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Trials in relapsing multiple sclerosis have been complicated by difficulties in 
defining the two principal significant clinical events (relapses and disability 
progression) that contribute to the devastating permanent neurological 
impairment characteristic of end-stage multiple sclerosis. There are further 
difficulties measuring the impact of these events, and the commonly used 
MRI end points used in Phase II studies have a complex relationship with 
both events and permanent neurological disability. Current designs favor 
the parallel-group, randomized, placebo-controlled study with annualized 
relapse rates as the principal clinical outcome in Phase III studies. As therapies 
have been developed, problems have arisen with changing trial populations 
with lower annualized relapse rates that vary both between studies and 
during the course of studies, making comparing therapies across studies 
difficult. Although novel designs have had very limited use thus far, active 
comparator trials, adaptive designs and targeted therapies/biomarkers have 
the potential to streamline therapy development in an increasingly crowded 
therapeutic marketplace.
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Multiple sclerosis (MS) is a chronic inflammatory disease of the CNS. Age of onset is 
broad, peaking at between 20 and 40 years [1]. In Europe and North America, preva-
lence is 1/800 people, with an annual incidence of 2–10/100,000. These combine to 
make MS the most common cause of neurological disability in young adults [2,3]. 
Apart from a minority of people with ‘aggressive’ MS, the median disease course 
can be up to 50 years [4]. MS is a complex condition for therapy development due 
to widely varying outcomes that occur in the absence of therapy, the length of the 
disease course and the difficulty relating shorter-term relapse outcomes with later 
progression [5]. These factors have resulted in limited evidence as yet of the true 
benefit of currently licensed therapies over the long term. Trials, thus far, have 
primarily targeted relapsing MS (RMS), principally becasuse treatment early in 
the disease may prevent fixed future disability, although trials are increasingly 
targeting progressive MS. Classically, placebo-controlled, parallel-group studies 
have been used but new trial designs are emerging in small-scale studies. Therapies 
are increasingly effective at reducing relapse frequency, but an increasing number 
of licensed therapies that impact the available population for trials and make dif-
ferentiation of new therapies more difficult mean that drug development efficiency 
needs to be improved.

Defining RMS
Treating a RMS in the context of trials requires both a correct diagnosis of MS 
and a correctly diagnosed relapse. In terms of diagnosis, aside from brain biopsy 
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targeting an affected area of the brain, which cannot 
be justified in the vast majority, no definitive diag-
nostic test has yet been identified and a criteria-based 
diagnosis is used that relies on clinical assessment with 
ancillary tests, principally MRI. These tests are only 
of use in the context of an appropriate clinical his-
tory, with false-positive rates of diagnosis of 5% [6,7]. In 
general, MS is viewed as a single disorder with clini-
cal variants. However, it may consist of several related 
disorders with differing immunological, pathological 
and genetic features [8,9]. Furthermore, ‘demyelinat-
ing syndromes’ considered distinct from MS have 
emerged; most notable are Devic’s disease (neuromy-
elitis optica), relapsing optic neuritis and relapsing 
myelitis, which are believed to be predominantly due 
to antibody-mediated immunological damage. A con-
sensus is emerging that optimal therapies may differ 
in these conditions compared with MS [10]. 

Three clinical presentations dominate and are 
expressions of key clinical elements of the disease; 
relapses and progression. Two presentations, relapsing 
remitting MS (RRMS) and secondary progressive MS 
(SPMS), can have relapses present when the condition 
is deemed RMS. They are: 

 ■ RRMS: characterized by episodes of neurological 
dysfunction and relapses, interspersed with periods 
of stability. In 90% of people, early disease is RRMS. 
Although some have a benign course over many 
years, most develop secondary progressive disease, 
usually 6–10 years after onset and in a few relapses 
persist;

 ■ Primary progressive MS: in 10% of patients there is 
a continuous deterioration in neurological function 
from the outset;

 ■ SPMS: follows RRMS when relapses may or may not 
continue but a continuous deterioration in 
neurological function occurs.

As treatment has been developed for MS, more 
importance has been attributed to the first demyeli-
nating event or ‘clinically isolated syndrome’ (CIS), 
a single episode of neurological dysfunction lasting 
for greater than 24 h, which is the beginning of MS 
in the context of further clinical or MRI activity [11]. 
The outcome in CIS without therapy, given that a 
significant number have no further clinical or MRI 
activity, is much improved over RMS [12] and therapies 
have targeted this condition aiming, as with RMS, to 
prevent the later onset of disability by targeting future 
relapses. This is the population that enter RMS clinical 
trials; as a result, a wide spectrum of outcomes would 
be expected.

Measuring clinical events in MS
 ■ Relapses

The operational definition of a relapse is defined as 
a period in which a person with MS experiences an 
‘acute worsening of function’ that lasts for at least 24 h, 
usually lasting for several days or weeks, followed by 
an improvement that lasts for at least 1 month [13]. 
‘Acute worsening of function’ implies the develop-
ment of new symptoms or previous symptoms return-
ing without obvious reason [101]. Sometimes there is 
full recovery following a relapse, but quite often a per-
son is left with residual problems and there can be no 
recovery. People can experience a short-term worsen-
ing of symptoms lasting minutes, hours or even days, 
which is not due to a relapse. An increase in body tem-
perature due to an infection or following exercise can 
do this. Thus, defining relapses is not an exact science. 
Despite this, a person’s previous history of relapses 
decides their eligibility for disease-modifying treat-
ments [102]. More recently in trials, relapses have relied 
on objective evidence of deterioration on scales [14], 
but otherwise require documentation at the time by a 
trial physician. The annualized relapse rate (ARR), is 
the total number of relapses experienced by the cohort 
divided by the person/years at risk, and is the most 
commonly used summary measure of relapses.

 ■ Progression
Defined as the progressive accumulation of disability, 
assessed prospectively or retrospectively, that is per-
sistent and is not due either to relapse-related impair-
ment or temporary changes resulting from variations 
in disease or from the insensitivity of the method of 
measurement. This definition is problematic for trials 
for a number of reasons [15]. 

Any deterioration has to be persistent and per-
manent. Trials use definitions based on shorter time 
frames to reduce the time over which trials are con-
ducted, potentially enhancing the impact of inter-
ventions on scales that measure progression due to 
residual effects of relapses.

Relapse deterioration is measured using the same 
scales that are used in progression. Therefore, in RMS, 
the impact of a relapse must be excluded to truly meas-
ure progression. A step deterioration after a relapse is 
not progressive accumulation of disability and is con-
sistent with RMS. Thus, two measures of disability in 
time are required to demonstrate progression in the 
absence of relapse. 

 ■ Correlating clinical events: relapses & 
progression with outcome
Trials in RMS can demonstrate that therapies can 
impact MRI activity and relapses can show an impact 
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on short-term progression out-
come [14]. The problem still remains 
of how relapses interact with subse-
quent progression. Figure 1 implies 
a direct relationship in that relapses 
drive progression. However, in the 
absence of therapy it may be that 
only relapses in the first 2  years 
have an impact on subsequent 
progression [5], and only MRI T2 
lesion activity in the first 5 years 
correlates with the development of 
SPMS [12]. Therefore, the merits of 
treatment after the early phase of 
the disease is unclear, but this will 
depend on how long the ‘window 
of treatment opportunity’ exists 
for an individual [16]. However, if 
everyone is treated early on, one 
will end up treating a condition 
with a median disease length of 
up to 50 years [4], and the earlier 
treatment is initiated the more 
likely one is to treat those who will 
not develop significant disability. 
Treating the disease early will also 
produce greater impact from therapy-related side 
effects given that the patient, if treated early, will have 
few disease-related effects [17]. This has to be balanced 
against the finding that once relapses are not evident, 
a ‘relapse-modifying’ therapy is not effective [16,18–20].

Thus, we have a condition that expresses itself clini-
cally in two ways – relapses and progression – but it 
is not clear if they will occur and it can take years 
for these events to impact the individual. This lack 
of certainty remains a dilemma in MS therapeutics 
and means that there is an argument for not utilizing 
imperfect therapies with side effects in particular sub-
jects who, with current knowledge, cannot be identi-
fied before disability accumulates [17].

Measuring disease activity
To measure disease activity, it is necessary to link 
the underlying pathology with surrogate outcomes, 
and hence to the clinical expression of the disease as 
measured using scales. This enables assessment of a 
therapy’s effect on the disease (Figure 2). This link is 
vital to clarify if potential treatment is to be used early 
on, before irreversible disability develops. 

 ■ Pathology
It is widely accepted that the development of CNS 
inf lammatory lesions [21] is responsible for acute 
relapses in RMS and is associated with changes in 

the blood–brain barrier permeability, as determined 
by the presence of gadolinium (GAD)-enhancing 
lesions and subsequently with T2 lesions on MRI 
scans (Figure 2A). Axonal loss is believed to be the 
major process underlying the accumulation of irre-
versible disability during both relapsing and progres-
sive phases of MS [22].

 ■ Surrogate markers for trials: MRI
MRI has revolutionized the diagnosis of MS and is 
the most commonly used biologically plausible out-
come in randomized controlled trials; however, its 
utility as a surrogate marker is variable [23]. MRI T2 
and GAD-enhancing lesions correlate with inflamma-
tory pathology in early MS [23], but their correlation 
with subsequent disability is poor [24]. Newer MRI-
based measures such as atrophy remain unproven in 
clinical trials [23,25].

 ■ Quantifying clinical events 
Relapses using in-person examination to determine 
objective change are easier to measure compared with 
progression. However, when relapses are defined using 
confirmatory objective scales they become less fre-
quent [14]. This is because quantifying change in MS 
remains a challenge due to the plethora of impacts 
the disease has on the person’s physical, psychological 
and social function. It is very difficult to adequately 

Figure 1. The clinical disease course in MS illustrating the time frame when people are 
considered to experience relapsing MS.  
CIS: Clinically isolated syndrome; MS: Multiple sclerosis; RIS: Radiologically isolated syndrome; 
RRMS: Relapsing remitting multiple sclerosis; SPMS: Secondary progressive multiple sclerosis. 
Adapted with permission from [17].
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express a disability framework that is consistent and 
coherent when it can range from transient impaired 
colour vision to complete paralysis. In addition to 
causing neurological dysfunction, MS can also affect 
mood, fatigue, pain, work capability and a person’s 
social position. 

Measurement scales remain in their infancy in 
terms of understanding what change means [26], but 
the scales currently used widely in trials, such as the 
expanded disability status score (EDSS) and MS func-
tional composite [27], have known limitations [28]. The 
EDSS ranges from 0 (no disability) to 10 (death from 
MS) in half-point increments. Lower scores (0–4) 
reflect specific neurological impairments and disabil-
ity; higher scores reflect reducing levels of mobility 
(4–7) and upper-limb and bulbar function (7.0–9.5). 
The scale is nonlinear and patients spend different 
periods of time at defined levels. This impacts the pop-
ulation suitable for a study and has been criticized for 
indicating change poorly, for emphasizing neurologi-
cal examination and mobility, and for failing to reflect 
other disabilities. Despite this, overall change in the 
EDSS does impact health utilities [29], but ultimately 
it is not sufficiently sensitive enough to measure pro-
gression over the time frames of RMS trials [30]. The 
MS functional composite was developed as a clinically 
meaningful outcome measure for trials, but again has 
similar limitations to the EDSS, is difficult to inter-
pret, and although used, it is not currently a validated 
primary outcome in MS trials.

Current designs
Traditionally, trial structure to 
develop therapeutic compounds 
involves two phases; a learning 
phase and confirming phase. The 
approach for a particular disease 
further refines this approach deter-
mining the outcomes and time 
frames required at each stage to 
show a therapy is safe and effec-
tive. In MS, and particularly RMS, 
these parameters have been deter-
mined by regulators [31]. The cur-
rent therapeutic approach to MS 
involves three arms: symptomatic 
treatment, treatment of relapses 
and treatment aimed at modify-
ing the course of the disease. The 
strategy of design of current trials 
is described in Box 1.

 ■ The parallel-group, 
randomized, placebo-controlled 

study in RMS trials
In RMS, treatment has two aims: preventing or delay-
ing the accumulation of disability and preventing or 
modifying relapses and the sequelae of acute relapses. 

The range of relapse intensity and frequency, as 
well as recovery is highly variable, thus trials need 
to be long and large enough to overcome this inter- 
and intra-individual variability. It is acknowledged 
by regulators that the relationship of relapses to the 
accumulation of disability is unclear and that there 
are no surrogates for evaluating the progression of 
disability.

Short-term stabilization of the condition has been 
seen and can be attributed to the regression to the 
mean [32], the placebo effect or the natural history 
[33]. This effect means that regulators favor superior-
ity trials either against placebo or an active compara-
tor. Other designs considered are three-arm placebo 
and active-comparator, add-on designs, or placebo-
controlled in those refusing standard therapies (Box 1). 
Regulators have also recommended including stand-
ard therapies that are not powered to be compared 
with the experimental drug, which, in turn, is pow-
ered against placebo. This enables an understand-
ing of the impact of standard therapy in the treated 
cohort given the changing population entering trials 
over time.

 ■ End points in RMS trials
Primary efficacy end points preferred by regulators 
remain clinically measured prevention or delay in 

Figure 2. Proposed relationships between pathology, imaging and clinical course in 
relapsing and progressive multiple sclerosis. (A) Inflammation is pathologically inter-
related with the clinical event relapse and T2- and GAD-enhancing lesions on MRI. (B) Brain 
atrophy and neuronal cell loss is pathologically inter-related with clinical progression, which 
is associated with atrophy on MRI; however, the strength of the relationships is stronger for 
relapses than it is for progression. 
GAD: Gadolinium. 
(B) Data taken from [22].
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the accumulation of disability [31]. Relapse rates may 
also be used as primary end points and are a com-
mon choice in recent trials [14,34], with relapses being 
predictive of disease progression as described in 
‘Correlating clinical events: relapses and progression 
with outcome’ above. As secondary end points, dis-
ability and relapses should be measured, if not used as 
a primary end point. In addition, MRI is used using 
T2 sequences. Other measures of impairment can be 
utilized, such as cognition, fatigue and ambulation, 
since there is no single end point that captures the 
totality of the disease’s impact on the individual [35]. 
Therefore, one might argue that the most promising 
approach lies in the integration of currently used and 
possibly some new end points [36]. In addition, differ-
ent end points are suited to different stages of drug 
development and to the proposed action of the drug. 
The predictive value of various outcomes has recently 
been reviewed [36].

Despite its limitations, the EDSS is recommended as 
at least one of the measures to enable comparison with 
future measures. Mean change is not sufficient, as it is 
not a linear scale, but should be prespecified and any 
deterioration be confirmed by the same physician at 
least 6 months apart – note this is 
not long enough to confirm a true 
effect on progression. Relapses need 
to be defined blinded to therapy in 
terms of their occurrence, for exam-
ple, time of beginning, time of end-
ing, minimum duration to qualify 
as a relapse, maximum time elapsed 
between two symptoms to qualify as 
a single relapse, and severity. Effects 
on relapses should be shown for at 
least 2 years, though an effect can 
often be demonstrated at 1 year and 
the ARR is an acceptable parameter 
to assess relapses. Currently, MRI 
is not validated as an outcome for 
pivotal trials. However, it is suitable 
for use in exploratory studies – this 
includes GAD-enhancing and/or 
new or enlarging T2 lesions. Newer 
measures that have been related to 
tissue loss include T2 lesion load, 
chronic T1 weighted hypointensity 
(chronic black holes) and brain atro-
phy measures, but remain unproven 
in clinical trials. 

Different subgroups of patients 
are suitable for certain trials 
defined usually by the EDSS score 
and relapse frequency; however, 

extrapolation from one subgroup to another is not 
possible.

 ■ Modelling relapses, progression & MRI 
outcomes
Relapses are commonly modelled as Poisson counts 
with the scaled event rate being the ARR. To account 
for between-patient heterogeneity, adjustments to 
the Poisson model and use of the negative binomial 
distribution have been suggested more recently [37]. 
However, all these models assume constant relapse 
rates, an assumption that was challenged by a recent 
meta-analysis [38]. Sustained progression in EDSS is 
usually analyzed as a time-to-event end point using 
nonparametric techniques as Kaplan–Meier curves 
and log-rank test or semiparametric methods such as 
Cox regression, which allows adjustment for poten-
tial confounders  [39]. However, more sophisticated 
methods for the analysis of EDSS data have been sug-
gested including a Markov transitional model [40], the 
use of random effects Markov models to predict pro-
gression [41], and their extension to processes evolv-
ing continuously over time with discrete observation 
time points [42]. MRI volume measurements, such as 

Box 1. The strategy of design of current trials.

Pharmacodynamics

Animal models to understand mode of action
Dose finding and side effects in healthy volunteers and patients

Exploratory studies

Subjects with high chance of showing an effect
MRI as a primary outcome using a parallel double-blind design for ≥4 months
Evaluate disability, relapses and clinically meaningful outcomes
Evaluate safety and the absence of worsening MS

Confirmatory studies

Main efficacy end point depends on the goal of the treatment
Large scale and long enough to have a substantial proportion of patients suffering relapses 
or showing progression of disability
Usually double-blind parallel study 2 years in duration
Superiority trial versus placebo or any available single therapy
If not clear from earlier studies a number of doses should be tested
To understand the long-term course of patients under treatment, an extended open-label 
follow up should be performed

 ■ Option 1: active-control parallel-group trials comparing new treatment to approved 
treatment, ideally three-arm studies with placebo, test product and active control 
Ensure no selection of patients having shown nonresponse (or suboptimal response) to 
previous therapy

 ■ Option 2: compare the new treatment with placebo in a short-duration trial and thereafter 
to switch placebo patients to a predefined active treatment or randomize them to the 
experimental product or a predefined active treatment

 ■ Option 3: if the product is to be used in combination, a placebo-controlled trial of 
2–3 years duration as an add-on treatment

MS: Multiple sclerosis. 
Data taken from [31].
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T2-lesion burden, are sometimes transformed by tak-
ing the cube root prior to analysis [43], whereas MRI 
lesion counts are statistically modelled by the so-called 
negative binomial distribution that accounts for some 
heterogeneity in lesion incidence between patients 
[44–46]. 

In addition, the question on how to deal with excess 
numbers of zeros has very recently garnered some 
attention [47]. The authors considered a zero-inflated 
negative binomial model, which extends previous 
work by including an additional mixture component 
for the zeros. Weaknesses in the design, analysis and 
reporting of clinical trials in MS have very recently 
been highlighted by Signori et al. although an overall 
improvement over time was noted [48].

 ■ Emerging trial designs
Newer trial designs have started to emerge in RMS, 
but they have tended to be applied in small-scale 
circumstances and have, as yet, not been applied in 
large-scale trials or exclusively in the absence of tra-
ditional approaches. Active comparator designs have 
been used, but together with placebo trials, not alone. 
Fingolimod, the most recently licensed compound, 

has been tested against Avonex®, a standard therapy 
[49]. Early adaptive designs have started to appear in 
early Phase II trials in RMS [50] with an appreciation 
that our limited understanding of drug doses required 
means that the flexibility that adaptation gives can 
improve the drug-development process. The develop-
ment of daclizumab, a therapy based on its impact on 
a biomarker, has led to full-scale traditional Phase III 
trials [51,52]. 

 ■ Issues with current designs
The current approach has started to pay dividends 
in terms of delivering therapies for RMS. Driven by 
large Phase III pharmaceutical trials, a world-wide 
infrastructure has emerged to deliver standardized 
protocols and definitions using short-term clinical 
and radiological outcome measures that have laid 
the foundation for an evidence-based approach to 
the treatment of MS [53]. An emerging understand-
ing of the aims of trials in MS, and the licensing of 
therapies, together with the development of new sta-
tistical techniques offer the possibility of improving 
the efficiency of the current designs and of increasing 
their utility without impacting on safety. 

Since the number of patients recruited into a trial 
impacts on cost, trial duration and number of partici-
pating centers, sample size calculation is a key com-
ponent in the design of any clinical trial. Planning of 
a randomized controlled trial in RMS, with clinical 
relapses as the primary end point, sample-size cal-
culations need to consider the assumed ARR in the 
control group, a factor accounting for between-patient 
heterogeneity, the effect size, the length of follow up, 
the desired power, and the significance level [54]. Some 
of these design aspects have been challenged over time 
by changes in MS trial recruitment.

 ■ Reducing placebo ARR with time
The relapse rate in subjects taking part in trials has 
dropped over the past two decades and in the context 
of developing therapies [54,55]. It seems likely that “this 
is not an indication that clinicians are seeing patients 
who are less sick or plagued by fewer relapses but is a 
result of changes in the trial environment” [55]. Most 
prominent is that earlier trials may have used more 
active patients. Current randomized, controlled trials 
recruit in the context of therapies developed by earlier 
studies and accepted by clinicians. This encourages 
the inclusion of milder patients in trials as more active 
subjects will be offered licensed therapies in prefer-
ence to unproven approaches. This switch in selection 
clearly would lower the relapse rates. Other issues may 
arise from changes in the definition of MS as a result 
of the use of the McDonald criteria and the adoption 

Figure 3. Annualized relapse rate observed in 26 trials against calendar 
year in which the papers were published. The size of the bubble indicates 
the size of the trial and is proportional to the sample size. The solid line 
shows the model values of the negative binomial regression and the 
dashed lines indicate 95% confidence intervals. 
Reproduced from [42].
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of precise definitions of relapse [14], eliminating false-
positive relapses and potentially reducing relapse rates. 
The allowance of rescue therapy and subsequent exit 
from trials again could contribute to a lowering of in-
trial relapse rates [54]. If the rescue therapy hypothesis 
really is the cause of these lowered ARRs, much more 
careful attention must be paid to drop-outs in inter-
preting contemporary clinical trials.

 ■ Comparing therapeutic effects on ARR
Variation in placebo relapse rates makes the interpre-
tation of relative effects from various trials difficult. A 
recent review of the earlier therapies found an abso-
lute risk reduction from 0.15 to 0.43 relapses per year 
corresponding to a relative risk reduction of 18–34% 
[53]. Compared with recent placebo-controlled trials 
of natalizumab [56], fingolimod [14] and cladribine [34], 
which reported relative risk reductions in the range 
of 55–68%. However, when expressed as absolute risk 
reduction, the treatment effect sizes (0.18–0.5 fewer 
relapses per year) are in fact quite similar to those 
seen with the first-generation therapies [53]. It is the 
absolute reduction in relapses that impacts the num-
ber needed to treat; thus, though more effective in 
terms of relative risk reduction, the cost per relapse 
saved in fact increases. However, the variation in the 
placebo arms makes using number needed to treat 
problematic. These issues are important in cost–effec-
tiveness analyses of treatments, and have contributed 
to the problems with fingolimod accessing the British 
market and gaining NICE approval [103].

 ■ Variation in trial ARRs
In the face of reducing trial ARR, there remains con-
siderable variation about this trend (Figure 3), which 
results in uncertainty in the planning of a new trial. 
Thus, for recent studies, estimates of AAR have been 
0.7 whereas the observed ARR was 0.4 [14]. This makes 
it difficult to calculate an appropriate sample size. If 
too large, the cost is increased unnecessarily or if too 
small, potentially a trial could fail when the therapy is 
appropriate.

 ■ Reducing ARR within studies
While the ARR is commonly assumed to be con-
stant over follow-up times, a systematic review very 
recently challenged this assumption with placebo 
ARR dropping with study follow-up time (Figure 4) 
[54]. This is due, in part, to the regression to the mean 
phenomenon, which was described in MS [32] and 
is well known in other conditions such as epilepsy 
[57]. Reducing within-study placebo ARR affects the 
planning of trials, in that data from short-term tri-
als might not be appropriate for planning of longer 

studies. Furthermore, whether the treatment effects 
are constant over time or vary with time is of increas-
ing interest in clinical practice with the recent review 
suggesting they are not constant [54]. Increasing 
options for therapy, short trial designs and a drive to 
identify effective therapies as early as possible make 
it important to recognize whether a treatment effect 
is waning or increasing over the course of a study. It 
is further complicated by the fact that the relapse rate 
reduces by 17% every 5 years as the disease course 
progresses [33]. 

 ■ Subgroup analysis to identify comparable 
populations
Comparison of the affects of therapies on ARR 
remains a problem when apparently highly active 
groups are sub-selected from these newer trials to 
enable comparison with historical studies [48]. These 
analyses feed directly into reimbursement [103], despite 
the credibility of claims from subgroup analyses usu-
ally being low [58]. A concern remains that these pur-
portedly highly active groups chosen from a more 
benign trial cohort are not the same as those with 
more aggressive disease who access standard therapies 
in preference to trials.

 ■ Placebo-controlled trials in RMS
Trials using a placebo are becoming increasingly 
un tenable when therapies are available. In environ-
ments where treatment is available, individuals should 
be offered therapy and a robust consenting process 

Figure 4. Decrease in annualized relapse rate (in percentage) between 
the early and late time periods and how that contributes to a differential 
effect of active treatment and placebo by the end of the trial. 
Reproduced from [47].
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is required [59]. This changes the trial population as 
those taking part will have refused therapy or will 
have failed standard therapies. Though comparator 
studies are gaining favor, there is little work on add-on 
studies as combination therapy has been associated 
with increased side effects in the past.

 ■ Heterogeneity in MS
The variability of MS as a disease is exacerbated by 
the potential for inclusion of different demyelinating 
syndromes that are difficult to recognize especially as 
treatment is instituted earlier. Higher heterogeneity, 
will increase the number required to show an effect. 
Early stage trials in conditions such as CIS will lead to 
the increasing incorporation of subjects with benign 
disease, again increasing the sample size (Figure 1).

 ■ Surrogate end points
There is an increasing need for early outcomes to 
predict treatment effects of candidate therapies and 
thereby to facilitate screening. Surrogate end points 
have, by definition, two distinct properties [60]. First, 
they correlate on an individual level with a clinical 
outcome. Second, treatment effects as measured on 
the scale of the surrogate outcome are correlated with 
treatment effects on a clinically relevant outcome. 
Generally, individual level correlation is poor for early 
outcomes with longer term clinical outcomes with 
MRI outcome offering little in addition to clinical 
outcomes [61]. Treatment effects on MRI outcomes are 
associated with treatment effects in terms of relapses 
[62–64], and MRI sequences have been claimed to give 

additional insights into the mechanisms of drug 
action [65].

Future perspective
 ■ Redefining MS

Current trial designs are tied to the clinical features of 
MS and their limitations. With our emerging under-
standing of MS, in future we may be able to re classify 
MS and thus redesign our trial approach – at the 
moment this is theoretical but developing techniques 
could enable this to be a reality in the future.

 ■ Active controlled trials
As therapies in RMS become available, the ethics of 
performing placebo-controlled clinical trials become 
more difficult and, as has occurred in many thera-
peutic areas, it is no longer practical to compare with 
placebo. The complexity of RMS and the lack of clear 
evidence of an effect on a progressive outcome make 
an active controlled trial’s superiority and noninfe-
riority more difficult as they are usually performed 
when there is a known therapeutic effect of the active 
treatment against placebo. They have been used, but in 
association with placebo trials and not yet in isolation. 

 ■ Adaptive designs
Adaptive designs are seen as one way of increasing the 
efficiency of clinical research programs by combining 
previously separate learning and confirming phases 
into a single trial [104]. In Phase II and III clinical tri-
als, sample size re-estimation, dose selection, and sub-
group selection are the adaptations of greatest interest. 

Their utility for application in MS 
has been investigated [24,54,66] and 
some of these adaptations have been 
applied in RMS [50] in a small way, 
but the benefits of such an approach 
are yet to be utilized in large-scale 
trials.

 ■ Assessment of competing 
development strategies
The feasibility and utility of the 
above mentioned novel approaches 
to clinical trials in RMS can be 
assessed in comparison with more 
traditional clinical development 
programs through so-called clini-
cal scenario evaluation [67,68]. This 
has been refined [69] and applied 
[24] in the context of MS trials. In a 
clinical scenario evaluation, com-
peting strategies of clinical trial 
design or analysis are compared 

Figure 5. Clinical scenario evaluation framework.  
Adapted from [62]. Reproduced with permission © DIA (2009).
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through computer simulations for a set 
of clinical situations in terms of metrics, 
such as statistical power and sample size 
(Figure 5). 

 ■ Biomarkers & targeted therapies
Across diseases, there is a move towards 
personalized medicine. In MS therapeu-
tics, the concept or targeting treatments 
is emerging with the early success of 
daclizumab in Phase II trials [51] where a 
marker was utilized to identify respond-
ers [52]. Biomarkers potentially offer many 
benefits, helping to increase the efficiency 
of trials. Unfortunately beyond MRI, little 
has usefully emerged, though cerebrospi-
nal fluid neurofilament analysis is cur-
rently being more fully evaluated [70].
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