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ABSTRACT

Many biological markers have been explored in
multiple sclerosis (MS) to better quantify disease
burden and better evaluate response to treat-
ments, beyond clinical and MRI data. Among
these, neurofilament light chain (Nf-L),
although non-specific for this disease and found
to be increased in other neurological condi-
tions, has been shown to be the most promising
biomarker for assessing axonal damage in MS,
with a definite role in predicting the develop-
ment of MS in patients at the first neurological
episode suggestive of MS, and also in a preclin-
ical phase. There is strong evidence that Nf-L
levels are increased more in relapsing versus
stable MS patients, and that they predict future
disease evolution (relapses, progression, MRI

measures of activity/progression) in MS
patients, providing information on response to
therapy, helping to anticipate clinical decisions
in patients with an apparently stable evolution,
and identifying patient non-responders to dis-
ease-modifying treatments. Moreover, Nf-L can
contribute to the better understanding of the
mechanisms of demyelination and axonal
damage in adult and pediatric MS. A funda-
mental requirement for its clinical use is the
accurate standardization of normal values, cor-
rected for confounding factors, in particular
age, sex, body mass index, and presence of
comorbidities. In this review, a guide is pro-
vided to update clinicians on the use of Nf-L in
clinical activity.
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Prior Presentation This manuscript provides more
comprehensive literature and clinical data on a topic
that has been briefly anticipated in a short commentary
published in Multiple Sclerosis Journal, 2023, and related
to the article published here.
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Key Summary Points

Neurofilament, a cytoskeletal component
of neurons, is a marker of axonal damage
and neuronal death. Among biological
markers, there is large support from the
scientific literature that it is the most
promising molecule for assessing axonal
damage in multiple sclerosis.

Among the three subunits of
neurofilaments, neurofilament light chain
(Nf-L) has been the most extensively
studied, better differentiating changes in
MS patients compared to controls and in
active compared to inactive MS patients.

Nf-L levels have been shown to have a
definite role in predicting future disease
evolution (relapses, disease progression,
MRI measures of activity/progression) in
MS patients in early stages of its
development.

A reduction of Nf-L levels provides
evidence of response to therapy, and,
conversely, if increasing in spite of a
disease-modifying treatment, could help
to identify non-responder patients.

There is a large body of evidence about the
role of Nf-L to assess disease activity and
progression in MS. In future, Nf-L should
be implemented in clinical practice as a
measure of clinical activity in addition to
clinical and MRI assessment.

BIOMARKERS IN MULTIPLE
SCLEROSIS

Many biological markers linked to the inflam-
matory demyelinating process have been
explored in multiple sclerosis (MS), with the
aim of providing additional measures to quan-
tify disease burden and activity, to refine diag-
nosis, and to better evaluate response to
treatments [1–3]. In this connection, biological

markers could provide additional information
on MS status, in addition to the clinical and
MRI data that remain the most reliable mile-
stones for MS assessment, and on functional
and structural damage in addition to neuro-
physiological tests and other tools, such as
optical coherence tomography [4].

Recently, there have been advances in this
field, and many original studies have been
published as well as reviews outlining the con-
tributions of biomarkers in clinical assessment
of MS patients.

Some of these have a well-recognized role for
diagnosis, namely: oligoclonal bands and IgG
index (for MS diagnosis), anti-aquaporin-4
(AQP-4)m and anti-myelin oligodendrocyte
glycoprotein (MOG) antibodies [for neu-
romyelitis optica spectrum disorder (NMOSD)
and MOG-associated disorder (MOGAD) diag-
nosis, respectively], antibodies against IFN-b
and natalizumab, and the anti-John Cunning-
ham-virus and anti-varicella zooster virus anti-
bodies (for treatment decisions) [1]. These tests
are currently and widely used in diagnostic and
clinical activity.

Many other molecules with a potential clin-
ical usefulness have been detected in cerebral
spinal fluid (CSF) and plasma/serum in recent
years, but only a few have shown clinical rele-
vance. According to recent studies and reviews
[1–3], the most relevant are neurofilaments,
glial fibrillary acidic protein, tau proteins,
chitinase-3-like protein 1, and S100B (see
Fig. 1). Among them, neurofilaments, a
cytoskeletal component of neuronal axons that
increases if axons of the central nervous system
(CNS) are damaged, providing a measure of
axonal damage and neuronal death, have been
of definite clinical interest, becoming the most
promising biomarkers for assessing axonal
damage related to the demyelinating process.
Searching on PubMed, more than 7,500 original
papers and reviews have been published up to
2022 on neurofilaments in MS and neurode-
generative disorders. We previously discussed
the contribution of neurofilament light chain
(Nf-L) to better characterize pediatric MS [5];
here, we provide a more comprehensive review
of the topic in both adult and pediatric MS. This
article is based on previously conducted studies
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and does not contain any new studies with
human participants or animals performed by
any of the authors.

NEUROFILAMENT LIGHT CHAIN
(NF-L) IN ADULT MULTIPLE
SCLEROSIS

Studies on neurofilament proteins began more
than 20 years ago, initially limited because of
the necessity of obtaining CSF samples. In 2003,
the first study was published showing that Nf-L
antibodies were correlated with MRI measures
of cerebral atrophy, and demonstrating the
potential role of neurofilaments as a marker of
tissue damage, particularly axonal loss, in MS
[6].

Three subunits of neurofilaments can be
detected: light (Nf-L), medium (Nf-M), and
neurofilament heavy (Nf-H) chain. The most
extensively studied subtype is Nf-L [5], per-
forming better at differentiating changes in MS
patients compared to controls [8], and at eval-
uating treatment response compared to Nf-H
[9].

Initially performed on CSF samples, studies
on Nf-L in MS and other neurological disorders
have received a strong boost in the recent years
thanks to the introduction of a new technology

(SIMOA—single molecule array technology)
with the possibility of detecting very low con-
centrations of Nf-L in serum or plasma [1–12].

The first study including a large cohort of MS
patients was published in 2017 [13], providing
convincing evidence on the usefulness of Nf-L
as a blood biomarker of tissue damage in MS:
Nf-L was higher in MS patients (a cross-over
cohort of 142 subjects and a prospective cohort
of 246 subjects) compared to 254 healthy con-
trols, and higher in patients with focal lesions
and gadolinium-enhancing lesions than those
without. Moreover, Nf-L levels correlated with
disability, the presence of relapses and future
relapses and disability, and decreased under
disease-modifying treatment (DMT).

By the end of 2022, more than 400 articles
have been published on the topic of Nf-L in MS
(source: PubMed), and we will summarize the
most important studies on the various pheno-
types of MS.

NEUROFILAMENT LIGHT CHAIN
(NF-L) IN PRESYMPTOMATIC MS

Nf-L was assessed in the CSF of 23 patients with
radiologically isolated syndrome (RIS) and 15
with clinically isolated syndrome (CIS), com-
pared with 15 relapsing–remitting (RR), 26

Fig. 1 Summary of clinical biomarkers of interest
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primary progressive MS patients and healthy
controls [14], who were also submitted to
assessment of progranulin. Both molecules sig-
nificantly increased in CIS and MS patients
whereas only progranulin increased in RIS
patients; of note, only MRI and not clinical data
were provided during the follow up, different
from another study that included a larger group
of healthy subjects who were prospectively
evaluated after a long-term follow-up to detect
those who developed MS [15]. In this study, Nf-
L was assessed in samples from US military
personnel who have serum samples stored from
2000 to 2011, and the serum Nf-L levels were
higher in 60 subjects who later developed MS
compared with matched controls, this differ-
ence increasing with decreasing time to clinical
onset, which was associated with a marked
increase in Nf-L levels. The overall results of this
study provided evidence that MS may have a
prodromal phase lasting several years, and that
neuroaxonal damage already occurs during this
phase, preceding clinical onset.

The prognostic role of Nf-L, CHI3L1, and
oligoclonal bands for conversion to CIS and to
MS was investigated in 75 patients with radio-
logically isolated syndrome showing that Nf-L
and oligoclonal bands were independent risk
factors for the development of both CIS and MS,
with a better performance for oligoclonal bands,
whereas CHI3L1 had a poor prognostic value
[16]. The effects of high Nf-L levels shortening
the time to both CIS and MS were more pro-
nounced in patients C 37 years old compared to
younger patients and in those with high versus
low Nf-L levels. Serum and CSF Nf-L were con-
firmed as significant predictors for the conver-
sion to clinical and clinical ?MRI activity in 61
patients with RIS, at 2, 3, and 5 years [17].

NEUROFILAMENT LIGHT CHAIN
(NF-L) IN CLINICALLY ISOLATED
SYNDROME (CIS)

Many studies have addressed the diagnostic and
prognostic role of Nf-L, measured in the CSF or
serum, in patients presenting with a first neu-
rological episode suggestive of MS. The data are
reported in Table 1 and summarized in Table 2,

in which the level of evidence of the results was
classified according to the criteria described in
Ref. [10]. In all studies except one [22], Nf-L
levels were increased in CIS patients compared
with controls, and correlated at baseline with
the number of T2 and Gd ? lesions [18, 23, 24],
with diffusely abnormal white matter (DAWM)
[26] at brain MRI, and expanded disability sta-
tus scale (EDSS) [18, 24]. Nf-L levels predicted
clinically definite MS (CDMS) or CDMS
according to 2017 diagnostic criteria in all the
studies [18–21, 23–25] except one [22]. The
predictive value of Nf-L was higher compared to
other blood biomarkers [19, 20], but lower than
MRI and CSF examination in one study [19]. Of
note, in two studies, Nf-L was compared with
other biological markers [19, 20], resulting in
the best predictor for MS development.

NEUROFILAMENT LIGHT CHAIN
(NF-L) IN RELAPSING REMITTING
AND PROGRESSIVE MS

Many original studies as well as reviews and
meta-analysis have provided a strong demon-
stration of Nf-L’s definite role as a measure of
axonal damage caused by MS, resulting in an
increase in all clinical MS phenotypes
[11, 12, 28], although not specific or patog-
nomonic for this condition, as they can also
increase in neurodegenerative, traumatic, and
vascular disorders of the CNS [7].

Nf-L levels have been correlated with base-
line clinical and neuroimaging characteristics in
cross-sectional studies, and with clinical and
neuroimaging evolution in follow-up series,
prospectively or retrospectively collected, to
determine their value to assess disease activity
in RR-MS [13, 23, 24, 29–70]; some studies also
included secondary progressive (SP)-MS
patients. The results are summarized in Table 3
using the same scoring system of Table 2. To
summarize, we can conclude that, in RR-MS,
high Nf-L levels show a strong correlation with
relapse rate and with neuroimaging activity
(presence of gadolinium-enhancing lesions,
number/new T2 lesions) in cross-sectional
studies, whereas the correlation with disability
is less strong. In prospective studies, the

Neurol Ther



Table 1 Summary of results of studies evaluating the prognostic role of Nf-L in patients with CIS

No. Follow-up Results

Disanto et al.

[18]

198 110 days in 100 patients

who converted to CDMS

6.5 years in 98 patients who

remained CIS

Nf-L levels were higher in the two groups of MS

patients compared to controls, particularly in fast

converters (24.1 pg/mL vs. 19.3 pg/mL)

Increased Nf-L concentration was associated with

increasing numbers of T2 MRI lesions, gadolinium-

enhancing lesions and higher disability scores at CIS

diagnosis

Arrambide

et al. (CSF)

[19]

68 78.8 months in 35 patients

who converted to CDMS

57.9 months in 33 patients

who remained CIS

At screening, only Nf-L showed significant differences

compared to other biomarkers (neurofascin,

semaphorin 3A, fetuin A, glial fibrillary acidic protein,

and Nf-H)

Nf-L levels presented strong associations with brain

parenchymal fraction change and percentage brain

volume change at 5 years

More Nf-L-positive patients evolved to MS; however,

the risk of MS was lower than the presence of

oligoclonal bands or T2 lesions

Hakansson

et al. (CSF)

[20]

41 24 months Nf-L in CSF at baseline is the best predictor compared

to other biomarkers (glial fibrillary acidic protein,

chitinase-3-like-1, matrix metalloproteinase-9 and

osteopontin)

Tortorella

et al., (CSF)

[21]

41 CIS – CSF Nf-L levels were higher in CIS patients in

comparison with controls

CSF Nf-L was the independent predictor of MRI

measures of damage

Tejeda-Velarde

et al. (CSF)

[22]

68 (optic

neuritis)

46.4 months 25 patients (36.7%) developed CDMS during follow-up

Abnormal MRI and CSF oligoclonal bands but not Nf-

L levels predicted the risk of CDMS

Dalla Costa

et al. [23]

222 100.6 months 45 patients (20%) developed CDMS and 141 (63.5%)

developed MS at 2 years according to 2017 MS

diagnostic criteria

Serum Nf-L was increased in patients with a recent

relapse, with a high number of T2 and gadolinium-

enhancing lesions at baseline MRI
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correlation is very strong with the occurrence of
relapses and EDSS increasing in the subsequent
1–3 years, with NEDA status, less strong but still
present with long-term progression (not con-
firmed in one study after a mean of 12 years of
follow-up [38]), and strong with MRI measures
such as brain and spinal cord volume loss in the
next 2–5 years. There is a clear evidence that
DMTs reduce Nf-L levels, and that they help in
clinical decisions such as reducing doses,
increasing the intervals of administration for
some medications, such as natalizumab or
rituximab, or using more aggressive therapies in
active patients if highly increased levels of Nf-L
are detected [51, 68–70].

The accurate definition of normal values is a
fundamental requirement for a reliable patient

assessment. This issue has been specifically
addressed in a recent paper reporting normative
data of normal subjects (5390) with no evidence
of CNS disease, taking part in four cohort
studies in Europe and North America [71], and
demonstrating that sNf-L concentrations
increased exponentially with age, particularly
in those over 50 years, with a close relationship
with body mass index (BMI). This study also
included 1313 RR/SP-MS patients, with a med-
ian follow-up of 5.6 years, confirming that Nf-L
levels were correlated to an increased risk of
future clinical or MRI disease activity, and dis-
ability-worsening in MS patients. Nf-L levels
markedly decreased in MS patients treated with
monoclonal antibodies (natalizumab, alem-
tuzumab, ocrelizumab, rituximab), and slightly

Table 1 continued

No. Follow-up Results

Bittner et al.

[24]

369 CIS

445 MS

According to

2010 diagnostic

criteria

At least 2 years, up to

4 years in a subgroup of

598 patients

At baseline and year 2, Nf-L levels were higher in

patients with C 9 cranial T2 lesions than in those

with 1–8 T2 lesions, and were higher in patients with

Gd ? lesions; the correlation between sNf-L and

EDSS values was weak

Patients with at least one relapse in the following 2 years

had significantly higher levels at baseline Patients who

were reclassified from CIS to RRMS (2017) had

elevated Nf-L levels compared to CIS (2010) and

patients remaining CIS (2017)

Monreal et al.

[25]

578 7.1 years Levels of Nf-L greater than 10 pg/mL were

independently associated with higher risk of 6-month

CDMS and an EDSS of 3 in the development cohort

Highly effective DMTs were associated with lower risks

of 6-month CDMS and an EDSS of 3 in patients with

high baseline Nf-L values

Vavasour et al.

[26]

20 – 35% of CIS patients demonstrated diffusely abnormal

white matter (DAWM): they also had decreased

cortical thickness, higher lesion load, and a higher

concentration of Nf-L compared to CIS without

DAWM

Fabis Pedrini

et al. [27]

17 12 months Nf-L strongly correlated with T2 and T1 lesion volume

at 12 months
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in those treated with oral therapies (terifluno-
mide, dimethyl fumarate, fingolimod, siponi-
mod); in contrast, they remained elevated in
patients treated with interferons and glatiramer
acetate.

The relationship with age has been con-
firmed by another study, as well as with BMI
and comorbidities such as diabetes and
impaired renal function [46].

The possibility to better understand and
quantify disease progression is particularly rel-
evant in progressive MS, in which the neu-
rodegenerative component plays an important
role, and progressive axonal damage greatly
contributes to MS progression. The potential
usefulness of Nf-L has been investigated in a
meta-analysis in which 17 high-quality studies
were evaluated, selected form 76 relevant papers
on this topic [72]. The results can be summa-
rized as follows:

• relationship with current disability (EDSS): a
correlation was found in 4 studies including
1874 patients, but not confirmed in 6 studies
including 1143 patients (assessed in CSF in
243 of them),

• relationship with EDSS progression: a corre-
lation was found in 2 studies including 1757,
but not confirmed 3 studies including 1330
patients (assessed in CSF in 70 of them),

• relationship with current inflammatory dis-
ease activity: a correlation was found in 10
studies including 3533 patients (assessed in
CSF in 176 of them), but not confirmed in 3
studies including 1260,

• relationship with brain atrophy develop-
ment: a correlation was found and con-
firmed in 5 studies including 2337 patients
(assessed in CSF in 70 of them),

• relationship with DMTs: a correlation was
found in all the 4 randomized control trials
with DMTs, which included 3020 patients.

Table 2 Level of evidence of the role of Nf-L in patients with clinically isolated syndrome (CIS) (A), and level of evidence
of the correlation between Nf-L levels and clinical or MRI measures of clinical activity in cross-sectional (B) and longi-
tudinal studies (C))

(A) Role of Nf-L in CIS patients Level of evidence

Higher Nf-L levels compared to controls [18, 21] ???

More patients with high Nf-L levels compared to other biomarkers, excluding OBs [19, 20] ???

Including OBs [20, 22]a –

(B) Cross-sectional correlation of Nf-L levels

With clinical severity [18, 23, 24] ???

With MRI burden/activity [21, 23, 24, 26] ???

(C) Longitudinal correlation of Nf-L levels

With development of CDMS [18–20, 23–25] ???

With MS activity/severity [18, 24] ???

With MRI measures of activity/progression [18, 19, 27] ???

Level of evidence (from Ref. [10], modified):
- lack of evidence, ? results non-replicated or conflicting evidence, ?? observations that have been replicated and/or
supported by independent methods, ??? high level of evidence from larger studies, consistently replicated
aOBs better predicted the development of CDMS compared to Nf-L
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Neuroaxonal damage is a factor largely
involved in the development of cognitive
impairment in MS patients, a symptom that
greatly contributes to increasing their disability.
Increased Nf-L levels have been found in
patients with cognitive impairment at baseline
[73, 74], compared to patients cognitively pre-
served, with an additive role with respect to MRI
measures [75], and predicted cognitive decline
in the follow-up in both RR and progressive MS
patients [72, 74, 76, 77]; in the latter form,
independently from changes of T2 and nor-
malized regional volumes.

NEUROFILAMENT LIGHT CHAIN
(NF-L) IN PEDIATRIC MS (PED-MS)

Nf-L has been tested in patients with ped-MS
and other demyelinating syndromes (ADS) in

some recent studies, showing clear evidence of
their usefulness in predicting future evolution
of the disease, a confirmed usefulness to iden-
tify patients with an active form of MS, and
strong evidence of their role in monitoring the
effect of DMT, so confirming the promising role
of this biomarker to also monitor MS evolution
in these patients. To summarize:

• a significant correlation between serum and
CSF Nf-L values was found in a cohort of 102
children with a first episode classified as
ADS, particularly in the MS group; higher
serum Nf-L values at baseline predicted the
risk of a second MS attack [78],

• higher serum levels of Nf-L were confirmed
in a cohort of 129 children with an ADS
episode compared to healthy controls: in
children with MS, Nf-L values correlated
with cerebral and spinal cord MRI lesions

Fig. 2 Main conclusions on the clinical use of neurofilament light chain in MS.MS multiple sclerosis, CIS clinically isolated
syndrome, NF-L neurofilament light, DMT disease-modifying treatments
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and predicted a higher number of subse-
quent relapses [79].

• a study including 55 children with MS
confirmed the strong correlation between
clinical and MRI findings: Nf-L levels were
significantly higher at baseline in untreated
patients compared to controls, relatively low
in MS patients without clinical or MRI
disease activity, and higher in those with a
recent relapse and an high EDSS score. Nf-L
significantly decreased after interferon beta-
1a/b treatment and after switching to fin-
golimod [80].

• another study of 142 children with MS
confirmed the increase of serum Nf-L com-
pared to healthy controls, particularly in
patients with a recent relapse and new/
enlarging T2 or gadolinium-enhancing MRI
lesions [81].

• the effect of treatment on Nf-L in ped-MS
has been well demonstrated by the TERIKIDS

trial [82], in which Nf-L was serially mea-
sured in ped-MS patients randomized 2:1 to
receive teriflunomide or placebo in a double-
blind period. At baseline, Nf-L levels were
higher in patients with a shorter disease
duration, with higher Gd-enhancing lesion
counts and T2 lesion volume, predicting an
high MRI activity or clinical relapse during
the double-blind period. Nf-L values were
lower in patients treated with teriflunomide
compared to placebo, confirming the useful-
ness of this measure to assess treatment
response.

Compared to the adult form, ped-MS pre-
sents some peculiar aspects [83]: inflammation
is more prominent, as suggested by the higher
relapse rate and by the higher number of T2 and
gadolinium-enhancing lesions on MRI. Since
the demyelinating process develops in crucial
phases of maturation of the CNS, MS causes a

Table 3 Level of evidence (for definition see Table 2) of the correlation between Nf-L levels and clinical or MRI measures of
clinical activity in cross-sectional (A) and longitudinal studies (B) in RR-MS patients (some studies also included SP-MS
patients)

(A) Cross-sectional correlation with Level of evidence

Clinical findings

Relapses [13, 23, 24, 29–32] ???

EDSS [13, 24, 31, 38] ??

MRI findings

Gd-enhancing lesions [13, 23, 24, 29–32] ???

T2 lesions [13, 18, 23, 24, 31, 34] ???

Multiple MRI markers [24, 29, 32–40] ??

(B) Longitudinal correlation with

NEDA status [41–47] ???

Relapses and EDSS/disability increase in the next 1–3 years [18, 24, 31, 35, 36, 52, 53] ???

Long-term progression/disability ([5 years) [35, 43, 54–56] ??

Brain/spinal cord volume loss in the next 2–5 years [46, 53, 54, 56, 57] ???

Measures of MRI progression, new T2/T2 lesion load [46, 48, 54, 58, 59] ???

Treatment response [49–51, 60–70] ???
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severe brain damage in young patients leading
to brain atrophy and a reduced brain growth
[84, 85], probably not sufficiently compensated
by the possible disappearance of T2 lesions in
subsequent scans and by the relatively low
number and rate that evolve in hypointense
lesions [86–88].

However, in spite of the greater severity of
the disease, children with MS show a higher
ability to compensate brain damage, as sug-
gested by clinical findings (longer time to reach
mild or severe disability, better recovery after
relapses [89, 90]), and by the ability to com-
pensate cognitive impairment in the long-term,
after its initial decline [91]. Studies with non-
conventional MRI in ped-MS patients have
shown a less intrinsic degree of involvement of
the so-called ‘‘normal appearing white matter’’,
compared to adult MS [92], and a more pre-
served functional reserve, with a better ability to
compensate brain damage, as suggested by the
less extensive activation of cortical areas on
functional MRI performed during a motor task
[93] compared to adult RR/SP-MS patients.

Within the group of patients with ped-MS,
those with onset before 11–12 years of age have
additional distinct characteristics with respect
to older ones: the MS incidence in boys and girls
is similar, disease progression is slower, clinical
manifestations have a different pattern [86],
and the effect to DMTs is more pronounced
[94, 95], suggesting that age, hormonal age-re-
lated changes, and other unknown factors can
differently modulate MS onset and progression
in the pediatric group.

Nf-L, accurately standardized in normal
controls and assessed in ped-MS patients in
cross-sectional and longitudinal studies, could
help to characterize the different clinical pat-
terns between patients with prepubertal versus
postpubertal ped-MS, and in ped-RR-MS versus
adult RR-MS, in addition to clinical and neu-
roimaging data.

CONCLUSION

In this review, we have aimed to summarize the
many studies on the clinical use of Nf-L in MS
(see Fig. 2). To conclude, there is a clear strong

evidence that Nf-L has a definite role to provide
a reliable measure of neuroaxonal damage
caused by the demyelinating process and of the
neuroprotective effect of medications.

This means that the role of neurofilaments
will soon change from an interesting biomarker,
mainly used in scientific research, to a kind of
‘‘neurologist’s C-reactive protein’’ [96] with
many possible implications in clinical activity
and research. It is worth mentioning that the
test provides a reliable measure of axonal dam-
age, but that it lacks specificity, since Nf-L can
also increase in other neurological conditions,
and its affordable and appropriate use in clinical
activity requires a carefully standardization of
normal values.
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47. Szilasiová J, Mikula P, Rosenberger J, et al. Plasma
neurofilament light chain levels are predictors of
disease activity in multiple sclerosis as measured by
four-domain NEDA status, including brain volume
loss. Mult Scler. 2021;27:2023–30.

48. Steffen F, Uphaus T, Ripfel N, et al. Serum neuro-
filament identifies patients with multiple sclerosis
with severe focal axonal damage in a 6-year longi-
tudinal cohort. Neurol Neuroimmunol Neuroin-
flamm. 2022;10(1): e200055.

49. Seiberl M, Feige J, Hilpold P, et al. Serum neurofil-
ament light chain as biomarker for cladribine-trea-
ted multiple sclerosis patients in a real-world
setting. Int J Mol Sci. 2023;17(24):4067.

50. Walo-Delgado PE, Sainz de la Maza S, Villarrubia N,
et al. Low serum neurofilament light chain values
identify optimal responders to dimethyl fumarate
in multiple sclerosis treatment. Sci Rep. 2021;11:
9299.

51. Uher T, Havrdova E, Benkert P, et al. Measurement
of neurofilaments improves stratification of future
disease activity in early multiple sclerosis. Mult
Scler. 2021;27:2001–13.

52. Brune S, Høgestøl E, de Rodez BS, et al. Serum
neurofilament light chain concentration predicts
disease worsening in multiple sclerosis. Mult Scler J.
2022;28:1859–70.

53. Buchmann A, Pirpamer L, Pinter D, et al. High
serum neurofilament light chain levels correlate
with brain atrophy and physical disability in mul-
tiple sclerosis. Eur J Neurol. 2023;30:1389–99.
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