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Abstract
Objective
To assess the prognostic role of serum neurofilament light chains (NfL) for clinically defined
multiple sclerosis (CDMS) and McDonald 2017 multiple sclerosis (MS) in patients with
clinically isolated syndromes (CIS).

Methods
We retrospectively analyzed data of patients admitted to our neurologic department between
2000 and 2015 for a first demyelinating event. We evaluated baseline serum NfL in addition to
CSF, MRI, and clinical data.

Results
Among 222 patients who were enrolled (mean follow-up 100.6 months), 45 patients (20%)
developed CDMS and 141 patients (63.5%) developed 2017 MS at 2 years. Serum NfL
(median 22.0, interquartile range 11.6–40.4 pg/mL) was noticeably increased in patients
with a recent relapse, with a high number of T2 and gadolinium-enhancing lesions at baseline
MRI. Serum NfL was prognostic for both CDMS and McDonald 2017 MS, with a threefold
and a twofold respective reduction in CDMS and 2017 MS risk in those patients with low
and extremely low levels of NfL. The results remained unchanged subsequent to adjustment
for such established MS prognostic factors as oligoclonal bands, Gd-enhancing lesions, and
a high T2 lesion load at baseline MRI. NfL was associated with disability at baseline but not at
follow-up.

Conclusions
Serum NfL have a prognostic value for CIS patient conversion to MS. NfL might play a twin
role as biomarker in MS as peak level measurements can act as a quantitative marker of serious
inflammatory activity, while steady-state levels can be a reflection of neurodegenerative and
chronic inflammatory processes.
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Multiple sclerosis (MS) is a disabling disease of young adults
characterized by immune-mediated focal areas of de-
myelination disseminated in time and space in the CNS.1

Neuropathologic evidence has highlighted that axonal dam-
age occurs since the early phases of the disease2; thus prompt
diagnosis and treatment are critical in disease management.
MRI plays a major role in the diagnosis of MS,3 but additional
clinical and paraclinical markers are known to be independent
prognostic factors for the development of the disease in
patients with clinically isolated syndromes (CIS).4,5 However,
a disease serum marker does not exist. Neurofilament light
chains (NfL) are structural elements of neurons released in
the extracellular space subsequent to neuronal death,6,7 and
their level has been proven to be unusually high in the CSF of
patients with CIS and MS.8–13 Also, the current potential to
measure NfL in patients’ serummakes them the most suitable
disease candidate biomarkers.

The aim of this study was to examine levels of serum NfL in
patients with CIS and to assess whether there is a correlation
with the potential to develop MS.

Methods
This study is part of a retrospective observational project onCIS,
previously described.4,5,14 Briefly, a substantial group of patients
with CIS who were admitted to our hospital between January 1,
2000, and September 1, 2015, were involved when meeting the
following inclusion criteria: (1) the occurrence for the first time
of neurologic symptoms suggestive of MS that lasted more than
24 hours, and not attributable to any definitive disease sub-
sequent to any extensive diagnostic workup, irrespective of
whether or not the presence of typical white matter MRI lesions
existed15; (2) age between 15 and 55 years when the first neu-
rologic episode occurred; (3) follow-up ofmore than 2 years; (4)
availability of a sample of CSF and serum acquired during the
hospitalization and stored at −80°C since then.

Standard protocol approvals, registrations,
and patient consents
Approval of the protocol was obtained from our hospital’s
ethical committee. Informed and signed consent was obtained
from all patients at the point of admission to hospital for the
carrying out of all medical examinations.

Baseline examinations
For every patient, the following information was obtained
from our inpatient database and medical charts: age at disease

onset, sex, form of onset (monofocal or multifocal), location
of onset (spinal cord, brainstem, optic nerve, or other), onset
steroid therapy, time from the onset of symptoms and the day
of hospitalization, and clinical recovery (partial or complete).
All the examinations were performed during the hospitaliza-
tion and with a maximum interval time from each other of 7
days.

The presence of serum and CSF immunoglobulin G oligo-
clonal bands (OCBs) was examined by agarose isoelectric
focusing together with avidin-biotin amplified double anti-
body peroxidase staining and immunoblotting.

Visual evoked potentials, brainstem auditory evoked poten-
tials, somatosensory evoked potentials, and motor evoked
potentials to the 4 limbs were acquired based on current
guidelines16 and evaluated classified as normal or abnormal
based on a conventional 4-point graded ordinal score.5 The
global score ranged from 0 to 36, with greater values repre-
sentative of a severer evoked potential involvement.

MRI studies were carried out on 1.5T scanners (GE [Cleve-
land, OH] Signa 1.5T, Picker 1.5T) with standard head coils
and consisted of axial T1, T2, and contrast-enhanced T1
sequences covering the entire brain, with thickness of slices
ranging between 3 and 5 mm. Fluid-attenuated inversion re-
covery scans were utilized to improve confidence levels in the
identification of lesions. Of note, double inversion recovery
sequences for detecting cortical lesions were not part of our
routine clinical practice for the years considered. Spinal cord
MRIs were carried out in an estimated 50% of patients. Images
of the brain were logged as normal if there was an absence of
subclinical lesions, with size or shape consistent with de-
myelination criteria (i.e., lesions with size <3 mm in long axis
were not considered in the analysis).

Measurement of NfL levels
Collection of serum andCSF samples was by standardmethods
and samples were stored in cryogenic vials at −80°C. NfL levels
were measured using an electrochemiluminescence immuno-
assay, which had been previously validated.17 Antibodies used
were as follows: capture monoclonal antibody (mAB) 47:3
and biotinylated detector mAB 2:1 (UmanDiagnostics, Umea,
Sweden). The detection reagent was MSD SULFO-TAGTM
labeled streptavidin. Bovine lyophilized NfL from UmanDiag-
nostics was utilized to generate standards ranging from 0 to
10,000 pg/mL. The mean intra-assay and interassay coef-
ficients of variation were, respectively, 5.4% and 9.9%. A level of

Glossary
c-index = concordance index; CDMS = clinically definite multiple sclerosis; CI = confidence interval; CIS = clinically isolated
syndromes; DMD = disease-modifying drug; EDSS = Expanded Disability Status Scale; Gd = gadolinium; HR = hazard ratio;
IQR = interquartile range; mAB = monoclonal antibody; MS = multiple sclerosis; NfL = neurofilament light chain; OCB =
oligoclonal band.
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serum NfL of 3.91 pg/mL was the analytical sensitivity of our
assay, defined as the concentration of the lowest calibrator with
accuracy 80%–120% and coefficients of variation of duplicate
determination ≤20%.18

Outcomes and follow-up
Follow-up data were obtained from medical records and the
time between the occurrence of CIS and the last neurologic
visit was used as the follow-up duration period.

A clinically definite MS (CDMS) diagnosis was carried out
after new signs or symptoms appeared a minimum of 1 month

subsequent to the onset of CIS and only after the exclusion of
other diagnoses.15 According to the 2017 diagnostic criteria
(McDonald 2017 MS), a diagnosis of MS was made when the
presence of CSF oligoclonal bands and, at any time, the si-
multaneous presence of gadolinium (Gd)–enhancing and
nonenhancing lesions, or new T2 or Gd-enhancing lesions on
follow-up MRI, were seen in patients who had lesions in at
least 2 of the 4 typical areas of the CNS.1

All patients developing CDMS were given disease-
modifying drugs (DMDs) following their second clinical
attack, while 100 patients began immunomodulatory

Table 1 Baseline characteristics of patients who developedMcDonald 2017multiple sclerosis (MS) and patients who did
nota

Characteristic All patients (n = 222) MS (n = 152) No MS (n = 70)

Follow-up, mo, mean ± SD 100.6 ± 58.0 103.4 ± 59.9 94.4 ± 53.9

Age at blood collection, y, mean ± SD 33.0 ± 9.4 31.5 ± 9.2 36.2 ± 9.2

Sex, n (%)

Female 149 (67) 101 (66) 48 (69)

Male 73 (33) 51 (34) 22 (31)

Type of onset, n (%)

Monofocal 192 (86) 126 (83) 66 (94)

Brainstem 41 (21) 21 (17) 20 (30)

Optic nerve 65 (34) 46 (37) 19 (29)

Spinal cord 81 (42) 56 (44) 25 (38)

Other 5 (3) 3 (2) 2 (3)

Multifocal 30 (14) 26 (17) 4 (6)

Expanded Disability Status Scale score, median (IQR) 1.5 (1.0–2.0) 1.5 (1.0–2.0) 1.5 (1.0–2.0)

Clinical episode outcome, n (%)

Complete recovery 105 (47) 72 (47) 33 (47)

Partial recovery 117 (53) 80 (53) 37 (53)

Duration of symptoms, d, median (IQR) 26.4 (20.1–30.0) 26.0 (19.3–30.0) 28.8 (20.8–30.0)

T2 lesions at brain MRI, n (%)

0–1 30 (14) 7 (5) 23 (33)

2–9 90 (41) 54 (36) 36 (51)

>9 102 (46) 91 (60) 11 (16)

Presence of gadolinium-enhancing lesions, n (%) 97 (44) 82 (54) 15 (21)

Presence of CSF oligoclonal bands, n (%) 161 (73) 128 (84) 33 (47)

Multimodal evoked potentials score, median (IQR) 1 (0.0–3.0) 2 (0–3) 1 (0–3)

CSF neurofilament light chain levels, pg/mL, median (IQR) 731.3 (346.9–1,194.6) 972.8 (442.2–1,291.8) 510.4 (253.5–882.9)

Serum neurofilament light chain levels, pg/mL, median (IQR) 22.0 (11.6–40.4) 30.2 (16.4–48.7) 9.7 (5.5–18.1)

Abbreviation: IQR = interquartile range.
a Patients who had not developed McDonald 2017 MS during follow-up or received other diagnosis, and hence remained as clinically isolated syndrome.
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therapy after the demonstration of new subclinical lesions,
according to the available MS diagnostic criteria. Among
patients who developed MS, disability worsening was de-
fined as a documented increase in neurologic disability (≥1
point increase in the Expanded Disability Status Scale
(EDSS) score, or ≥0.5 point increase for patients with
a baseline score of ≥5.5, confirmed in a second visit 3
months later).19

Statistical analysis
Differences between groups of normally and non-normally
distributed variables were analyzed with t tests and Mann-
Whitney U tests, respectively. Analysis of categorical variables
was performed using χ2 tests.

Multiple regression analysis was carried out to establish what
factors influenced NfL baseline levels.

The calculation of follow-up person-years was from baseline
until the diagnosis of CDMS, reaching the follow-up period’s
end, or death. Cox proportional hazards models were utilized

to approximate hazard ratios (HRs) and 95% confidence
intervals (CIs) for development of CDMS and MRI MS. To
make allowances for NfL level nonlinear association with the
time to event, restricted cubic-spline Cox proportional hazard
models were used.20 The results are presented as smoothed
plots of HRs and 95% CIs for CDMS and McDonald
2017 MS.

NfL level extremes were analyzed by subject categorization
into the lowest and highest 10% and 25% of the NfL con-
centration distribution. HRs were computed using basic and
multivariable models. The base models included NfL levels,
age at onset, and sex of patients (and DMD for time to CDMS
analysis). Adjusted models also included all significant prog-
nostic factors for CDMS and McDonald 2017 MS, plus
covariates influencing NfL levels—such as time from onset to
blood sampling. The proportional hazard assumptions were
confirmed using Shoenfeld residuals. Assessment of inter-
actions was performed to test for a product term coefficient
created from the covariates involved. Nomograms were uti-
lized for the assessment of the prognostic serum NfL

Table 2 Baseline characteristics of patients by serum neurofilament light chain (NfL) levels, pg/mL

Serum NfL levels

<10th
percentile

<25th
percentile

25th–75th
percentile

>75th
percentile

>90th
percentile

Serum NfL levels, pg/mL <5.6 <11.6 11.6–40.2 >40.4 >107.4

Age at blood collection, y, mean ± SD 36.3 ± 7.2 33.7 ± 8.4 32.5 ± 9.2 31.8 ± 9.7 28.8 ± 10.7

Time from onset to hospital, mo, mean ± SD 2.8 ± 6.2 2.5 ± 2.8 2.3 ± 2.2 1.9 ± 1.8 1.6 ± 2.0

Sex

Female, n (%) 11 (48) 30 (58) 77 (69) 42 (69) 18 (78)

Male, n (%) 12 (52) 26 (42) 34 (31) 13 (31) 5 (22)

Type of onset, n (%)

Monofocal 22 (96) 51 (93) 90 (83) 51 (100) 18 (78)

Brainstem 5 (23) 10 (20) 16 (18) 15 (29) 6 (33)

Optic nerve 6 (27) 16 (31) 27 (30) 22 (43) 6 (33)

Spinal cord 11 (50) 25 (49) 45 (50) 11 (22) 4 (22)

Other 0 (0) 0 (0) 2 (2) 3 (6) 0 (0)

Multifocal 1 (4) 5 (9) 21 (19) 4 (2) 3 (22)

T2 lesions at brain MRI, n (%)

0–1 9 (39) 16 (29) 12 (11) 2 (4) 1 (4)

2–9 10 (43) 25 (46) 57 (52) 8 (16) 3 (13)

>9 4 (17) 15 (25) 42 (37) 45 (80) 19 (83)

Presence of gadolinium-enhancing lesions, n (%) 3 (13) 11 (20) 43 (39) 43 (78) 19 (83)

Presence of CSF oligoclonal bands, n (%) 11 (48) 29 (52) 90 (82) 42 (76) 16 (70)

Multimodal evoked potentials score, median
(interquartile range)

2.0 (0.0–3.0) 1.0 (0.0–3.0) 1.0 (0.0–3.0) 0.0 (0.0–3.0) 0.0 (0.0–3.5)
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contribution to known MS prognostic markers. Using 200
resamples, bootstrap validation was utilized to gauge the
models’ performance and a concordance index was sub-
sequently calculated.21,22 In each event where data were ab-
sent, analyses were restricted to only those patients for whom
there was complete data. p Values that were less than 0.05
were deemed statistically significant. Computing environ-
ment R was used for all statistical analyses (R Development
Core Team, 2005).

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results
We identified 222 patients with a CIS diagnosis who met the
inclusion criteria (mean follow-up 100.6 ± 58.0 months). At 2
years, 45 patients (20%) developed CDMS and 141 patients
(63.5%) developedMcDonald 2017MS, while at 5 years (136
patients had a minimum of 5 consecutive years of follow-up),
70 patients developed CDMS (51.5%) and 108 (79.4%) had
McDonald 2017 MS.

Table 1 summarizes the principal clinical and demographic
patient characteristics at baseline. Patients who subsequently
developed CDMS were younger, had a greater likelihood of
reporting multifocal symptoms, and had a greater chance of
having CSF OCBs, Gd-enhancing lesions, plus a greater
number of T2 lesions at brain MRI than those patients who
had not converted to MS.

Predictor of baseline serum NfL levels
The median baseline level of serum NfL was 22.0 pg/mL
(interquartile range [IQR] 11.6–40.4), with CIS patients
subsequently developing MS having higher levels (median
30.2, IQR 16.4–48.7 pg/mL) than patients who did not de-
velop MS (median 9.7, IQR 5.5–18.1 pg/mL, p < 0.001)
(table 2). Median CSF NfL level in CIS patients was 731.3
(IQR 346.9–1,194.6) pg/mL and they were directly related
with serum levels (r = 0.62, p < 0.001), particularly in patients
with Gd-enhancing lesions (r = 0.71, p < 0.001; figure e-1
[doi.org/10.5061/dryad.t95q4kg]).

For the univariate analysis, patients’ age at blood sample, time
interval from the clinical onset, baseline EDSS, Gd-enhancing
lesions, and a high T2 lesion load were all associated with
baseline serum NfL levels. The results were confirmed with
multivariate analysis, with NfL levels being lower with an
increase in time from the onset of symptoms (β −2.0, 95% CI
−3.9 to −0.1, p = 0.04), and being higher in patients with the
presence of a high T2 lesion load and Gd-enhancing lesions at
baseline MRI (β 35.4, 95% CI 17.1–53.8, p < 0.001; and β
22.9, 95% CI 10.8–35.1, p < 0.001; table 3, figure 1).

Baseline serum NfL levels and risk of MS
In the survival analysis, an association was seen between baseline
serum NfL levels and risk of both CDMS and McDonald 2017
MS (figure 2). Patients with very high (>90th percentile) and
high (>75th percentile) NfL levels were especially at risk of
CDMS, whereas a lowering of the HRs of both CDMS and
McDonald 2017 MS was seen in patients with low levels of
serumNfL. Analysis of risks in the low and high ends of the range
of serumNfL levels confirmed these graphical findings (table 4),

Table 3 Predictors of serum neurofilament light chain levels,a pg/mL

Univariate analysis Multivariate analysis

Coefficient 95% CIs p Coefficient 95% CIs p

Age at blood collection −0.9 −1.5 to −0.2 0.01 −0.5 −1.1 to 0.1 0.13

Time from onset to hospital −2.1 −4.2 to −0.1 0.04 −2.0 −3.9 to −0.1 0.04

Sex, male vs female −8.2 −21.8 to 5.3 0.23 — — —

Type of onset, multifocal vs monofocal 15.4 −4.4 to 35.2 0.12 — — —

EDSS at onset 7.3 −0.1 to 14.6 0.05 — — —

T2 lesions at brain MRI

2–9 vs 0–1 11.5 −7.5 to 30.5 0.24 7.9 −10.2 to 26.2 0.39

>9 vs 0–1 39.5 20.7 to 58.4 <0.001 35.4 17.1 to 53.8 <0.001

Presence of gadolinium-enhancing lesions 29.8 17.4 to 42.3 <0.001 22.9 10.8 to 35.1 <0.001

Presence of CSF oligoclonal bands 4.4 −9.9 to 18.6 0.54 — — —

Multimodal evoked potentials score 0.2 −2.1 to 1.8 0.87 — — —

Abbreviations: CI = confidence interval; EDSS = Expanded Disability Status Scale.
a Univariate andmultivariate regression analysiswith AIC-basedbackward selectionwasperformed todetermine the factors significantly influencing baseline
NfL levels.
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with a threefold and a twofold decrease of both CDMS
and McDonald 2017 MS risk in patients with low and very
low NfL levels (HR [95% CI] for CDMS: 0.25 [0.11–0.58]
and 0.09 [0.01–0.64], respectively; HR [95% CI] for
McDonald 2017 MS: 0.21 [0.12–0.37] and 0.34 [0.16–0.76],
respectively).

This association remained unchanged after adjustments were
made for the following covariates: presence of CSF OCBs,
Gd-enhancing lesions, and a high T2 lesion load at baseline
MRI (HRs of CDMS for very low [<10th percentile] and low
[<25th percentile] NfL levels were 0.14 [0.02–1.05] and 0.40
[0.17–0.94], respectively; HRs [95% CI] for McDonald 2017
MS were 0.18 [0.06–0.59] and 0.33 [0.19–0.60], respectively;
table 4).

Of note, 35 patients (23%) among the 152 who developed
MS experienced EDSS worsening during follow-up, but no
association was found between baseline NfL levels and dis-
ability progression.

Development of prognostic nomograms
Nomograms were developed to help identify those
patients who have a high risk for developing CDMS and
McDonald 2017 MS based on the models’ beta coefficients
(figure 3). These nomograms reveal serum NfL’s prog-
nostic contribution to already known prognostic markers
in CIS patients. At 2 and 5 years, serum NfL seems to be
especially helpful in stratifying the risk of disease in
patients who have a modest lesion load in their baseline
brain MRI.

In addition, a bootstrap-corrected concordance index (c-
index) was used to assess the proposed models’ performance.
The c-indexes calculated were 0.65 and 0.85 for the final
models, predicting CDMS and McDonald 2017 MS, re-
spectively, thus the prognostic models could be considered
acceptably accurate. In the calibration plots (figure e-2, doi.
org/10.5061/dryad.t95q4kg), points in the proximity of the
45-degree line reveal solid agreement between observed and
predicted outcomes.

Figure 1 Baseline predictors of serum neurofilament levels
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Discussion
Several studies have shown that axonal damage occurs from
the very early phases of MS.2 Therefore, early diagnosis has
been the major objective of evolving diagnostic criteria for
the disease.1 MRI has played a key role in this issue since its
introduction. Several other biomarkers are also associated
with the risk of developing MS independently of MRI, among
which the presence and number of CSF OCBs have been
revealed to be crucial for the stratification of risk at patient
level.4 NfL level in the CSF has been previously shown to be
a risk factor for conversion to MS in CIS patients,8–13 but the
recent possibility of measuring this structural protein also in
the serum would make NfL an ideal and easy-to-measure
biomarker for a more accurate prognosis at the time of the first
clinical demyelinating event.

Several studies8–11 have already reported higher levels of CSF
NfL in CIS patients when compared to healthy controls,
and in a recent study13 they have been shown to be prognostic
both for CDMS and McDonald 2010 MS. A linear relation-
ship between CSF and serum NfL has also been previously
reported,23 and we have highlighted here that serum NfL
levels mirror in particular CSF levels in patients with
blood–brain barrier damage as evidenced by the presence of
Gd-enhancing lesions. The main result of the current study is
the prognostic value of serum NfL both for CDMS and
McDonald 2017 MS, here reported for the first time. As
expected, we observed significant associations between serum
NfL and patient age, disability, and lesion load at baseline, but
we have also found NfL levels are influenced by inflammatory
measures, with serum NfL levels higher in patients evaluated
close to the onset of a clinical relapse or with Gd-enhancing

Figure 2 Smoothed plot of hazard ratios

Smoothed plot of hazard ratios for clinically definite multiple sclerosis (A) and McDonald 2017 multiple sclerosis (B) according to serum neurofilament light
(NfL) levels.

Table 4 Hazard ratios (95% confidence intervals) of clinically definite multiple sclerosis (CDMS) and multiple sclerosis
(MS) according to the 2017McDonald criteria (2017MS) by categories of serumneurofilament light chains levelsa

Serum neurofilament light chain levels

<10th percentile <25th percentile 25th–75th percentile >75th percentile >90th percentile

Overall CDMS risk

Base model 0.09 (0.01–0.64)b 0.25 (0.11–0.58)c Reference 1.13 (0.68–1.89) 1.22 (0.60–2.46)

Adjusted model 0.14 (0.02–1.05)d 0.40 (0.17–0.94)d Reference 1.11 (0.63–1.95) 1.24 (0.57–2.73)

Overall 2017 MS risk

Base model 0.34 (0.16–0.76)c 0.21 (0.12–0.37)c Reference 2.03 (1.43–2.89)c 2.19 (1.32–3.62)c

Adjusted model 0.18 (0.06–0.59)b 0.33 (0.19–0.60)b Reference 1.64 (1.10–2.44)b 1.62 (0.98–2.81)d

a Hazard ratios and 95% confidence intervals were estimated by Cox proportional hazards regression. Base model for CDMS was adjusted for age, sex, and
time of follow-up on disease-modifying therapy, while base model for 2017 MS was adjusted for age and sex. Multivariable adjusted models were adjusted
also for CSF oligoclonal bands, gadolinium, and T2 lesions at baseline MRI.
b p < 0.01.
c p < 0.001.
d p < 0.05.
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lesions at brain MRI. A high T2 lesion load and the presence
of enhancing lesions at baseline MRI are signs of persistent or
recurrent active disease and therefore predictors of a shorter
time to a second relapse, and the fact that NfL are also higher
in these patients may confirm the aggressive nature of the
underlying pathologic process and explain why the serum
biomarkers also resulted prognostic for a second attack.

Our results are in line with previous studies that show an
association between serum NfL and clinical and MRI in-
flammatory measures.24 This also could be the main reason
why we have found no associations between NfL levels and
future disability evaluated by EDSS. Except for two,13,23 most
studies24–26 have shown a correlation between NfL and future
disability, and NfL are now regarded as a promising serologic
biomarker for monitoring and predicting neurodegeneration.
However, in all these studies, the analyses included different
MS phenotypes, observing the strongest correlations with
current and future EDSS in progressive forms. Furthermore,
in all the studies, association between signs of active disease
and NfL was observed, and repeated inflammatory attacks

may yield to increased disability in later stages of the disease.
As such, serum NfL may have a different role as a biomarker
according to the phase of the disease the patient is experi-
encing: measured peak levels may be a marker of recent de-
structive effects related to acute inflammatory activity, while
steady-state levels may reflect both basal CNS metabolic
processes as well as chronic inflammatory and neurodegen-
erative processes.

In our study, serum NfL was predictive of CDMS and
McDonald 2017 MS independently of known major prog-
nostic factors such as T2 lesion load and CSF OCBs, allowing
for a more accurate discrimination of the model and the
provision of clinical relevance to our results.

The simultaneous evaluation of CSF and serumNfL as well as
the long follow-up and the real-world group of patients are the
major strengths of our study and our results ought to be
a better representation of clinical practice. The use of re-
stricted cubic spline analysis and the nomogram derived fur-
ther strengthens our study as they allow a more detailed

Figure 3 Nomograms for predicting 2-year probabilities

Nomograms for predicting 2-year probabilities for clinically definite multiple sclerosis (MS) (A) and for McDonald 2017 MS (B) according to baseline
neurofilament light (NfL), CSF, and brain MRI status.Categories for NfL: 0 (11.6–40.2 pg/mL), 1 (<11.6 pg/mL), 2 (>40.2 pg/mL). Categories for CSF oligoclonal
bands (OCBs): 0 (absent), 1 (present). Categories for brainMRI T2 lesions: 0 (0 lesions), 1 (1–3 lesions), 2 (4–9 lesions), 3 (>9 lesions). To obtain the 2-year and 5-
year survival probabilities, calculate trough use of the first row the points for every patient characteristic listed, then drop a vertical line from the total points
row to the probabilities rows.
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analysis of the data and provide clinicians with both a useful
and practical tool for individual prognostic prediction. Our
results have been internally validated using bootstrap,27 but
external validation is still essential prior to our nomograms
being generalized to a new population of patients.28 A lack in
knowledge of important covariates including MRI lesion
volumes as well as cortical lesions plus the retrospective na-
ture of the work could be seen as limitations hindering the
drawing of definitive conclusions. Multicentric prospective
studies that will involve a substantial number of CIS patients
and will also take into account all potential NfL confounding
factors are required for confirmation of these preliminary
findings.
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