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ABSTRACT

Objective: To determine whether clinical and demographic features are associated with prognosis
in patients with frontotemporal dementia and motor neuron disease (FTD-MND).

Methods: This was a case series of FTD-MND categorized according to behavioral- or language-
dominant symptoms at presentation and throughout the disease course. Demographic, clinical,
imaging, and survival data were analyzed with respect to dominant FTD-MND type. Voxel-based
morphometry was used to assess and compare regional patterns of atrophy in behavioral- and
language-dominant FTD-MND types.

Results: Of the 56 patients with FTD-MND who were identified, 31 had dominant behavioral
symptoms and 25 had dominant language symptoms; 53 patients had died. A survival difference
was present between types, with patients with behavioral-dominant symptoms surviving 506
days longer than patients with language-dominant symptoms (mean 1,397 vs 891 days; p �

0.002). There was also a difference in time from diagnosis to death (p � 0.02) between groups.
Patients with language-dominant disease were more likely to have bulbar-onset than limb-onset
motor neuron disease (MND) (p � 0.01). There was a similar pattern of frontal and temporal lobe
atrophy in both types, although there was some evidence for the behavioral type to have more
frontal atrophy and the language type to have more left temporal atrophy.

Conclusions: In our series of patients with FTD-MND, language-dominant FTD-MND was associ-
ated with bulbar-onset MND and a shorter survival. There was also evidence that the dominant
FTD-MND type is related to differences in brain atrophy patterns. Neurology® 2011;76:1886–1893

GLOSSARY
ALSFRS � Amyotrophic Lateral Sclerosis Functional Rating Scale; FDG � fluorodeoxyglucose; FTD � frontotemporal
dementia; FTD-MND � frontotemporal dementia with motor neuron disease; FTLD-TDP � frontotemporal lobar degeneration
with TDP-43 immunoreactive inclusions; FWE � family-wise error; MND � motor neuron disease; STMS � Short Test of
Mental Status; TDP-43 � TAR DNA-binding protein of 43 kDa; VBM � voxel-based morphometry.

Frontotemporal dementia (FTD) encompasses clinical syndromes characterized by progressive
and insidious behavioral changes and language deficits.1,2 Clinical symptoms of motor neuron
disease (MND) can develop in patients with FTD, whereas patients with MND may manifest
behavioral or language symptoms in the disease course.3-6 Beyond the clinical features, a patho-
logic overlap exists between FTD and MND with the presence of ubiquitin/TAR DNA-
binding protein (TDP-43)–immunoreactive inclusions identified in both disorders, suggesting
a TDP-43 proteinopathy continuum.7-9

In FTD, behavioral and language deficits are well-characterized with established language
syndromes of progressive nonfluent aphasia and semantic dementia.2 Although behavioral and
language symptoms often overlap in FTD, the predominant subtype has implications for the
disease course with demographic differences existing between behavioral and language groups
with respect to gender, age at onset, and survival.10 Distinguishing clinical features in FTD also
has implications for pathophysiology because various profiles of tau and TDP-43 deposition
have been associated with different clinical syndromes.1,11,12
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Despite the evaluation of different sub-
types of FTD, no study has evaluated patients
with FTD and concomitant motor neuron
disease (FTD-MND) with respect to FTD
phenotype. This study therefore aimed to
identify clinical and imaging features of
behavioral- and language-dominant FTD-
MND and determine whether a survival dif-
ference exists between the different types.

METHODS Case selection. A database search of the Mayo
Clinic electronic medical record system was used to identify all
patients with the diagnosis of both dementia and MND between
January 2000 and July 2010. A total of 389 cases were reviewed,
of which 66 had the diagnosis of FTD-MND. Of these cases, 10
were excluded due to insufficient clinical data to diagnose either
FTD or MND. The dominant FTD type was determined with
the aid of consensus criteria for FTD.2 We chose these FTD
consensus criteria because they provide clinical symptoms to sep-
arate FTD-MND into language- and behavioral-dominant
phenotypes.

The patient’s presenting symptom, symptom severity, and
progression were used along with physical examination data to
classify each case as either behavioral- or language-dominant
FTD-MND. Those considered to have behavioral-dominant
FTD-MND exhibited an early decline in social interpersonal
conduct, impairment in regulation of personal conduct, emo-
tional blunting, or loss of insight. Those considered to have
language-dominant FTD-MND exhibited either nonfluent
spontaneous speech with agrammatism, phonemic paraphasias,
or anomia, or features of semantic dementia with progressive,
fluent, empty spontaneous speech, loss of word meaning with
impaired naming and comprehension, semantic paraphasias, or
prosopagnosia.2 In patients with overlapping behavioral and lan-
guage features, the predominant type was determined according
to the consensus criteria; when core behavioral features were
met, language and speech features of altered speech output, ste-
reotypy of speech, echolalia, perseveration, and mutism were
supportive of the behavioral-dominant type.2 Patients with early
preservation of social skills and late characteristic behavior
changes who had core language features were classified as having
the language-dominant type. MND was diagnosed on the basis

of clinical or electromyographic evidence of upper or lower mo-
tor neuron dysfunction consistent with the revised El Escorial
criteria.13 Patients with solely upper MND were included ac-
cording to the proposed criteria for primary lateral sclerosis14,15

because FTD-MND includes the primary lateral sclerosis
variant.16

Historical data including handedness, gender, state of resi-
dency, age at onset, age at diagnosis, and age at death (if avail-
able) were obtained from the medical record. The patient’s
initial diagnosis, family history of a first-degree relative with
FTD or amyotrophic lateral sclerosis, behavioral features, lan-
guage findings, presence of speech or limb apraxia, psychosis,
and evidence of parkinsonism were collected. Neuropsychomet-
ric data were used to characterize patterns of cognitive deficit and
language dysfunction. Information was compiled regarding the
onset of motor symptoms, limb, and bulbar involvement and
motor examination findings. Speech pathology records and doc-
umentation of swallowing function were used to generate speech
and swallowing subscores of the Amyotrophic Lateral Sclerosis
Functional Rating Scale (ALSFRS)17 at presentation. The timing
between the onset of cognitive and motor symptoms was calcu-
lated in months. Patients were considered to have simultaneous
onset if cognitive and motor symptoms appeared concomitantly.

Standard protocol approval and patient consents. In-
formed consent was obtained from all patients for participation
in the studies, which were approved by the Mayo Clinic institu-
tional review board.

Voxel-based morphometry analysis. Voxel-based mor-
phometry (VBM)18 was used to determine whether patients with
behavioral- and language-dominant FTD-MND would show
different patterns of atrophy. Although 55 of the 56 patients
with FTD-MND included in the study had a brain MRI, only
25 had a volumetric T1-weighted MRI performed with a stan-
dardized protocol suitable for analysis (15 patients with
behavioral-dominant FTD-MND and 10 patients with
language-dominant FTD-MND). We analyzed all patients with
language-dominant FTD-MND matched by age at MRI and
disease duration to 10 patients with behavioral-dominant FTD-
MND. These 20 patients with FTD-MND were also matched
by age and gender to 20 control subjects who were neurologically
normal. Subject demographics at time of MRI are shown in table
e-1 on the Neurology® Web site at www.neurology.org.

All MRI scans were subjected to preprocessing correction for
gradient nonlinearity19 and intensity nonuniformity.20 VBM was
implemented using SPM5 as described previously.21 Patterns of
gray matter loss were assessed in each FTD-MND group com-
pared with control subjects after correction for multiple compar-
isons using family-wise error (FWE) at p � 0.05. Patients with
behavioral-dominant and language-dominant FTD-MND were
also directly compared at both corrected (FWE p � 0.05) and
uncorrected (p � 0.001) statistical thresholds. Age and gender
were included in all analyses as covariates.

Statistical analysis. Statistical analyses were performed using
JMP software (version 8.0.0; SAS Institute, Cary, NC) with sta-
tistical significance set at p � 0.05. Comparisons of gender ratios
and other binary variables across behavioral- and language-
dominant FTD-MND groups were performed using the �2 test
or the Fisher exact test for analyses in which there were cells with
small numbers. Demographic features, for example, age at onset,
age at death, time from diagnosis to death, and all other contin-
uous variables, were compared across groups using the Mann-
Whitney U test. Survival analyses were performed using Kaplan-

Table 1 Demographics of patients with behavioral- and
language-dominant FTD-MND

Characteristic
Total
(n � 56)

Behavioral
(n � 31)

Language
(n � 25) p Valuea

Female, n (%) 28 (50) 12 (39) 16 (64) 0.11

Family history, n (%) 12 (21) 6 (19) 6 (24) 0.75

Age, y, mean � SD

At onset 60.3 � 9.6 59.3 � 10.2 61.5 � 8.8 0.42

At diagnosis 62.5 � 9.2 61.8 � 9.8 63.3 � 8.6 0.58

At death 64.3 � 9.1 63.1 � 10.8 64.0 � 8.6 0.20

Mean survival, d, mean � SD 1,074 � 609 1,397 � 655 891 � 507 0.002

STMS score, mean � SD 27.3 � 6.6 27.1 � 6.5 27.7 � 6.8 0.81

Abbreviations: FTD-MND � frontotemporal dementia with motor neuron disease; STMS �

Short Test of Mental Status.
a p Value for difference between behavioral and language types.
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Meier estimates. Cox proportional hazard models were used to
adjust for bulbar onset.

RESULTS A total of 56 patients with FTD and
MND were identified (table 1). Short Test of
Mental Status (STMS) scores22 were available for
43 patients. EMG was performed in 52 of 56 pa-
tients. Four patients did not have EMG because of

their poor clinical condition or because of defini-
tive evidence of MND findings on examination.
In 2 of these 4 patients, a diagnosis of frontotemporal
lobar degeneration with TDP-43 immunoreactive
inclusions (FTLD-TDP)23 was later confirmed neu-
ropathologically. There were 2 patients with pure
upper MND or primary lateral sclerosis, one each
from the behavioral- and language-dominant groups.

Figure 1 Fluorodeoxyglucose (FDG)-PET statistical stereotactic surface projection maps (Cortex ID) showing hypometabolism in 3
patients with behavioral-dominant (A) and 3 patients with language-dominant frontotemporal dementia with motor neuron
disease (FTD-MND) (B) compared with that in normal control subjects

These specific patients are shown because they completed a FDG-PET scan after 2007 when use of Cortex ID was implemented. Variable degrees of
frontal and temporal hypometabolism were observed in both groups, without any visually observable differences across groups. A � anterior; P � posterior.
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In all 56 patients, MRI findings documented in
the medical records by the reviewing neuroradiolo-
gist were “focal frontal and temporal lobe atrophy”
or “generalized neocortical atrophy.” There was no
intracranial lesion pathology accounting for the clin-
ical presentations. Twenty-four patients had com-
pleted a functional [18F]fluorodeoxyglucose (FDG)
PET or SPECT scan. All 13 patients who underwent
FDG-PET scans had frontotemporal decreased up-
take (figure 1) with similar findings of hypoperfusion
reported in all 11 patients who had a SPECT scan.

Diagnostic groups. In this cohort of patients with
FTD-MND, 31 had dominant behavioral features of
FTD, whereas 25 had dominant language deficits
(table 1). There was no significant difference among
gender, family history, or STMS mean scores (table
1). There was often overlap of behavioral and lan-
guage features in an individual’s disease course (table
2); behavioral changes were present in 72% of pa-
tients with language-dominant FTD-MND at some
point in the disease course, and language problems
were present at some point in the disease course in
90% of patients with the behavioral-dominant FTD-
MND. Behavioral change, psychosis, and abnormal
eating behaviors were all significantly more common

in the behavioral-dominant FTD-MND group than
in the language-dominant FTD-MND group. Limb
apraxia and parkinsonism were significantly more
common in the language-dominant FTD-MND
group. Patients with language-dominant FTD-
MND were also more likely to have bulbar onset of
MND than patients with behavioral-dominant
FTD-MND. Speech problems were more severe in
the language-dominant FTD-MND group, although
the severity of swallowing problems was similar in
both types.

There were 2 patients with prosopagnosia (loss
of facial recognition) and an additional patient
whose central clinical feature was anomia and loss
of semantic knowledge. One patient in the lan-
guage group had marked logopenia as the primary
manifestation of language dysfunction. There was
no apparent difference on FDG-PET scans be-
tween the behavioral- and language-dominant
FTD-MND types (figure 1).

Survival. Fifty-three patients had died and hence had
illness duration (table 1). Three patients in the
behavioral-dominant group are still alive. Autopsy
was performed in 7 patients, all with neuropathologi-
cally confirmed FTLD-TDP type 3 pathology,7 i.e.,
ubiquitin and TDP-43 immunoreactive, predomi-
nantly cytoplasm inclusions and evidence of motor
neuron degeneration.

A significant difference in survival was seen be-
tween the behavioral- and language-dominant
groups, with patients in the behavioral-dominant
group living 506 days longer than those in the
language-dominant group (mean 1,397 days com-
pared with 891 days; p � 0.002) (table 1). The
Kaplan-Meier survival curve is depicted in figure 2.
There was no significant difference in the time from
onset to diagnosis (p � 0.13) between the groups,
but there was a significant difference in the time
from diagnosis to death with the behavioral-
dominant group living longer after diagnosis (mean
540 days compared with 248 days; p � 0.02). No
significant survival difference was seen between
women and men. Patients with bulbar onset in the
behavioral-dominant group had a shorter survival
(p � 0.006) than those in the language-dominant
group (p � 0.38). Patients with the behavioral-
dominant phenotype with bulbar onset were more
likely to have a shorter survival than patients with
behavioral-dominant FTD-MND without bulbar
onset (hazard ratio 3.4). Those with language-
dominant FTD-MND were also more likely to have
a shorter survival compared with this reference
group, with a hazard ratio of 3.9 for those with bul-
bar onset and 2.7 for those without.

Table 2 Clinical characteristics of patients with behavioral- and
language-dominant FTD-MND

Characteristic
Total
(n � 56)

Behavioral
(n � 31)

Language
(n � 25) p Valuea

Behavioral changes, n (%) 49 (88) 31 (100) 18 (72) 0.002

Psychoses, n (%) 13 (23) 12 (39) 1 (4) 0.003

Abnormal eating behaviors, n (%) 9 (16) 9 (29) 0 0.03

Language problems, n (%) 52 (93) 27 (90) 25 (100) 0.12

ALSFRS score

Speech 2.6 (1.2) 3.1 (0.8) 2.0 (1.4) 0.0035

Swallowing 3.0 (1.1) 3.2 (0.9) 2.8 (1.3) 0.19

Oral apraxia, n (%) 4 (7) 1 (3) 3 (12) 0.31

Limb apraxia, n (%) 14 (25) 2 (7) 12 (48) 0.0005

Parkinsonism, n (%) 7 (12) 1 (3) 6 (24) 0.04

Memory impairment, n (%) 24 (43) 12 (39) 12 (48) 0.79

EMG performed, n (%) 52 (93) 28 (90) 23 (92) 1.00

Bulbar onset, n (%) 30 (54) 12 (39) 18 (72) 0.02

Simultaneous onset, n (%) 13 (23) 7 (23) 6 (24) 1.00

Cognitive before motor
symptoms, n (%)

34 (61) 21 (68) 13 (52) 0.16

Duration from cognitive to motor
symptoms, d, mean � SD

621 � 438 730 � 402 475 � 475 0.03

Motor before cognitive
symptoms, n (%)

9 (16) 3 (10) 6 (24) 0.27

Duration from motor to
cognitive symptoms, d, mean � SD

256 � 256 548 � 329 110 � 73 0.04

Abbreviations: ALSFRS � Amyotrophic Lateral Sclerosis Functional Rating Scale; FTD-
MND � frontotemporal dementia with motor neuron disease.
a p Value for difference between behavioral and language types.
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A similar number of patients presented with simul-
taneous onset of cognitive (behavioral or language) and
motor symptoms between the behavioral- and
language-dominant groups (table 2). In all groups, the
majority of patients manifested cognitive symptoms
earlier than motor symptoms. The average duration
from cognitive to motor symptom onset was 621 days,
whereas the duration from motor to cognitive symp-
toms was 256 days. Patients in the language-dominant
group had a more rapid progression to development of
secondary symptoms, regardless of whether their initial
presentation was characterized by motor or cognitive
symptoms (table 2).

VBM analysis. Both the behavioral-dominant and
language-dominant FTD-MND groups showed gray
matter loss in the frontal and temporal lobes com-
pared with control subjects (figure 3). On direct
comparison, with correction for multiple compari-
sons, no differences were observed between the
behavioral- and language-dominant FTD-MND
groups. However, using a lenient uncorrected thresh-
old of p � 0.001, we did observe subtle differences
across the groups. In particular, the behavioral-
dominant group showed greater loss in the frontal
lobes than the language-dominant group, and the
language-dominant group showed greater loss in
the left lateral inferior temporal lobes and right
basal ganglia than the behavioral-dominant group
(figure 3).

DISCUSSION In this study we analyzed survival
in a large group of patients with clinically diag-

nosed FTD-MND with respect to demographic
and clinical FTD phenotype. The 56 patients with
FTD-MND were separated into 31 with behavioral-
dominant symptoms and 25 with language-dominant
symptoms. Those with the behavioral phenotype had
a significantly longer mean survival than those with
the language phenotype.

Our overall survival data were similar to data
from previous studies in FTD-MND,12,24-26 with an
overall survival of less than 3 years, suggesting that
our cohort was similar to cohorts reported from
other centers. In a recent multicenter study of 87
patients with FTD-MND, the authors identified a
long-term survival group that was more likely to have
cognitive symptoms at onset.25 Our study has ex-
tended this finding by demonstrating that the
behavioral-dominant FTD-MND phenotype shows
a longer survival time compared with a language-
dominant phenotype. When we subdivided overall
survival into time from onset to diagnosis and time
from diagnosis to death, we found that only time
from diagnosis to death was different between
groups, suggesting that this time interval is driving
the overall survival. This finding is also important
because measurement of this time interval does not
rely on accurate assessment of onset, which could
bias overall results. It should also be noted that both
groups were similar in terms of cognitive severity at
the time of diagnosis.

A timing difference between the onset of cogni-
tive to motor symptoms and of motor to cognitive
symptoms was observed across the groups with a
shorter time between onset of these symptoms being
observed in the language group. For those with cog-
nitive onset occurring before motor, it is possible that
the longer interval observed in the behavioral-
dominant group is being driven by earlier recogni-
tion of behavioral change because behavioral
symptoms are more likely to be disruptive to families
than language symptoms. If this hypothesis was cor-
rect, however, then we would also expect a shorter
time from motor onset to cognitive onset in the be-
havioral group, which was not observed. Therefore,
the most likely explanation for this finding is that
language-dominant FTD-MND is a faster progress-
ing disease, regardless of cognitive or motor onset,
compared with behavioral-dominant FTD-MND.

There was an association between FTD-MND
phenotype and bulbar onset, with bulbar onset of
MND being more common in those with language-
dominant FTD-MND. This association seems to be
clinically meaningful and is contributing to the sur-
vival difference observed across the 2 phenotypes. In
particular, it appears that patients with behavioral-
dominant FTD-MND without bulbar onset have

Figure 2 Kaplan-Meier survival curve of patients with behavioral- or
language-dominant frontotemporal dementia and motor neuron
disease (FTD-MND) demonstrating shorter survival for language-
dominant FTD-MND compared with that for behavioral-dominant
FTD-MND (p � 0.002)
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the best survival, whereas those with language-
dominant FTD-MND and bulbar onset have the
worst survival.

Subtypes of FTD have been well-characterized,1

but work in FTD-MND has primarily focused on
behavioral changes associated with MND. However,
language-dominant forms of FTD-MND have been
established for decades.27 In particular, a progressive
nonfluent aphasia subtype with behavioral changes
and bulbar onset of MND is recognized.27-30 The
majority of our patients with predominant language
symptoms had the nonfluent variety. However, se-
mantic dementia, including semantic dementia with
pronounced prosopagnosia, was evident in 3 pa-
tients, and one patient had logopenic aphasia. MND

has been reported to be uncommon in patients with
semantic dementia.31

Interestingly, we observed differences in symp-
toms across both types, with psychosis being more
common in behavioral-dominant FTD-MND and
parkinsonism and limb apraxia being more common
in language-dominant FTD-MND. Likewise, psy-
chosis is associated with the behavioral variant of
FTD but not the language variant of FTD,32 and
therefore our findings in FTD-MND mirror find-
ings in FTD. Limb apraxia has not been emphasized
previously in patients with FTD-MND, but in our
study we showed that almost 50% of patients with
language-dominant FTD-MND have limb apraxia.
Likewise, parkinsonism has not been emphasized in

Figure 3 Results of voxel-based morphometry analyses

(A) Patterns of gray matter loss in the behavioral- and language-dominant frontotemporal dementia with motor neuron disease (FTD-MND) groups com-
pared with those of control subjects (corrected for multiple comparisons using family-wise error, p � 0.05). Both groups show gray matter loss in the
frontal and temporal lobes. (B) Unthresholded t statistic effect maps, highlighting differences between the behavioral- and language-dominant FTD-MND
groups on direct comparison. The behavioral-dominant group showed greater loss in the frontal lobes than the language-dominant group, whereas the
language-dominant group showed greater loss in the left lateral inferior temporal lobe and right putamen than the behavioral-dominant group.
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FTD-MND, although parkinsonism has been re-
ported in cases of autopsy-confirmed FTD-MND.33

Using the ALSFRS, we found, not surprisingly, more
severe speech problems in those with language-
dominant FTD-MND. Interestingly, however, we
did not find more severe swallowing problems in this
group, suggesting that severity of swallowing prob-
lems does not account for the shorter survival in the
language-dominant group.

The language- and behavioral-dominant FTD-
MND groups showed similar patterns of gray matter
loss, involving the frontal and temporal lobes, that
were also similar to the patterns reported previously
in FTD-MND.34 There were, however, some subtle
differences observed across the groups, with a ten-
dency for more severe frontal loss in behavioral-
dominant FTD-MND and more severe lateral
inferior temporal lobe loss in language-dominant
FTD-MND. These differences are not surprising.
However, this lateral inferior temporal prominence
would be atypical for these language variants of
FTD.

There are limitations to this study: it is retrospec-
tive and only a few cases were confirmed by autopsy.
Despite these limitations, we show in a relatively
large cohort that patients with FTD-MND can be
categorized according to behavioral or language
dominance using clinical features outlined in the
consensus criteria and that this categorization has im-
plications for survival in counseling of patients and
families.
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USE OF THE BRAIN PARENCHYMAL FRACTION TO MEASURE WHOLE BRAIN ATROPHY IN
RELAPSING-REMITTING MS

R.A. Rudick, E. Fisher, J.-C. Lee, J. Simon, L. Jacobs, and the Multiple Sclerosis Collaborative Research Group

Neurology 1999;53:1698–1704

Background: Episodic inflammation in the CNS during the early stages of MS results in progressive disability years later, presumably
due to myelin and axonal injury. MRI demonstrates ongoing disease activity during the early disease stage, even in some patients who
are stable clinically. The optimal MRI measure for the destructive pathologic process is uncertain, however. Methods: In this post-hoc
study, MRI scans were analyzed from patients with relapsing MS participating in a placebo-controlled trial of interferon �-1a. The
brain parenchymal fraction, defined as the ratio of brain parenchymal volume to the total volume within the brain surface contour, was
used to measure whole brain atrophy. The relationship between disease features and brain atrophy and effect of interferon �-1a were
determined. Results: MS patients had significant brain atrophy that worsened during each of 2 years of observation. In many patients,
brain atrophy worsened without clinical disease activity. Baseline clinical and MRI abnormalities were not strongly related to the rate
of brain atrophy during the subsequent 2 years. Treatment with interferon �-1a resulted in a reduction in brain atrophy progression
during the second year of the clinical trial. Conclusions: Patients with relapsing-remitting MS have measurable amounts of whole
brain atrophy that worsens yearly, in most cases without clinical manifestations. The brain parenchymal fraction is a marker for
destructive pathologic processes ongoing in relapsing MS patients, and appears useful in demonstrating treatment effects in controlled
clinical trials.
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Comment from Richard M. Ransohoff, MD, Associate Editor: This study showed conclusively that MS is a neurodegenerative
disorder from early phases of disease and also delineated a useful tool for monitoring therapeutic trials.
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