DOI:10.1590/0004-282X20160151

The correlation between EDSS and cognitive
impairment in MS patients. Assessment of a
Brazilian population using a BICAMS version

Correlacao entre EDSS e déficit cognitivo em pacientes com EM. Avaliacao de uma
populacao brasileira usando uma versao do BICAMS

Marco A. G. de Caneda’, Maria Cecilia A. de Vecino’

ABSTRACT

Multiple sclerosis (MS) may present with a cognitive impairment as disabling as the physical disabilities. Therefore, routine cognitive
evaluation is pivotal. Valid and reliable neuropsychological tests are essential in follow-up and to define future therapeutic interventions.
Objectives: To investigate the correlation between the disabilities of MS patients and their cognitive impairment assessed by the Brief
International Cognitive Assessment for Multiple Sclerosis (BICAMS). Methods: Forty patients with definitive diagnoses of MS were
selected. The correlation coefficient (r) between the Expanded Disability Status Scale (EDSS) and the neuropsychological tests of BICAMS
were calculated. Results: The correlation was clinically substantial and significant with r = 0.55 (p < 0.01) in the Symbol Digit Modalities
Test (SDMT), 0.54 (p < 0.01) in the Brief Visuospacial Memory Test (BVMT) and 0.40 (p < 0.05) in the California Verbal Learning Test (CVLT).
Conclusion: BICAMS has easy and satisfactory application and evaluation for routine visits and presents a significant correlation with the
EDSS. Its use may be indicated for screening and monitoring of cognitive impairment in patients with MS.
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RESUMO

A esclerose multipla (EM) pode apresentar um déficit cognitivo (DC) tdo devastador quanto suas debilidades fisicas. Uma avaliacdo
cognitiva rotineira é essencial e testes neuropsicolégicos (TNs) validados e confiaveis séo fundamentais no acompanhamento e definicéo
de futuras intervencdes terapéuticas. Objetivos: Investigar a correlacao entre o estado de incapacidade fisica de pacientes com EM e
o comprometimento cognitivo, avaliado pelo Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS). Métodos: Foram
calculados coeficientes de correlacao (r) entre a Expanded Disability Status Scale (EDSS) e resultados dos testes do BICAMS em quarenta
pacientes com diagnéstico definitivo de EM. Resultados: A correlacéo foi clinicamente substancial e significativa, com r = 0.55 (p < 0.01,
no Symbol Digit Modalities Test (SDMT), 0.54 (p < 0.01) no Brief Visuospacial Memory Test (BVMT) e 0.40 (p < 0.05) no California Verbal
Learning Test (CVLT). Conclusao: O BICAMS é de facil e satisfatdria aplicagéo e avaliacdo em visitas de rotina e apresenta uma correlagéo
significativa com a EDSS. Seu uso pode ser indicado como rotina no acompanhamento do (DC) em portadores de EM.

Palavras-chave: esclerose multipla; transtornos cognitivos; pessoas com deficiéncia.

Multiple sclerosis (MS) is the most prevalent neurologi-
cal disorder of the central nervous system in young adults.
It affects about two million people worldwide, with a varied
prevalence of 1/100,000 in equatorial areas to 30-80/100,000
in Canada, USA and North Europe!, and 18/100,000 in south-
ern South America®

Since the initial descriptions by Charcot, 1877, cognitive
impairment has been mentioned as one of the characteristics
of this disease® and may be present in its very early stages*>%7.
The process can remain latent, but is continuous and

associated with clinical activity. The most frequently affected
cognitive domains include memory, especially acquisitive dif-
ficulties, information processing speed, visuospatial percep-
tion and attention®”.

Once cognitive abnormalities emerge, there is a ten-
dency toward progression® with impact on the quality of
life’, which can affect performance at work, social activities,
physical independence, progress of rehabilitation, treat-
ment compliance and in family living or affective relation-

ships as a whole®!%!,
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Twenty years ago, a systematic review concluded that the
duration of the disease and the individual physical state (mea-
sured by the Expanded Disability Status Scale - (EDSS) did not
influence the results of neuropsychological tests in MS by more
than 10% to 15%™ This conclusion was based on previous stud-
ies that indicated a virtually non-existent correlation between
the physical state and cognition in these patients. This concept
was subsequently corroborated by studies characterized by a
great heterogeneity in the samples and methodologies™.

Currently, despite some conflict about the association
between cognitive impairment and the physical state’, there
are several studies suggesting a cognitive decline that is def-
initely identifiable by neuropsychological tests, and corre-
lated with the disability state in MS>%101%1,

Cognitive complaints are rarely considered in routine
evaluation. This approach is considered complicated, expen-
sive, particularly difficult in the early stages of the disease'
and takes too long (30-120 minutes)". Difficulties ranged from
the lack of a suitable place to perform complex tests, which
often require multiple sessions, to the need for specialized
staff such as neuropsychologists available.

The neuropsychological tests (NTs) provide assessment
ofthe cognitive state and are used for the diagnosis of impair-
ment and decision-making about medical and/or cognitive
treatment'®. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) consists of a recently-proposed
battery of NTs"* that favor centers with teams with few pro-
fessionals. The full battery of tests does not take more than 15
minutes, making it ideal for use in daily clinical practice. The
objective of this study was to investigate the applicability of a
version of BICAMS in the Portuguese language, estimating its
correlation with the physical disability of subjects with MS.

METHODS

Participants

We selected patients with relapsing-remitting type MS,
defined by the McDonald criteria 2010, who had regular neu-
rologic attendance in the city of Porto Alegre, Rio Grande do
Sul, southern Brazil. All patients provided an informed con-
sent form and the study was approved by the local research
ethics committee under registration number 1.477.109.

Patients were excluded if any of the following criteria were
met: (a) immunological clinical conditions other than MS
that affect the central nervous system; (b) physical or cogni-
tive impeditive disabilities secondary to conditions other than
MS; (c) any prior impairment secondary to MS that precluded
the application of BICAMS tests; (d) an impeditive psychiat-
ricillness, previous or under development, in treatment or not;
(e) prior history or current abuse of alcohol or other psychoac-
tive substances and (f) an MS attack treated with corticoste-
roids at high doses, or untreated, in the last six weeks.

Caneda MAG, Vecino MCA. BICAMS: EDSS x Cognitive Impairment in MS

Procedures and evaluation tools

Patients included were evaluated during regular visits.
The EDSS and NTs were applied individually by the same
neurologist, in the same session. An appropriate explanation
about the goals and way of carrying out each test was per-
formed. The order of application of the test components of
BICAMS was (1) the Symbol Digit Modalities Test (SDMT),
(2) California Verbal Learning Test IT (CVLT-II), and (3) the
Brief Visuospatial Memory Test Revised (BVMT-R)*#!M%,
Individual disease duration was considered to be from the
initial manifestation of neurological signs or symptoms sug-
gestive of the disease.

Data analysis

The abnormality of the NTs was established by the
parameters previously described in the literature, and the
results obtained were compared with normative healthy
controls and MS patients. The association of EDSS and
NTs was estimated by Pearson’s correlation coefficient (r).
The coefficient of determination (R?) was also calculated".
Confidence intervals (CI) of correlation coefficients were
calculated by the bootstrap resampling method, in the
percentile mode'®. A simple linear regression analysis was
performed to identify the impact and to predict possible
variations in cognition relative to the state of the disabil-
ity. In the same way, we used a multiple regression analysis
to evaluate the effect of age, disease duration and level of
education in the NTs. Statistical significance was set at a
value of p < 0.05. The calculations for statistical analysis
were performed with use of IBM*" package SPSS™, version
23,2015, available for limited free use at statistics trial soft-
ware, www-01.ibm.com.

RESULTS

Six patients were excluded by the cited criteria. The
BICAMS showed an excellent applicability and very fast per-
formance. The material required for implementation was
extremely inexpensive. The tests were easily understood
by patients and the evaluation of results was simple and
accessible to the examiner. The normal distribution of the
dependent variables was assessed by the Shapiro-Wilk test.
The demographics, EDSS and BICAMS tests scores with their
respective means are shown in Table 1.

When compared with the aggregate mean described
in healthy controls in previous studies, which considered
one standard deviation (SD) below the mean score as
an abnormal test", 70% of individuals in the sample had
abnormality in one of three tests, 32% in two and 17% in
all three tests. Within the limits of at least two tests with
1 SD below the mean of healthy controls for establishment
of cognitive impairment, the prevalence of cognitive preju-
dice was 32%.
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Table 1. Demographic characteristics of our sample, EDSS and Brief International Cognitive Assessment for Multiple Sclerosis

(BICAMS) components scores.

Patient Gender Age (yrs) TD(yrs) egffé?t?én EDSS SDMT CVLT BVMT
level
1 Q 24 3 2 2 60 60 29
2 3 42 7 1 6.5 21 40 10
3 Q 35 3 2 2 51 50 29
4 Q 60 5 3 3.5 73 63 20
5 Q 53 5.5 3 3.5 50 51 25
6 Q 52 3.5 2 2.5 48 62 29
7 Q 46 20 2 3.5 40 58 23
8 Q 51 7 2 35 38 44 25
9 d 54 18 1 7 30 36 11
10 Q 39 0.5 1 3 45 37 14
11 Q 42 9.5 1 4.5 32 45 11
12 Q 34 2.5 2 3.5 52 50 31
13 Q 32 2.5 2 3 51 44 29
14 Q 51 2 1 3 42 34 35
15 Q 67 15 2 3.5 39 36 20
16 Q 38 20 3 4.5 58 45 26
17 Q 65 36 3 7 20 37 14
18 Q 44 7 3 2 57 42 27
19 Q 40 7 3 4 48 45 14
20 Q 44 9 4 1.5 66 63 24
21 Q 45 13 4 35 54 53 23
22 3 46 19 3 3 43 45 24
23 d 49 1 3 3.5 44 52 29
24 Q 35 5 4 2.5 59 47 20
25 d 25 3 2 2.5 53 50 32
26 Q 35 2 4 35 60 60 20
27 3 36 8 4 4 74 36 28
28 Q 51 23 3 35 25 57 23
29 Q 34 3 4 2 69 43 21
30 3 40 7 2 1.5 50 52 22
31 3 38 12 2 4 79 62 35
32 Q 51 21 3 4.5 23 50 18
33 Q 55 5.5 2 35 45 44 30
34 Q 22 2.5 2 1.5 53 46 29
Mean 3.252:18 43 9.7 - 3.4 48.5 48.2 23.5
SD - - - - 1.3 14.9 8.6 6.7

TD: time of disease; Formal Education Level: (1) < 8 years; (2) >8-11 years; (3) >11 —18 years and (4) >18 years; EDSS: expanded disability status scale; SDMT:
symbol digit modalities test; *CVLT: California verbal learning test; BVMT: brief visuospatial memory test; SD: standard deviation.

On other hand, considering 2 SD below the aggregate
mean of healthy controls to define an abnormal test", 29%
of our patients had impairment of only one test and 15%
had abnormality in two or all three tests. If the requirement
was for abnormality in at least two tests with 2 SD below the
average of healthy controls for a definitive cognitive impair-
ment, 15% of our patients tested presented with cognitive
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damage. As previously described in the literature',an EDSS
around 3.5 was the cut-off for the presence of minimal
impairment, with 1 SD below the aggregate mean of con-
trols in one test.

Only the SDMT showed some association with dis-
ease duration, age had no significant impact on the per-
formance of any test in our sample. However, the formal



education level had a significant influence on the SDMT
(p < 0.01) and CVLT (p < 0.05), which suggests some pro-
tective effect in the NTs.

The mean of SDMT was 48.5 points (SD = 14.9), similar
to a previously-described aggregate mean of 43.5 (mean
SD = 14.1) for patients with MS. Around 67% of patients
exhibited a result below the aggregate mean of normal
controls previously described (56.3, mean SD = 10.3)*
710132024 in this test. The coefficient r with the EDSS was
negative, -0.55 (95%CI: -0.74 to -0.27); of marked and high
significance, p < 0.01 (Figure 1A) and the coefficient R?
estimated was 0.30 (Table 2). The linear regression analy-
sis estimated a drop of three points in the SDMT, about 6%
of the mean score, for each 0.5 points progression in the
EDSS (Figure 1B).

The CVLT had an average of 48.2 points (SD = 8.6), a
very close result to the aggregate mean of 51 (mean SD =
11.5) in MS patients reported in the literature. This test
showed 73% of patients below the average of healthy con-
trols (58.4 points; mean SD = 8.3)*81322232425 The coefficient

Table 2 .Correlation coefficients EDSS x Brief International
Cognitive Assessment For Multiple Sclerosis (BICAMS).

EDSS
Variable
r (95%Cl) R? p
SDMT -0.55(-0.74t0-0.27) 0.30 0.0008™
CVLT -0.40 (-0.57 to -0.11) 016 0.03"™
BVMT -0.54 (-0.71 t0 -0.25) 0.29 0.001™

EDSS: expanded disability status scale; r: Pearson’s correlation coefficient;
R? determination coefficient; "p < 0.01 significant; ™ p < 0.05 significant;
Cl: Confidence interval; SDMT: symbol digit modalities test; CVLT: California
verbal learning test; BVMT: brief visuospatial memory test.
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EDSS: expanded disability status scale; SDMT: symbol digit modalities test.

rwith the EDSS was negative, - 0.40 (95%CI: -0.57 to -0.11),
indicative of a moderate® correlation, with a p < 0.05
(Figure 2A), and the coefficient R? for this association was
0.16 (Table 2). The linear regression analysis (Figure 2B)
showed that for each increase of 0.5 in the EDSS, the score
in the CVLT decreases 1.5 points, or 3% of the mean score
in our sample.

The BVMT showed a mean of 23.5 points (SD = 6.7),
above the aggregate mean of patients with MS, which is
20.7 points (mean SD = 7.5). This test had lower abnor-
mality rates, with 58% of patients below the average of
normal controls previously reported (26.2 points; mean
SD = 5.3)%1122232425 However, there was a marked inverse cor-
relation with the EDSS, with a coefficient r of -0.54 (95%CI:
-0.71 to -0.25), highly significant, p < 0.01 (Figure 3A), and
a coefficient R*of 0.29 (Table 2). With the linear regression
there was an estimation of a decrease about 1.5 points in
the BVMT, or 6% of the mean score, for each 0.5 points of
progression in the EDSS (Figure 3B).

DISCUSSION

There is some disagreement regarding the definition of an
abnormal cognitive test. Some studies take a result of 1 SD
below the mean of normal controls as sufficient to define
it". In contrast, other authors argue that this lenient cut-off
point, despite producing an increase in the sensitivity of the
battery, may cause a dramatic reduction in its specificity®.
Likewise, it is possible to consider as a parameter of cogni-
tive impairment an abnormality present in one or two cogni-
tive domains™'® or even combinations of these found in two
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Figure 1. A: Correlation EDSS X SDMT; B: Linear Regression EDSS X SDMT.
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Figure 2. A: Correlation EDSS X CVLT; B: Linear Regression EDSS X CVLT.
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Figure 3. A: Correlation EDSS X BVMT; B: Linear Regression EDSS X BVMT.

or three tests of a battery*”!". In many studies, the batteries
of NTs were much more extensive than BICAMS, some con-
taining five or ten different tests®'¢'>!*, However, it is possible
that the BICAMS test can accurately detect cognitive impair-
ment, since each test involves more than one simple cogni-
tive domain*®!15.

Adopting the rigidity of 2 SD below the mean of controls as
an abnormality, and two abnormal tests as a determinant stan-
dard, the prevalence of cognitive impairment was 15% in our
study. With these same criteria, the mean cognitive impair-
ment prevalence in previous studies was around 40%%>%1°%,
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Using the more liberal criterion of 1 SD below average of con-
trols in two tests, to define a NTs abnormality and cognitive
impairment, the aggregate mean prevalence rises to approx-
imately 60%°", whereas in our study this was 32%. It is nec-
essary to take into account that none of these studies used
BICAMS. In turn, previous publications using BICAMS, con-
sidered a test with results of 1.5 SD below the mean of healthy
controls in just one NTs as abnormal, and like definition of
cognitive impairment. These studies found a prevalence of
cognitive impairment of 58% and 57%>, which is very close
to the 55% of our work under these same parameters. Table 3



summarizes these previous findings comparing them to those
obtained by us.

Many studies have shown a significant correlation
between the EDSS and cognitive impairment*'®'*'%, includ-
ing some prospective trials®®. This association may reflect
a greater cognitive decline in patients with a longer dura-
tion of disease'. However, our results did not find this
correlation consistently, compared with those previ-
ously reported”. Aging had no significant impact on any
test in the battery, which is comparable to results previ-
ously described”. In contrast, the level of formal edu-
cation had significant influence on the SDMT (p < 0.01)
and CVLT (p < 0.05). This effect of protection on the NTs
is a replication of previous data widely suggested by other
authors®'9?#% Interestingly, a study performed in the last
decade® suggested cut-off points for the SDMT accordance
with educational level of patients and considered differ-
ences of 1, 1.5 and 2 SD below the mean of normal controls
as cognitive impairment, reinforcing the importance of the
impact of this variable on NTs.

The present study was developed in the city of Porto
Alegre, in the southernmost state of Brazil, just over 800 miles
from Buenos Aires, Argentina and 1400 miles of Santiago de
Chile. These capitals and our city have many similarities:
ethnic background (with important European descent, par-
ticularly Iberian, Italian and German), climatic, cultural and
socio-economic features, with a Human Development Index
around 0.80. Thus, it is interesting to compare indicators for
cognitive impairment in MS between them.

In a study published in 2011, performed in Buenos
Aires, the prevalence of cognitive impairment was 43%?°.
Another paper, released in the following year, from
Santiago de Chile, showed a rate of 36%%. These studies
did not use the BICAMS, but applied rigid parameters
for cognitive impairment, setting 2 SD below the mean
of normal controls in at least two NTs, in which our rate

was 15%. Of course, the use of different assessment tools
prevents a simple direct comparison, since the test bat-
tery used in the cited studies, the Neuropsychology Brief
Repeatable Battery Test (BRB-N)’, is much more extensive
than BICAMS. The BRB-N and BICAMS have the SDMT*
as a common test, in which our sample presented a preva-
lence of abnormality of 42%, with the same parameters for
definition of an abnormal test — a very similar rate to other
Latin Americans cited papers. Beyond this, the cognitive
impairment rates found by these authors are comparable
to ours when using 2 SD present in just one NTs as a defi-
nition parameter (Table 3).

The score obtained by patients with MS in the SDMT in pre-
vious publications ranges from 34.9 to 56.3 with a mean of 43.5
(mean SD = 14.1)3710182021222524. cloge to our result of 48.5 (SD = 14.9).
Importantly, in the study that showed the lower score’, the popu-
lation assessed was of older patients (mean age 61.8 years) and
with longer duration of disease (mean 34.5 years) compared to
ours, which possibly influenced its results. On the other hand, the
highest scores of SDMT were obtained in a study where the sub-
jects had a mean EDSS of 2.6, lower than our sample.

In the Chilean publication mentioned®, the MS patients
had a mean score of 41 (SD = 13.6) in the SDMT, and three
years later, an Argentinian® study showed a mean of 38.5
(SD = 14). Although our study showed a higher mean in the
SDMT than these publications, the differences in rates are
not statistically significant, staying within the limits of stan-
dard deviations. In 2015, a study performed in Brazil showed
a mean score of 36 (SD = 16) in MS patients®. In this study
the mean EDSS of patients was 4.2, higher than ours, which
could be the cause of this different results. Table 4 shows
the comparison between various study results obtained in
patients with MS in this test.

Some publications have shown a consistent correla-
tion between the SDMT and EDSS**%, Just as in our study,
in these papers the correlation coefficients between the

Table 3. Comparison of the prevalence of cognitive impairment in patients with multiple sclerosis in the literature.

Sepulcre Patti Deloire Caceres Nogales Dusankova Goretti Patti O’Connell  Caneda
AbNT  SD etal. etal. etal. etal. etal. etal. etal. etal. etal. and Vecino
(2006)° (2009)™ (2010)° (2011)° (2012)% (2012)* * (2014)  (2015)'® (2015)7* (2016)
Prevalence
1 1 90% 59% = = = = = = = 70%
2 1 83% 37% - - - - - - - 32%
8 1 73% 22% = = = = = = = 17%
1 1.5 78% - - - - 58% - - 57% 55%
2 1.5 57.6% = = = = 34% = = = 23%
3 1.5 52.5% - - - - 13% - - - 11%
1 2 66% = = = 62% = = 75% = 44%
2 2 40.6% - 48% 43% 36% - - 54% - 15%
3 2 30.5% = = = 18% = 40% 44% = 9%

AbNT: abnormal neuropsychological test;
(BICAMS) applied.

Caneda MAG, Vecino MCA. BICAMS: EDSS x Cognitive Impairment in MS

SD: standard deviation below normal controls; "Brief International Cognitive Assessment for Multiple Sclerosis
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Table 4. Comparison of some mean scores in the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) tests

and correlation coefficients in the literature.

Mean Score SD

Reference (n)

SDMT CVLT BVMT r: EDSS x SDMT r: EDSS x CVLT
Caneda et Vecino (40) 48.5(14.8) 48.2(8.6) 23.5(6.7) 0.55 0.40
Céceresetal®(111) 38.4(13.4) - - - -
Dusankova et al* (367) 50 (13) 52(11) 23 (7) - -
Sepulcre et al® (59) 36.8(16.8) - - 0.59 -
Duque et al® (44) 51.6(14.3) - - 0.45 -
Smestad et al” (84) 34.9(13.4) = = = =
Deloire et al®(58) - - - 0.40 -
Patti et al™® (125) 43.2(14.4) = = = =
Lynch et al' (164) - 49.6(10.9) - - 0.30
Olivares et al'® (33) 48.3(13.2) 64.2(ND) = = =
Nogales et al® (129) 41(18.7) - - - -
Hoogs et al?? (132) 49(15.2) 51.6(12.8) 19.4(7) = =
Spedo et al* (58) 35.9(16.1) 421(12.4) 19.9(8.6) - -
O’Conell et al?’(67) 46(12.9) 45.3(10.2) 17.9(7.1) = =
Nicollai et al*(192) 46.4(12.9) 49.9(12.1) 23.7 (8) - -
Giedraitiené et al* (50) 42.7(13.9) 55.9 (10) 23.1(7) = =

EDSS: expanded disability status scale; SMDT: symbol digit modalities test; CVLT: California verbal learning test; BVMT: brief visuospatial memory test;

SD: standard deviation; r: Pearson’s correlation coefficient; ND: not defined.

EDSS and the SDMT would be classified as moderate®, and
therefore clinically significant.

In the study by Dusankova et al.’, the CVLT was the test
with the lowest occurrence of impairment among patients
with MS, the lowest decline regarding disease duration
and the lowest correlation with the Minimal Assessment
of Cognitive Function in Multiple Sclerosis, considered
the gold standard battery for cognitive impairment in this
study. The patients had a mean of 52 points, very close to
our 48.2. In other studies, this findings was similar, rang-
ing from 42 to 51.6 points'*****%_Qnly one paper' showed
a significant discrepancy, with a mean in the CVLT of 64
in patients with MS” Draws attention the fact that in this
study there was no significant difference between MS
patients and healthy controls in the CVLT, with a mean of
66.5 points, a result that has not been replicated in subse-
quent studies”.

A consistent association between the CVLT and EDSS,
with a coefficient r of - 0.30, was shown in a study by
Lynch et al.” This coefficient, which was statistically signifi-
cant, is lower than ours; however is important to consider
the differences in methodology and number of patients in the
samples between the studies. Table 4 shows the comparison
between our results and the CVLT obtained in earlier studies
in patients with MS.

The BVMT has been little explored in the literature.
In previous studies, MS patients had a mean of 23 (SD = 7)*,
23.1(SD=7)*and 23.7 points (SD = 8)*, nearly identical to the
results of our study, of 23.5 (SD = 6.7). In other publications**

Arqg Neuropsiquiatr 2016;74(12):974-981

the scores of MS patients were 19.6 and 19.9, different rates
that, in relation to ours, have no statistical significance and
were within the limits of standard deviations. Table 4 shows
the various results obtained in the BVMT of former studies in
patients with MS.

One of the possible limitations of our study is the
strict selection and limited sample size derived from a
MS center. This may generate distortions when extrapo-
lating its results, although this study presents a suitable
size for its propositions, and was derived from an ear-
lier pilot study. Besides this, the lack of NTs rates in local
healthy controls can result in some difficulty in defining
abnormality parameters in our tests. Lastly, it is known
that psychological factors, such depression or anxiety,
can exert some influence on the tests and ideally these
variables must be controlled.

It is possible that the well-established clinical prop-
of the BICAMS and its widespread use should
encourage a major renovation of concepts and defini-

erties

tions in the particularities of MS. For example, in the con-
cepts of benign disease, treatment failure, No Evidence of
Disease Activity, which is becoming an important sec-
ondary endpoint in clinical trials, and the use of MRI as a
defining criterion, which possibly has insufficient sensi-
tivity to detect pathological neurodegenerative changes
that can be reflected much more in the effects on cog-
nitive aspects. All these issues must be a priority and a
boost in the development of future studies based on the
BICAMS in our population.
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