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Due to the unpredictable course and heterogenous treatment response in multiple

sclerosis (MS), there is a clear need for biomarkers that reflect disease activity in the

clinical follow-up of these patients. Neurofilaments are neuron-specific components of

the cytoskeleton that can be assayed in different body compartments. They have been

explored as potential biomarkers for many years. Neurofilament light chain (NF-L) appears

the most promising biomarker in MS patients, and there is now little doubt that NF-L

should have a role in the follow-up of MS patients. Newer assays and techniques for NF-L

detection available in serum samples confirms the usefulness of NF-L as a biomarker.

Nevertheless, there is still a need for prospective studies, and studies to determine clinical

useful cut-off values. This review evaluates the strengths and weaknesses of NF-L as a

biomarker in patients with MS.

Keywords: neurofilament light (NF-L), biomarker, multiple scleorsis (MS), serum, cerebrospinal Fluid—CSF,

axonal damage

NEUROFILAMENTS—AN INTRODUCTION

Neurofilaments are cytoskeletal components of neurons that are particularly abundant in axons.
Their functions include provision of structural support and maintaining size, shape, and caliber
of the axons (1). Neurofilaments belong to the intermediate filaments family, and the triplet
comprises three subunits; neurofilament light chain (NF-L), neurofilament medium (NF-M) and
neurofilament heavy (NF-H). The nomenclature-light (∼68 kDa), -medium (∼145 kDa ),- and
heavy (∼200 kDa) refers to the molecular weight of the filaments (2, 3).

Following axonal damage in the central nervous system (CNS), neurofilament proteins released
into cerebrospinal fluid (CSF) provide an indication of axonal damage and neuronal death. The
most extensively subtype studied in this context is NF-L.

Given that neurofilaments are found in the cytoplasm of neurons, all diseases that lead to
neuronal and axonal damage can increase the CSF-levels of these proteins. In animal studies, NF-L
levels have been used as a marker of axonal damage for decades (4). In humans, neurofilaments
were first used as markers of neuronal damage in a study of 12 patients with amyotrophic lateral
sclerosis (ALS) and 11 patients with Alzheimer’s disease (5).

Subsequently, higher than control levels of neurofilaments were found in the CSF of 60 patients
with relapsing-remittingmultiple sclerosis (RRMS) (1), suggesting these proteins could also be used
as a biomarker of MS disease activity. The field of neurofilament research is rapidly expanding
and neurofilament levels are under investigation as markers of disease activity and progression
in a number of different neurological conditions including stroke (6), ALS (7), frontotemporal
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dementia (8), andMS (9). Recently, it has also been suggested that
NF-L can be associated with paraneoplastic CNS disorders (10),
and peripheral nervous system disorders (11).

Biomarkers of disease activity or disability progression are
an unmet need in several neurological conditions. A good and
reliable biomarker should say something about the stage of
the disease, the prognosis and the response to treatment. A
biomarker does not, however, need to be disease specific. It is now
clear that elevated NF-L occurs in several neurological disorders
and levels depend on age (9, 12). Nevertheless, increased NF-L
level appears to reflect ongoing neuronal damage, irrespective
of the underlying pathology, making it a potentially interesting
biomarker (9).

This review will focus on strengths and weakness of NF-L as a
biomarker in the clinical management of MS.

MULTIPLE SCLEROSIS—
NEUROFILAMENTS IN CEREBROSPINAL
FLUID AND SERUM

MS is an inflammatory demyelinating disease of the CNS,
usually characterized by relapsing episodes of neurological
dysfunction and gradual, progressive decline. Biomarkers
reflecting ongoing neuronal damage are therefore of great value
in order to characterize the stage of disease, the prognosis and
treatment response.

The presence of neurofilament proteins in CSF has been the
subject of intense study since the finding of elevated NF-L levels
in patients with RRMS (1).

Neurofilament heavy chain has also been investigated as
a potential biomarker in MS and levels appear to correlate
with Expanded Disability Status Scale (EDSS) in patients with
RRMS and clinically isolated syndrome (CIS) (n = 102),
and also increased in patients with ongoing relapse (n =

61) (13). However, comparison of NF-H and NF-L, suggests
that NF-L discriminates better between MS (and CIS) and
controls (14).

Until recently, the greater majority of studies have focused
on detecting these proteins in CSF. Since CSF sampling requires
a semi-invasive lumbar puncture, a search for other ways of
accessing this clinically useful biomarker has focused on other
body fluids. Thus, while lumbar puncture provides a direct
approach to the CNS, access to blood is less invasive and better
tolerated by patients. Further, as neurofilaments are neuron
specific, the finding of these proteins in serum reflects leakage or
diffusion through the blood-brain barrier (BBB). NF-L can also
reach the blood through CSF drainage into venous blood (15).

Following neuronal biomarkers in blood faces several
problems, including patient specific differences in the degree
of protein leakage through the BBB (12) and the need for
sufficiently sensitive methods of detection. The single-molecule
enzyme-linked immunosorbent assay (ELISA) called single
molecule array (Simoa) (https://www.quanterix.com) can detect
very low concentrations of single enzyme-labeled proteins (16).
In fact, this powerful new technique is 126- and 25-fold
more sensitive than regular ELISA or electrochemiluminescence,
respectively (15).

A strong correlation was detected in paired serum and CSF
samples from 373 participants, (286 with MS, 45 with other
neurological conditions, and 42 healthy controls) (r = 0.62) (17).
The important fact that serum NF-L levels correlate with CSF
levels have been confirmed in several studies (9, 18, 19). Levels
in serum and plasma have also been found to correlate (12).
However, although strong positive association is found between
CSF and serum NF-L levels, the levels in serum have been
evaluated to be a 42-fold lower than in CSF (9).

NEUROFILAMENTS AS A PROGNOSTIC
BIOMARKER IN ON, CIS, AND RIS

Patients with either optic neuritis (ON), CIS or radiological
isolated syndrome (RIS) are all at risk of developing MS.
Identifying those who will convert would be of great importance
as one could more aggressively start early treatment. Studies
looking at NF-L as a predictor of conversion have provided
inconsistent results. In one study investigating multiple
biomarkers in ON patients (n = 56), increased NF-L levels were
found with increasing time from onset to CSF sampling; however,
there was no correlation between NF-L and severity of symptoms
or Gd-enhanced lesions on MRI (20). Increasing levels of NF-L
is interesting in this context as this may reflect the presence
of a “silent” axonal damage, and thus neurodegeneration.
Subsequently, studies have shown that NF-L could potentially
predict conversion to MS after ON (n = 86) (21). In addition,
CSF NF-L predicted not only visual outcome after ON, but
also seemed to have potential as a biomarker for incomplete
remission (n= 47) (22).

In a retrospective cohort of 68 patients diagnosed with CIS,
the levels of CSF-NF-L were significantly higher in patients who
later developed MS. However, NF-L was found only to be a
weak risk factor for converting to MS compared to oligoclonal
bands, and T2 lesions on MRI (23). Another study with a small
sample size (CIS patients = 38) sought to evaluate both NF-L
and N-acetylaspartate as potential biomarkers. The investigators
found higher CSF NF-L levels in both CIS-patients and those
in the early stages of MS compared to healthy controls. NF-L
levels were also related to conversion from CIS to RRMS (24).
This was also the case in a cohort of 109 CIS-patients where
converters had higher NF-L CSF levels (25), and in a study of
patients with RIS where CSF-NF-L levels were an independent
risk factor for later conversion to CIS (n = 75) (26). A smaller
2-year follow-up study of CIS patients (n = 19), showed higher
CSF-NF-L in the converters than non-converters, and NF-L
levels further classified 84% of the patients correctly in terms of
conversion/non-conversion (27).

In contrast to the above studies, an investigation of 47 patients
with CIS confirmed higher levels of CSF NF-L compared to
controls, found no difference in NF-L levels between converters
and non-converters (28). Likewise, equal CSF NF-L levels were
detected in 39 CIS patients, independent of converters or non-
converters (29). Yet another study found higher levels of serum-
NF-L in CIS-patients compared to controls (n = 92), but no
difference between what was defined as fast converters to clinical
definite MS (n= 100) and non-converters (n= 98) (30).
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Overall, NF-L appears useful as a biomarker and as a predictor
of outcome in the early clinical stages prior to definite MS.
Although the findings are not completely consistent across
studies, this does not invalidate NF-L as a biomarker as the
differences could be explained by alterations in diagnostic criteria
for CIS, and study design of retrospective studies of relatively
small study populations.

NEUROFILAMENTS AND CLINICAL,
RADIOLOGICAL, AND PROGNOSTIC
FEATURES IN MS

Studies comparing MS patients to healthy controls show that
there is a general increase inNF-L levels in patients, and a positive
correlation with relapses. Levels of CSF NF-L were almost 10
times higher in MS patients with exacerbations (n = 66) than
healthy controls (n = 50) (31), underlining the correlation
between axonal damage and relapses.

When looking at disease progression, correlation of NF-L
with EDSS is not always found (31–33). This can, however,
usually be explained by small changes in scores over time, small
patient populations, limited sensitivity and intra- and inter-rater
challenges of the scale. A small study indicated that baseline CSF
NF-L levels were higher in those patients that experienced EDSS
progression after 5 and 10 years, and was significantly associated
with conversion to SPMS (34). The NEDA (no evidence of
disease activity)-classification, which comprises EDSS, relapses
andMRI changes has also been correlated in various degrees with
NF-L (27, 35).

In RRMS and progressive MS patients, the levels of NF-L are
higher in the presence of disease activity (n = 82) (17). Higher
CSF NF-L levels compared to controls were found in primary
progressive MS (PPMS), but there was no significant difference
between PPMS (n = 21) and secondary progressive MS (SPMS)
(n = 10) (36). In cohort of 99 patients with RRMS, high levels of
CSF NF-L were associated with worse outcome and conversion to
SPMS (37).

The most objective findings in the clinical follow-up of MS
patients are changes in MRI, often evaluated on the basis of new
or enlarged T2-lesions, or T1gadolinium-enhanced lesions (Gd-
lesions). The studies of radiological changes have also shown
more consistent correlations with NF-L levels, and several studies
have reported a predictive value in NF-L in regards to one-going
lesions, and prior to lesions (9, 17, 27, 32, 38, 39).

A study of two different cohorts, one cross-sectional (n =

142) and one longitudinal (n = 246) showed generally higher
NF-L levels in patients vs. healthy controls, a correlation with
presence of relapses, worsening EDSS and MRI lesion activity
[both T2-lesions and Gd-lesions (9)]. In another follow-up study
of 39 patients, CSF NF-L correctly predicted NEDA-status after
2 years in 85% of cases (27). Both serum and CSF NF-L levels
have been found higher during relapses, and with Gd-lesions
(17). Further confirmation of these findings came from studies
showing positive correlation between serum NF-L and number
of Gd-enhanced lesions (n = 25) (38), and correlation with new

or enlarged T2-lesions and the ability to predict new Gd-lesions
(n= 85) (32).

In a cohort of 25 natalizumab-treated patients followed for
3 years, CSF-NF-L at baseline correlated with percentage brain
volume change (39), and in a retrospective CIS cohort (n =

41) NF-L correlated with changes in gray matter on MRI, and
an inverse correlation was detected between degree of MRI
normalization and NF-L (40).

The radiological correlations with NF-L indicates
the usefulness of NF-L as a marker of ongoing brain
damage in MS. NF-L is probably the most promising new
biomarker to be used in clinical practice for evaluating
disease activity.

NEUROFILAMENTS AND TREATMENT
RESPONSE

Independent of the type of disease-modifying treatment, the
majority of investigators have detected an inverse correlation
between NF-L levels and treatment. Lower levels of NF-L
were found in treated patients compared to treatment-naïve
individuals (n = 21) (38), and it has also been shown that NF-
L levels fall in follow-up studies of disease-modifying treatment
vs. no treatment (9). CSF and serum-NF-L levels are stable in
treatment-naïve patients (n = 10) or when shifted to similar
efficacy (n = 20), but fall when patients are shifted to drugs
with higher efficacy (n = 68) or when drugs are started in
the treatment-naïve (n = 50) (17). Serum NF-L levels fall after
initiation of interferon-beta (n= 85) (32), and plasmaNF-L levels
fell by 34% after 12months of fingolimod treatment (shifted from
interferon or glatiramer acetate), (n= 243) (12).

In a cohort of 92MS patients started on natalizumab, CSF
collected at baseline and after 6 or 12months showed a significant
fall in NF-L, to similar levels as healthy controls, independent
of relapses in the months before treatment startup (41). These
findings have been confirmed in other studies (33), and also
in fingolimod-treated patients vs. placebo in CSF (n = 36)
(42). In one cohort of 75 patients with clinical stable RRMS,
patients were switched from first-line injectable treatment to
rituximab and followed with CSF-NFL at baseline, at month 12
and month 24 (n = 65). NF-L levels decreased significantly 12
months after therapy shift, and as clinical and radiological signs
from relapse approached at 24 months, NF-L also increased,
but not significantly, indicating NF-L as a marker of treatment
response (43).

In a study of 59MS patients on either interferon-beta (n= 33)
or natalizumab (n= 19), or without treatment (n= 7), CSF NF-L
levels were lower in both treatment groups, but the natalizumab-
group was not significantly different from healthy controls, and
the interferon-beta NF-L levels were still significantly higher than
in the natalizumab-group (44).

In 35 patients with progressive MS, CSF NF-L levels were
evaluated after 12–24 months of mitoxantrone or rituximab
treatment and showed a significant decrease. For the patients
on disease modifying agents at baseline, the NF-L values were
already lower than the untreated group (45).
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There is now clear evidence that NF-L is a good biomarker for
treatment response in MS, especially for high efficacy drugs. This
is probably due to the better prevention of brain damage in these
treatments, underlining the role of NF-L as a marker of neuronal
and axonal damage.

NEUROFILAMENTS IN GENERAL—WHAT
NEXT AND HOW TO USE NF-L IN
CLINICAL PRACTICE?

The majority of studies that have specifically looked at NF-L have
not been performed prospectively, but retrospectively on samples
taken at varying time points in relation to clinical symptoms.
Further, study populations have often been small. Recently, a
meta-analysis of results from 15 studies verified a significant
increase of NF-L in MS patients compared to controls (46). Still,
prospective studies of much larger cohorts focusing on NF-L and
collecting baseline and follow-up data are necessary.

Before taking the Simoa-assay in to clinical use it is necessary
to compare the results of the assay between different centers (15).
Determining age-dependent cut-off values are also necessary.

A recent study aimed to estimate percentile curves for healthy
controls across different age group to be used as reference (9).
In serum samples from 246 healthy controls (median age 44.3
years), the median serum NF-L was 22.9 pg/ml (9). Of these, 87
controls had 1-year follow-up serum sample, and themedian NF-
L level increased with 1.8%, fitting with the observed positive
age-association seen in the whole cohort, where the increase
was 2.2% for each additional year (9). The median NF-L value
found in the healthy controls is in accordance with healthy
controls in a heterogenous group of studies summarized in
Table 1. Taken together, it seems that a serum NF-L value of

16–20 pg/ml is normal in healthy individuals, with age being an
increasing factor.

Interestingly, MS is not the neurological disorder that
gives the highest values of NF-L (Table 1). Both ALS (7,
47, 48) and Creutzfeldt-Jacobs disease (54) are examples
of disorders that gives especially high NF-L levels. These
disorders are characterized by neurodegeneration, and little
inflammation, which suggests that increased NF-L levels in
active MS patients, not only reflects inflammation, but also an
ongoing neurodegeneration.

NF-L cannot be used as a specific diagnostic tool in MS
but, combining NF-L with other biomarkers is of value. In
one cross-sectional study of 271 patients with clinical features
of suspected MS onset, the combination of CSF NF-L and
intrathecal immunoglobin G production had a sensitivity of 97%
for detecting RRMS patients (55).

Despite not being a MS-specific biomarker, NF-L does appear
to be a useful marker for disease activity and treatment response.
There is good evidence that NF-L has a role in everyday clinical
follow-up of MS patients, particularly as a marker of subclinical
activity in RRMS (17, 32).

The question now is how to best use NF-L in clinical practice.
A recent study showed that the early serum NF-L levels in
newly diagnosedMS can potentially predict lesion load and brain
atrophy on MRI after 10 years (56). This leads us to speculate
if one should be more aggressive in treating patients with high
serum NF-L levels at time of diagnosis, which, brings us to
the need of cut-off values to determine high, medium and low
NF-L levels.

In the follow-up of MS patients, NF-L cut-off values may
be important, i.e., does the level in healthy people have a
significance, or should we solely use the intra-individual value?
We would suggest the latter. MS patients should be monitored

TABLE 1 | Serum NF-L levels in a heterogenous group of healthy controls.

Examined disorder HC

(n)

HC age HC serum

NF-L (pg/ml)

Patient serum NF-L (pg/ml) Assay References

ALS 50 55 16.2 125 Simoa (47)

ALS 12 47 17 255/196 (early/late symptomatic phase) Simoa (7)

ALS 19 33 7.5 >54.5 ECL (48)

AD 12 86 29 42 Simoa (49)

AD dementia 193 76 34.7 AD dementia 51.0 Simoa (plasma) (18)

MCI 42.8

FTD 28 65 19.6 77.9 Simoa (50)

FTD 73 NA 3.5 31.5 ECL (8)

CIS 92 35 7.9 24.1/19.3(Converter/NC) ECL (30)

MS 22 32 11 17 Simoa (35)

MS 42 28 10.5 16.9/23 (RRMS/PMS) Simoa (17)

PN 25 NA 6.91 31.5 Simoa (11)

PSP 12 70 17.5 31 Simoa (51)

Traumatic brain injury 35 31 13 > 90 Simoa (52)

Concussion 142 NA 8.47 NA Simoa (53)

HC, healthy controls; ALS, amyotrophic lateral sclerosis; AD, Alzheimer’s disease; MCI, mild cognitive impairment; FTD, frontotemporal dementia; ECL, electrochemiluminescence; CIS,

clinically isolated syndrome; NC, non-converters; PN, peripheral neuropathies; PSP, progressive supranuclear palsy.
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with serum levels of NF-L with a time-interval of perhaps 3–6
months depending of the course of the disease. If the serum level
of NF-L increases, the clinical activity should also be evaluated
by MRI. In this way, unnecessary routine MRI screening can
be avoided and disease activity more reliably detected. In a 2-
year follow-up study of RRMS patients, an individual increase
of 10 pg/ml in serum NF-L levels gave increased risk of new
T1 gadolinium-enhanced lesions, and new T2 lesions (32). This
increase was higher than the expected age-related increase in
yearly follow-up, and might therefore indicate a level to use as an
individual cut-off.What is less clear however, is whether a similar
decrease in NF-L levels of 10 pg/ml is of any clinical interest.
Using NF-L rate of change as a marker for disease progression

is in terms with a recent study in dominant inherited Alzheimer‘s
disease, where the rate of change in NF-L levels was associated
with degree of cortical thinning on MRI (19).

In conclusion it is our opinion that serumNF-Lmeasurements
should systematically be used as prognostic biomarker to
monitor MS patients for progression, disease activity, and
treatment efficacy.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and
intellectual contribution to the work, and approved it
for publication.

REFERENCES

1. Lycke JN, Karlsson JE, Andersen O, Rosengren LE. Neurofilament protein in

cerebrospinal fluid: a potential marker of activity inmultiple sclerosis. J Neurol

Neurosurg Psychiatry. (1998) 64:402–4. doi: 10.1136/jnnp.64.3.402

2. Cairns NJ, Lee VM, Trojanowski JQ. The cytoskeleton in neurodegenerative

diseases. J Pathol. (2004) 204:438–49. doi: 10.1002/path.1650

3. Chevalier-Larsen E, Holzbaur EL. Axonal transport and

neurodegenerative disease. Biochim Biophys Acta. (2006) 1762:1094–108.

doi: 10.1016/j.bbadis.2006.04.002

4. Karlsson JE, Rosengren LE, Haglid KG. Quantitative and qualitative

alterations of neuronal and glial intermediate filaments in rat nervous

system after exposure to 2,5-hexanedione. J Neurochem. (1991) 57:1437–44.

doi: 10.1111/j.1471-4159.1991.tb08311.x

5. Rosengren LE, Karlsson JE, Karlsson JO, Persson LI, Wikkelso C. Patients

with amyotrophic lateral sclerosis and other neurodegenerative diseases

have increased levels of neurofilament protein in CSF. J Neurochem. (1996)

67:2013–8. doi: 10.1046/j.1471-4159.1996.67052013.x

6. Tiedt S, Duering M, Barro C, Kaya AG, Boeck J, Bode FJ, et al. Serum

neurofilament light: A biomarker of neuroaxonal injury after ischemic stroke.

Neurology. (2018) 91:e1338–e47. doi: 10.1212/WNL.0000000000006282

7. Feneberg E, Oeckl P, Steinacker P, Verde F, Barro C, Van Damme

P, et al. Multicenter evaluation of neurofilaments in early symptom

onset amyotrophic lateral sclerosis. Neurology. (2018) 90:e22–30.

doi: 10.1212/WNL.0000000000004761

8. Meeter LH, Dopper EG, Jiskoot LC, Sanchez-Valle R, Graff C, Benussi L, et al.

Neurofilament light chain: a biomarker for genetic frontotemporal dementia.

Ann Clin Transl Neurol. (2016) 3:623–36. doi: 10.1002/acn3.325

9. Disanto G, Barro C, Benkert P, Naegelin Y, Schadelin S, Giardiello A, et al.

Serum Neurofilament light: a biomarker of neuronal damage in multiple

sclerosis. Ann Neurol. (2017) 81:857–70. doi: 10.1002/ana.24954

10. Basal E, Zalewski N, Kryzer TJ, Hinson SR, Guo Y, Dubey D, et al.

Paraneoplastic neuronal intermediate filament autoimmunity. Neurology.

(2018) 91:e1677–89. doi: 10.1212/WNL.0000000000006435

11. Mariotto S, Farinazzo A, Magliozzi R, Alberti D, Monaco S, Ferrari S.

Serum and cerebrospinal neurofilament light chain levels in patients with

acquired peripheral neuropathies. J Peripher Nerv Syst. (2018) 23:174–7.

doi: 10.1111/jns.12279

12. Piehl F, Kockum I, Khademi M, Blennow K, Lycke J, Zetterberg H, et al.

Plasma neurofilament light chain levels in patients with MS switching

from injectable therapies to fingolimod. Mult Scler. (2018) 24:1046–54.

doi: 10.1177/1352458517715132

13. Kuhle J, Leppert D, Petzold A, Regeniter A, Schindler C, Mehling

M, et al. Neurofilament heavy chain in CSF correlates with relapses

and disability in multiple sclerosis. Neurology. (2011) 76:1206–13.

doi: 10.1212/WNL.0b013e31821432ff

14. Kuhle J, Plattner K, Bestwick JP, Lindberg RL, Ramagopalan SV, Norgren N,

et al. A comparative study of CSF neurofilament light and heavy chain protein

in MS.Mult Scler. (2013) 19:1597–603. doi: 10.1177/1352458513482374

15. Kuhle J, Barro C, Andreasson U, Derfuss T, Lindberg R, Sandelius

A, et al. Comparison of three analytical platforms for quantification

of the neurofilament light chain in blood samples: ELISA,

electrochemiluminescence immunoassay and Simoa. Clin Chem Lab

Med. (2016) 54:1655–61. doi: 10.1515/cclm-2015-1195

16. Rissin DM, Kan CW, Campbell TG, Howes SC, Fournier DR, Song L,

et al. Single-molecule enzyme-linked immunosorbent assay detects serum

proteins at subfemtomolar concentrations. Nat Biotechnol. (2010) 28:595–9.

doi: 10.1038/nbt.1641

17. Novakova L, Zetterberg H, Sundstrom P, Axelsson M, Khademi M,

Gunnarsson M, et al. Monitoring disease activity in multiple sclerosis

using serum neurofilament light protein. Neurology. (2017) 89:2230–7.

doi: 10.1212/WNL.0000000000004683

18. Mattsson N, Andreasson U, Zetterberg H, Blennow K, Alzheimer’s

disease neuroimaging I. Association of plasma neurofilament light with

neurodegeneration in patients with alzheimer disease. JAMA Neurol. (2017)

74:557–66. doi: 10.1001/jamaneurol.2016.6117

19. Preische O, Schultz SA, Apel A, Kuhle J, Kaeser SA, Barro C, et al.

Serum neurofilament dynamics predicts neurodegeneration and clinical

progression in presymptomatic Alzheimer’s disease. Nat Med. (2019) 25:277–

83. doi: 10.1038/s41591-018-0304-3

20. Modvig S, Degn M, Horwitz H, Cramer SP, Larsson HB, Wanscher B,

et al. Relationship between cerebrospinal fluid biomarkers for inflammation,

demyelination and neurodegeneration in acute optic neuritis. PLoS ONE.

(2013) 8:e77163. doi: 10.1371/journal.pone.0077163

21. Modvig S, Degn M, Roed H, Sorensen TL, Larsson HB, Langkilde AR, et al.

Cerebrospinal fluid levels of chitinase 3-like 1 and neurofilament light chain

predict multiple sclerosis development and disability after optic neuritis.Mult

Scler. (2015) 21:1761–70. doi: 10.1177/1352458515574148

22. Modvig S, Degn M, Sander B, Horwitz H, Wanscher B, Sellebjerg

F, et al. Cerebrospinal fluid neurofilament light chain levels predict

visual outcome after optic neuritis. Mult Scler. (2016) 22:590–8.

doi: 10.1177/1352458515599074

23. Arrambide G, Espejo C, Eixarch H, Villar LM, Alvarez-Cermeno JC, Picon C,

et al. Neurofilament light chain level is a weak risk factor for the development

of MS. Neurology. (2016) 87:1076–84. doi: 10.1212/WNL.00000000000

03085

24. Teunissen CE, Iacobaeus E, Khademi M, Brundin L, Norgren N,

Koel-Simmelink MJ, et al. Combination of CSF N-acetylaspartate

and neurofilaments in multiple sclerosis. Neurology. (2009) 72:1322–9.

doi: 10.1212/WNL.0b013e3181a0fe3f

25. Martinez MA, Olsson B, Bau L, Matas E, Cobo Calvo A, Andreasson

U, et al. Glial and neuronal markers in cerebrospinal fluid predict

progression in multiple sclerosis. Mult Scler. (2015) 21:550–61.

doi: 10.1177/1352458514549397

26. Matute-Blanch C, Villar LM, Alvarez-Cermeno JC, Rejdak K, Evdoshenko

E, Makshakov G, et al. Neurofilament light chain and oligoclonal bands

are prognostic biomarkers in radiologically isolated syndrome. Brain. (2018)

141:1085–93. doi: 10.1093/brain/awy021

Frontiers in Neurology | www.frontiersin.org 5 April 2019 | Volume 10 | Article 338

https://doi.org/10.1136/jnnp.64.3.402
https://doi.org/10.1002/path.1650
https://doi.org/10.1016/j.bbadis.2006.04.002
https://doi.org/10.1111/j.1471-4159.1991.tb08311.x
https://doi.org/10.1046/j.1471-4159.1996.67052013.x
https://doi.org/10.1212/WNL.0000000000006282
https://doi.org/10.1212/WNL.0000000000004761
https://doi.org/10.1002/acn3.325
https://doi.org/10.1002/ana.24954
https://doi.org/10.1212/WNL.0000000000006435
https://doi.org/10.1111/jns.12279
https://doi.org/10.1177/1352458517715132
https://doi.org/10.1212/WNL.0b013e31821432ff
https://doi.org/10.1177/1352458513482374
https://doi.org/10.1515/cclm-2015-1195
https://doi.org/10.1038/nbt.1641
https://doi.org/10.1212/WNL.0000000000004683
https://doi.org/10.1001/jamaneurol.2016.6117
https://doi.org/10.1038/s41591-018-0304-3
https://doi.org/10.1371/journal.pone.0077163
https://doi.org/10.1177/1352458515574148
https://doi.org/10.1177/1352458515599074
https://doi.org/10.1212/WNL.0000000000003085
https://doi.org/10.1212/WNL.0b013e3181a0fe3f
https://doi.org/10.1177/1352458514549397
https://doi.org/10.1093/brain/awy021
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Varhaug et al. Neurofilament Light Chain in MS

27. Hakansson I, Tisell A, Cassel P, Blennow K, Zetterberg H, Lundberg P, et al.

Neurofilament light chain in cerebrospinal fluid and prediction of disease

activity in clinically isolated syndrome and relapsing-remitting multiple

sclerosis. Eur J Neurol. (2017) 24:703–12. doi: 10.1111/ene.13274

28. Khalil M, Enzinger C, Langkammer C, Ropele S, Mader A, Trentini

A, et al. CSF neurofilament and N-acetylaspartate related brain

changes in clinically isolated syndrome. Mult Scler. (2013) 19:436–42.

doi: 10.1177/1352458512458010

29. Fialova L, Bartos A, Svarcova J, Zimova D, Kotoucova J, Malbohan I. Serum

and cerebrospinal fluid light neurofilaments and antibodies against them in

clinically isolated syndrome and multiple sclerosis. J Neuroimmunol. (2013)

262:113–20. doi: 10.1016/j.jneuroim.2013.06.010

30. Disanto G, Adiutori R, Dobson R, Martinelli V, Dalla Costa G, Runia T,

et al. Serum neurofilament light chain levels are increased in patients with a

clinically isolated syndrome. J Neurol Neurosurg Psychiatry. (2016) 87:126–9.

doi: 10.1136/jnnp-2014-309690

31. MalmestromC,Haghighi S, Rosengren L, AndersenO, Lycke J. Neurofilament

light protein and glial fibrillary acidic protein as biological markers in MS.

Neurology. (2003) 61:1720–5. doi: 10.1212/01.WNL.0000098880.19793.B6

32. Varhaug KN, Barro C, Bjornevik K, Myhr KM, Torkildsen O, Wergeland

S, et al. Neurofilament light chain predicts disease activity in relapsing-

remitting MS. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e422.

doi: 10.1212/NXI.0000000000000422

33. Kuhle J, Malmestrom C, Axelsson M, Plattner K, Yaldizli O, Derfuss T,

et al. Neurofilament light and heavy subunits compared as therapeutic

biomarkers in multiple sclerosis. Acta Neurol Scand. (2013) 128:e33–6.

doi: 10.1111/ane.12151

34. Bhan A, Jacobsen C, Myhr KM, Dalen I, Lode K, Farbu E. Neurofilaments

and 10-year follow-up in multiple sclerosis. Mult Scler. (2018) 24:1301–7.

doi: 10.1177/1352458518782005

35. Hakansson I, Tisell A, Cassel P, Blennow K, Zetterberg H, Lundberg

P, et al. Neurofilament levels, disease activity and brain volume during

follow-up in multiple sclerosis. J Neuroinflammation. (2018) 15:209.

doi: 10.1186/s12974-018-1249-7

36. Trentini A, Comabella M, Tintore M, Koel-Simmelink MJ, Killestein J, Roos

B, et al. N-acetylaspartate and neurofilaments as biomarkers of axonal damage

in patients with progressive forms of multiple sclerosis. J Neurol. (2014)

261:2338–43. doi: 10.1007/s00415-014-7507-4

37. Salzer J, Svenningsson A, Sundstrom P. Neurofilament light as a

prognostic marker in multiple sclerosis. Mult Scler. (2010) 16:287–92.

doi: 10.1177/1352458509359725

38. Siller N, Kuhle J, Muthuraman M, Barro C, Uphaus T, Groppa S,

et al. Serum neurofilament light chain is a biomarker of acute and

chronic neuronal damage in early multiple sclerosis. Mult Scler. (2018).

doi: 10.1177/1352458518765666. [Epub ahead of print].

39. Mellergard J, Tisell A, Blystad I, Gronqvist A, Blennow K, Olsson B, et al.

Cerebrospinal fluid levels of neurofilament and tau correlate with brain

atrophy in natalizumab-treated multiple sclerosis. Eur J Neurol. (2017)

24:112–21. doi: 10.1111/ene.13162

40. Tortorella C, Direnzo V, Ruggieri M, Zoccolella S, MastrapasquaM, D’Onghia

M, et al. Cerebrospinal fluid neurofilament light levels mark grey matter

volume in clinically isolated syndrome suggestive of multiple sclerosis. Mult

Scler. (2018) 24:1039–45. doi: 10.1177/1352458517711774

41. Gunnarsson M, Malmestrom C, Axelsson M, Sundstrom P, Dahle C, Vrethem

M, et al. Axonal damage in relapsing multiple sclerosis is markedly reduced

by natalizumab. Ann Neurol. (2011) 69:83–9. doi: 10.1002/ana.22247

42. Kuhle J, Disanto G, Lorscheider J, Stites T, Chen Y, Dahlke F,

et al. Fingolimod and CSF neurofilament light chain levels in

relapsing-remitting multiple sclerosis. Neurology. (2015) 84:1639–43.

doi: 10.1212/WNL.0000000000001491

43. de Flon P, Gunnarsson M, Laurell K, Soderstrom L, Birgander R,

Lindqvist T, et al. Reduced inflammation in relapsing-remitting multiple

sclerosis after therapy switch to rituximab. Neurology. (2016) 87:141–7.

doi: 10.1212/WNL.0000000000002832

44. Novakova L, AxelssonM, KhademiM, ZetterbergH, BlennowK,Malmestrom

C, et al. Cerebrospinal fluid biomarkers as a measure of disease activity

and treatment efficacy in relapsing-remitting multiple sclerosis. J Neurochem.

(2017) 141:296–304. doi: 10.1111/jnc.13881

45. Axelsson M, Malmestrom C, Gunnarsson M, Zetterberg H, Sundstrom

P, Lycke J, et al. Immunosuppressive therapy reduces axonal damage

in progressive multiple sclerosis. Mult Scler. (2014) 20:43–50.

doi: 10.1177/1352458513490544

46. Cai L, Huang J. Neurofilament light chain as a biological marker for multiple

sclerosis: a meta-analysis study. Neuropsychiatr Dis Treat. (2018) 14:2241–54.

doi: 10.2147/NDT.S173280

47. Verde F, Steinacker P, Weishaupt JH, Kassubek J, Oeckl P, Halbgebauer

S, et al. Neurofilament light chain in serum for the diagnosis of

amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry. (2019) 90:157–

64. doi: 10.1136/jnnp-2018-318704

48. Weydt P, Oeckl P, Huss A, Muller K, Volk AE, Kuhle J, et al. Neurofilament

levels as biomarkers in asymptomatic and symptomatic familial

amyotrophic lateral sclerosis. Ann Neurol. (2016) 79:152–8. doi: 10.1002/ana.

24552

49. Ashton NJ, Leuzy A, Lim YM, Troakes C, Hortobagyi T, Hoglund

K, et al. Increased plasma neurofilament light chain concentration

correlates with severity of post-mortem neurofibrillary tangle pathology

and neurodegeneration. Acta Neuropathol Commun. (2019) 7:5.

doi: 10.1186/s40478-018-0649-3

50. Rohrer JD, Woollacott IO, Dick KM, Brotherhood E, Gordon E, Fellows

A, et al. Serum neurofilament light chain protein is a measure of

disease intensity in frontotemporal dementia. Neurology. (2016) 87:1329–36.

doi: 10.1212/WNL.0000000000003154

51. Rojas JC, Karydas A, Bang J, Tsai RM, Blennow K, Liman V, et al. Plasma

neurofilament light chain predicts progression in progressive supranuclear

palsy. Ann Clin Transl Neurol. (2016) 3:216–25. doi: 10.1002/acn3.290

52. Shahim P, Gren M, Liman V, Andreasson U, Norgren N, Tegner

Y, et al. Serum neurofilament light protein predicts clinical outcome

in traumatic brain injury. Sci Rep. (2016) 6:36791. doi: 10.1038/srep

36791

53. Wallace C, Zetterberg H, Blennow K, van Donkelaar P. No change in

plasma tau and serum neurofilament light concentrations in adolescent

athletes following sport-related concussion. PLoS ONE. (2018) 13:e0206466.

doi: 10.1371/journal.pone.0206466

54. Thompson AGB, Luk C, Heslegrave AJ, Zetterberg H, Mead SH, Collinge J,

et al. Neurofilament light chain and tau concentrations aremarkedly increased

in the serum of patients with sporadic Creutzfeldt-Jakob disease, and tau

correlates with rate of disease progression. J Neurol Neurosurg Psychiatry.

(2018) 89:955–61. doi: 10.1136/jnnp-2017-317793

55. Novakova L, Axelsson M, Malmestrom C, Imberg H, Elias O, Zetterberg

H, et al. Searching for neurodegeneration in multiple sclerosis at clinical

onset: diagnostic value of biomarkers. PLoS ONE. (2018) 13:e0194828.

doi: 10.1371/journal.pone.0194828

56. Chitnis T, Gonzalez C, Healy BC, Saxena S, Rosso M, Barro C, et al.

Neurofilament light chain serum levels correlate with 10-year MRI

outcomes in multiple sclerosis. Ann Clin Transl Neurol. (2018) 5:1478–91.

doi: 10.1002/acn3.638

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Varhaug, Torkildsen, Myhr and Vedeler. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 6 April 2019 | Volume 10 | Article 338

https://doi.org/10.1111/ene.13274
https://doi.org/10.1177/1352458512458010
https://doi.org/10.1016/j.jneuroim.2013.06.010
https://doi.org/10.1136/jnnp-2014-309690
https://doi.org/10.1212/01.WNL.0000098880.19793.B6
https://doi.org/10.1212/NXI.0000000000000422
https://doi.org/10.1111/ane.12151
https://doi.org/10.1177/1352458518782005
https://doi.org/10.1186/s12974-018-1249-7
https://doi.org/10.1007/s00415-014-7507-4
https://doi.org/10.1177/1352458509359725
https://doi.org/10.1177/1352458518765666
https://doi.org/10.1111/ene.13162
https://doi.org/10.1177/1352458517711774
https://doi.org/10.1002/ana.22247
https://doi.org/10.1212/WNL.0000000000001491
https://doi.org/10.1212/WNL.0000000000002832
https://doi.org/10.1111/jnc.13881
https://doi.org/10.1177/1352458513490544
https://doi.org/10.2147/NDT.S173280
https://doi.org/10.1136/jnnp-2018-318704
https://doi.org/10.1002/ana.24552
https://doi.org/10.1186/s40478-018-0649-3
https://doi.org/10.1212/WNL.0000000000003154
https://doi.org/10.1002/acn3.290
https://doi.org/10.1038/srep36791
https://doi.org/10.1371/journal.pone.0206466
https://doi.org/10.1136/jnnp-2017-317793
https://doi.org/10.1371/journal.pone.0194828
https://doi.org/10.1002/acn3.638
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Neurofilament Light Chain as a Biomarker in Multiple Sclerosis
	Neurofilaments—an introduction
	Multiple Sclerosis—Neurofilaments in Cerebrospinal Fluid and Serum
	Neurofilaments as a Prognostic Biomarker in ON, CIS, and RIS
	Neurofilaments and Clinical, Radiological, and Prognostic Features in MS
	Neurofilaments and Treatment Response
	Neurofilaments in General—What Next and how to use NF-L in Clinical Practice?
	Author Contributions
	References


