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Unmet Medical Needs in Multiple
Sclerosis: Patient and Healthcare
Perspectives
Professor Mefkûre Eraksoy
Historically, multiple sclerosis (MS) treatment
goals have focused on clinical endpoints, delaying
disability, and reducing relapse frequency,
and magnetic resonance imaging (MRI) goals
have focused on reducing and preventing new
lesions.1,2 Current treatments are preventive rather
than restorative,3 have limited impact on the
accumulation of disability, and are only partially
effective in preventing relapse.4
New treatments offer the opportunity to delay
disability progression and relapses, but to address
unmet needs one must consider the perspective
of both the patient and the healthcare provider.5-8
Patients require more tolerable therapies9 that
are easier to take,10 and reduce the frequency
of intravenous
interventions.10 They require
customised treatments based on disease prognosis
and individual needs9,10-14 that provide quality of
36
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life (QoL) benefits.12 Patients also require greater
knowledge of the overall benefit/risk balance of
the available treatments.13 Health status deteriorates
with increasing disability in a non-linear manner.15-17
The initial steep progression as the patient moves
from 0.5 to 2.5 on the expanded disability status
scale (EDSS) slows between EDSS 2.5 and 6.0
before a rapid decline leading to EDSS 9.0. Early
intervention is therefore important to limit disability
and preserve health status.
Treatment can be better individualised by
understanding what impacts a patient’s QoL.16 QoL
is not based on function alone; it involves social,
mental, and emotional aspects.14,16,18-20 Treatment
adherence is a major challenge. A survey of 2,648
patients revealed that adherence to injectable
disease-modifying treatments (DMTs) declined
the longer the patients received therapy.9 Lack
of adherence is largely due to injection-related
issues, principally injection site pain, injection
anxiety, and patients becoming tired of taking
injections.9 Furthermore, many patients simply
forget to administer their drugs.9
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Adherence plays a crucial role in long-term
outcomes; adherent patients have a 60–70% risk
reduction in relation to reaching EDSS 6; EDSS 6
combined with secondary progressive MS (SPMS),
SPMS alone, or being confined to a wheelchair.21
Better involvement of patients in treatment
decisions can improve adherence; however,
physicians and patients place different emphasis
on the importance of clinical attributes.22
Physicians are primarily concerned with long-term
outcomes, whereas patients are more concerned
with the immediate impact of daily treatments on
their disease and their QoL.22 Importantly, patients
may be more willing than their physicians to
take risks in exchange for efficacy benefits.13
The course of MS is driven by inflammatory
events, occurring early on, which predict long-term
disability progression and highlight the need for
early intervention rather than a ‘wait and see’
approach to optimise long-term outcomes.23-29
Thus, early in the disease there is a therapeutic
window when the greatest benefit can be
obtained from the most appropriate intervention.30
Individualising therapy relies on understanding
the optimal patient prognosis to select the most
appropriate treatment. Factors associated with
good prognosis are younger age of onset, white
ethnicity, female gender, isolated sensory systems,
long interval to the second relapse, and low MRI
lesion load at onset. Conversely, older age of onset,
male gender, non-white ethnicity, involvement of
efferent systems, large MRI lesion load at onset, and
a rapid rate of accumulation of MRI lesions during
the first 5 years are predictors of poor prognosis.31
Not only is there considerable variation in the
course of the disease but the response to treatment
is heterogeneous. Up to 50% of patients have a
suboptimal response to injectable therapies,26
highlighting the need for markers of efficacy and
safety to enable better individualised treatment.
Switching treatment based on clinical and MRI
disease activity is feasible and clinicians should
strive for a disease activity-free response in patients
with relapsing-remitting multiple sclerosis (RRMS).
Currently, there are no standardised guidelines or
algorithms for choosing between the increasing
number of DMTs available (11 as of 201432). For
many patients, the first treatment choice will
not be the last; treatment is an ongoing decision
requiring close monitoring. Consideration of the
patients’ needs, clinical presentation, prognosis,
and the ultimate treatment goal offers a practical
approach that can be implemented as individualised
NEUROLOGY • July 2014

treatment. The traditional approach of starting all
patients on the same moderate efficacy treatment
options then cycling and escalating these as the
disease progresses ignores the heterogeneities of
the disease course or treatment response,26,33,34 and
is not appropriate for all patients.26 Individualised
treatment based on projected disease course is
the basis of an evolving treatment paradigm;33,35
one that considers the needs, disability and disease
status, prognosis, and adherence potential of
a patient from the outset,35-37 and involves the
patient in treatment decision-making. Individualised
treatment relies on close and ongoing assessment
to achieve freedom from disease activity.36,37
In summary, traditional treatment goals in MS have
been strictly limited by the treatment available.
New therapies can address the unmet needs of
both physicians and patients, allowing a redefinition
of treatment goals to include improving existing
disability, reducing new MRI activity, and freedom
from disease activity. Consideration of the patient’s
perspective allows individualised treatment, taking
into account the willingness of patients to accept
risks in exchange for greater efficacy, reduced
treatment burden, and improved QoL.

New Oral Opportunities in First-Line MS
Therapy: Teriflunomide
Professor Matthias Mäurer
Teriflunomide is the primary active metabolite
of leflunomide, a drug used for the treatment of
rheumatoid arthritis. Following an extensive clinical
study programme,8,38,39 a once-daily 14 mg dose
of the novel formulation, teriflunomide, has been
licensed for the treatment of RRMS in the European
Union (EU)22,40 and is under regulatory review in
Turkey.22 Teriflunomide inhibits a key enzyme of
pyrimidine synthesis, thereby interrupting the
pyrimidine supply of rapidly proliferating cells.
Particularly, rapidly proliferating T and B cells
are depleted of dihydro-orotate dehydrogenase
(DHODH), a compound vital for RNA and DNA
synthesis, cell membrane molecules, and second
messengers.41 In this regard, teriflunomide can be
viewed as a selective immunomodulator rather
than an immunosuppressive drug. Resting T cells
and non-lymphoid cells are unaffected because
they utilise the ‘salvage pathway’ to supply their
pyrimidine pool.41
To date there have been ten clinical trials
involving teriflunomide.8,11,39,42-48 The TEMSO8 and
EMJ EUROPEAN MEDICAL JOURNAL
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the TOWER42 studies examined teriflunomide at 7
mg and 14 mg versus placebo. The TENERE trial43
examined teriflunomide versus the established
MS treatment, Rebif. The TOPIC study49 examined
the efficacy of teriflunomide in clinically isolated
syndrome. TERIPRO46 is a multinational study
evaluating the effect of teriflunomide on patientrelated outcomes in clinical practice. The TERIKIDS
trial48 is evaluating the effect of teriflunomide in
children and adolescents. TERIVA44 and the Rabies
neoantigen study45 are examining vaccination with
teriflunomide. These trials measure efficacy in three
key areas: relapse rate, progression of disability
accumulation, and MRI activity. Annualised relapse
rate (ARR), the primary endpoint of TEMSO8,38
and TOWER,38,42 was significantly reduced by both
the 7 mg and 14 mg doses of teriflunomide, with
the latter reducing risk by 32-36%. Furthermore,
unlike the 7 mg dose, the 14 mg dose significantly
reduced disability accumulation in both trials.8,38,42
Both doses produced significant reductions in
gadolinium-enhancing (Gd) lesion loads of 57%
and 80%, respectively.8 In addition, the 14 mg dose
significantly reduced total lesion volume by 67%.8
Data from the TEMSO and the TOWER populations
were pooled to create a larger subgroup of
patients with highly-active disease, defined as two
or more relapses in the year before study entry.
Both doses of teriflunomide significantly reduced
severe relapses leading to hospitalisation, requiring
IV corticosteroids, had sequelae, or were defined
by Panlich’s rules, with the greatest reductions
associated with the 14 mg dose.50 Such relapses
have a significant impact on a patient’s QoL as
assessed by the SF-36 questionnaire.49 Based
on these data, the European Medicines Agency
licensed teriflunomide for the treatment of MS
for patients with RRMS without any restriction.
Data from the TOPIC trial,49 evaluating the effect
of teriflunomide in patients with early MS or
clinically isolated syndrome (CIS), show a 43%
risk reduction for a further relapse in CIS. Despite
failing to meet its primary endpoint - time-tofailure versus Rebif - the TENERE study43 showed
similar rates of relapse/treatment discontinuation
for both drugs. Furthermore, there was no
significant difference in ARR between subcutaneous
interferon preparation and teriflunomide 14 mg.43
Nevertheless, treatment satisfaction questionnaire
for medication (TSQM) scores at week 48
demonstrated a clear advantage for teriflunomide
in terms of side-effects and convenience, which
may have important implications for adherence.43
38
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Many patients do not want injectable therapies.
Take for instance the case of a 28-year-old
female who experienced a right optic neuritis, had
complete remission after IV steroids and an EDSS
of 0.0. Her MRI shows dissemination in time and
space and she fits McDonald’s 2010 criteria for
definite MS. The patient needs a convenient and
tolerable medication and wants children eventually.
Therefore, teriflunomide meets all the criteria
required for an individualised MS therapy. Pooled
safety data show no difference between placebo
and teriflunomide in the rates of serious infections
and malignancies.51 Side-effects include nausea,
diarrhoea, hair thinning, and reduced neutrophil
and lymphocyte counts that remain within the
normal range.8,42,51,52 Teriflunomide causes a slight
elevation of liver enzymes and regular monitoring
is mandatory.51 Ongoing blood pressure and total
blood count testing is also required, and women of
child bearing age need to use contraception. Whilst
there have been 26 live births with no malformations
or structural or functional abnormalities of children
exposed during gestation,53 teriflunomide is
contraindicated in pregnancy. Should a patient fall
pregnant accidentally or wish to become pregnant,
an accelerated elimination procedure using charcoal
or cholestyramine can reduce teriflunomide
concentrations by 98% in 11 days.54 Two studies
have addressed the effects of teriflunomide
on vaccinations and demonstrated a normal
seroprotective response to neoantigens (rabies)44
and recall antigens (influenza).39
In summary, teriflunomide has a consistent
efficacy in clinical and MRI outcomes across a
broad spectrum of MS patients. Teriflunomide
demonstrated significant benefits on disability in
two separate placebo-controlled Phase III trials
(TOWER and TEMSO). An extensive clinical
programme with long-term follow-up provides a
consistent and well characterised safety profile of
teriflunomide. Taken together, the overall benefit/
risk profile supports teriflunomide’s use as an
initial therapy for RRMS patients.

New Opportunities with Alemtuzumab: a
Mechanism-Based Therapy for MS
Professor Alastair Compston
Alemtuzumab (Lemtrada) began life 23 years ago
as Campath-1H. The original name reflects
the fact that it was produced at the University of
Cambridge and was the first humanised monoclonal
EMJ EUROPEAN MEDICAL JOURNAL

antibody. Based on the knowledge of the
pathogenesis of MS in the late 1980s it was
hypothesised that targeting the circulatory immune
system might provide a viable treatment option.
The hypothesis was first tested in a patient in
1991. Observations over the next decade led to
the realisation that drugs targeting the immune
system need to be given early in the course of the
disease. Alemtuzumab performed well in the
CAMMS223 Phase II study of patients with early
MS designed in conjunction with Ilex, subsequently
purchased by Genzyme. Data at 3 and 5 years
were extremely positive and led to the Genzyme
2 Phase III studies, CARE-MS I and CARE-MS II.
All trials have entered into extension phases and
data are continuing to be gathered. Based on these
trials, the EU granted a product licence on 17th
September 2013 for the use of alemtuzumab in the
treatment of adults with active RRMS as a first-line
therapy. Alemtuzumab is also approved in Australia,
Brazil, Canada, Guatemala, and Mexico.22 An FDA
licencing decision is due in December 2014 and
reviews are taking place in several other countries;
however, Turkey has not approved alemtuzumab.22
Alemtuzumab binds to CD52, a protein of unknown
function, which is abundant on the surface of B and
T lymphocytes.55 Alemtuzumab is administered
in two courses by IV infusion at 12 mg/day. The
first course runs over 5 consecutive days and,
1 year later, the second course runs over 3
consecutive days.56 Blood levels initially reach a
high concentration that falls following the infusion.
The drug is undetectable after 30 days following
the first course and 14 days following the
second.57 Once the treatment is complete there is
no withdrawal or requirement to reverse the drug.
On the first 3 days of each course patients should
be pretreated with conventional IV corticosteroids
to avoid cytokine release syndrome leading to
acute infusion reactions.56 Patients should also be
given acyclovir antiviral therapy for the first month
of each treatment course.56
Alemtuzumab is a cytotoxic antibody that
selectively targets the adaptive immune system
by depleting T and B cells in the circulation,55,58,59
sparing the neutrophils and monocytes of the
innate immune system.7 Following treatment, levels
of CD4 T cells drop rapidly before recovering
slowly; however, they remain below the lower limits
of normal during the treatment period and for many
years after that.7 Depletion of the adaptive immune
system creates an ‘immunological space’ that is
repopulated to form an immune system with entirely
NEUROLOGY • July 2014

different properties.55,58-60 During repopulation
there is a surge of regulatory T cells and the
immunological space is filled by an expansion
of surviving memory clones. This preferential
memory cell expansion may bring back some
old immunological memories that are probably
responsible for alemtuzumab’s main side-effect,
secondary autoimmunity.
The initial treatment cohort treated between 1991
and 1997 consisted of 36 patients with relatively
advanced secondary progressive MS who were
already disabled. Following suboptimal results
from these first patients, the next trial commenced
in 1999 focusing on a cohort of 22 people with early
RRMS.61 Data from the secondary progressive MS
and RRMS cohorts show that alemtuzumab reduced
relapse rates by 98% and 91%, respectively.61,62
Disability in the progressive MS cohort, as measured
by EDSS, increased in the years following the
course of alemtuzumab. Conversely, EDSS scores
in the RRMS cohort actually fell in the majority of
patients.61 These results highlighted the need to
treat patients early on in the course of the disease
to achieve the best possible reduction in disability
and this rationale was the basis of the subsequent
multicentre international clinical trials.
The Phase II study, CAMMS223, and the
Phase III studies, CARE-MS I and CARE-MS II,
are randomised, comparator-controlled trials
comparing alemtuzumab against a high dose of
interferon beta-1a (Rebif) in patients with active
RRMS. CAMMS223 and CARE-MS I focused on
drug-naïve patients whereas patients in CARE-MS
II had already relapsed on another therapy.6,63,64
Over 94% of patients from CARE-MS I and II
entered the extension study, and as of June
2014, patients have been followed for at least 4
years, representing over 6,500 patient-years of
exposure.6,63,64 CARE-MS I and II are well balanced
in terms of disease duration, gender, number of
attacks, and number of enhancing lesions. However,
CARE-MS II includes higher levels of disability and
longer disease durations.64 CARE-MS I and II both
reached their co-primary endpoint of ARR. Both
trials achieved treatment effect over and above
that achieved with Rebif, namely 55% for
CARE-MS I and 49% for CARE-MS II.6,64 Moreover,
alemtuzumab proved superior in reducing the rate
of severe relapse.65,66
The other co-primary endpoint concerned disability;
alemtuzumab produced highly significantly lower
rates of sustained accumulation of disability in
CARE-MS II64 and a pooled analysis of CARE-MS I
EMJ EUROPEAN MEDICAL JOURNAL
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and CAMMS223.67 Patients receiving alemtuzumab
in CARE-MS II were more than twice as likely to
have a sustained improvement in disability over
6 months.6 Furthermore, mean EDSS scores
at 2 years improved from baseline in patients
receiving alemtuzumab and worsened in patients
receiving Rebif.64 Alemtuzumab also demonstrated
significant reductions over Rebif in the proportion
of patients with Gd-enhancing lesions, new or
enlarged T2 and new T1 lesions.68,69 However,
reductions in T2 lesion volumes were not significant
in CARE-MS I or II.6,64 The proportion of patients
free from disease activity, either measured using
MRI or clinical parameters is - with the exception
of MRI activity in CARE-MS I - significantly higher
in both CARE-MS I and II.6,70,71 Alemtuzumab-treated
patients had significantly improved QoL at all time
points.72,73 Overall, approximately 80% of patients
did not require a third alemtuzumab dose; <2%
changed therapy.65 Both ARRs remained low6,7,65
and disability scores continued to improve
after 3 years.60 12 year follow-up of the initial 87
patients shows 80% of the cumulative experience
led to stability or improvement.74

The majority of adverse effects were mild-tomoderate and patients responded to conventional
therapies; serious infections were rare.22,64,75 The
overall incidence of adverse effects and infections
declined over 3 years.76 The safety profile was
similar in treatment-naïve patients and those who
had received prior therapy. Acute infusion effects
coincided with the two courses of treatment, and
were fewer with the second course.77,78 In addition
to acute infusion reactions, alemtuzumab’s main
side-effect is secondary autoimmunity affecting
the thyroid, with very rare cases of idiopathic
thrombocytopaenic purpura and renal immunity.79
As a result, there is a compulsory risk management
plan to anticipate such complications.56
In summary, alemtuzumab demonstrates superior
and durable efficacy (both clinical and MRI measures)
and improvements of pre-existing disability. The
drug has a consistent, well characterised safety
profile with early detection and management of
identified risk managed via a comprehensive safety
monitoring programme. These data support a
favourable benefit/risk profile for alemtuzumab in
RRMS patients.
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