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1
Aspects of multiple sclerosis that relate to
experimental therapeutics
Richard A. Rudick and Jeffrey A. Cohen

The purpose of this chapter is to discuss key features of multi-
ple sclerosis (MS) that relate to clinical trial design or treatment.
The emphasis will be on aspects of the disease that create chal-
lenges for developing effective therapies, and for using them in
practice. These include the subclinical nature of early-stage MS,
phenotypic and disease heterogeneity, and complexities related
to measuring disease severity. Many of these topics are covered
in greater detail throughout the book. This chapter will end with
a brief discussion about current controversies in the MS exper-
imental therapeutics field.

Disease features relevant to clinical trials
MS pathology is largely subclinical in early MS
Relapsing remitting MS (RRMS) patients have periodic relapses
occurring at variable rates, but generally less than one per year.
Serial MRI demonstrates many more new lesions than clin-
ical relapses, with most studies demonstrating a rate of new
MRI lesions about 10–20-fold higher than clinical relapses.1,2 In
some patients, MRI shows active disease for years with no clin-
ical relapses, indicating that MS disease activity may be entirely
subclinical in some patients during the early stage of the disease.
New inflammatory lesions in white matter begin with gadolin-
ium (Gd) enhancement, marking sites of inflammatory lesions
(Chapter 9).3–5 Approximately 50% of untreated RRMS patients
have Gd-enhancing lesions on a cranial MRI scan obtained
when the disease is inactive clinically.6,7 Even the number of
Gd-positive lesions drastically underestimates disease activity,
however. First, gray matter pathology is present in MS patients,
even early in the disease (Chapters 2, 11, and 13), and Gd-
enhancement rarely occurs in gray matter lesions. Second, dis-
ease in normal appearing white matter is well recognized, and
correlates with progressive atrophy. Therefore, Gd-enhancing
lesions, themselves mostly asymptomatic, are just the “tip of the
iceberg” with respect to MS pathology.

There are several implications of this for clinical trials. First,
relapse counts are meaningful clinical outcomes in RRMS, but
inherently insensitive, and it is difficult to measure clinical dis-
ability in RRMS patient groups, because RRMS patients don’t
generally get disabled during the time-frame of a clinical trial.
Second, insensitivity of clinical outcomes in RRMS drives up

sample sizes, which become prohibitive in active arm designs
(Chapter 21). Third, the subclinical nature of disease activity in
RRMS forms the basis for screening putative therapies using
MRI outcomes, including MRI parameters as secondary out-
comes, and potentially using MRI as a primary outcome mea-
sure in RRMS trials. In that regard, Sormani and colleagues
conducted a pooled analysis of 23 clinical trials that included
MRI lesion measurements, to test the effect of interventions
on lesions and relapse rate.8 The effect of the intervention on
MRI lesions was strongly correlated with the effect of the inter-
vention on relapses, accounting for over 80% of the total vari-
ance. This indicates that formation of new lesions in RRMS is
clinically relevant, and supports the argument that MRI disease
activity could be used as a primary outcome for RRMS trials.
While many have advocated for this, use of MRI as a primary
outcome measure has not achieved regulatory agency accep-
tance (Chapter 18).

Progressive destructive pathology starts early
in the disease
The rationale for early intervention in MS is the presence of
widespread tissue damage at the earliest stages of the dis-
ease.9–11 Once RRMS is established, residual clinical disability
is usually minimal or absent early in the disease, yet there is
ongoing tissue damage, as evidenced by accumulation of T2-
bright MRI lesions,1 T1-hypointense lesions,12 and brain atro-
phy (Chapter 11).13–16 Gray matter lesions are frequent in MS
autopsy material.17 Although these lesions are not visualized
with standard MRI methods, gray matter atrophy has been doc-
umented early in the disease.18,19 It is widely believed that the
ongoing destructive pathology sets the stage for later conver-
sion to secondary progressive MS (SPMS), in which disability
accumulates. According to this model, tissue destruction pro-
ceeds without frank neurological disability progression until a
threshold is surpassed. Beyond that stage, progressive neurolog-
ical disability ensues. The threshold hypothesis was supported
by studies correlating retinal nerve fiber layer (RNFL) thickness
with visual acuity.20 Visual acuity was maintained until RNFL
thickness declined to about 75 microns, and then fell off rapidly
with further loss of RNFL thickness. The implication of this for
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clinical trials is that disease-modifying drug therapy should be
viewed as providing secondary neuroprotection, i.e. treatment
prevents neurodegeneration by inhibiting inflammation, and
thereby decreases the amount of brain injury and delays or pre-
vents SPMS.

Disease manifestations are heterogeneous
Another factor complicating MS clinical trials is disease
heterogeneity, which is one of the hallmarks of MS. Patients
manifest varying patterns of clinical features, variable clinical
course, and variable disease severity. This creates hurdles
for clinical trials, as heterogeneity complicates outcomes
assessment, and increases required sample sizes. The myriad
clinical manifestations include neuropsychological impairment
(itself multifaceted), visual loss, eye movement abnormalities,
weakness, spasticity, incoordination, imbalance, sensory loss,
paresthesias, gait impairment, bowel and bladder dysfunction,
sexual dysfunction, fatigue, and paroxysmal phenomena.
Individuals manifest these features in varying combinations,
and the symptoms change over time. Even within multi-
ply affected families, there is striking clinical heterogeneity
between affected family members. Disease heterogeneity is
poorly understood in MS, as genome-wide association studies
have mostly focused on disease susceptibility genes, rather
than disease modifying genes (Chapter 4).

Managing the wide variety of MS symptoms is crucially
important for patient well-being, but is increasingly challenging
with increasing complexity and emphasis on disease modifying
drug therapy. Heterogeneity in clinical manifestations also
presents significant challenges for the design of clinical trials.
Subjects in separate trials and treatment arms within a given
trial exhibit variable admixtures of clinical manifestations that
are not necessarily evenly matched between study groups. Mul-
tidimensional clinical outcome measures are needed to capture
the range of ways in which MS affects patients (Chapter 6). The
traditional clinical outcome measure – Expanded Disability
Status Scale (EDSS) – is heavily weighted to motor impairment,
particularly gait dysfunction. Common symptoms such as cog-
nitive dysfunction, sphincter disturbances, pain, and fatigue
have significant effects on functional status and quality of life
(QOL), but may not correlate well with measures of physical
impairment and disability. This forms a strong rationale for
including patient-reported outcomes in clinical trials as a
measure of the impact of intervention on disease-related
symptoms (Chapter 8). It is possible that therapies may have
different effects on specific disease manifestations, i.e. benefit
for some with no effect or deleterious effects on others. This is
an under-explored area.

Evolution of the MS disease process –
the “MS categories”
Because the clinical course of MS evolves over decades, there
has been interest in subcategorizing MS into discrete groupings.

The current classification system was based on clinical phe-
nomenology of the clinical disease course,21 not on the under-
lying biological mechanisms. According to this classification,
MS begins with a clinically isolated syndrome (CIS), defined
as an initial clinical episode with features typical for inflam-
matory demyelination (e.g. optic neuritis, partial transverse
myelitis). With additional clinical episodes, CIS evolves to clin-
ically definite RRMS. Even in the absence of a second relapse, a
patient meets criteria for clinically definite MS when new MRI
lesions are observed during follow-up.22 RRMS then evolves to
SPMS in many but not all patients. About 15% of patients have
primary progressive MS (PPMS), meaning that progressive dis-
ability ensues without prior relapses. In RRMS patients, peri-
odic relapses occur at irregular and unpredictable intervals,
averaging approximately one per year, but declining with dis-
ease duration. Episodic attacks of neurological dysfunction are
followed by partial or complete recovery, separated by clini-
cally stable intervals. Relapses become less conspicuous over the
years, and over 60% of RRMS patients transition to SPMS. Dur-
ing this stage physical and cognitive disability gradually wors-
ens, and disease worsening is refractory to known treatment.

RRMS and SPMS present different challenges in study
design. In RRMS, relapses are infrequent, occur at irregular
intervals, and pose significant measurement challenges, and
disability progression tends to be minimal during the course
of a clinical trial. There seems to be some “drift” in MS sever-
ity in the direction of more benign disease. This may be driven
by increased awareness of MS and widespread use of MRI scan-
ning for patients with non-specific symptoms such as fatigue,
paresthesias, or headache.23 The SPMS stage of the disease is
also difficult to study, but for different reasons. Deterioration
occurs slowly over the course of years, and there is significant
within-patient and between-patient variability. Further, while
trials tend to restrict patients by disease category, transition
from RRMS to SPMS does not occur at a precise point in time.
Clinical relapses become less distinct, recovery becomes less
complete, and gradual worsening in the absence of relapses
eventually becomes apparent. Transition to the SPMS stage,
which commonly occurs during the fourth and fifth decade of
life, can be estimated only in retrospect, once it is clear that the
patient has gradually worsened in the absence of acute relapses.
Because of the indistinct boundary between RR and SPMS,
many patients could be entered into either a RRMS or a SPMS
clinical trial, depending on how the clinician chooses to classify
the individual patient.

A consensus has emerged that PPMS (Chapter 52) should
be considered separately for clinical trials. This is based on the
uncertainty about the etiological relationship between PPMS
and SPMS. Prototypical PPMS patients have symptom onset at
a later age, typically between ages 40 and 60, and the female
preponderance seen with relapsing forms of MS is not evi-
dent. These patients commonly present with insidiously pro-
gressive spastic weakness, imbalance, and sphincter dysfunc-
tion; diffuse and less nodular T2-hyperintense lesions on cranial
MRI; few if any Gd-enhancing lesions; and less indication of
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inflammation in cerebrospinal fluid (CSF).24 PPMS may be less
dependent on inflammation, and neurodegenerative mecha-
nisms may underlie the disease. Some PPMS patients have clini-
cal, MRI, and CSF findings similar to SPMS. These patients may
be similar to SPMS, but without clinically distinct relapses dur-
ing the early disease stage. This is probably also true of another
clinical category – progressive relapsing MS (PRMS) – in which
there is gradual neurological progression from onset but with
subsequent superimposed relapses. Thus, studies in PPMS are
problematic for two reasons. These cases are relatively uncom-
mon, and clinical trial groups contain admixtures of disease eti-
ologies. It is unknown whether “SPMS-like PPMS” and “pure
PPMS” patients have similar pathogenic mechanisms driving
disease progression, or whether they would respond similarly
to treatment intervention.

Common practice has been to select relatively homoge-
neous patient groups for inclusion in clinical trials by enter-
ing patients with a specified disease category, and creating dis-
ability limits based on the EDSS.25 As a result of widespread
acceptance of the disease categories, separate trials have been
conducted for patients with CIS, RRMS, SPMS, and PPMS.
This strategy aims to reduce between-patient variability and to
increase the power to show therapeutic effects with a given sam-
ple size. However, there are some drawbacks. Narrow entry cri-
teria impede recruitment; it may not be clear whether the results
of a trial enrolling a highly selected cohort of patients can be
extrapolated to other groups of MS patients; and the distinc-
tion between clinical disease categories is imprecise and based
on clinical features that are disconnected from underlying dis-
ease mechanisms. Conversely, different clinical trials that nom-
inally studied the same patient population almost certainly con-
tain different mixes of patients. This point is well illustrated by
the European and North American trials of interferon beta-1b
(IFN�-1b) in SPMS. These two trials used similar entry crite-
ria, but enrolled distinct patient populations that yielded differ-
ent results with the same therapeutic agent.26 The problem of
classifying patients is most problematic at the interface between
RRMS and SPMS, as discussed above. Biological markers for the
different MS categories would be valuable, but are not currently
available.

Disease severity can not be accurately predicted in
individuals or groups
Because of the highly variable future course for newly diag-
nosed MS patients, there is a compelling need for prognos-
tic markers for treatment decision-making at the individual
patient level. Prognostic markers would not only serve the
need for better clinical decision-making, but also would help
with informative enrollment into clinical trials. Data from the
pre-therapeutic era suggested that 50% of MS patients were
unable to carry out household and employment responsibilities
10 years after disease onset, 50% required an assistive device to
walk after 15–20 years, and 50% were unable to walk at all after

25 years.27 About 10% of patients have an unusually severe dis-
ease course, deteriorating to severe disability in only a few years,
while 10%–20% exhibit mild disease with minimal disability
decades after symptom onset. Distinguishing these severe and
mild cases early after symptom onset has proved difficult.

Selective enrollment has been attempted in clinical trials.
The approach has been to enroll patients at risk for disease activ-
ity, excluding patients not likely to change during the trial. In
groups of patients, milder disease has been associated with sen-
sory symptoms or optic neuritis at onset, good recovery from
relapses and infrequent relapses early in the disease course.13–15

Conversely, symptom onset at an older age, progressive disease
from onset, and poor relapse recovery mark a relatively worse
prognosis. Clinical features have not been useful for informa-
tive enrollment, however. The presence of multiple white matter
lesions at the time of first MS symptom has proven very useful,
as it is associated with much higher risk of disease activity in
the next 5 years.28 Also, the amount of T2 lesion accrual during
the initial 5 years after onset is a modest predictor of EDSS 20
years later.29 Despite this, T2 lesion load has not been used for
informative enrollment strategies in clinical trials.

Most trials employ relapses or progression during a speci-
fied time period prior to the trial, or Gd-enhancing lesions on
screening MRIs to identify patients with increased likelihood
of disease activity during the trial. This is supported by a study
showing that relapse rate prior to the trial and disease duration
were the best predictors of on-study relapse rate.30 In that study,
disease course and Gd-enhancement status did not provide
additional information. That study used a pooled data set from
natural history studies and the placebo groups of randomized
clinical trials, with a substantially larger sample size compared
with previous analyses. A second study examined factors
that predicted on-study Gd-enhancement, a common efficacy
end-point in Phase 2 studies.31 A combination of younger
age at onset, shorter disease duration, recent relapses, and T2
lesion volume predicted Gd-enhancement. In other studies,
the presence of Gd-enhancing lesions at baseline predicted
frequency of clinical relapses, as well as increased T2 lesion
volume and brain atrophy progression over the subsequent two
years.13,32 However, all of the identified predictors, alone or in
combination, are only modestly predictive of disease activity
during a trial. The advantages of informative enrollment need
to be balanced against the difficulty of finding eligible patients,
and the problem of generalizing results when the entry criteria
are restrictive.

Heterogeneity in pathological mechanisms
Studies of a large number of biopsy and autopsy specimens
suggested that the mechanisms leading to tissue damage differ
from patient to patient.33–36 Four distinct patterns of pathol-
ogy were proposed. Analogous to experimental autoimmune
encephalomyelitis, in patterns I and II the myelin sheath
appears to be the target of the destructive process, mediated
by macrophages in pattern I and antibody and complement
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deposition in pattern II. Pattern III is characterized by an
ill-defined lesion border with early loss of adaxonal myelin-
associated glycoprotein. This pattern is similar to that seen
in some viral encephalitides and in cerebral ischemia. In pat-
tern IV, there is a sparse inflammatory reaction, with promi-
nent non-apoptotic degeneration of oligodendrocytes in the
periplaque white matter. At present, pathologically distinct MS
subgroups cannot be defined on the basis of biomarkers, or
functional assays. However, most now recognize neuromyeli-
tis optica (NMO) as a distinct disorder (Chapter 53). It has
long been known that NMO differs from typical MS clinically,
by imaging features, pathology,37 and response to MS disease-
modifying drugs. But the watershed event was the observa-
tion that NMO is associated with antibodies to aquaporin-4,
an astrocyte water channel.38,39 Presumably, better understand-
ing of MS pathological heterogeneity will lead to more rationale
approaches to personalized use of disease-modifying drugs.

Complexities related to measurement tools
that impact clinical trials
Clinical measures: relapses, physical function,
neuropsychological performance (Chapters 6–8)
The annualized relapse rate or the number of relapses are the
most common primary outcome measure for RRMS clinical
trials. Relapse frequency was the primary outcome measure
in pivotal trials of two of the three IFN� products,40,41 the
glatiramer acetate trial,42 and the natalizumab trials.43,44 These
studies led to world-wide approval by regulatory agencies, and
marketing of the products. Relapses are considered clinically
relevant by regulatory agencies, because they are defined by new
neurological symptoms and signs and are therefore assumed to
have clinical impact. The relationship between relapse number
and future disability is weak, however.45 Relapses may be sub-
jective, and influenced by bias, over- or under-reporting, and
treatment unmasking. There are no accepted methods to quan-
tify relapse severity or recovery from relapse. Lastly, the amount
of relapse rate reduction considered “clinically important” has
never been defined. The rate of relapse in MS clinical trial pop-
ulations has fallen over time. This indicates that more recent tri-
als have enrolled patients with less active disease, lowering the
power of recent trials to show treatment arm differences, and
making comparison across trials completely impractical.

The EDSS is an ordinal scale ranging from 0 to 10 that classi-
fies disability severity according to 19 steps.25 A score of 0 means
a normal neurological examination; a score of 3.5 is computed
when there is moderate disability in more than one functional
system (e.g. visual, motor, cerebellar, sensory, bowel, bladder,
etc.), but the patient is able to walk an unlimited distance with-
out assistance. A score between 4.0 and 6.0 indicates limited dis-
tance walking. Level 6.0 indicates the need for unilateral assis-
tance to walk, 6.5 bilateral assistance, and ≥7.0 measures sever-
ity in non-ambulatory patients. There is debate whether the
EDSS measures disability accurately at the low end, because it

has been very difficult to standardize the scoring for the func-
tional system scales and small changes within the functional
systems have unclear clinical relevance; and the middle and
high ranges are insensitive to change, and so lower the power
of clinical trials. Despite criticism, the EDSS has been the stan-
dard measure of neurologic disability in nearly all MS clinical
trials.

Since the mid-1990s, the EDSS has been used to deter-
mine “disability progression,” by identifying patients with con-
firmed worsening from the baseline score. The proportion of
patients in different treatment arms are compared directly, or
using survival curves. The most common definition of “disabil-
ity progression” in RRMS trials is worsening from baseline by at
least 1.0 EDSS point, confirmed at the next three-month study
visit. A minority of trials have required six-month confirma-
tion. The EDSS may revert to baseline more commonly if the
three-month definition is used,46 probably because of residual
effects of relapses still present at three-months. The relevance
of confirmed EDSS worsening in the early stages of MS remains
controversial. One study showed a strong observed correlation
between six-month confirmed EDSS worsening and clinical
outcome eight years later.47 There are no similar studies using
three-month confirmation. A pooled analysis of multiple clini-
cal trials demonstrated a strong association between treatment
effect on relapse rate, and treatment effect on confirmed EDSS
worsening, suggesting these two measures are inter-related in
RRMS patients.48 Despite continued criticism of EDSS as a clin-
ical outcome measure, confirmed EDSS worsening has been
accepted by regulatory agencies as a primary “disability progres-
sion” end-point for RRMS trials.

Because of perceived limitations of the EDSS, a National MS
Society task force recommended the MS Functional Compos-
ite (MSFC), a three-part composite consisting of timed mea-
sures of ambulation, upper extremity function, and cognition.49

The MSFC has been extensively tested and validated but has
yet to achieve its intended purpose – to replace the EDSS as a
primary clinical measure of MS-related disability. A substan-
tial part of the problem lies in difficulty interpreting the clinical
relevance of the results. As originally recommended, the three
MSFC measures are transformed to a single Z score, defined as
the average of the Z scores from the ambulation, upper extrem-
ity, and cognitive tests. Not only is the clinically relevant Z-score
difference not defined, but also the choice of reference pop-
ulation influences the weighting of the different components
within the MSFC,50 so the optimal population used to nor-
malize clinical trial test scores is debatable. Recently, a group
analyzed MSFC data collected during the natalizumab placebo-
controlled trial, and proposed using the MSFC to identify a dis-
ability progression event, analogous to how the EDSS is used.51

Disability progression defined using MSFC scores correlated
with traditional measures of disease activity and progression,
and demonstrated treatment effects similar to EDSS. It is hoped
that the addition of a sensitive visual function measure (e.g.
low contrast visual acuity), and perhaps substituting a cogni-
tive measure with less learning effect than PASAT, will improve
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MSFC performance characteristics and may promote use of the
MSFC as a more sensitive primary outcome measure.

Neuropsychological impairment, particularly changes in
processing speed, complex attention, and verbal learning, has
been noted in approximately 50% of MS cases in population-
based studies, and has been associated with significant voca-
tional and social disability.52,53 The effects of treatment on neu-
ropsychological test performance have been reported, although
the popularity of neuropsychological testing in MS clinical trials
has declined because of research subject burden, and cost con-
siderations. Only six published randomized MS clinical trials
included measures of neuropsychological outcome.54 Results
were mixed. Neuropsychological testing is obviously critical for
studies specifically targeting neurocognitive deficits, but these
tests have not achieved widespread use in clinical trials. Efforts
are under way to develop and validate more brief neuropsycho-
logical test batteries that might be more practical for MS trials.55

Patient-reported quality of life measures
(Chapter 8)56

Generic health related (HR)-QOL measures include the
Symptom Impact Profile and the Medical Outcomes Study
36-Item Short-Form Survey (SF-36). Hybrid measures are
the MS Quality of Life Index and MSQOL-54; MS-specific
instruments include the Functional Assessment of MS and MS
Impact Scale-29. No consensus exists concerning the optimal
patient self-report HR-QOL instrument for MS clinical trials.
At least eight clinical trials have reported the effects of IFN� or
glatiramer acetate on HR-QOL in MS. The AFFIRM study of
natalizumab found a strong association between the physical
component score of the SF-36 and the EDSS score, relapse rate,
and treatment effects.57 Patient-reported HR-QOL measures
are appealing in that they capture the overall burden of MS,
but they are insensitive because clinical changes may occur
while HR-QOL remains the same. In addition, many HR-QOL
measures are non-specific, affected by non-disease factors, and
are therefore are considered most appropriate as secondary
outcome measures.

Conventional MRI measures (Chapters 9,11)
All contemporary MS trials include lesion and brain atrophy
measures. Gd-enhancing lesions, T2-bright lesions, and lesions
that appear dark on T1-weighted scans – the so-called “black
holes” – comprise the standard lesion assessment, although
image acquisition parameters and the lesion analysis meth-
ods have not been standardized. Consequently, lesion “num-
bers” can not be compared directly across studies. Lesions
that enhance after intravenous Gd infusion indicate blood–
brain barrier disruption and inflammatory activity. Enhance-
ment lasts 1–4 weeks, so frequent MRI scans are required to
capture all Gd-enhancing lesions. During and following
enhancement, lesions appear bright on T2-weighted scans, and
once formed, T2 hyperintense lesions persist indefinitely. The
typical clinical trial includes counts of both Gd-enhancing

lesions and new or newly enlarging T2 lesions. Both are con-
sidered measures of new inflammatory activity. All currently
approved MS disease-modifying therapies have been shown to
reduce enhancing lesions.

The volume of T2 lesions is an estimate of overall MS dis-
ease burden. Reductions in the accumulation of T2 lesion vol-
ume have been reported in active treatment arms compared
to placebo for most MS trials. The significance of this is not
clear because the rate of accumulation of T2 lesions correlates
weakly with disability progression over the short term.58 This
may be due to non-specificity of T2 lesions – only about half of
all T2 bright lesions are associated with demyelination demon-
strated pathologically.59 However, T2 lesion volume correlates
modestly with future brain atrophy,60 and accumulation of T2
volume in the five years following MS onset is predictive of the
clinical status 20 years later.61 Also, the T2 lesion volume is one
of the best measures for confirming that clinical trial treatment
arms are well matched at baseline.

Lesions appearing dark on T1-weighted scans not related
to current or recent Gd-enhancement (“black holes”) corre-
spond to regions with axonal loss.62 Black hole volume cor-
relates strongly with T2 volume, however, and has not been
very useful as a clinical trial outcome measure. A newer use
of black hole data is to determine the proportion of Gd-
enhancing lesions that develop into chronic black holes. It has
been proposed that this metric may be a useful indicator of
neuroprotection.63

Brain atrophy is used as a marker of severe tissue destruc-
tion. The techniques vary for quantifying brain atrophy, but
generally break into two categories. One is to measure normal-
ized brain volume at two points in time, and subtract the two
measures;14 the other is a more direct measure of brain volume
change, in which the two MRI studies are co-registered, and the
software measures the changes in brain edges from the MRI
pairs.64 Both of these methods have been applied in MS clin-
ical trials to estimate whole brain atrophy. Atrophy measures
have some advantages over lesion measurements. Most signif-
icantly, brain atrophy reflects the net effect of the CNS pathol-
ogy in MS. Furthermore, brain atrophy correlates more strongly
with disability than do lesion measures, and also predicts sub-
sequent disability.60 However, interpretation of brain atrophy
results is complicated. First, in the initial period after starting
anti-inflammatory therapies, loss of brain volume accelerates,
presumably because of inflammation and associated edema
resolves. This has been termed pseudoatrophy.65 Pseudoatro-
phy has been observed in the initial year with nearly all drugs
that strongly inhibit new lesion formation; an interesting excep-
tion to this was reported for fingolimod,66,67 which significantly
reduced new lesion formation, but which slowed brain volume
loss in the first year compared with placebo. Generally, how-
ever, treatment effects on brain atrophy of anti-inflammatory
drugs are observed in the second year of treatment. An addi-
tional problem with brain atrophy measures is the extremely
low rate of change – brain volumes decline about 0.2% per
year in healthy controls, and about 0.5% to 1% per year in
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MS patients. Because the changes are very small, highly repro-
ducible methods and studies of adequate duration are required.

Current controversies in MS trials
Relapse rate
Relapses are subjective. Because symptoms fluctuate, and are
influenced by many factors – fever, high ambient tempera-
ture, anxiety, intercurrent illness, and sleep deprivation, among
others – it is often not clear whether an individual MS patient
has experienced a relapse or not. Also, the required duration
beyond which symptoms must persist has not been standard-
ized. Some studies use 24 hours, others 48 hours. The pre-
cise methodology to evaluate possible relapses is not standard-
ized either. Some studies use an examining neurologist who
is blinded to the treatment arm. In some cases, the examin-
ing neurologist is instructed to “not talk to the patient,” but
then how does the neurologist determine some of the func-
tional system scores, e.g. bladder / bowel? All definitions require
an objective change on neurological examination, but practice
is variable in allowing examining neurologists access to prior
neurological examination data vs. conducting an unbiased new
examination without reference to prior scores. Also, recovery is
rarely quantified, and no studies require a neurological exam to
establish a new baseline after an initial relapse. This makes the
finding of “new neurological signs” very difficult for relapses
that occur after an initial on-study relapse. For all these reasons
and others, relapses remain quite subjective, and differences
in relapse ascertainment almost certainly exist between exam-
iners, sites, and studies. A recent practice has been to use an
“objective” adjudication committee to review case report forms
and confirm relapses. While this approach helps standardize
relapse scoring, it does not make relapse assessment more con-
sistent, still allowing potential ascertainment biases. The impact
of adjudication committees to quantify relapses in MS trials has
not been studied.

Another major issue with relapse as an outcome measure is
its uncertain relationship to long-term clinical outcome. Natu-
ral history studies have shown only a weak relationship between
relapse frequency and subsequent disability, or conversion to
SPMS. While IFN� and glatiramer acetate were approved based
on an approximate one-third reduction in relapse rate, no
studies have documented whether a one-third reduction in
relapse rate correlates with a significant benefit in later disability
progression.

EDSS
The EDSS has been criticized vociferously, and for decades.
Some of the more significant concerns relate to the ordinal
nature of the scale, which essentially means that simple statis-
tical analysis of EDSS change can not be done. The significance
of a patient worsening from a 1.0 to a 2.0 is vastly different than
for a patient worsening from a 6.0 to a 7.0, yet the difference is
1.0 EDSS units. Therefore, magnitude of EDSS change should

be avoided as a clinical trial metric. Another very significant
problem is that MS patients remain at particular levels of the
EDSS for variable amounts of time. Therefore, the proportion
of patients at each EDSS level in the treatment arms of a clin-
ical trial becomes relevant when a metric based on frequency
of EDSS worsening is the primary outcome. This detail is not
always reported. The EDSS score itself is difficult to derive, par-
ticularly at the lower end of the scale. Standardized training is
important, and has been implemented in many, but not all MS
trials. However, the impact of EDSS training is not clear.

Confirmed EDSS worsening is now a standard metric,
but the details are still somewhat variable. Also, most studies
require a ≥1.0 point change from baseline at EDSS levels below
5.5, and a ≥0.5 point change at EDSS 5.5 and above. Most stud-
ies require the EDSS change to persist at least three months.
What happens when the three-month sustained change reverts
back below the threshold at a subsequent visit, or at the final
visit? This has been documented to occur in clinical trials,46 pre-
sumably because of noise in the measurement tool, and because
of the residual effects of relapses. The latter problem may be
reduced by requiring EDSS worsening to persist for at least six
months.

Another common criticism of the EDSS is that it fails to cap-
ture information about major dimensions of MS. In particular,
the EDSS is relatively insensitive to visual impairment, and even
more insensitive to neuropsychological impairment. Most stud-
ies indicate that EDSS correlates, even in RRMS patients, with
walking ability.

As with relapse reduction, the clinical significance of con-
firmed EDSS worsening vis-à-vis long-term clinically meaning-
ful disability is not clear. An analysis of disability progression in
the Phase 3 IM IFN�-1a study47 demonstrated strong correla-
tion between disability progression in the clinical trial (defined
with six-month confirmation of EDSS worsening) and clinical
status eight years later. This is reassuring, and suggests that con-
firmed EDSS worsening in RRMS is meaningfully related to dis-
ability progression, at least as used in that particular trial.

Relevance of MRI lesions
At the time MRI was developed and applied to the study of
MS patients, there was great hope that MRI visible lesions
represented a window into disease pathology, and that MRI
visible lesions would suffice as a sensitive, specific, and predic-
tive imaging marker useful for patient care and clinical trials.
Complexities and uncertainties soon became apparent, and
continue to this day. The main problem has been the lim-
ited predictive value of MRI lesions early in the disease, and
the low-modest correlations between lesions and MS-related
disability. There are many potential reasons for the so-called
“MRI-clinical paradox.” First, MRI-detectable lesions repre-
sent only a small portion of MS pathology. Standard MRI does
not detect lesions in the gray matter, which constitutes about
65% of brain parenchyma. MRI visible lesions are restricted
to white matter, and hence demonstrate pathology in about
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35% of the target end-organ. Gray matter atrophy has been
shown to more strongly correlate with disability than white mat-
ter atrophy.18,61,68 Finally, even within white matter, there are
many reports of diffuse abnormalities in the tissue distant from
lesions. Lesion size fluctuates over time, which introduces sam-
pling noise when MRI scans are done infrequently, as in most
clinical trials. Finally, there is almost certainly temporal dissoci-
ation between development of lesions and clinical events such as
relapses or progression. This degrades the magnitude of cross-
sectional correlations.

Despite these limitations, MRI lesions are included as pri-
mary outcome measures in Phase 2 proof-of-concept trials, and
as important secondary outcome measures in registration trials.
The effect of subcutaneous IFN�-1b on T2 bright lesions was
an important consideration in the approval of subcutaneous
IFN�-1b in 1993 by the USA FDA, a watershed event in the
field of MS therapeutics. The recent pooled analysis showing a
strong relationship between therapeutic effects on lesions and
relapses strongly supports the measurement of MRI lesions in
MS clinical trials.

The role of brain atrophy measures in MS trials
A National error MS Society-supported workshop on MRI
measures for neuroprotection concluded that brain atrophy
measures are currently a logical metric for studies of possible
neuroprotective interventions.69 However, many caveats were
discussed at the meeting, and some were listed in the publi-
cation. First, brain atrophy measures are non-specific – loss
of myelin and axons, gliosis, edema, and state of hydration all
affect brain volumes. Second, there are various techniques used
to measure brain atrophy, and results may not necessarily corre-
late strongly. There are very few studies in which multiple tech-
niques were compared using the same patient sample and imag-
ing set. Third, there are many published reports document-
ing pseudoatrophy – accelerated brain volume loss in the 4–6
months after initiating anti-inflammatory therapy, presumably
due to resolution of edema. The kinetics of Wallerian degener-
ation within the central nervous system also complicate the use
of brain atrophy measures in clinical trials. Assuming a treat-
ment is instantaneously effective in stopping neuronal injury,
the impact of tissue injury occurring prior to treatment will
play out over an undefined length of time. Use of brain atrophy
methods in clinical trials probably requires establishing a stable
baseline months after starting intervention because of pseudoa-
trophy and the kinetics of Wallerian degeneration. The optimal
trial design using brain atrophy has not been defined at present.
Regional measures of brain atrophy, e.g. gray matter atrophy,
cortical atrophy, or specific structures such as the thalamus,
may be more useful, but development of techniques, includ-
ing their validation and comparison between techniques is at
an early stage. Application to multicenter trials is only begin-
ning. Despite the caveats, brain atrophy measures are standard
secondary outcomes in MS trials, and will likely play an increas-
ingly important role.

Gray matter pathology
It is now clear that gray matter pathology is prominent in MS,
and more closely relates to disability than white matter pathol-
ogy, but measuring gray matter pathology using imaging tech-
niques within clinical trials is at an early stage. There are no
specific, sensitive measures of gray matter or cortical lesions,
although work in this area is rapidly accelerating and there are
promising methods.70,71 Because sensitive imaging methods are
lacking, fundamental questions about gray matter pathology
remain, e.g. is gray matter affected before, simultaneously, or
after white matter injury? What is the mechanistic relationship
between gray matter and white matter pathology?

Contemporary issues in MS trials
Optimal study designs for primary neuroprotection
There are no demonstrably effective therapies for primary
neuroprotection, though it appears possible to slow the neu-
rodegerative process in early-stage MS with immunomodula-
tory or immunosuppressive drugs. Presumably, this form of
neuroprotection is secondary to the anti-inflammatory effect.
How can we best measure primary neuroprotection? What is
the optimal patient population? What is the optimal study
design? What are the optical outcome measures? A recent trial
of lamotrigine used multiple measures of CNS atrophy, and
multiple clinical measures to test the hypothesis that sodium
channel blockade in progressive MS would be neuroprotec-
tive.71 The results were largely negative for this pioneering
study.

Declining disease severity in contemporary
MS trials
As discussed in Chapter 21, there is an urgent need for more
sensitive and predictive outcome measures. This need is driven
by the widespread availability of partially effective therapies,
which has two consequences. First, placebo-controlled stud-
ies have become controversial, supplanted in many cases by
active arm comparison studies. Active arm comparison stud-
ies require many more patients. The more important impact
of available disease-modifying therapy is the selection of more
benign patients for clinical trials of unproven agents. Neurol-
ogists are naturally reluctant to enroll highly active patients
in clinical trials where one or more arms entails an unproven
therapy, opting to treat highly active patients with established
treatment. This results in a selection bias in the direction of
enrolling less severe patients for current clinical trials. This was
thought to explain the low event rate in a recent study com-
paring s.c. IFN�-1a with glatiramer acetate.72 In addition, the
move toward early diagnosis and treatment, combined with
widespread use of MRI has led to the diagnosis of MS in a large
number of patients who in a prior era would not have gotten a
diagnosis. Some of these patients have mild MS, and some may
not have MS at all.
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Personalized medicine – from trials to patient care
Results from clinical trials rarely provide insights into indi-
vidual treatment response. But in an era of multiple disease-
modifying drugs, it becomes desirable to select the proper drug
for the proper patient at the proper time. Therefore, methods for
rational selection of disease modifying drugs, and techniques to
rationally monitoring treatment effectiveness are badly needed
(Chapter 23). Presently, there are no validated biological mark-
ers that predict individual responsiveness to available drugs,
though efforts are under way to correlate genotype, gene expres-
sion, proteomics, and pathways with effects of disease modify-
ing drugs. There is emerging literature on the use of MRI to
monitor patients treated with IFN�, for the purposes of predict-
ing long-term benefits,73–75 but no current MRI markers that
predict treatment response at the time therapy is initiated.

Observational and follow-up studies
Clinical trial durations of 2–3 years are feasible, notwithstand-
ing the increasing difficulty of maintaining a placebo arm,
but the impact of MS evolves over the course of a decade
or longer, and rare serious adverse effects of immunomod-
ulatory or immunosuppressive drugs may emerge only years
after use of the treatment, as with natalizumab.76 Conse-
quently, long-term follow-up studies for efficacy and toxic-
ity are much needed. But long-term follow-up studies cannot
definitively determine causality, i.e. between intervention and
outcome, because there is no concurrent comparison group.

This has lead to newer approaches, such as propensity match-
ing to allow comparison of more similar groups.77 There have
been published long-term follow-up studies for all the IFN�
products,78–80 and for glatiramer acetate.81 These studies have
suggested a beneficial effect of disease-modifying drug ther-
apy in delaying the onset of SPMS, or in lowering progres-
sion to EDSS milestones. As noted,82 causal inferences about
the therapeutic effectiveness of disease-modifying drugs in
long-term follow-up studies are difficult due to design con-
straints. Long-term follow-up studies are very useful for deter-
mining long-term tolerability and emergence of rare adverse
effects.

Post-approval monitoring
As discussed in Chapter 18, there has been an expanded empha-
sis on adverse event monitoring, and risk minimization pro-
cedures for approved MS drugs. The natalizumab progressive
multifocal leukoencephalopathy experience, and occurrence of
leukemia and cardiotoxicity with mitoxantrone have ushered in
a new era in MS therapeutics, with more effective but more toxic
therapies. This has occurred at a time of heightened awareness
of risk with marketed pharmaceuticals (e.g. rofecoxib;83 rosigli-
tazone.84) Clearly, efficacy needs to be balanced with risk, and
risk needs to be defined over the long duration of MS. Avail-
ability of more effective, riskier drugs further drives the need
for accurate prognostic markers for disease severity, and ratio-
nal methods to personalize the use of disease-modifying drugs.
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