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Cerebrospinal fluid neurofilament light chains and CXCL13 as predictive factors 
for clinical course of multiple sclerosis

Pavel Hradilek1,2, Kamila Zondra Revendova1,2, Jana Horakova2, Radovan Bunganic1,2, Ondrej Pelisek3, David Zeman4,  
Pavla Hanzlikova5, Pavlina Kusnierova6,7

Aim. The aim of this study was to identify whether NfL and CXCL13 cerebrospinal fluid (CSF) concentrations at diagnos-
tic lumbar puncture can predict the course of multiple sclerosis (MS) in terms of relapses, higher expanded disability 
status scale (EDSS) and magnetic resonance imaging (MRI) activity.
Methods. We conducted a single-centre prospective observational cohort study at the MS center, University Hospital 
Ostrava, Czech Republic. CSF NfL (cNfL) and CXCL13 concentrations were examined (ELISA method) in patients with 
clinically isolated syndrome (CIS) and relapsing-remitting MS (RRMS) at the time of diagnostic lumbar puncture. 
Results. A total of 44 patients with CIS or early RRMS were enrolled, 31 (70.5%) of whom were women. The median 
age at the time of CSF sampling was 31.21 years (IQR 25.43–39.32), and the follow-up period was 54.6 months (IQR 
44.03–59.48). In the simple and multiple logistic regression models, CXCL13 levels did not predict relapses, MRI activ-
ity or EDSS > 2.5. Similarly, cNfL concentrations did not predict relapses or MRI activity in either model. In the multiple 
regression, higher cNfL levels were associated with reaching EDSS > 2.5 (odds ratio [OR] 1.002, 95% confidence interval 
[CI] 1.000 to 1.003).
Conclusions. Our data did not confirm cNfL and/or CXCL13 CSF levels were predictive factors for disease activity such 
as relapses and MRI activity at the time of diagnostic lumbar puncture in patients with RRMS. While cNfL CSF levels 
predicted higher disability only after adjustment for other known risk factors, elevated CSF CXCL13 did not predict 
higher disability at all.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory, 
demyelinating and neurodegenerative disease of the cen-
tral nervous system. Inflammatory process leading to fo-
cal destruction of myelin, astrogliosis and axonal loss are 
the main pathophysiological features1. MS is the major 
cause of non-traumatic disability in young adults2. Several 
clinical trials proved that early modulation of MS by spe-
cific treatment can successfully delay sustained disabil-
ity and reach No Evidence of Disease Activity (NEDA) 
(ref.3,4). However, we are still lacking reliable markers for 
monitoring the therapeutic response to be assured that 
an individual patient really profits from our therapeutic 
approach. Evaluation of biomarker levels in either serum 
or cerebrospinal fluid (CSF) of MS patients seems to be 
one of the promising possibilities how to monitor disease 
activity and therapeutic response. Neurofilaments, cyto-

skeletal proteins important for maintaining morphologic 
integrity of axons represent a promising biomarker of 
neurodegeneration. According to the molecular weight of 
particular subunits there are three types of neurofilament 
chains: light (NfL, molecular weight 68 kDa), intermedi-
ate (NfM, 160 kDa) and heavy (NfH, 200 kDa). As a 
result of axonal injury, axonal content is released into in-
terstitial space and proteins and NfL diffuse into the CSF. 
Elevated concentrations of NfL were found in various dis-
eases characterized by axonal injury (i.e. dementia, amyo-
trophic lateral sclerosis or spinal cord injury) (ref.5-10). 
NfL seem to be a useful biomarker and predictor of dis-
ease course in early MS. Elevated concentrations of NfL 
in the CSF (cNfL) are already present in patients with 
clinically isolated syndrome (CIS), optic neuritis (ON) or 
radiologically isolated syndrome (RIS) (ref.11,12). Elevated 
concentration can even be detected several years prior to 
first MS symptoms13.  In progressive MS the degree of 
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axonal loss increases during the disease course, which 
correlates with clinical disability. The cNfL are elevated 
during MS relapse and correlate with both neurological 
disability and new lesions on brain magnetic resonance 
imaging (MRI) (ref.11). It also correlates with the presence 
of active and mixed white matter MS lesions with foamy 
microglia showing high acute axonal damage14. Serum 
NfL (sNfL) are suggested to be implemented into diag-
nostic and therapeutic considerations in MS patients15. 
However, the real predictive value of sNfL on the long-
term prognosis of MS still remains unclear. Apart from 
biomarkers of neurodegeneration or tissue injury also 
markers of inflammation can be found in the CSF. One 
of these candidate biomarkers is CXCL13, a homeostatic 
chemokine that is importantly involved in B-cell activa-
tion. Intrathecal production of CXCL13 is a sign of acute 
inflammation in the CNS. In MS CXCL13 is found in ear-
ly active demyelinating lesions, not in inactive lesions, and 
correlates with disease activity. Concentration of CXCL13 
in the CSF is elevated in patients with active MS (ref.16). 
Although increased CXCL13 CSF concentrations are not 
specific for MS it can predict conversion form CIS to MS 
(ref.17) or disease activity in MS patients18.

The primary aim of our study was to determine wheth-
er cNfL and CXCL13 levels at the time of lumbar punc-
ture are the predictors of the second MS relapse and MRI 
activity in the cohort of RRMS patients. Secondarily we 
explored, whether the concentrations are associated with 
the risk of higher disability. 

MATERIALS AND METHODS

Study design and participants
We conducted a single-center prospective observa-

tional study at MS center, University Hospital Ostrava, 
Ostrava, Czech Republic. Patients were enrolled into 
the study between 1st January 2017 and 31st December 
2019. The end of the follow-up was 30th June 2022. The 
inclusion criteria were: i) age ≥ 18 years, ii) diagnosis of 
CIS or RRMS according to the 2017 revision McDonald 
criteria19, and iii) diagnostic lumbar puncture. Exclusion 
criteria were: i) a progressive course of MS, ii) control 
lumbar puncture, and iii) treatment with disease-modify-
ing therapies (DMTs) at the time of CSF sampling.

The diagnosis of MS was established according to the 
2010 revision of the McDonald criteria20 and reclassified 
according to the last 2017 revision19.

DMTs were categorized into moderately effective 
DMTs (all interferons, dimethyl fumarate, glatiramer ace-
tate and teriflunomide) and highly effective DMTs (HET: 
alemtuzumab, cladribine, fingolimod, natalizumab, ofatu-
mumab, ocrelizumab, and autologous stem cell transplan-
tation). EDSS was assessed by treating neurologist, who 
was blinded to laboratory results21. Relapse was defined 
as a manifestation of any new or recurrent neurological 
symptoms lasting more than 24 h in the absence of fever 
or infectious disease22.

MRI scans 
The brain and spinal cord MRI scans were performed 

with a Magnetom Avanto 1.5 T Syngo B19 (Siemens, 
Erlangen, Germany). The standard MS protocol for the 
brain is comprised of the T2W TSE axial, axial fluid-atten-
uated inverse recovery (T2 TSE FLAIR), axial diffusion- 
weighted imaging (DWI) sequences with b value 0, 500, 
1000, and with the automatically computed map of appar-
ent diffusion coefficient (ADC). All sequences were per-
formed in 5 mm layers, gap 20%, T1 GRE MPRAGE 3D 
and T2 TSE SPACE FLAIR 3D with the acquisition in 
isometric voxel 1 mm, primarily in the sagittal plane23,24. 
T2 TSE sagittal, T2 GRE medic axial, and T2 TSE Stir 
sagittal sequences with a layer thickness of 3 mm were 
acquired on the C spine as a gold standard24,25. MRI activ-
ity was defined as an evident diffusion-restricted lesion at 
b 1000 with a correlation on the ADC map-hypersignal 
margin at b 1000 with a correlation in the hyposignal 
margin at the ADC, a lesion without explicit restriction or 
a facilitated diffusion lesion was not evaluated as an active 
lesion24,26. Another marker of MRI activity was defined 
as progression in time or space according to McDonald 
and MAGNIMS criteria of a new lesion or enlargement 
of any existing lesion19,27.

Samples and analytical methods
CSF samples were collected into the polypropylene 

tubes (Sarstedt, Nümbrecht, Germany). CSF samples 
were centrifuged at 390 x g for 10 min at room tempera-
ture, and the supernatants for determination of CXCL13 
and cNfL were aliquoted into at least 3 vials (0,3 ml per 
vial) and stored at – 70 °C until analyzed. The concen-
trations of CXCL13 (CXCL13 ELISA, REF EQ 6811-
9601-L, Euroimmun AG) and cNfL (NF-light ELISA, 
REF 10-7001, IVD CE, UmanDiagnostics AB, Umeå, 
Sweden) were determined by ELISA. Measurements were 
performed in duplicates using 50 µL of undiluted cell-free 
CSF per well for CXCL13 and 100 µLof diluted (1+1) 
cell-free CSF per well. The detection limit was 33 ng/L for 
cNfL and 4.0 ng/L for CXCL13. Intra-assay coefficients 
of variation were below 5% and inter-assay coefficients of 
variation were below 10% for both methods.

Statistical methods
The study data were analyzed using the Stata Statistical 

Software: Release 17, College Station, TX: StataCorp 
LLC. Descriptive statistics were used to describe our data. 
The categorical variables were evaluated using frequency 
tables. The continuous and integer variables were report-
ed as medians and interquartile ranges (IQR) because of a 
non-normal distribution. Logistic regression analysis was 
used to estimate association between CXCL13 and cNfL 
levels and outcome variables (relapse, MRI activity, and 
reaching EDSS > 2.5). Associations were reported using 
odds ratio (OR) and 95% confidence interval (CI).

Compliance with ethical standards
This study was approved by the Ethical Committee of 

University Hospital Ostrava as a part of the project “CSF 
biomarkers of MS” (reference number 400/2017).
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RESULTS

We performed 76 lumbar punctures in patients with 
CIS or MS from January 2017 to December 2019. We 
excluded patients with progressive course of disease (n 
= 11), with reclassified diagnosis (n = 1), control lumbar 
puncture (n = 6), missing follow-up data (n = 5), and miss-
ing laboratory results (n = 9). The flowchart of the study 
participants is presented in Fig. 1.

A total of 44 patients with RRMS were enrolled in 
the final analysis of which were 31 (70.5%) women. The 
median age at the time of CSF sampling was 31.21 years 
(IQR 25.43–39.32), and the follow-up period was 54.6 
months (IQR 44.03–59.48). The median of cNfL levels 
was 652 ng/L (IQR 510.5–1169.5), and the median of 
CXCL13 concentration was 19.65 ng/L (IQR 1.7–60.1). 
The baseline characteristics of the study participants are 
presented in Table 1. 

The second relapse occurred in 19 (43.2%) patients 
during the follow-up period. The median time from a lum-
bar puncture to the second relapse was 1167 days (IQR 
339–1644). The MRI activity developed in 20 (45.5%) 
patients during the follow-up. Using simple logistic regres-
sion, cNfL and CXCL13 levels did not increase the risk of 
the second relapse (95% CI 0.999 to 1.001 for cNfL and 
95% CI 0.988 to 1.008 for CXCL13). After adjustment for 
age, sex, first EDSS, and DMTs before the second relapse, 
the results did not change (95% CI 0.998 to 1.001, and 
95% CI 0.983 to 1.012 for cNfL and CXCL13, respective-
ly). Similarly, cNfL and CXCL13 levels did not influence 
the risk of development of MRI activity in the simple and 
multiple logistic regression model (adjusted for age, sex, 
and ongoing DMTs before MRI activity) (95% CI 0.999 to 
1.002, and 95% CI 0.999 to 1.002 for cNfL and 95% 0.996 
to 1.017, and 95% 0.995 to 1.016 for CXCL13) (Table 2). 

Table 1. Characteristics of the study participants.

Variable

Age at the time of lumbar puncture in years (median, IQR) 31.2 (25.4–39.3)
Women (n, %) 31 (70.5)
Follow-up in months (median, IQR) 54.6 (44.0–59.5)
Second relapse during follow-up (n, %) 19 (43.2)
Time to the second relapse in days (median, IQR) 1167 (339–1644)
DMTs before the second relapse (n, %)
  Moderately effective DMTs 32 (93.2)
  High effective DMTs 3 (6.8)
No treatment 9 (21.5)
Escalation of DMTs (n, %) 13 (29.6)
MRI activity during follow-up (n, %) 20 (45.5)
First EDSS (median, IQR) 1.5 (1.5–2.5)
Last EDSS (median, IQR) 2.0 (1.5–3.5)
Reaching EDSS > 2.5 (n, %) 17 (38.6)
cNfL in ng/L (median, IQR) 651 (511–1170)
CXCL13 in ng/L (median, IQR) 18.7 (1.70–60.1)

IQR, interquartile ranges; n, number of samples; DMTs, treatment with disease-modifying thera-
pies; EDSS, expanded disability status scale; cNfL, cerebrospinal fluid neurofilament light chain; 
CXCL13, cerebrospinal fluid CXCL13. 

Table 2. Neurofilament light chain and CXCL13 levels and the risk of the second relapse, MRI activity, reaching EDSS > 2.5, 
and escalation. 

Simple Multiple
OR 95% CI P aOR 95% CI P

(A) The second relapse
  cNfL (ng/L) 1.000 0.999 to 1.001 0.426 0.999 0.998 to 1.001 0.428
  CXCL13 (ng/L) 0.998 0.988 to 1.008 0.651 0.997 0.983 to 1.012 0.726
(B) MRI activity
  cNfL (ng/L) 1.001 0.999 to 1.002 0.113 1.001 0.999 to 1.002 0.171
  CXCL13 (ng/L) 1.006 0.996 to 1.017 0.226 1.006 0.995 to 1.016 0.277
(C) Reaching EDSS > 2.5
  cNfL (ng/L) 1.000 0.999 to 1.002 0.076 1.002 1.000 to 1.003 0.009
  CXCL13 (ng/L) 0.989 0.975 to 1.003 0.128 0.994 0.979 to 1.009 0.411

OR, odds ratio; 95% CI: 95% confidence interval; cNfL, cerebrospinal fluid neurofilament light chain; MRI, magnetic resonance imaging; EDSS, 
expanded disability status scale. 
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The median first EDSS was 1.5 (IQR 1.5–2.5), and 
during the follow-up 17 (38.6%) patients reached EDSS 
> 2.5. The levels of cNfL did not predict reaching EDSS 
> 2.5 in the simple logistic regression (95% CI 0.999 to 
1.002). After adjustment for age, sex, ongoing DMTs, 
higher cNfL levels were associated with reaching EDSS 
> 2.5 with OR 1.002 (95% CI 1.000 to 1.003) (Fig. 2). 
However, CXCL13 levels did not affect the risk of reach-
ing EDSS > 2.5 (Table 2).

DISCUSSION

Lot of trials tried to identify biomarkers of MS that 
could improve diagnostics of the disease, predict disease 
progression and also enable to individualize specific treat-
ment28. Lot of markers are known to be a general marker 
of inflammatory process, but there is still lack of markers 
specific for MS. Current research is focused on finding 
of such appropriate markers29. Disanto et al. found that 
elevated serum concentrations of NfL were observed in 
patients with MS relapse and progression of disability 
and also correlated with EDSS (ref.30). The fact that NfL 
could be a useful prognostic marker in early RRMS also 
shows Salzers cohort. In that trial NfL concentrations in 

the CSF were evaluated in early MS and its correlation 
with clinical status of the patients. The diagnostic lumbar 
puncture was performed in 99 patients and 95 of them 
were followed up for next 14 years. Significant correla-
tions of NfL concentrations in the CSF with Multiple 
Sclerosis Severity Scale were found in all patients, in 
RRMS patients and patients with recent relapse31. It 
was unambiguously proved that elevated NfL concentra-
tions in the CSF were associated with worse prognosis 
of MS (ref.32). Modvig also investigated predictive at-
tributes of the CSF biomarkers. NfL and glycoprotein 
Chitinase 3-like-1 protein were important predictors of 
physical and psychical disability and conversion to CDMS 
in patients after optic neuritis as the first demyelinating 
event33. Another longitudinal study suggests that elevated 
NfL levels in the CSF predict conversion into clinically 
definitive MS within 1 year after CIS (ref.34). Elevated 
concentrations of NfL have been also proved to negatively 
correlate with the length of DMTs in MS patients30,35-37. In 
our cohort we did not find elevated cNfL and CXCL13 as 
risk factors of relapse at follow up. As well we did not find 
elevated CSF CXCL13 concentration as a risk factor for 
EDSS > 2.5 at follow up. However, after adjustment for 
age, sex and ongoing DMTs after diagnostic LP, elevated 
cNfL predicted reaching EDSS > 2.5 at follow up. We 

Fig. 1. The flowchart of the study participants.
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Total number of lumbar punctures
n = 76

Included into the final analysis 
n = 44

Excluded n = 32
- reclassified diagnosis (n = 1)

- control lumbar puncture  (n = 6)
- progressive MS course (n = 11)

- missing laboratory results (n = 9)
- missing follow-up data (n = 5)
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suggest, that more biomarkers together with other inde-
pendent variables should be considered to investigate to 
better assess prognosis of MS clinical course at follow up.  

CONCLUSIONS

In our cohort we did not find elevated CSF cNfL and/
or CXCL13 at the time of diagnostic LP to be a predic-
tor of future clinical outcome in MS patients. However, 
after adjustment for age, sex and ongoing DMTs after 
diagnostic LP, elevated cNfL predicted earlier worsening 
of neurological status. Thus, having found elevated cNFL 
at diagnostic LP, we should be more vigilant about thera-
peutic considerations at disease onset to prevent disability 
accumulation at follow up. Larger cohorts with longer fol-
low up are necessary to better prove clinical significance 
of predictive value of various biomarkers to be able to 
more individualize therapeutic approach in MS patients.
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