com-
mand. Curr Med Res Opin 2009;25:2459-70

Rio J, Nos C, Tintore M, et al. Defining the response to interferon-beta in
relapsing—remitting multiple sclerosis patients. Ann Neurol 2006;59:
344-52

Sormani MP, Rio J, Tintore M, et al. Scoring treatment response in patients
with relapsing multiple sclerosis. Mult Scler 2013;19:605-12

Freedman MS, Forrestal FG. Canadian treatment optimization recommen-
dations (TOR) as a predictor of disease breakthrough in patients with multiple
sclerosis treated with interferon beta-1a: analysis of the PRISMS study. Mult
Scler 2008;14:1234-41

Freedman MS, Selchen D, Arnold DL, et al. Treatment optimization in MS:
Canadian MS Working Group updated recommendations. Can J Neurol Sci
2013;40:307-23

Dobson R, Rudick RA, Turner B, et al. Assessing treatment response to
interferon-beta: is there a role for MRI? Neurology 2014;82:248-54

www.cmrojournal.com  © 2015 Informa UK Ltd



CMRO

Current Medical Research & Opinion  Volume 31, Number 7 July 2015

108.

109.

110.

11

112.

113.

114,

European Study Group on interferon beta-1b in secondary progressive MS.
Placebo-controlled multicentre randomised trial of interferon beta-1b
in treatment of secondary progressive multiple sclerosis. Lancet 1998;
352:1491-7

Panitch H, Miller A, Paty D, Weinshenker B; North American Study Group
on Interferon beta-1b in Secondary Progressive MS. Interferon beta-1b in
secondary progressive MS: results from a 3-year controlled study. Neurology
2004;63:1788-95

Secondary progressive efficacy clinical trial of recombinant interferon-
beta-1a in MS (SPECTRIMS) Group. Randomized controlled trial of inter-
feron-beta-1a in secondary progressive MS: clinical results. Neurology
2001;56:1496-504

Cohen JA, Cutter GR, Fischer JS, et al. Benefit of interferon beta-1a
on MSFC progression in secondary progressive MS. Neurology 2002;59:
679-87

La Mantia L, Vacchi L, Di Pietrantonj C, et al. Interferon beta for secondary
progressive multiple sclerosis. Cochrane Database Syst Rev 2012;1:
CD005181

Durr FE, Wallace RE, Citarella RV. Molecular and biochemical pharmacology
of mitoxantrone. Cancer Treat Rev 1983;10(Supp! B):3-11

Hartung HP, Gonsette R, Konig N, et al. Mitoxantrone in progressive multiple
sclerosis: a placebo-controlled, double-blind, randomised, multicentre trial.
Lancet 2002;360:2018-25

© 2015 Informa UK Ltd  www.cmrojournal.com

115.

116.

117.

118.

119.

120.

121

122.

Consensus recommendations for diagnosis and treatment of MS Yamout et al.

Martinelli Boneschi F, Vacchi L, Rovaris M, et al. Mitoxantrone for multiple
sclerosis. Cochrane Database Syst Rev 2013;5:CD002127

Goodkin DE, Rudick RA, VanderBrug Medendorp S, et al. Low-dose (7.5 mg)
oral methotrexate reduces the rate of progression in chronic progressive
multiple sclerosis. Ann Neurol 1995;37:30-40

Zephir H, de Seze J, Duhamel A, et al. Treatment of progressive forms
of multiple sclerosis by cyclophosphamide: a cohort study of 490 patients.
J Neurol Sci 2004;218:73-7

Frohman EM, Brannon K, Racke MK, Hawker K. Mycophenolate mofetil in
multiple sclerosis. Clin Neuropharmacol 2004;27:80-3

Montalban X. Overview of European pilot study of interferon beta-Ib in pri-
mary progressive multiple sclerosis. Mult Scler 2004;10(Suppl 1):S62,
discussion 62-4

Leary SM, Miller DH, Stevenson VL, et al. Interferon beta-1a in primary
progressive MS: an exploratory, randomized, controlled trial. Neurology
2003;60:44-51

Wolinsky JS, Narayana PA, O’Connor P, et al. Glatiramer acetate in
primary progressive multiple sclerosis: results of a multinational,
multicenter, double-blind, placebo-controlled trial. Ann Neurol 2007;61:
14-24

Pohlau D, Przuntek H, Sailer M, et al. Intravenous immunoglobulin in primary
and secondary chronic progressive multiple sclerosis: a randomized placebo
controlled multicentre study. Mult Scler 2007;13:1107-17

1361



	Consensus recommendations for the diagnosis and treatment of multiple sclerosis: the Middle East North Africa Committee for Treatment and Research In Multiple Sclerosis (MENACTRIMS)
	Background and introduction
	Diagnosis of multiple sclerosis
	Treatment of multiple sclerosis
	Conclusion
	Transparency
	References


