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Introduction
Multiple sclerosis (MS) is a chronic disease of the 
central nervous system (CNS), characterized by 
inflammatory demyelination with axonal loss and 
subsequent loss of function.1 Onset of the disease is 
frequently in early adulthood and is more predomi-
nant among females. Norway is a high-risk area with 
a prevalence of above 200 per 100,000 inhabitants.2 
Disease severity is only moderately correlated to 
magnetic resonance imaging (MRI) findings with 
notably white matter lesions on T2 sequences.3,4 
During the last years, it has become evident that per-
manent disability is associated with axonal loss and 
atrophy of the brain and the spinal cord. Clinical and 
laboratory research through years still have not found 
clinical useful prognostic markers for the disease 

course of the individual patient, but clinical parame-
ters have shown value on group level.5 Neurofilaments 
are important parts of the cyto-axonal cell structure as 
they constitute a major component of the axoskeleton. 
There is increasing evidence that neurofilaments can 
be regarded as a biomarker for neuro-axonal damage, 
as axonal destruction results in disintegration of the 
axon membrane and neurofilament breakdown and 
subsequent release into the cerebrospinal fluid (CSF), 
where it can be quantified.6,7 Neurofilaments are sub-
divided into light chains (NfL), medium chains, and 
heavy chains (NfH) according to protein size. NfL has 
been found to represent early axonal damage and has 
been shown to be modulated by disease-modifying 
agents like natalizumab.8 NfH has been regarded as a 
possible prognostic marker for chronic disability as 
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measured by the Kurtzke Expanded Disability Status 
Scale (EDSS).9,10 Both NfH and NfL seem to be asso-
ciated with gadolinium-enhanced MRI lesion activity, 
and recent findings indicate that an increase in serum 
NfL may predict the appearance of such lesions.11 
However, the relationship between neurofilament lev-
els in CSF and long-term disease progression has not 
been extensively examined yet.

Our objective in this prospective study was therefore 
to evaluate whether CSF-NfL levels in newly diag-
nosed MS patients could predict clinical outcome 
over a 10-year period.

Materials and methods

Participants
All participants were derived from a prospective pop-
ulation-based longitudinal cohort study of patients 
with newly diagnosed MS in Western Norway. The 
study design has been described elsewhere in detail.3 
In brief, we sought to recruit all patients with a first-
time diagnosis of MS during 1998 to 2000 in a well-
defined geographical area comprising the county of 
Hordaland and southern parts of the county of 
Rogaland, Western Norway. A total of 108 patients 
were identified in the study area. In all, 3 had moved 
out of the study area, 1 had died, and 11 refused to 
participate, leaving 93 patients available for the study. 
Out of those, 44 patients provided CSF at baseline 
(Figure 1). A total of 43 were re-assessed after 5 years 
and 37 after 10 years. All patients met diagnostic cri-
teria of Poser12 and provided written informed con-
sent in study participation. The study has been 
approved by the Western Norway Regional Committee 
for Medical and Health Research Ethics.

Clinical assessment
Clinical assessment at baseline, at 5-year, and 10-year 
follow-up included a full neurological examination 
with EDSS scoring, and recording of disease duration, 

time since last attack, classification of subtype of dis-
ease, use of MS therapies, comorbidities, and concom-
itant medication, as well as sociodemographic 
variables including education level and marital status. 
EDSS progression was defined as an increase in one 
point or more between the assessments if initial EDSS 
was under 6.0 or 0.5 points or more if initial EDSS 
was 6.0 or higher.

CSF handling and NfL measurements
The CSF was routinely analyzed for cells and oligo-
clonal bands and then kept frozen at −70°C and had 
gone through one freeze–thaw cycle before we per-
formed our study. We used the commercially availa-
ble UmanDiagnostics NF-light® (Umeå, Sweden) 
enzyme-linked immunosorbent assay (ELISA), which 
was performed according to the kit instructions, and is 
also described elsewhere.13 Repeated freeze–thaw 
cycles have been shown to not have a considerable 
effect on the measurement of NfL.14 Intra-assay coef-
ficients of variation were below 15%, and inter-assay 
coefficients of variation were below 10%.

Statistical analysis
Statistical analyses were performed using SPSS ver-
sion 23 (IBM Corp., Armonk, NY, USA). Means are 
presented for variables showing normality, while 
medians for variables showing non-normality. Due to 
small numbers non-parametric tests such as Kruskal–
Wallis and Mann–Whitney U test were used. 
Comparisons of categorical variables were done using 
the chi-square test. Relationship between continuous 
variables was evaluated using the Spearman correla-
tion coefficient. The association between baseline 
NfL levels and the longitudinal measures of EDSS 
was assessed by generalized estimating equations 
(GEE) analysis. The exchangeable working correla-
tion structure was deemed optimal by the Quasi-
likelihood under Independence Model Criterion 
(QIC) for the full model, thus was used throughout. 
Log transformation of the NfL values did not improve 
the model, as assessed by the Corrected Quasi-
likelihood under Independence Model Criterion 
(QICC). Spaghetti plots were created using R version 
3.4.1 with package lattice. Estimated marginal mean 
trajectories for specified NfL values were obtained 
from the GEE solution.

Results

Clinical and demographic characteristics
A total of 44 patients were included at baseline, with 
a mean age of 41.9 years (standard deviation (SD) 
9.6), and 30 (68%) females. Clinical characteristics 
are shown in Table 1.

Figure 1.  Flow chart of patient inclusion at baseline, 
5-year, and 10-year follow-up.
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Baseline NfL CSF levels and conversion to 
secondary-progressive multiple sclerosis
Out of 44 patients, 35 (80%) had a relapsing–remit-
ting course of disease at baseline, and the proportion 
of patients with relapsing–remitting multiple sclerosis 
(RRMS) decreased during the study period. At the 
5-year follow-up, 29 patients remained with RRMS, 
whereas 6 patients had converted to secondary-pro-
gressive multiple sclerosis (SPMS). Patients who 
converted had a statistical significant higher median 
baseline NfL concentration of 2122 ng/L (interquar-
tile range (IQR) 1921 ng/L) compared to non-convert-
ers at 246 ng/L (IQR 885 ng/L, p = 0.01) (Figure 2). 
Throughout the study period of 10 years, patients who 
remained with RRMS (n = 21) had a lower median 
baseline concentration of NfL of 265 ng/L (IQR 943) 
compared to those patients (n = 10) who converted to 
SPMS of 926 ng/L (IQR 2357), although this was not 
significant (p = 0.25).

Analyzing the different subgroups of MS patients, 
median NfL CSF levels did not differ between patients 
with RRMS, primary-progressive multiple sclerosis 
(PPMS), and SPMS at baseline (p = 0.57), but the 
RRMS group were younger (42.5 vs 37.5 years, 
p = 0.12) and had lower median EDSS at baseline 
(p = 0.03) (Table 2). Male patients had higher concen-
trations of NfL with a median of 1388 ng/L (IQR 

2262) compared to 245 ng/L for female patients (IQR 
788, p < 0.01). We found a statistical non-significant 
trend that NfL levels declined with increasing disease 
duration at baseline (r = −0.28, p = 0.06), as well as 
with increasing age at baseline (r = −0.27, p = 0.08), 
and declining NfL levels with increasing time interval 
since last attack (r = −0.05, p = 0.38).

Baseline CSF-NfL levels and EDSS progression 
after 5 and 10 years
GEE analyses indicated that higher baseline NfL lev-
els predicted a steeper trajectory in EDSS progression 
during the follow-up of 10 years than did lower NfL 
levels (Figure 3). Expected increase in EDSS per 
5 years was 0.47 greater per 1000 ng/L increase in NfL 
level at baseline, which was statistically significant, 
and did not change after adjusting for gender, age at 
diagnosis, and disease duration (95% confidence 
interval (CI) 0.25–0.69, p < 0.01). A higher baseline 
NfL also predicted higher EDSS at baseline by 0.33 
(95% CI 0.13–0.52) per 1000 ng/L increase in NfL, 
and adjusted for gender, age at diagnosis, and disease 
duration, the association was even stronger at 0.57 
(95% CI 0.34–0.79, p < 0.01) (Table 3).

EDSS progression at the 5-year follow-up showed a 
trend that those who progressed had a higher median 

Table 1.  Demographics and clinical characteristics.

Baseline
N = 44

5 year
N = 43

10 year
N = 37

Age in years at baseline, mean (SD) 41.9 (9.6) 41.8 (9.7) 40.8 (9.0)

Female, n (%) 30 (68) 30 (70) 25 (68)

NfL in ng/L at baseline, median (IQR) 413 (1276) 369 (1149) 310 (1043)

Disease duration in months at baseline, median (IQR) 60 (132) 60 (132) 60 (90)

Months since last attack at baseline, median (IQR) 9.0 (15)a 8.5 (15)a 10 (16)b

EDSS, median (IQR) 3.5 (2.0) 3.5 (2.5) 3.5 (4.0)

Disease course, n (%)

  RRMS 35(80) 29 (67) 21 (57)

  SPMS 7 (16) 12 (28) 12 (32)

  PPMS 2 (4) 2 (5) 4 (11)

Patients on DMT, n (%) 7 (16) 18 (42) 20 (54)

  Interferons 6 12 9

  Glatiramer acetate 1 5 5

  Mitoxantrone 1 1

  Natalizumab 4
  Fingolimod 1

NfL: neurofilament; SD: standard deviation; IQR: interquartile range; RRMS: relapsing–remitting multiple sclerosis; PPMS: primary-
progressive multiple sclerosis; SPMS: secondary-progressive multiple sclerosis; DMT: disease-modifying therapy.
aSeven patients missing.
bFive patients missing.

https://journals.sagepub.com/home/msj


Multiple Sclerosis Journal 00(0)

4	 journals.sagepub.com/home/msj

NfL level at baseline (947 ng/L, IQR 2369, n = 14) 
compared to those without progression (246 ng/L, 
IQR 751, n = 29, p = 0.05). Although not statistical 
significant, it was also a difference at the 10-year fol-
low-up, with higher median NfL level among patients 
who progressed (708 ng/L, IQR 1592, n = 16) com-
pared to those without progression (265 ng/L, IQR 
750, n = 21, p = 0.28).

There were no statistically significant differences in 
NfL levels (p = 0.22), EDSS scores (p = 0.26), or dis-
ease duration at baseline (p = 0.66) between patients 
who were lost at the 10-year assessment and patients 
who remained in the study throughout the study period.

Discussion
We found that baseline CSF-NfL levels in newly 
diagnosed MS patients predicted the clinical outcome 

as measured by EDSS and conversion from RRMS to 
SPMS at 10-year follow-up. Limited data on NfL and 
long-term follow-up in MS are available, but our 
results are in line with another cohort followed for a 
median time period of 14 years.15 NfL is thought to 
reflect ongoing axonal degeneration, which domi-
nates early in the disease phase, and our results sup-
port that increased early disease activity as identified 
by increased levels of CSF-NfL has a prognostic 
effect several years later. This emphasizes the need of 
early diagnosis and early treatment initiation. There 
were some indications of nonlinear effects of NfL, in 
which the association to EDSS progression was more 
marked for higher levels of NfL; however, the sample 
size limited further analyses of this issue.

We found a statistical significant correlation between 
NfL levels at baseline and EDSS progression and con-
version from RRMS to SPMS at the 5-year follow-up, 

Figure 2.  Observed NfL values at baseline for disease converters from RRMS to SPMS and EDSS progression at 5 and 
10 years, defined as an increase in one point or more between the assessments if initial EDSS was under 6.0, or 0.5 points 
or more if initial EDSS was 6.0 or higher. Out of 35 patients, 6 converted to SPMS by 5 years, and these patients had a 
statistical significant higher median baseline NfL than the non-converters (p = 0.01). By 10 years, 10 out of 31 patients 
who had converted also had higher median baseline NfL than non-converters, but this was not significant (p = 0.25). 
At 5 years, 14 out of 43 patients had progressed, and they had higher median baseline NfL than the non-progressors 
(p = 0.05). At 10 years, 16 out of 37 patients had progressed. They also had higher median baseline NfL than the non-
progressors, but this difference was not significant (p = 0.28).
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but a weaker correlation at the 10-year follow-up. 
This may be due to the increasing number of patients 
on disease-modifying therapy (DMT) throughout the 
study period, as only 16% received therapy at base-
line but 54% at 10-year follow-up. Previous studies 
have shown that several DMTs that reduce the relapse 
rate and new MRI disease activity are associated with 
less axonal destruction and lower NfL levels.16,17

We found a median NfL level of 310 ng/L (IQR 1102) 
among the 35 patients with RRMS at baseline. Among 
the 18 patients who had lower NfL values than this, 
only 1 (6%) converted to SPMS by 5 years, whereas 5 
out of 17 (29%) of those with above median NfL 

converted (p = 0.09). Likewise, at 10 years, we found 
that 4 out of 18 patients (22%) with lower than median 
NfL concentration had converted from RRMS to 
SPMS, while 6 out of 17 (35%) of patients in the 
high-NfL group converted (p = 0.47). In our opinion, 
early initiation of effective DMT for this group would 
be particularly advisable to avoid disease progression. 
As more data will be available in the future, narrow-
ing down on reliable cut-off values for CSF-NfL 
measurements could be vital in utilizing NfL as an aid 
for clinicians in choosing correct level of therapy for 
MS patients.

Our patients were diagnosed according to the Poser 
criteria and had relatively long disease duration at 
diagnosis, with a median duration of 60 months. The 
current use of the revised McDonald criteria18 would 
probably reduce this pre-diagnostic phase and may 
also influence the NfL levels as we and others have 
shown that NfL levels decrease as disease duration 
increases.19

Male patients had a statistically significantly higher 
median CSF concentration of NfL compared to 
females. They were also younger and had shorter dis-
ease duration at baseline with a median time of 
48 months compared to females with a median of 
60 months. Still, median EDSS was similar across 
genders at 3.5. As mentioned, NfL is a product of 
axonal degradation which is more prominent in the 
early inflammatory phase of the disease course, and 
thus, both age and disease duration may explain the 
observed gender difference.

We have only analyzed baseline levels of CSF-NfL as 
lumbar puncture is an invasive procedure requiring an 

Table 2.  NfL and EDSS according to gender, disease course, and age association at baseline.

NfL (ng/L), median 
(IQR)

P value EDSS, median 
(IQR)

P value

Gender

  Male (n = 14) 1388 (2262) <0.01 3.5 (3.0) 0.85

  Female (n = 30) 245 (788) 3.5 (1.6)  

Disease course

  RRMS (n = 35) 310 (1102) 0.57 3.5 (2.0) 0.03

  SPMS (n = 7) 515 (1224) 4.0 (1.5)  

  PPMS (n = 2) 1018 4.8 (-)  

Age

  ≤35 (n = 12) 1122 (2333) 0.16 2.5 (2.0) <0.01

  36–49 (n = 20) 413 (1172) 3.0 (2.4)  
  ≥50 (n = 12) 236 (526) 3.75 (1.5)  

NfL: neurofilament; IQR: interquartile range; RRMS: relapsing–remitting multiple sclerosis; PPMS: primary-progressive multiple 
sclerosis; SPMS: secondary-progressive multiple sclerosis.

Figure 3.  GEE model–based predictions for EDSS 
development (Y-axis) through 10-year follow-up (X-axis) 
given measured NfL concentration in CSF at baseline. 
The colored lines represent the median EDSS of the four 
quartiles of NfL concentrations, that is, 56 ng/L (green/
solid), 225 ng/L (orange/dashed), 817 ng/L (blue/dotted), 
and 2461 ng/L (purple/dotted-dashed). The individual 
trajectories of EDSS over time for the 44 patients included 
at baseline are shown in gray.
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experienced examiner, resources including time and 
facilities to perform the examination, and the patients’ 
goodwill to undergo the procedure. The need for 
repeated lumbar puncture may therefore restrict the 
use of CSF-NfL as a disease marker in a long-term 
perspective. However, recent studies have shown the 
ability to measure NfL in serum, which opens up to 
possibilities of more readily assessment of longitudi-
nal NfL measurements.20–24 But, as lumbar puncture 
usually is a part of the diagnostic procedure, a base-
line measurement of NfL in CSF may add some prog-
nostic information and help to sort out the patients 
who should start high-efficacy DMT as early as 
possible.

MRI is currently the most common used diagnostic 
and monitoring tool of disease activity in MS but has 
limited correlation to disability progression as a clini-
cal outcome.25,26 At present, there are no non-imaging 
biomarkers routinely in use to monitor MS. Our study 
gives further support for an association between CSF-
NfL levels and future disability from MS and thereby 
the use of CSF-NfL as a routinely used prognostic 
marker.

Acknowledgements
The authors wish to acknowledge Guido Alves for 
critical comments to the revision of manuscript and 
Siri Lunde for help with laboratory workup.

Declaration of Conflicting Interests
The author(s) declared the following potential con-
flicts of interest with respect to the research, author-
ship, and/or publication of this article: A.B. has 
received an unrestricted research grant from Novartis. 
C.J. has received speaker honoraria from Novartis. 
K.M.M. has served on Scientific advisory boards 
from Novartis Norway, Biogen Idec, Genzyme, and 
Roche; received speaker honoraria from Genzyme, 
Sanofi-Aventis, Novartis, Biogen Idec, and Teva; and 

received unrestricted Research support from Sanofi-
Aventis, Novartis, Biogen Idec, and the Norwegian 
MS Society. I.D. and K.L. have no conflicts of inter-
est. E.F. has received an unrestricted research grant 
for MS Research from Novartis. She has received 
speaker honoraria from Genzyme, Novartis, Teva, 
and Biogen and she has served on advisory boards 
from Novartis, Genzyme, and Biogen.

Funding
The author(s) declared receipt of the following finan-
cial support for the research, authorship, and/or publi-
cation of this article: This research was partly funded 
by an unrestricted research grant from Novartis.

ORCID iD
Alok Bhan  https://orcid.org/0000-0002-6711-4083

References
	 1.	 Hauser SL and Oksenberg JR. The neurobiology 

of multiple sclerosis: Genes, inflammation, and 
neurodegeneration. Neuron 2006; 52: 61–76.

	 2.	 Grytten N, Glad SB, Aarseth JH, et al. A 50-year 
follow-up of the incidence of multiple sclerosis in 
Hordaland County, Norway. Neurology 2006; 66: 
182–186.

	 3.	 Jacobsen C, Hagemeier J, Myhr KM, et al. Brain 
atrophy and disability progression in multiple 
sclerosis patients: A 10-year follow-up study. J 
Neurol Neurosurg Psychiatry 2014; 85: 1109–1115.

	 4.	 Goodin D. The use of MRI in the diagnosis of 
multiple sclerosis. Lancet Neurol 2006; 5: 808–809.

	 5.	 Tintore M, Rovira A, Rio J, et al. Defining high, 
medium and low impact prognostic factors for 
developing multiple sclerosis. Brain 2015; 138: 
1863–1874.

	 6.	 Teunissen CE and Khalil M. Neurofilaments as 
biomarkers in multiple sclerosis. Mult Scler 2012; 18: 
552–556.

Table 3.  GEE model parameter estimates.

Model 1 Model 2a

  β (95% CI) p value β (95% CI) p value

Time (per 5 years) −0.00 (−0.29 to 
0.29)

0.99 0.01 (−0.28 to 0.30) 0.94

NfL (per 1000 ng/L) 0.33 (0.13 to 0.52) <0.01 0.57 (0.34 to 0.79) <0.01
NfL*time interaction 0.47 (0.25 to 0.69) <0.01 0.47 (0.25 to 0.68) <0.01

GEE: generalized estimating equations; CI: confidence interval; NfL: neurofilament.
aModel 2 includes adjustment for sex, age at diagnosis, and disease duration.

https://journals.sagepub.com/home/msj


A Bhan, C Jacobsen, et al.

journals.sagepub.com/home/msj	 7

	 7.	 Haghighi S, Andersen O, Oden A, et al. Cerebrospinal 
fluid markers in MS patients and their healthy 
siblings. Acta Neurol Scand 2004; 109: 97–99.

	 8.	 Amor S, van der Star BJ, Bosca I, et al. 
Neurofilament light antibodies in serum reflect 
response to natalizumab treatment in multiple 
sclerosis. Mult Scler 2014; 20: 1355–1362.

	 9.	 Petzold A, Eikelenboom MJ, Keir G, et al.  
Axonal damage accumulates in the progressive  
phase of multiple sclerosis: Three year follow up 
study. J Neurol Neurosurg Psychiatry 2005; 76: 
206–211.

	10.	 Teunissen CE, Iacobaeus E, Khademi M, et al. 
Combination of CSF N-acetylaspartate and 
neurofilaments in multiple sclerosis. Neurology 2009; 
72: 1322–1329.

	11.	 Varhaug KN, Barro C, Bjørnevik K, et al. 
Neurofilament light chain predicts disease activity 
in relapsing remitting multiple sclerosis. Neurol 
Neuroimmunol Neuroinflamm 2017; 5(1): e422.

	12.	 Poser CM, Paty DW, Scheinberg L, et al. New 
diagnostic criteria for multiple sclerosis: Guidelines 
for research protocols. Ann Neurol 1983; 13: 
227–231.

	13.	 Petzold A, Altintas A, Andreoni L, et al. 
Neurofilament ELISA validation. J Immunol Methods 
2010; 352: 23–31.

	14.	 Kuhle J, Plattner K, Bestwick JP, et al. A comparative 
study of CSF neurofilament light and heavy chain 
protein in MS. Mult Scler 2013; 19: 1597–1603.

	15.	 Salzer J, Svenningsson A and Sundstrom P. 
Neurofilament light as a prognostic marker in 
multiple sclerosis. Mult Scler 2010; 16: 287–292.

	16.	 Gunnarsson M, Malmestrom C, Axelsson M, et al. 
Axonal damage in relapsing multiple sclerosis is 
markedly reduced by natalizumab. Ann Neurol 2011; 
69: 83–89.

	17.	 Kuhle J, Disanto G, Lorscheider J, et al. Fingolimod 
and CSF neurofilament light chain levels in relapsing-
remitting multiple sclerosis. Neurology 2015; 84: 
1639–1643.

	18.	 Thompson AJ, Banwell BL, Barkhof F, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of the 
McDonald criteria. Lancet Neurol 2017; 17: 162–173.

	19.	 Norgren N, Sundstrom P, Svenningsson A, et al. 
Neurofilament and glial fibrillary acidic protein in 
multiple sclerosis. Neurology 2004; 63: 1586–1590.

	20.	 Kuhle J, Barro C, Andreasson U, 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: 1655–1661.

	21.	 Bergman J, Dring A, Zetterberg H, et al. 
Neurofilament light in CSF and serum is a sensitive 
marker for axonal white matter injury in MS. Neurol 
Neuroimmunol Neuroinflamm 2016; 3: e271.

	22.	 Kuhle J, Barro C, Disanto G, et al. Serum neurofilament 
light chain in early relapsing remitting MS is increased 
and correlates with CSF levels and with MRI measures 
of disease severity. Mult Scler 2016; 22: 1550–1559.

	23.	 Kuhle J, Nourbakhsh B, Grant D, et al. Serum 
neurofilament is associated with progression of brain 
atrophy and disability in early MS. Neurology 2017; 
88: 826–831.

	24.	 Disanto G, Barro C, Benkert P, et al. Serum 
neurofilament light: A biomarker of neuronal damage 
in multiple sclerosis. Ann Neurol 2017; 81: 857–870.

	25.	 Daumer M, Neuhaus A, Morrissey S, et al. MRI 
as an outcome in multiple sclerosis clinical trials. 
Neurology 2009; 72: 705–711.

	26.	 University of California, San Francisco MS-EPIC 
Team, Cree BA, Gourraud PA, et al. Long-term 
evolution of multiple sclerosis disability in the 
treatment era. Ann Neurol 2016; 80: 499–510.

Visit SAGE journals online 
journals.sagepub.com/
home/msj

 SAGE journals

https://journals.sagepub.com/home/msj
https://journals.sagepub.com/home/msj
https://journals.sagepub.com/home/msj



