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Summary

Multiple sclerosis (MS) has traditionally been considered
to be primarily an inflammatory demyelinating disorder.
Nowadays it is recognised as both an inflammatory and
a neurodegenerative condition. This recognition is reflec-
ted in the development of new disease-modifying therapies
that may offer the potential to reduce axon damage, either
by inhibiting neurodegeneration or by promoting endogen-
ous repair mechanisms. Since there is only a limited cor-
relation between the clinical features of MS and findings
on conventional magnetic resonance imaging (MRI), for
the evaluation of such therapies new outcome measures are
warranted. Grey matter atrophy occurs in the earliest stages
of MS, progresses faster than in healthy individuals, and
shows significant correlations with MRI lesion load, cog-
nitive function and measures of physical disability; indeed,
brain atrophy is the best predictor of subsequent disability
and can be readily measured using MRI. Furthermore, it is
becoming clear that currently available therapies differ in
their effects on brain atrophy, and this may have important
implications for the management of MS. New MRI tech-

Abbreviations
BBSI brain boundary shift integral
BICCR brain to intracranial capacity ratio
BPF brain parenchymal fraction
CDMS clinically definite multiple sclerosis
CIS clinically isolated syndrome
DMT disease-modifying therapy
EDSS expanded disability status scale
FSS fatigue severity scale
IFN interferon
MRI magnetic resonance imaging
MS multiple sclerosis
MSFC multiple sclerosis functional composite
NAA N-acetylaspartate
PPMS primary progressive multiple sclerosis
RRMS relapsing-remitting multiple sclerosis
SABRE semiautomatic brain region extraction
SD standard deviation
SIENA structural image evaluation, using normalisation, of atrophy
SIENAX SIENA cross-sectional
SPMS secondary progressive multiple sclerosis
VBM voxel-based morphometry

niques and advances in software development offer an op-
portunity to extend brain atrophy measurements beyond re-
search studies to the routine management of MS patients.
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Introduction

Although it has been known since the pioneering work of
Charcot in the 19th Century that axon transection and de-
generation are features of multiple sclerosis (MS) [1], the
disease has traditionally been considered to be primarily
an inflammatory demyelinating disorder [2, 3]. However,
it is now recognised that MS is both an inflammatory and
a neurodegenerative condition: acute inflammation is re-
sponsible for the relapses that occur in most patients during
the early stages of the disease, while accumulating axon
damage leads to progressive disability [4]. Thus, the clin-
ical manifestations of MS reflect the balance between pro-
gressive neurodegeneration and reparative processes within
the brain [3, 5].
Disease-modifying therapies (DMTs) in MS have previ-
ously focused on the inflammatory component of the dis-
ease [6], but emerging new treatments may offer the pos-
sibility of reducing axon damage, either by inhibiting
neurodegeneration or by promoting endogenous repair
mechanisms [3]. However, there is only a limited correla-
tion between the clinical signs and symptoms of MS and
the changes seen on conventional magnetic resonance ima-
ging (MRI) – the so-called “clinical-radiological paradox”
[7]. This paradox arises as a result of a number of factors,
including a lack of specificity of conventional MRI meas-
ures, involvement of gray matter, which is less amenable to
conventional MRI, and limitations of clinical rating scales
such as the Expanded Disability Status Scale (EDSS) [7, 8].
Consequently, the evaluation of treatments acting on neuro-
degeneration or neuronal regeneration and remyelination
will require new outcome measures that extend beyond the
traditional MRI measures for the diagnosis and monitoring
of MS.
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Within the last decade, the measurement of brain atrophy in
MS has emerged as an outcome measure that can provide
additional information on the disease process to that
provided by conventional MRI measures [3, 9–11], and
can also be used to evaluate the impact of new therapies
on neurodegeneration. An example of the latter application
can be found in the recent FREEDOMS and
TRANSFORM studies [12, 13], in which treatment with
the sphingosine-1-phosphate receptor modulator fin-
golimod resulted in significantly smaller decreases in brain
volume than placebo or intramuscular interferon- (IFN-)
β1a in patients with relapsing-remitting multiple sclerosis
(RRMS) (see fig. 1). Such findings suggest that brain at-
rophy is likely to become an important outcome both in re-
search and in routine clinical practice.
This review will briefly illustrate the techniques that are
used to define volumetric abnormalities in MS (see table 1)
and discuss the results that have added to the current un-
derstanding of atrophy in MS. A detailed discussion of the
strengths and limitations of the different techniques and a
critical and deep look at the potential for atrophy to be used
as a clinical trials endpoint is beyond the scope of this re-
view. Instead, we would like to refer the interested reader
to a recently published review-paper by Vrenken et al. [14].

Measurement of brain atrophy

Both global and regional brain atrophy in MS are studied
using a wide variety of different MRI measures [3, 15–18].
Quantitative two-dimensional measures, such as measure-
ments of the ventricular width of either the third ventricle
or the lateral ventricles, can be used relatively easily in
clinical practice, although manual measurements lack re-
producibility [15, 19]. Very recently, however, VIENA, a
fully-automated method for measuring ventricular volume
changes in large datasets has been proposed [20].
Advances in MRI techniques and image-processing soft-
ware during the last decade have allowed reproducible and
accurate measurements of brain atrophy on three-dimen-
sional MR images.
Segmentation-based (cross-sectional) techniques provide
measurements of whole brain volume, or grey or white

matter volume, within specific brain regions. One of the
most widely used whole-brain techniques estimates the
brain parenchymal fraction (BPF), which is defined as the
ratio of brain parenchymal tissue to the sum of brain and
ventricular cerebrospinal fluid (CSF) volumes [21]. This
approach has the advantage that both parenchymal and
total brain volumes are obtained automatically, and that it
takes the interindividual variability in head size into ac-
count.
Registration-based techniques, on the other hand, provide
reliable longitudinal measurements of brain atrophy over
time [15, 22]. In these techniques, serial scans from a pa-
tient are compared, and areas with reductions in cortical
volume identified after skull-stripping and adjustment for
variations in head position or imaging plane. These tech-
niques are largely automated, and current software allows
the extensive image processing required to be completed in
a reasonable time, thereby facilitating detailed and reliable
image analysis. Table 1 lists the most common measures
currently used in clinical routine and MS research.

Brain atrophy in multiple sclerosis

It has long been recognised that brain atrophy is a feature
of advanced or severe MS [23], but it is now clear that at-
rophy also occurs in the earliest stages of the disease. A
number of studies have shown that brain atrophy is present
in patients with a clinically isolated syndrome (CIS) sug-
gestive of MS [24–27] and in patients with early (<5 years
from diagnosis) definite MS [8, 28–31]. For example, in
a study involving 58 patients recruited within 3 months of
CIS, patients who subsequently developed MS showed sig-
nificantly greater decreases in BPF and grey matter fraction
than those who did not. Similarly, in patients developing
MS, significant global and regional white matter damage
has been reported within 1 year of the first CIS [29].
Brain atrophy is a feature of both relapsing and progressive
(secondary progressive: SPMS; primary progressive:
PPMS) forms of MS [8, 28, 30, 33–39]. The available evid-
ence suggests that, once established, atrophy progresses in-
exorably throughout the course of the disease, at a rate that
– after adjustment for baseline brain volume – is largely in-

Table 1: Most common current measures for whole brain and regional brain atrophy.

Characteristics Strengths Limitations
Whole brain volumes
VV [19] Semi-quantitative, linear; ventricle

enlargement
Use in clinical practice
2D images

Lacks reproducibility
Requires a trained neuroradiologist

BPF [21] Segmentation-based; ratio of BPF to TIV Takes variation in head sizes into account Not well adapted to longitudinal studies

SIENAX [22] Segmentation-based; cross-sectional Automated; applicable to 2D images Regional analyses limited

SIENA [22] Registration-based; longitudinal Automated; applicable to 2D images Regional analyses limited

Regional volumes
VBM [117, 118] Includes segmentation and registration steps

Cross-sectional and longitudinal
Automated; allows the entire brain to be
regionally explored

Requires 3D images
Aspects of the algorithm may reduce
sensitivity to longitudinal changes
GM analysis; not known how well it deals
with WM changes in MS

CT [119] Includes segmentation and registration steps
Cross-sectional and longitudinal

Automated; allows the entire cortex to be
regionally explored

Difficult to obtain homogeneous GM
boundaries owing to MRI field
nonuniformities

BPF = brain parenchymal fraction; BPV = brain parenchymal volume; CT = cortical thickness measurement; GM = grey matter; SIENA = structural image evaluation, using
normalisation, of atrophy; SIENAX = SIENA – cross-sectional; TIV = total intracranial volume; VBM = voxel-based morphometry; VV = ventricular volumes; WM = white
matter
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dependent of MS subtype [34], although earlier it had been
suggested that the gray matter atrophy rate increases with
disease stage (CIS<RRMS<SPMS) [40]. The average at-
rophy rate in MS patients has been reported to be approx-
imately 0.5%–1.3% per year, compared with 0.1%–0.4%
per year in healthy individuals [3, 23, 41].
The rate of brain atrophy in an individual patient may be
affected by a number of factors, including disease stage,
MS phenotype, genetic factors, toxic agents and the pres-
ence of MS lesions. Patients with the apolipoprotein E-ε4
genotype showed an annual decrease in brain volume five
times higher than in patients without this genotype [42], al-
though other studies have reported that this genotype has
no effect on brain atrophy [43]. Exposure to toxins such as
cigarette smoke [44] has also been reported to be associated
with increased brain atrophy rates. However, the presen-
ce of inflammation triggered by disturbances of the blood-
brain barrier, as manifested by conventional MRI measures
such as T2 lesions or Gd-enhanced T1 lesions is not con-
sistently associated with increased atrophy [28, 45–47].
Although MS was traditionally considered to be primarily
a white matter disorder, it has become apparent during the
last decade that grey matter atrophy occurs from the earli-
est stages of the condition [32, 48, 49]. Indeed, there is
some evidence that selective gray matter atrophy may be
predictive of conversion from CIS to MS [29, 50, 51]. Al-
though white matter atrophy rates appear to be relatively
constant across all disease stages, in contrast, grey matter
atrophy may accelerate as MS progresses [23, 49], and is
more related to physical disability and cognitive impair-

Figure 1

(a) Mean change in brain volume in patients with relapsing-
remitting multiple sclerosis receiving oral treatment with fingolimod,
0.5 or 1.25 mg, or placebo once daily for 2 years in the
FREEDOMS Study [11]. *,**,***p ≤0.05, 0.01, 0.001, respectively,
versus placebo
(b) Mean change in brain volume over 1 year in relapsing-remitting
multiple sclerosis patients receiving fingolimod, 0.5 or 1.25 mg daily
or intramuscular IFNβ-1a 30 μg per week in the TRANSFORMS
Study [12]. * p <0.001 versus IFNβ-1a

ment [52–59] than T2- and T1-lesion volumes. Significant
grey matter fraction reduction but not white matter fraction
reduction was shown in patients at presentation with CIS
who developed definite MS over the subsequent 3 years
[32]. However, although grey matter atrophy is a common
finding in the early phases of both RRMS [49, 53, 60–62]
and PPMS [53, 63], studies that investigated grey matter at-
rophy in patients at presentation with CIS are still contra-
dictory [27, 32, 50, 62, 64].
Importantly, brain atrophy in MS is not due simply to an
acceleration of normal age-related changes; for example, in
a study in patients with early MS, decreases in white mat-
ter fraction were greater than those in grey matter fraction,
whereas the opposite was true in healthy controls [48].
Brain atrophy in MS patients affects a number of grey
matter and white matter regions, including the cerebral
lobes, brainstem, cerebellum and white matter tracts [15].
However, the underlying mechanisms appear to differ to
some extent, depending on the site of atrophy. For example,
in white matter areas, inflammation has been suggested to
be more pronounced than in grey matter areas [15, 65].
Hence, in overt white matter lesions, atrophy may be
largely due to focal loss of myelin and axon density sec-
ondary to inflammation [15, 66, 67]. However, in a 3-year
longitudinal study in patients with early MS, there were
significant increases in white matter volume despite an in-
creasing white matter lesion load [32]. Such findings sug-
gest that white matter volume may actually increase at sites
of active inflammation as a result of oedema, and this ef-
fect may mask progressing atrophy [15]. A recent patholo-
gical study [68] has investigated the characteristics of cor-
tical lesions obtained from biopsies in patients within days
or weeks after presentation. Demyelinating cortical lesions
were present in 38% of patients, of whom 47% had definite
MS. These lesions were inflammatory in nature, as demon-
strated by high rates of T cell infiltration and macrophage
involvement, and were strongly associated with meningeal
inflammation.

Cortical atrophy
Several studies have shown that in MS patients there is
both diffuse cortical atrophy and focal thinning of the
cerebral cortex. In one study, for example, the mean (stand-
ard deviation) overall thickness of the cortical ribbon in MS
patients was 2.30 (0.14) mm, compared with 2.48 (0.11)
mm in healthy controls [56]. There was also significant
thinning of the frontal cortex (mean 2.37 mm vs 2.73 mm)
and the temporal cortex (2.65 mm vs 2.95 mm), which was
observed even in patients with early disease or mild dis-
ability. In addition, patients with long-standing disease or
severe disability showed marked focal thinning of the mo-
tor cortex (mean 2.35 mm vs 2.74 mm) [56]. A further, lar-
ger study reported that the strongest correlations between
total white matter lesion load and cortical atrophy were
found in the anterior cingulate cortex, the insula and the
transverse temporal gyrus [69]; this pattern is distinct from
that seen in normal ageing, in which atrophy occurs mainly
in the primary motor and premotor cortices, the prefrontal
cortex and the calcarene cortex near the visual cortex [70].
Focal cortical atrophy, primarily involving the left fronto-
temporal region and deep grey matter structures, has also
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been reported in a study using voxel-based morphometry
(VBM) [71].

Thalamic atrophy
As described above, cortical atrophy may be present in
early stages of MS, but recent studies suggest that grey
matter atrophy develops even earlier in deep structures.
Atrophy of the thalamus has been reported in patients with
PPMS or early RRMS, whereas cortical and infratentorial
atrophy developed later in the course of the disease in these
studies [39, 72].
In an early study, the normalised thalamic volume in MS
patients was decreased by an average of 17%, compared
with healthy controls, and the mean width of the third vent-
ricle was increased two-fold; there was a significant cor-
relation between third ventricle width and thalamic atrophy
(r= –0.59; p<0.05). Furthermore, examination of post
mortem specimens showed a 22% decrease in neuronal
density in the median dorsal thalamic nucleus, and a similar
decrease in the mean volume of this structure; overall, it
was estimated that neuronal loss in MS patients could be
as high as 30%–35% [73]. Similar findings were repor-
ted in a subsequent study in patients with RRMS, which
also showed significant correlations between decreases in
thalamic concentrations of N-acetylaspartate (NAA: a
measure of neuronal density) and thalamic volume loss
in individual patients; furthermore, both NAA concentra-
tions and normalised thalamic volumes showed significant
inverse correlations with disease duration [74]. A further
study, in patients with CIS, has suggested that a direct re-
lationship exists between white matter lesions and thalamic
atrophy [75]. This may be partly due to Wallerian degener-
ation following axonal injury at lesion sites [15, 76].

Patterns of brain atrophy in relapsing remitting versus
secondary progressive disease course
Several studies have investigated patterns of brain atrophy
in patients with different MS phenotypes. Tedeschi et al,
in a study of almost 600 MS patients, showed that patients
with SPMS had significantly more atrophy of both white
matter and grey matter, and a greater lesion load, than those
with RRMS [33]. Lesion load was related to both grey mat-
ter atrophy, and to a lesser extent to white matter atrophy.
In another study brain atrophy was found to develop in dif-
ferent structures in patients with RRMS, SPMS or PPMS
[77]. In general, patients with RRMS tended to show
ventricular enlargement, whereas cortical atrophy was pre-
dominant in those with progressive disease (table 2). Sim-
ilar findings were obtained in a VBM study involving pa-

tients with CIS or different phenotypes of MS [78].
No grey matter loss was observed in patients with CIS,
whereas RRMS patients showed significant atrophy in the
right pre- and post-central gyri. SPMS patients showed sig-
nificant grey matter loss in several regions of the frontal,
parietal, temporal and occipital cortex, the cerebellum, the
superior and inferior colliculus, and deep grey matter struc-
tures, compared with RRMS patients. SPMS patients also
showed significant grey matter loss in the postcentral gyr-
us, the middle occipital gyrus, the thalamus, the cerebel-
lum, and the superior and inferior colliculus, compared
with PPMS patients.

Correlations between brain atrophy and clinical and
pathological features of multiple sclerosis

Correlation of white matter lesions and grey matter
atrophy
A number of studies have examined the correlation
between measures of brain atrophy and the extent and pro-
gression of the white matter (T1 and T2) MRI lesion bur-
den in patients with MS. Although there is clear evidence
for a correlation between global grey matter volume and
white matter lesion load [28, 53, 54, 57], in contrast, cross-
sectional attempts to correlate regional grey matter atrophy
with white matter lesion measures have revealed conflict-
ing results, ranging from no [79, 80] to moderate correla-
tion [56, 81]. In a VBM study of a mixed patient population
that included both patients with CIS and clinically definite
MS, focal white matter damage was found to be associated
with grey matter atrophy upstream of the white matter le-
sion; this suggests that retrograde degeneration following
axon damage is an important factor in the development of
grey matter atrophy [82]. Similar findings were reported in
a VBM study in patients with early PPMS [83].
To date, there are few longitudinal studies relating regional
grey matter volume changes to white matter lesions. A pos-
itive correlation between T2 lesion burden and thalamic
volume reduction at baseline has been shown in patients
with primary progressive MS (PPMS) using VBM [84].
Another publication reported a positive correlation
between changes in T2 and T1 lesion volumes and
ventricular enlargement in 20 patients with RRMS [85].
Battaglini et al. [86] studied a cohort of 59 RRMS patients,
in whom longitudinal measurements of regional brain at-
rophy were made by VBM. During a mean follow-up of
3 years, patients showed progressive atrophy in the lateral
frontal and parietal cortex, which appeared to be at least
partly dependent on the increase in T2-weighted lesion

Table 2: Brain regions with significant (p <0.001) atrophy in patients with multiples sclerosis of different phenotypes.

RRMS SPMS PPMS
Ventricular system
Pericerebellar spaces
Cerebellar tentorium
Putamen
Corpus callosum
Cingulate sulcus
Hippocampus
Parieto-occipital fissure
Lateral fissure
Frontal, parietal, temporal and occipital cortex

Cingulate
Pulvinar
Caudate nucleus
Anterior orbital gyrus
Mammillary body
Fourth ventricle
Frontal, parietal, temporal and occipital cortex

Bilateral central sulcus
Caudate nucleus
Prepontine and quadrigeminal cisterns
Lateral ventricle
Frontal, parietal, temporal and occipital cortex

PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary progressive multiple sclerosis
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load. Significant grey matter volume reductions, particu-
larly in the frontotemporal cortex were found in RRMS
patients compared with healthy controls; over a 12-month
period, further decreases in grey matter volume occurred
in patients with progressing white matter lesions, whereas
no such decrease occurred in patients with nonprogressive
white matter lesions [87, 88]. Together, these longitudinal
findings suggest that progression of regional grey matter
reductions is associated, at least partly, with global progres-
sion of white matter (T1 and T2) lesion volume. It remains
unclear, however, whether the observed regional grey mat-
ter volume changes are the consequence of ongoing tissue
destruction in white matter lesions, such as axonal transec-
tion and retrograde neurodegeneration [28, 89], or whether
they occur independently.

Correlations with disability
Studies have consistently shown significant correlations
between measurements of brain atrophy and clinical disab-
ility in MS patients [56, 90, 91]. Indeed, it has been sug-
gested that measurement of brain atrophy (particularly grey
matter atrophy) may be the best MRI predictor of future
disability in patients with MS [15, 33].
An early study showed significant negative correlations
between EDSS scores and global cortical thickness (r=
–0.56, p= 0.011) and the mean thickness of the motor cor-
tex (r= –0.69, p= 0.001) [56]. Similarly, in a case-control
study involving 88 patients with MS or CIS, there were sig-
nificant negative correlations between EDSS scores and the
thickness of the right parahippocampal, left lateral occipit-
al and left postcentral cortex (all p≤0.001), and between
EDSS scores and the volumes of the right caudate and right
nucleus accumbens (both p ≤0.01) [90]. A further study
reported a significant correlation (r= –0.428, p<0.001)
between brain atrophy, as measured by the corpus callosum
index, and EDSS scores at diagnosis; however, brain at-
rophy was not an independent predictor of long-term dis-
ability in this study [92]. Similarly, in a long-term study
of patients presenting with CIS, the brain atrophy rate was
predictive of EDSS scores in univariate analyses, but was
not an independent predictor at 6 years [93].
In contrast to these studies showing correlations between
measures of brain atrophy and EDSS scores, a further study
[91] found a significant correlation between progression of
grey matter atrophy and MSFC scores, but not between at-
rophy and EDSS scores. This finding was associated with
a relatively low concordance (62%) between disability pro-
gression defined by means of the two measures. The lack
of correlation between brain atrophy and EDSS scores in
this study was attributed to two factors: insensitivity of the
EDSS in identifying progression in severely disabled pa-
tients, and misclassification of EDSS progression in pa-
tients with stable MSFC scores and low EDSS scores [91].
Similar results were obtained in a recent study in SPMS pa-
tients, in which whole brain, grey matter and spinal cord
atrophy all showed significant correlations with MSFC
scores, but not with EDSS scores [36].

Correlations with fatigue
Fatigue is common in MS, affecting up to 80% of patients
[94]. Fatigue is not directly related to overall disease evolu-

tion, to disability levels or localised lesions, although an as-
sociation with dysfunction of fronto-thalamo-basal-ganglia
circuits seems likely [95]. Studies that have attempted to
determine the added value of volumetric measurements in
relation to fatigue are rare [94, 96]. In a study comparing
pimary fatigued patients with MS (n = 17) with nonfa-
tigued patients (n = 17), the fatigued patients showed ex-
tended regional atrophy of supratentorial brain paren-
chyma, involving the cerebral cortex, nearby white matter
and the caudate head, areas which are functionally related
to attentional control [96]. The authors suggested that im-
paired central motor activation might be due to an inter-
ruption of the cortico-subcortical motor circuits involving
the motor cortex. In a study involving 222 RRMS patients
with low disability (EDSS ≤2), patients with high levels of
fatigue (scoring ≥5 on the Fatigue Severity Scale [FSS])
had significantly higher abnormal white matter fractions
and T1 or T2 lesion loads, and lower white matter and grey
matter fractions, than those with low fatigue scores (FSS
≤4) [94]. The authors concluded that white matter or grey
matter atrophy was a risk factor for fatigue in MS patients,
irrespective of the level of disability.

Correlations with cognitive impairment
Cognitive impairment, affecting memory, attention and in-
formation processing speed, may be present in up to 70%
of MS patients [97, 98], and has been shown to occur early
(within 3 years of onset) in the course of the disease [99].
In a study in patients with RRMS, patients with cognit-
ive impairment had significantly smaller normalised brain
volumes and normalised neocortical grey matter volumes
than those with normal cognition [37]. Indeed, cortical at-
rophy appears to be a good predictor of cognitive impair-
ment, because even mild impairment has been shown to be
associated with significant cortical thinning [100]. Signi-
ficant correlations have also been reported between cognit-
ive impairment and thalamic atrophy [101].
A recent study has investigated patterns of regional grey
matter atrophy associated with cognitive dysfunction in
MS [102]. In patients with RRMS, cognitive impairment
was associated with significant grey matter loss in the left
superior temporal gyrus, the left insula, thalamus and right
middle occipital gyrus. SPMS patients with cognitive
impairment showed grey matter losses in a number of re-
gions, including the anterior cingulate cortex, the insula,
hippocampus and the right superior frontal sulcus. Simil-
arly, cognitively impaired PPMS patients showed signific-
ant grey matter loss in the anterior cingulate cortex and
the right superior temporal gyrus. These findings suggest
that differing patterns of regional grey matter loss are as-
sociated with cognitive impairment in different MS pheno-
types.
There is some evidence that the impact of brain atrophy on
cognitive function in MS may be attenuated in patients with
higher “cognitive reserve” as a result of higher premorbid
intelligence or education. In one study in patients with clin-
ically definite MS, brain atrophy (estimated from measure-
ments of third ventricle width) was associated with worse
cognitive function, whereas cognitive reserve was associ-
ated with better function; there was also a significant inter-
action between these two variables, such that patients with

Review article: Medical intelligence Swiss Med Wkly. 2013;143:w13887

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 5 of 11



higher cognitive reserve showed less cognitive impairment
in the presence of brain atrophy [103].

Effects of disease-modifying therapies on brain
atrophy in MS
Currently available DMTs for MS differ in their effects on
brain atrophy (table 3) [21, 104–116].
In general, prospective studies with conventional therapies
such as interferon- (IFN) β and glatiramer acetate have
shown only limited and inconclusive evidence for a be-
neficial effect on brain atrophy. By contrast, in the recent
FREEDOMS study in patients with RRMS [104, 110], the
sphingosine-1-phosphate receptor modulator fingolimod
significantly reduced the mean change in brain volume
over 2 years, compared with placebo, and in the
TRANSFORMS study [105] fingolimod treatment resulted
in a significantly lower rate of brain atrophy than intramus-
cular IFNβ-1a (fig. 1). Decreases in brain atrophy in RRMS
patients have also been reported with the quinoline derivat-
ive laquinimod [107].
These differences between agents may be related to the
extent of the anti-inflammatory effects of DMTs, and the
effects of different agents on the balance between demy-
elinating and reparative processes [110]. During the first
months of treatment, many DMTs produce an apparent in-
crease in atrophy rate (pseudoatrophy), probably due to a
loss of intracellular water as a result of their anti-inflam-
matory activity.

Conclusions

The continuing evolution of MS therapy from a focus on
inflammation alone to addressing both the inflammatory
and neurodegenerative aspects of the condition has pro-
duced the need for measuring neurodegenative outcomes
in clinical trials and clinical practice. There is now strong
evidence that measurements of brain atrophy meet the
emerging need for new outcome measures in MS trials.

Substantial data show that grey matter atrophy occurs early
in the course of MS and progresses faster than in healthy
individuals, and that brain atrophy is the best MRI pre-
dictor of subsequent disability. Furthermore, it is becoming
clear that currently available DMTs differ in their effects
on brain atrophy, and this may have important implications
for the management of MS. In addition, studies of atrophy
in different brain regions, and in patients with different MS
phenotypes, are providing important new insights into the
pathophysiology of the degenerative processes occurring in
MS. In parallel to this growing interest in brain atrophy in
MS, new MRI techniques and advances in software devel-
opment are offering improved image quality with accept-
able processing times, providing an opportunity to extend
brain atrophy measurements beyond research studies to the
routine management of MS patients.
In the light of such developments, it seems reasonable to
assume that measurement of brain atrophy will play in-
creasing roles in MS research, in the diagnosis and staging
of the disease, and in the monitoring of new therapies that
target neurodegeneration.
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Table 3: Effects of disease-modifying therapies (DMTs) on brain volume in multiple sclerosis.

Reference DMT Multiple sclerosis
phenotype

Cohort size
(no. of patients)

Treatment effect on brain
volume (p-value)

[13] Fingolimod (1.25 or 5 mg oral, daily) 1 RRMS 1,292 <0.001 (mths 0–12)

[12] Fingolimod (1.25 or 5 mg oral, daily) 2 RRMS 1,272 <0.001 (mths 0–24)

[107] Laquinimod (0.6 mg oral daily) 2 RRMS 1,106 <0.001 (mths 0–24)

[21] IFNβ-1a (30 µg i.m., weekly) 2 RRMS 156 <0.001 (yr 1, yr2)

[108] IFNβ-1a (60 µg i.m., weekly) 2 PPMS 50 0.025 (2 years)

IFNβ-1a (s.c.) RRMS 519 n.s. (4 years)

[109] IFNβ-1a (22 µg s.c., weekly) 2 CIS 264 0.0031(mths 0–24)

[110] IFNβ-1b (250 µg s.c., every other day) 2 CIS 221 0.121 (5 years)

[111] IFNβ-1b (8 MIU s.c., every other day) 2 SPMS 95 0.34 (mths 0–36)

[112]

[120]

Natalizumab (300 mg i.v., every 4 weeks) 2

Natalizumab (investigational treatments) 1

RRMS

RRMS

942

26

0.822 (mths 0–24)
0.004 (mths 12–24)
0.05 (1.5 ys)

[113] Glatiramer acetate (20 mg s.c., daily) 2 RRMS 227 0.88 (18 mths)

[114] Cladribine (0.7 or 2.1 mg/kg, s.c.) 2 PPMS 159 0.34 (12 mths)

[115] Alemtuzumab (20 mg i.v. daily, 5 consecutive days) 3 CDMS 25 n.s. (18 mths)

[116] Ibudilast (60mg oral, 3 times daily) 2 RRMS 297 0.04 (yr 1)
1 vs IFNβ, 2 vs placebo, 3 crossover trial
CDMS = clinically definite multiple sclerosis; CIS = clinically isolated syndrome; IFN = interferon; mths = months; RRMS = relapsing-remitting multiple sclerosis; SPMS =
secondary progressive multiple sclerosis; yr = year
p values show significant reduction of atrophy if not indicated otherwise (* placebo-controlled, **9 mths placebo-controlled, 9 mths open-label)
n.s. = no significant treatment effect on brain volume
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Figures (large format)

Figure 1

(a) Mean change in brain volume in patients with relapsing-remitting multiple sclerosis receiving oral treatment with fingolimod, 0.5 or 1.25 mg,
or placebo once daily for 2 years in the FREEDOMS Study [11]. *,**,***p ≤0.05, 0.01, 0.001, respectively, versus placebo
(b) Mean change in brain volume over 1 year in relapsing-remitting multiple sclerosis patients receiving fingolimod, 0.5 or 1.25 mg daily or
intramuscular IFNβ-1a 30 μg per week in the TRANSFORMS Study [12]. * p <0.001 versus IFNβ-1a
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