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Izvlecek

Namen: Proste lahke verige (PLV) v
cerebrospinalni tekocini (CST) predsta-
vljajo obetajo¢ biooxnacevalec za dia-
gnozo multiple skleroze (MS), vendar je
njihovo vkljucitev v diagnosti¢na merila
potrebno podpreti z dodatnimi studija-
mi. Prav tako je slabo proucena njihova
povezava s kliniénimi znaki ob prvem
zagonu MS. Namen ragiskave je bil
opredeliti diagnosticni pomen indeksov
PLV in raziskati njihovo povezavo s
funkcionalnimi sistemi (FS) pri novona-
stali MS.

Metode: V raziskavi je sodelovalo
71 bolnikov, ki so jim bili odvzeti par
ni vzorci CST in seruma, iz katerih so
bili izracunani kapa in lambda indeksi
PLV. Vkljuceni so bili bolniki z nevne-

tnimi nevroloskimi bolexnimi (ne-MS, n

Introduction:  Cerebrospinal  fluid
(CSF) free light chains (FLC) are of pro-
mising diagnostic importance in patients
with multiple sclerosis (MS). However,
research is required to confirm their uti-
lity as part of the diagnostic criteria for
MS. In addition, very few publications
can be found addressing the relationship
of FLCs to the clinical presentation at
the onset of MS. We aimed to evaluate
the diagnostic performance of the FLC
kappa and lambda indices, and explo-
red their relationship to the number and
type of functional systems (FS) involved.
Methods: FLC indices were determi-
ned in paired CSF and serum samples
from 71 patients with noninflammatory

neurological diseases (non-MS, n = 29)
and new-onset MS (MS, n = 42). The
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= 29) in novonastalo MS (MS, n = 42). Slednji so bili glede
na Stevilo zacetnih simptomov razdeljeni na mono- in poli-
simptomatske. Prizadetost FS je bila opredeljena v skladu z
razsivjeno lestvico stopnje prizadetosti (angl. Expanded Disa-
bility Status Scale, EDSS).

Rezultati: Pri socasnem upostevanju obeh indeksov PLV,
spola in starosti bolnikov je bila diagnosticna natanénost ve-
gia (AUC 0,991, senzitivnost 95,5 %, specificnost 95,8 %)
kot pri posamezni uporabi lambda (AUC 0,677, senzitivnost
68,0 %, specificnost 60 %) ali kapa (AUC 0,957, senzitiv-
nost 88,5 %, specificnost 88,0 %) indeksa. Med mono- in po-
lisimptomatskimi bolniki ni bilo razlik v lambda (U = 78,0,
p =0,749) ali kapa (U = 820, p = 0,885) indeksih. Indeksa
prav tako nista povezana z EDSS.

Zakljucek: Indeksa PLV sta potencialno uporabna dia-
gnosticna bioognacevalca. Ne razlikujeta med mono- in poli-
simptomatskim zacetkom bolezni. Prav tako nista povezana g

oceno po EDSS lestvici.

latter were further divided into two groups with mono- and
polysymptomatic presentation. FS involvement was evalua-
ted in accordance with the Expanded Disability Status Scale
(EDSS).

Results: Using both FLC indices along with the age and sex
of patients, the diagnostic accuracy of MS was higher (AUC,
0.991; sensitivity, 95.5%; specificity, 95.8%) than that ob-
served when using either the lambda index (AUC, 0.677;
sensitivity, 68.0%; specificity, 60.0%) or kappa index (AUC,
0.957; sensitivity, 88.5%; specificity, 88.0%) alone. No dif
ferences were observed in the lambda (U = 78.0; p = 0.749)
or kappa indices (U = 82.0; p = 0.885) between mono- and
polysymptomatic patients. Nor was a correlation found betwe-
en FLC indices and EDSS scores.

Conclusion: FLC indices could be useful diagnostic markers
for MS. Howeuwer, such indices do not differentiate between

clinical presentations at disease onset and are not correlated

with baseline EDSS scores.

INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune
(CNS),

characterized by inflammation, demyelination, and

disease of the central nervous system
neurodegeneration (1). Its diagnosis is based on the
temporal and spatial dissemination of the disease by

clinical, imaging, and laboratory evidence (2).

Ninety percentof patients initially presentasa clinically-
isolated syndrome (CIS), lacking the requisite feature
of dissemination in time (DIT), and thus, precluding
the immediate diagnosis and treatment of MS (3). Not
all patients convert to clinically definite MS (CDMS),
and the increasingly strong focus on timely treatment
has led to misdiagnoses and consequent treatment-

related morbidity (4,5).

Magnetic resonance imaging (MRI) is not sufficiently
sensitive to detect the earliest stages of the disease
(6,7). Therefore, cerebrospinal fluid (CSF) oligoclonal
bands (OCB) have been reintroduced into the
newest (2017) iteration of the McDonald criteria as
independent predictors of the conversion from CIS to
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CDMS. In the appropriate clinical setting of a typical
CIS and fulfilment of clinical or MRI criteria for
DIStwo or more OCBs that are unique to CSF may be
substituted in place of the requirement of DIT (3,8-
10). However, the accepted method of OCB detection
(agarose gel electrophoresis with isoelectric focusing
and immunoblotting or immunofixation for IgG)is
technically demanding, time-consuming, qualitative,
and difficult to standardize. Even experienced analysts
can have trouble identifying OCBs because of their
low resolution and weak visualization. Thus, the
results are ambiguous and subject to investigator bias.

Because the misinterpretation of a single OCB can
make a difference between a positive and negative
result, the need for alternative biomarkers has arisen

(6,10-14).

Intrathecal free light chains (FLC) of the kappa
(KFLC) and lambda (LFLC) isotypes produced
alongside intact immunoglobulins have always been
of great scientific interest in the field of neurology,



but their clinical utility, especially for MS diagnosis,
has not been determined due to technical limitations.
advances

Recent technological
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Table 1 shows the descriptive statistics of measurements
and patient demographics.

Table 1. Descriptive statistics of measurements and patient demogmphics

a sensitive, rapid, automated,
and easy-to-standardize
immunonephelometric ~ method Missing
to quantify CSF FLCs; thus, .
paving the way for new diagnostic
capabilities (10,15-17). Studies Median
have revealed the comparable Standard
. . . deviation
diagnostic and predictive
performances of FLCs, and in Minimum
particular KFLCs, compared to Maximum

the established method of OCB

detection. The potential of FLCs as MS biomarkers is
further supported by the fact that they can be detected
in OCB-negative MS patients (6,14-16,18-23).
Nevertheless, their relationship to clinical signs at MS
onset has yet to be determined.

The aim of this study was to assess the utility of
FLCs on MS diagnosis, and explore whether FLCs,
as markers of intrathecal inflammation, are indicative

of baseline Expanded Disability Status Scale (EDSS)

scores and functional system (FS) involvement.

MATERIALS AND METHODS

Patients

The research protocol was approved by the Medical
Ethics Committee of the Maribor University Medical
Centre in Slovenia (UKC-MB-KME-18-04/16).

The study was a retrospective analysis of demographic,
clinical, and paraclinical data collected from the
electronic medical records of 104 patients who
underwent a diagnostic lumbar puncture from 2015 to
2018 in the Department of Neurology at the Maribor
University Medical Centre. The collected pairs of CSF
and serum were analysed in the hospital's Department
of Laboratory diagnostics. Of the 104 patients, 66
were female (63.5%) and 38 were male (36.5%).

25 24 62 0
474 71.5 1.86 422
30.2 224 2.00 42.5
48.6 138 1.41 15.7
0.00 0.00 0.00 12
220 918 6.00 84

Upon reviewing patients’ electronic medical records,
three diagnostic groups were established, including

28), clinically
isolated syndrome (CIS, n = 14), and other neurological

new-onset multiple sclerosis (MS, n =

diseases (non-MS, n = 65). The MS group encompassed
the following phenotypes: relapsing-remitting (n = 40)
and secondary progressive (n = 2) MS. All patients were
OCB positive. The data from patients diagnosed with
CIS were reassessed in accordance with the updated
McDonald criteria, and resulted in the allocation of
12 patients to the relapsing-remitting MS group.

Due to possible intrathecal plasma cell activity and
inflammatory changes in the blood-CSF barrier, the
remaining two patients with CIS were excluded with
36 patients from the non-MS group with the following
diagnoses: neuromyelitis optica, neuroborreliosis,
neurosarcoidosis, myelitis, meningitis, encephalitis,
polyneuropathy,

inflammatory demyelinating

Guillain-Barre syndrome, Miller-Fisher syndrome,

GAD

cerebellar ataxia, and facial nerve palsy.

stiftperson  syndrome, antibody-associated

The remaining 29 patients with noninflammatory
neurological conditions were selected as the control
group. The diagnoses included primary headache
disorders (n = 6), post-dural-puncture headache (n =
1), microvascular leukoencephalopathy (n = 5), motor
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neuron disease (n = 3), somatization disorder (n =
1), dissociative disorder (n = 1), acute vertigo (n = 2),
brain tumor (n = 1), epilepsy (n = 1), fibromyalgia (n
= 1), ischaemic stroke (n = 2), essential tremor (n = 1),
myelopathy (n = 3), and atypical neck pain (n = 1).
The aforementioned changes resulted in the formation
of two clinically homogenous patient groups that were
the easiest to compare: non-MS (n = 29) and MS (n
= 42). Based on the number of symptoms presenting
at disease onset, the latter group was further divided
into mono- (n = 12) and polysymptomatic (n = 27)
subgroups.

Sample collection and storage

Paired CSF and peripheral blood samples were obtained
within a 2-hour period. CSF was collected through a
lumbar puncture at the L3/1L4 or L4/L5 interspinous
level into clear conical screw cap tubes. Haemorrhagic,
haemolytic, and turbid samples were excluded from
the analysis. Peripheral blood was collected through
venepuncture of the cubital vein into red cap tubes
containing clot activator. Haemolytic samples were
excluded from the analysis.

The inclusion criterion for sample analysis was a
minimum volume of 1 mL each of CSF and serum. After
centrifugation, samples were either analysed or stored
at -25°C for a maximum of 6 months. Upon thawing,
samples were used only once.

Albumin determination

Albumin in CSF and serum was measured by
nephelometry (Siemens BN ProSpec®) within 7 days of
sample collection. The results were interpreted according
to the manufacturer’s instructions.

KFLG and LFLG determination

KFLC and LFLC in CSF and serum were measured by
nephelometry (Siemens N Latex FLC kappa and lambda
assays on the Siemens BN ProSpec®) using monoclonal
antibodies. The analysis was performed within 6 months
of sample collection and the results were interpreted
according to the manufacturer’s instructions.

Clinical disability and functional system involvement
The degree of disability was calculated in accordance

with the Expanded Disability Status Scale (EDSS),
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which is based on a rating of seven functional systems
(FS), includingvisual, brainstem, pyramidal, cerebellar,
cerebral, sensory, and bowel and bladder functions.
The number and type of FSs involved at disease onset
were gathered from patient records. If the presenting
symptoms were characteristic of a single FS, patients
were considered monosymptomatic, where as patients
with symptoms indicative of multiple FS were deemed
polysymptomatic.

Theory and calculations

KFLG and LFLG index calculations

To accurately assess the intrathecal concentration of
FLCs, two factors were considered:

a. The physiological passive diffusion of small amounts
of FLCs from the serum into the CSF. Passive transfer
of FLCs was evaluated by applying CSF/serum FLC
quotients.

b. The influence of potential blood-CSF barrier

Blood-CSF  barrier
evaluated by applying albumin CSF/serum quotients.

disruption. permeability was
Albumin is exclusively synthesised in the liver and
passively diffuses into the CSF when the barrier is
compromised.

As a result, kappa and lambda indices were defined
as the quotients of KFLC and LFLC concentrations
in CSF and serum, divided by the respective albumin
concentrations in CSF and serum (24,25).

FLC(CSF)
4 FLC (serum) Q(FLC)
FLC index = — — = iz L
. . Albumin {C5F) Q{H]bllﬂ!in}
Albumin (serum)

Statistical analysis

Our research objective was to establish whether (1)
there was a relationship between kappa and lambda
FLC indices; (2) there were differences in FLC indices
between the MS and non-MS groups; (3) controlling
for age and sex was required for determining such
differences; (4) there were differences in FLC indices
between mono- and polysymptomatic patients; (5)
there were differences in FLC indices between FSs;

and (6) there was a correlation between FLC indices



and the baseline EDSS score.

The statistical methods included the Shapiro-Wilk
test to determine if the data followed a normal
distribution. The Mann-Whitney U test was used
to compare two independent groups of numerical
measurements. Binomial multiple logistic regression
was used to determine the differences between
groups, while controlling for specific variables. The
Spearman’s correlation coefficient was used to test the
relationship between measurements. The significance
level a (p-value cut-off) used in all statistical tests was

set to 0.05.

RESULTS

Relationship between FLG indices

First, an analysis of the relationship between kappa
and lambda indices was conducted. The Shapiro-Wilk
test of normality determined that the assumption
of a normal distribution of either measurement
was not met (p < 0.001 for both). Therefore, the
Spearman’s correlation coefficient was used to assess
the relationship between the two variables, revealing a
positive and moderate relationship (rho = 0.472; p <
0.001; Figure 1). As this could have been detrimental
to further analyses, the variables were centered to
reduce the chances of multicollinearity.
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Figure 1. Relationship between kappa and lambda
indices.
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Differences in FLG indices between MS and non-MS
groups

Next, the possible difference in kappa and lambda
indices between MS and non-MS patients was
evaluated. Again, the Shapiro-Wilk test of normality
showed that the measurements of FLC indices for
both diagnostic groups did not adhere to the normal
distribution (p < 0.05 in all cases). As such a finding
violated one of the assumptions of parametric testing,
the non-parametric Mann-Whitney U test was used to
determine the difference between the two independent
groups. The Mann-Whitney U test showed that there
was no statistically significant difference in the lambda
index between MS and non-MS patients (U = 302.0;
p = 0.848). Conversely, MS and non-MS patients
differed significantly in their kappa indexes (U = 30.0;
p <0.001). Figure 2 compares boxplots of the lambda
and kappa indices between the two patient groups.
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Figure 2. Comparison of lambda (left) and kappa
(right) indices between MS and non-MS patients.

Gontrolling for the age and sex of patients
Further experiments were conducted while controlling
for the age and sex of patients.

Gombination of kappa index, age, and sex

Binomial multiple logistic regression was used to
predict the presence or absence of MS, which were
dependent variables. The kappa index, age, and
sex of patients were independent variables. The
backwards step-wise approach was used to gradually
eliminate variables from the model until the Akaike
information criterion (AIC), used to evaluate out-of-
sample prediction error of our statistical model, was
reduced. In addition, the predictors were centered
to reduce the collinearity between them. The logistic
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regression model was built with the three predictors
mentioned previously and was statistically significant
in determining the presence or absence of MS (X* =
37.0; p <0.001). The model explained 52.4% of the
variance in the presence of MS (McFadden’s R2 =
0.524). The predictive ability of the model in regards
to determining the presence or absence of MS was
also measured. The overall classification accuracy
was 88.2%, specificity was 88.5%, sensitivity was
88.0%, and the AUC was 95.7% when considering
the optimal 0.67 dividing point of logistic regression
between the two groups of dependent variables (non-

MS and MS).

Gombination of lambda index, age, and sex

The model considering only the lambda index,
age, and sex of patients performed comparatively
worse than the previously-described model. Using
the backwards step-wise approach, sex was removed
from the model. The resulting combination of the
lambda index and age was statistically significant
(X* = 6.51; p = 0.039). This model explained only
9.39% of the variance of the dependent variables
(McFadden’s R2). The classification metrics were as
follows: classification accuracy of 64.0%, specificity
of 68.0%, sensitivity of 60.0%, and AUC of 67.7%
with a cut-off of 0.5 as the dividing point of logistic

regression between the two groups of dependent
variables (non-MS and MS).

Combination of beth indices, age, and sex

The inclusion of both FLC indices, age, and sex of the
patients resulted in a statistically significant logistic
regression model (X* = 53.4; p < 0.001). The model
explained 83.9% of the variance in the presence of
MS (McFadden’s R2 = 0.839) and correctly classified
93.5% of patients. The sensitivity of the model was
95.5%, specificity was 95.8%, and the AUC was 99.1%
using a cut-off of 0.7 as the dividing point of logistic
regression between the two groups of dependent
variables (non-MS and MS).

In summary, the best performing model included both
FLC indices, age, and sex of the patients. It displayed
the highest quality in terms of the predicted variance,
and all four classification metrics. Thus, we used this
model as the final model. Out of the four predictors
of MS, only lambda index was statistically significant
(p = 0.038). Thus, the higher the lambda index, the
higher the probability of the patient having MS. Table
2 shows the estimates of the predictors. Age, sex, and
kappa index were not of statistical significance. As the
starting model (combining both indices with age and
sex) resulted in the lowest AIC, none of the predictors
were removed in the final model.

Table 2. Coefficients of binomial multivariate logistic regression.

95% Gonfidence Interval

N B R S A

[ -167.582 97.478 1719
(ceﬁ‘tﬁe " -0.0563 0.0823 10.684
(Femslonale) | 13057 20.259 0.645
Iiigﬁieir’;‘}ﬁx 0.3555 0.1947 11.826
L‘}‘C“e‘;dt";ri;‘(%ex 0.1312 0.0634 2.071
Differences in FLG indices between mono-and

polysymptomatic patients

Within the MS group, differences between the FLC
indices between mono- and polysymptomatic patients
were assessed. The Shapiro-Wilk test of normality
revealed that none of the groups conformed to a
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0.086 5.27e-8 2.66e-16 10.46
0.494 0.945 0.80442 1.11
0.519 0.271 0.00511 14.37
0.068 0.701 0.47847 1.03
0.038 1.140 100.706 1.29

normal distribution (p < 0.05 in all cases). The Mann-
Whitney U test showed that there was no statistically
significant difference in the lambda (U = 78.0; p =

0.749) or kappa (U = 82.0; p = 0.885) indices between
mono- and polysymptomatic patients (Figure 3).



Lambda index Kappa index
18 o0
140 wall 3
0
130
o 1
e ‘ 0
L 50 Z
0 : 40 T
- x o 0
- 00 i T IS
x | : wo| R
- F L. -
Mnparmpiomstic Felrmrmpiomatic Llomasrmproms e PFehmrmpromaiic

Figure 3. Comparison of lambda (left) and kappa
(right) indices between mono- and polysymptomatic
patients.

Relationship between FLG indices and EDSS

The relationship between the two FLC indices and
EDSS score was evaluated within the MS group. The
Shapiro-Wilk test found a statistically significant
difference between all measurements and the normal
distribution. Therefore, the Spearman’s correlation
coefficientwas used to explore the relationship between
EDSS and both indices (Figure 4), and revealed no
statistically significant correlations between EDSS and
the lambda (rho = 0.138; p=0.530) or kappa (rho =
A.121; p = 0.582) indices.
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Figure 4. Relationship between EDSS and lambda
index (left) and EDSS and kappa index (right).

Relationship between FLG indices and FS

The existence of a possible relationship between the
lambda or kappa indices and the type of FSs involved
at the onset of MS was also evaluated. MS patients
were split into six groups, based on the type of FS
affected. None of the patient subgroups conformed
to the normal distribution. Consequently, the Mann-
Whitney U test was used to test the differences
between the types of FSs involved at the onset of MS
and kappa and lambda indices (Table 3).
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Table 3. Results of the Mann-Whitney U test assessing the
relationship between FLC indices and FS.

Independent Dependent
measurements measurements
Lambda index 73.0 0.705
Pyramidal FS
Kappa index 75.0 0.823
Lambda index 63.0 0.515
Cerebellar FS
Kappa index 83.0 0.923
Lambda index 84.0 0.865
Brainstem FS
Kappa index 83.0 0.568
Lambda index 59.0 -0.275
Sensory FS
Kappa index 81.0 0.689
Bevoal sl Lambda index 11.0 0.239
bladder FS Kappa index 22.0 0.762
Lambda index 40.0 0.718
Visual FS
Kappa index 38.0 0.547

Thus, the results from Table 3 show that there were
no statistically significant differences between any of
the six FSs in either of the indices (p > 0.05 in all
comparisons).

research on FLC indices has

predominantly focused on validating the diagnostic

In recent vyears,

role of the kappa index. Our results on its sensitivity
(88.5%) and specificity (88.0%) are consistent with
several other studies that reported sensitivities
from 80 to 96% and specificities from 77 to 100%
(9,11,16,25-27).

The lambda index sensitivity (60.0%) and specificity
(68.0%) were inferior to those reported by Passerini
et al. (82.1% and 75.0%, respectively). However, in
the current study, as well as that of Passerini et al., the
kappa index outperformed the lambda index (9).

The binomial multivariate logistic regression model
designed in this study unexpectedly revealed the
relevance of the lambda index in predicting MS.
When considering both FLC indices, age, and sex of
patients, the diagnostic accuracy was higher than that
observed when incorporating only the kappa or lambda
indices. The model exhibited statistical significance in
predicting both the presence and absence of MS (x* =

ACTA MEDICO-BIOTECHNICA
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53.4; p < 0.001). As was evident from the estimates,
only the lambda index had a statistically significant
ability to predict MS (p = 0.038). Thus, the higher the
lambda index, the higher the probability of a patient
having MS. Surprisingly, the kappa index displayed
no such characteristic (p=0.068), which may be
attributable to the moderate correlation between the
two indices, as shown by the Spearman’s correlation
coefficient (rho = 0.472; p <0.001).

Despite the statistically insignificant effect of the
kappa index, age, and sex, removing any of the
predictors from the model resulted in a decrease
of AIC values, the percentage of the explained
variance of the dependent variables, as well as all the
classification metrics (sensitivity, specificity, accuracy
and AUC). Models using individual indices performed
inferiorly compared to the model combining both
indices, which may hint to an existence of latent but
statistically significant variables, the effects of which
were not measured by our experiment. Nevertheless,
the resulting logistic model should be used as it is until
other possible measurements are evaluated and can be
included. Thus, further research on variables not yet
identified, and the inclusion of more demographic
data is necessary.

The second half of our analysis focused on evaluating
the relationship between FLC indices and clinical
parameters. Multiple studies have suggested that
FLCs, especially KFLCs, play a role in predicting a
more severe disease evolution in terms of disability
progression as determined by the EDSS. Makshakov
et al. found a significant correlation between the
concentration of KFLC and the level of EDSS
progression after two years in patients with CIS who
converted to MS within two years after their first
relapse (19).

Rudick et al. also demonstrated a relationship between
KFLC values and increased risk of progression, as
defined by the EDSS (28).

The study of Rinker et. al. indicated that KFLC
predicted a high likelihood of requiring ambulatory
assistance (unilateral, bilateral, and wheelchair) within
ten years and over the disease course. Similarly, KFLC
predicted greater disability in terms of EDSS relative
to disease duration, as estimated by the Multiple

Sclerosis Severity Score (MSSS) (29).

ACTA MEDICO-BIOTECHNICA
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Since EDSS data were limited and the prognostic value
of FLCs could not be assessed, we explored whether
FLC indices correlated with the baseline disability level
of patients. No correlation between FLC indices and
baseline EDSS scores was found. This may have been
due to an insufficient number of patients analysed, as
well as the inclusion of new-onset MS presenting with
minimal disability (MedianEDSS = 2). A longitudinal
follow-up including more advanced stages of the
disease could uncover significant correlations between
FLC indices and EDSS scores. Comparable findings
were demonstrated by another study that explored
the relationship between FLCs and EDSS score (30).
However, the analysis had the same study limitations
as ours, which could explain the similarity between
our results.

We also entertained the idea of a possible connection
between FLC
presentation in terms of FS involvement. To our
knowledge, this has not been addressed before. We
did not find a correlation between FLC indices

indices and the baseline disease

and mono-/polysymptomatic presentation, or the
involvement of any type of FS (visual, brainstem,
pyramidal, cerebellar, sensory, bowel and bladder
system).

The limitations of our study included the following.
The study was conducted on a small sample of
Caucasian patients from a single medical centre. Other
neurological inflaimmatory diseases were excluded
as a relevant control group for the diagnosis of MS.
Thus, the inclusion of a larger number of patients
and a more heterogenous control group is necessary
to achieve more representative results.

CONCLUSIONS

The main advantage of our study was its holistic
approach that used a model combining multiple
variables, and thus, resembled a more realistic and
natural state, as opposed to analysing variables in
isolation.

When considered on its own, the lambda index was of
limited diagnostic importance. However, evaluation of
the kappa index, age, and sex of the patient presented
the most significant prediction model for MS.



Our results suggested that the proposed model,
if validated in a larger sample of patients, could be
a beneficial addition to the diagnostic work-up of
patients with suspected MS displaying an elevated
lambda index. Future studies should focus on the
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integration of more variables and demographic data.

To establish the prognostic value of FLC indices,

extending the follow-up time and including the later

stages of MS is necessary.
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