
CS RRMS SPMS

N (%female) 24 (19) 20 (14) 27 (14)

Age (years, mean, +/-SD) 45.7 (7.69) 42.0 (13.1) 54.0 (10.2)*

Disease duration
(years, mean, +/-SD)

- 12 (8.7) 22.2 (8.4) *

sNfl (pg/ml, SD) - 33.1 (24.3) 32.5 (29.3)

GM (% ICV, mean, +/-SD) 50.2 (0.02) 45.9 (0.03) * 45.2 (0.04) *

GM R1 mean (sec-1) +/- SD 0.80 (0.02) 0.77 (0.03) * 0.78 (0.02) *

GM R2 mean (sec-1) +/- SD 10.7 (0.13) 10.3 (0.3) * 10.3 (0.3) *

Serum-Neurofilament light chain levels in secondary progressive multiple sclerosis 
are associated with grey matter destruction characterized by relaxation rates 

Introduction

Objectives and Aims

RMS(n=20), SPMS(n=27) patients and Control subjects 
(CS, n=24) received quantitative synthetic MRI using a 
multiecho acquisition of saturation recovery pulse 
sequence on a 1.5 Tesla scanner to quantify relaxation 
rates (R1 and R2) and for GM segmentation4. In 
patients, sNfl measurement using the Simoa HD-X 
analyzer by Quanterix was performed. Group 
comparisons of brain measures and Nfl were performed 
by using univariate ANOVA in SPSS.

Methods

Disclosures Ruth Schneider: has received speaker’s honoraria from Biogen Idec GmbH, Alexion Pharma, Novartis Pharma
and Roche Pharma AG, congress travel support from Merck, Biogen Idec GmbH and has received research scientific grant 
support from Novartis Pharma. Theodoros Ladopoulos: has received research scientific grant support from Novartis Pharma. 
Barbara Bellenberg: nothing to disclose. Léon Beyer: nothing to disclose. Simon Faissner: has received speaker’s and/or 
scientific board honoraria and/or congress travel support from Biogen, BMS, Celgene, Genesis Pharma, Janssen, Merck, 
Novartis and Roche and grant support from Ruhr-University Bochum, DMSG, Stiftung für therapeutische Forschung, Lead 
Discovery Center GmbH and Novartis; none related to this manuscript. Ralf Gold: has received compensation for serving as a 
consultant or speaker from Bayer HealthCare, Biogen Idec, Merck Serono, Novartis, and Teva Neuroscience; he, or the 
institution he works for, has received research support from Bayer HealthCare, Biogen Idec, Merck Serono, Novartis and Teva 
Neuroscience; he has also received honoraria as a Journal Editor from SAGE and Thieme Verlag, Klaus Gerwert: is CEO of 
betaSENSE. Carsten Lukas: received a research grant by the German Federal Ministry for Education and Research, BMBF, 
German Competence Network Multiple Sclerosis (KKNMS), grant no.01GI1601I, has received consulting and speaker’s 
honoraria from Biogen Idec, Bayer Schering, Daiichi Sanykyo, Merck Serono, Novartis, Sanofi, Genzyme and TEVA.

*Corresponding Author:
Ruth.Schneider@rub.de
Department of Neurology, 
NiRiMS Research group, 
St. Josef Hospital, Ruhr University 
Bochum, Germany

References

Results

Conclusions

1.Jakimovski D et al. Serum neurofilament light chain 
levels associations with gray matter pathology: a 5-year 
longitudinal study . Ann Clin Transl Neurol. 2019 
2.Granziera C et al. Quantiative magentic resonance
imaging towards clinical application in multiple sclerosis.
Brain. 2021
3.Vrenken H et al. Whole-brain T1 mapping in multiple
sclerosis: Global changes of normal appearing gray and
white matter. Radiology. 2006
4.Ladopoulos T et al. Relaxometry and brain myelin
quantification with synthetic MRI in MS subtypes and their
associations with spinal cord atrophy. NeuroImage:
Clinical. 2022

In multiple sclerosis (MS) patients the association of 
serum Neurofilament light chain (sNfl) values with grey 
matter (GM) pathology, namely atrophy, is well known1. 
However, the underlying mechanisms leading to GM 
changes in different MS disease courses have not been 
established. Quantitative magnetic resonance imaging 
(MRI) parameters, like relaxation times/rates, provide 
biophysical measures of the microstructural tissue 
changes2. T1 relaxation is affected by axonal 
degeneration, such that the relaxation time increases 
and the relaxation rate (R1=T1-1) decreases with 
disease progression and correlates with brain atrophy3.

To analyze the association of relaxation rates of GM 
with sNfl in secondary progressive (SPMS) and 
relapsing (RMS) MS.

Figure 2. Spearman correlation between sNfl (pg/nl) and relaxation rate R1 of
GM (sec-1) in SPMS

Figure 1. Boxplots depicting median proportion of GM%/ICV
and GM-R1 in CS, RMS and SPMS patients. To the left of it,
exemplary GM map and corresponding quantitative R1 map
of a MS patient.

sNfl in RMS (mean=33.1 pg/ml ±24.3) and SPMS (mean=32.5 
pg/ml ±29.3) showed no significant group difference. GM 
fraction (%of intracranial volume) was significantly (p<0.001) 
lower in RMS(mean=45.9±2.5) and SPMS(mean=45.2±3.9) 
compared to CS(mean=50.2±2.0). R1 and R2 in GM(sec-1) 
were significantly (p<0.001) decreased in RMS(R1 
mean=0.77±0.03/ R2 mean=10.3±0.3) and SPMS(R1 
mean=0.78±0.02/ R2 mean=10.3±0.3) compared to CS(R1 
mean=0.8±0.02/ R2 mean=10.7±0.2). In SPMS, sNfl 
correlated with R1(r=-0.46,p<0.016) and R2(r=-0.43,p<0.025) 
in GM, but not in RMS.

● GM atrophy and reduction of GM relaxation rates were 
equally pronounced in SPMS and RMS
● no significant difference was found between SPMS and 
RMS with respect to sNfl
● sNfl was associated with GM relaxation rates R1 and 
R2 only in SPMS

→ GM damage in SPMS seems to correspond mainly to 
axonal degeneration, whereas in RMS multiple factors may 
influence GM pathology
→ sNfL levels in RMS and SPMS are based on different 
forms of tissue affection and therefore have to be evaluated 
in the context of disease course

Table 1. Demographics and ANOVA-based group comparisons with *significant
differences with a p<0.05 compared to CS.
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