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Abstract 

Background and objectives: In progressive multiple sclerosis (MS) patients, CNS inflammation trapped behind a 
closed blood brain barrier drives continuous neuroaxonal degeneration, thus leading to deterioration of neuro-
logical function. Therapeutics in progressive MS are limited. High-dose intravenous glucocorticosteroids (HDCS) 
can cross the blood-brain barrier and may reduce inflammation within the CNS. However, the treatment efficacy 
of HDCS in progressive MS remains controversial. Serum neurofilament light chains (sNfL) are an established 
biomarker of neuroaxonal degeneration and are used to monitor treatment responses. We aimed to investigate 
whether repeated cycles of intravenous HDCS reduce the level of sNfL in progressive MS patients. 
Methods: We performed a monocentric observational study of 25 patients recruited during ongoing clinical rou-
tine care who were treated with repeated cycles of intravenous HDCS as long-term therapy for their progressive 
MS. sNfL were measured in 103 repeated blood samples (median time interval from baseline 28 weeks, range 2-
55 weeks) with the Single Molecular Array (SiMoA) technology. The Expanded Disability Status Score (EDSS) was 
documented at baseline and follow-up. 
Results: The median age of patients was 55 years (range 46-77 years) with a median disease duration of 26 years 
(range 11-42 years). sNfL baseline levels at study inclusion were significantly higher in progressive MS patients 
compared to age-matched healthy controls (median 16.7 pg/ml vs 11.5 pg/ml, p=0.002). sNfL levels showed a 
positive correlation with patient age (r=0.2, p=0.003). The majority of patients (72%, 16/23) showed reduced 
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sNfL levels ≥20 weeks after HDCS compared to baseline (median 13.3 pg/ml, p=0.03). sNfL levels correlated neg-
atively with the time interval from baseline HDCS therapy (r=-0.2, p=0.03). This association was also evident after 
correction for treatment with disease-modifying drugs (adjusted R2=0.10, p=0.001). The EDSS remained stable 
(median 6.5) within a median treatment duration of 26 weeks (range 13-51 weeks). 
Conclusion: Although larger studies are needed to confirm our findings, we were able to demonstrate that HDCS 
treatment reduces sNfL levels and therefore may slow down neuroaxonal damage in a subgroup of patients with 
progressive MS. Moreover, a stable EDSS was observed during therapy. Findings suggest that HDCS may be ben-
eficial for the treatment of progressive MS. 
 

Keywords: Progressive multiple sclerosis, Serum neurofilament light chains, High-dose intravenous steroids 

 

Introduction 

Neurodegeneration and worsening of clinical 
disability in progressive multiple sclerosis (MS) occur 
independently from newly formed, acute inflamma-
tory lesions characterized by MRI contrast enhance-
ment [34]. Pathological findings in progressive MS 
include so-called slowly expanding lesions, meaning 
white matter demyelinated lesions with slow expan-
sion at their lesion edge, as well as extensive cortical 
demyelination and diffuse white matter injury 
(Figure 1 A-C) [21, 39]. In contrast to relapsing remit-
ting MS, the inflammation in progressive MS be-
comes trapped or compartmentalized behind a 
closed blood-brain barrier, and typically no MRI le-
sion enhancement is observed [11, 34]. A close as-
sociation between inflammation and neurodegener-
ation is also evident in progressive MS [20]. A pro-
found microglial activation and meningeal lymphoid 
structures are associated with tissue injury and de-
myelination (Figure 1 B-D) [28, 40]. The inflamma-
tion causes a widespread neuroaxonal loss not only 
in white matter lesions, but also in normal-appear-
ing white matter as well as in cortical and deep gray 
matter [11, 41]. This neuroaxonal loss is thought to 
be the major cause of progressive, irreversible neu-
rological disability in patients with progressive MS. 
Therefore, treatment of progressive MS needs to 
target the compartmentalized CNS inflammation in 
order to slow down neurodegeneration and disease 
progression. 

Most approved disease-modifying therapies 
(DMTs) target the peripheral immune system and 
reduce the number of new acute inflammatory le-
sions, but they do not significantly slow disability 

progression in progressive MS. Siponimod and ocrel-
izumab were shown to reduce confirmed disability 
progression in progressive MS patients compared to 
placebo. However, their treatment effects were 
mostly observed in patients with so-called active dis-
ease, meaning in patients with relapses or imaging 
features of acute inflammatory activity [30]. Inter-
feron-β-1b was also approved in Europe for the 
treatment of progressive MS with active inflamma-
tion [17]. 

High dose glucocorticosteroids (HDCS) as a 
treatment option for progressive MS, administered 
either alone or in combination with other immuno-
modulatory/immunosuppressive drugs, have been 
discussed for decades [5, 10, 25, 44, 46]. Steroids 
cross the blood brain barrier and may thus also tar-
get the compartmentalized CNS inflammation in 
progressive MS patients. A previous study suggested 
that the oral administration of HDCS is beneficial for 
the treatment of progressive MS and showed a re-
duction in neurofilament light chain (NfL) levels in 
CSF [45]. 

NfL are structural proteins of axons that are re-
leased into the CSF and serum upon neuroaxonal 
damage. Numerous prior studies showed that se-
rum neurofilament light chains (sNfL) are a plausible 
biomarker for neuroaxonal degeneration. This bi-
omarker is widely used for monitoring disease activ-
ity and treatment responses in MS [32, 52, 55]. In 
progressive MS, sNfL correlate with brain atrophy 
and a higher likelihood of disability worsening [31]. 
Treatment of progressive MS with fingolimod, na-
talizumab, siponimod, ocrelizumab, and autologous 
hematopoietic stem cell transplantation reduces 
sNfL levels [3, 29, 36, 53]. Although sNfL levels are  
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Figure 1: Histological findings in progressive multiple sclerosis 

 

Typical histological findings in progressive MS include slowly progressing (smouldering) lesions (A, B) as well as meningeal inflammation 
and cortical demyelination (C, D). 

A: A sharply demarcated and demyelinated white matter lesion with an increased cellularity at the border of the lesion is shown (LFB/PAS); 
B: The lesion edge is characterized by a microglia/macrophage rim (KiM1P); C: A meningeal lymphoid infiltration (arrows) and underlying 
subpial cortical demyelination is found (anti-PLP); D: The same lesion as in panel C reveals numerous B cells in the lymphoid meningeal 
infiltrate adjacent to the demyelinated cortex (anti-CD20). Scale bars: A and B: 500µm; C: 200µm; D: 100µm. 

LFP/PAS = Luxol fast blue combined with periodic acid Schiff; PLP = proteolipid protein 

 

well suited for comparing patient groups, natural 
fluctuations should be taken into account when 
evaluating individual patients. Fluctuations in sNfL 
levels of up to 20% were observed in the majority of 
a cohort of progressive MS patients [8]. 

In this study we present a monocentric obser-
vational study that evaluates changes in sNfL levels 
in progressive MS patients with repeated cycles of 
parenterally given HDCS. Results indicate that long-
term treatment with HDCS reduces the neuroaxonal 
damage in progressive MS patients. 

Methods 

Standard Protocol Approval and Patient 
Consents 

The ethics committee of the University Medical 
Center Göttingen approved this study (#1/2/21). Pa-
tients gave written informed consent for their study 
inclusion. The study has been performed in accord-
ance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amend-
ments. 
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Study cohort 

The study cohort was recruited in the tertiary 
neurological clinic Augusta Hospital in Anholt, Ger-
many. Patients were recruited during ongoing clini-
cal routine care from September 2018 to December 
2019. Inclusion criteria of the study were: 1) clini-
cally definite MS with a primary or secondary pro-
gressive disease course [54], 2) absence of relapse 
activity at least for 3 months prior to baseline blood 
sampling and 3) long-term HDCS therapy. Initially, 
27 patients were included in this longitudinal study. 
However, two patients had to be excluded due to a 
marked increase in sNfL unrelated to MS disease ac-
tivity, namely due to a traumatic brain injury in one 
patient and an intrathecal pump implantation in the 
other. All patients showed no signs of clinical activity 
and were thus classified as having inactive progres-
sive MS. 

Clinical assessment 

Clinical information was obtained by the treat-
ing physician via medical record review as well as 
personal interview and examination. 

Baseline was defined as time point of the first 
blood sampling of the first course of HDCS within the 
frame of the present study. Twenty-one out of our 
25 included study patients had previous cycles of 
HDCS before baseline blood sampling was done, 
with a median treatment duration of 26 weeks 
(range 8-120 weeks). The median daily dose of pre-
vious HDCS cycles was 1500 mg (range 300-2250 
mg). According to the individual clinical situation 
and patient preferences, the treating physician de-
termined the treatment regimen – the dosage of 
steroids, duration of cycles and interval between cy-
cles. Patients also received symptomatic treatments 
including physiotherapy. 

The clinical course was determined according 
to published criteria [54]. The Expanded Disability 
Status Scale (EDSS) score was assessed at two time 
points: at baseline and before the next HDCS cycle. 
Relapse activity during the study period as well as 
the therapy with DMTs were also registered. Due to 
absence of clinical disease activity, MRIs were not in-
dicated and not available for the study. 

In addition, comorbidities, the presence of fa-
tigue symptoms as well as a clinical history of smok-
ing and prior infections were noted. Patients with di-
abetes, coronary heart disease and stroke in their 
clinical history were grouped as having cardiovascu-
lar risk factors. The presence of cognitive deficits 
and psychiatric symptoms were also recorded. 

Blood sampling 

Blood sampling at baseline and within the next 
3 weeks (median 1.9, range 0.9 to 2.6 weeks) after 
baseline HDCS cycle was done for all patients. Blood 
samples taken directly before the next HDCS cycle 
(median 26, range 13 - 51.3 weeks) were available 
for analysis in 24 patients. For a subset of patients, 
further blood samplings were performed at later 
time points to assess the change in sNfL levels over 
time (median 4 samples per patient), with a median 
time to last follow-up of 28 weeks (range 2-55 
weeks). Blood was also taken from 22 healthy age-
matched controls and sNfL levels measured to ob-
tain a range for normal values. 

sNfL measurement with SiMoA technology 

Serum samples were stored at −80 °C until 
analysis. Quantification of NfL was done using the Si-
MoA NF-light Advantage Kit (Quanterix, Bellerica, 
MA, USA; Cat. No. 103186), as described in detail 
previously [14]. Assays were performed on a SiMoA 
HD-1 Analyzer (Quanterix) according to a Quanterix-
developed protocol. After completion of the assay, 
data were analyzed using Quanterix software. 

Statistical analyses 

Demographics and clinical characteristics were 
described by summary statistics appropriate for 
their scales. Differences between two groups in clin-
ical characteristics and sNfL levels were tested using 
the Mann–Whitney U test. To compare sNfL levels in 
repeated blood samples, the Wilcoxon test was 
used. Spearman correlation was performed to ad-
dress the question of potential associations be-
tween clinical parameters and sNfL levels. To adjust 
for relevant covariates, the association of sNfL with 
the time interval that passed from baseline was an-
alyzed using logistic regression models. For multiple 
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linear regression analyses, a logarithmic transfor-
mation of sNfL levels was carried out. Statistical 
analyses were done with GraphPad Prism 6 and SSPS 
Statistics 28 for Windows. P-values smaller than or 
equal to 0.05 were regarded as statistically signifi-
cant. 

Data Availability 

The first and the last authors take full responsi-
bility for the data analyses, interpretation, and con-
duction of the research. They have full access to all 
of the data and the right to publish these data apart 
from any sponsorship. 

Results 

Patient baseline characteristics 

A total of 103 blood samples taken from 25 pa-
tients were included in our analyses. The patients’ 
demographic and clinical data at baseline are shown 
in Table 1. Clinical relapses were not observed for 3 
months prior to baseline blood sampling (see inclu-
sion criteria). No relapses occurred during the dura-
tion of the study. Five patients were treated with 
disease-modifying therapies (n=1 interferon-ß-1a; 
n=2 dimethyl fumarate and n=2 glatiramer acetate). 
Despite no signs of clinical activity, treatment with 
DMTs was continued due to patients’ personal pref-
erences and the absence of clear recommendations 
for therapy withdrawal. 

sNfL levels decrease after HDCS therapy 

sNfL baseline levels were significantly higher in 
progressive MS patients compared to age-matched 
healthy controls (median 16.7 pg/ml vs 11.5 pg/ml, 
p=0.002). Within the first two weeks after baseline 
HDCS therapy, the median sNfL level was not signif-
icantly reduced (median 15.6 pg/ml, p=0.7). How-
ever, ≥20 weeks after baseline HDCS therapy the 
majority of patients (72%, 16/23) showed reduced 
sNfL levels compared to baseline (median 13.3 
pg/ml, p=0.03) (Figure 2A). The median sNfL level 
was still higher compared to the healthy control co-
hort, but these differences no longer reached statis-
tical significance.

Table 1: Demographic and clinical characteristics of 
the study cohort 

 Baseline 

characteristics 

Number of patients 25 

Age in years, median (min-max) 55 (46-77) 

Gender M:F (%) 6:19 (24:76) 

Disease duration in years, median 

(min-max)  
26 (11-42) 

Diagnosis at baseline SPMS: PPMS (%) 22:3 (88:12) 

EDSS at baseline, median (min-max) 6.5 (5.5-8.5) 

HDCS equivalent dose per day in mg, 

median (min-max) 

1500 (300-

3000) 

EDSS before second HDCS cycle in 

years, median (min-max) 
6.5 (6.0-8.5) 

Mean number of blood samples per 

patient (min-max) 
4.1 (3-7) 

Time interval from baseline to last fol-

low-up in weeks, median (min-max) 
28 (2-55) 

Pairwise comparison of sNfL levels at baseline, 
subsequent HDCS cycle (2nd cycle during the study) 
as well as at last follow-up revealed that even more 
patients (76%, 19/25) had reduced sNfL levels. sNfL 
levels showed a median reduction of 22% at last fol-
low-up compared to baseline sNfL values (p=0.01) 
(Figure 2B). This effect was also observed when ex-
cluding the 5 patients treated with DMTs (p=0.001; 
data not shown), indicating that the sNfL reduction 
is not due to DMT treatment. 

Although in individual patients a 20% reduction 
of sNfL levels may be regarded as natural fluctuation 
[8], on a group level this reduction seems relevant. 
Individual changes in sNfL levels are shown in Figure 
2C. The percentage change of sNfL levels comparing 
values from baseline and last follow-up for all pa-
tients included in the study are given. Fourteen pa-
tients (56%) had a reduction in sNfL levels >20% 
(Figure 2C), with some patients showing a decrease 
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Figure 2: Reduction of sNfL levels in progressive MS patients treated with HDCS 

 

 

A: sNfL levels at baseline, within 2 weeks after baseline HDCS cycle and ≥ 20 weeks after baseline HDCS cycle are presented. The median 
sNfL levels in pg/ml and the interquartile range are shown. The dashed line indicates the median sNfL level of the age-matched healthy 
control cohort. Significantly lower levels of sNfL were observed ≥ 20 weeks after baseline HDCS treatment (p=0.03; Wilcoxon test), but 
not at earlier time points (<2 weeks, p=0.7). 

B: sNfL level at baseline, before the second cycle of HDCS and at last follow-up are depicted. The median sNfL levels in pg/ml and the 
interquartile range are shown. The dashed line shows the median sNfL level of the age-matched healthy control cohort. A significant 
reduction in sNfL levels compared to baseline was observed before the next HDCS cycle (p=0.02) and at last follow up (p=0.01; Wilcoxon 
test). The median interval from baseline to the subsequent HDCS cycle was 26 weeks and to the last follow-up 28 weeks. 

C: sNfL change in percent from baseline to last follow-up shown for individual patients. The majority of patients shows a decrease in sNfL 
levels. Five patients showed an increase of sNfL level, which was not accompanied by clinical disease activity. The dashed line indicates a 
20% decrease or increase of sNfL levels, possibly reflecting natural fluctuations of sNfL values [8]. 

sNfL= serum neurofilament light chains; HDCS= high-dose corticosteroids 

 

of sNfL levels up to 50% from baseline. In three pa-
tients, sNfL levels increased >20%. Clinical history 
could not reveal any reason for these increases. 

In accordance with these findings, correlation 
and logistic regression model analyses showed a 
negative correlation between sNfL levels and the 
time that passed after baseline HDCS therapy 

(r=-0.2, p=0.03; median time interval from baseline 
24 weeks, range 0.9-55.0 weeks) (Table 2). 

Stable EDSS after HDCS therapy 

The EDSS score remained stable during a me-
dian follow-up time of 26 weeks (range 13-51 
weeks) after baseline HDCS therapy (median EDSS 
6.5 at baseline and before second HDCS cycle). 
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Table 2: Correlation of sNfL levels with clinical parameters 

Clinical parameters 
Correlation coefficient 

Spearman 
p-value Number of values 

Time after HDCS therapy -0.2 0.03 103 

Age 0.3 0.003 103 

Gender -0.2 0.5 25 

Treatment with DMTs -0.2 0.4 25 

EDSS  0.1 0.6 49 

Disease course 0.0 1.0 25 

Disease duration -0.1 0.8 25 

Fatigue -0.4 0.1 24 

Cognitive deficits 0.1 0.6 25 

Psychiatric symptoms 0.3 0.1 25 

Current smoker 0.0 1.0 24 

Former smoker 0.2 0.3 24 

Cardiovascular risk factors -0.3 0.2 25 

HDCS equivalent dose per day -0.4 0.1 21 

 

Confounding factors for sNfL levels 

As described in previous studies, sNfL levels 
showed a positive correlation with patient age 
(r=0.3, p=0.003) (Figure 3A). The gender had no in-
fluence on sNfL levels. Other factors such as relapse 
activity and disease-modifying drugs are also known 
to influence sNfL levels, but relapse activity was not 
observed in our cohort of progressive MS patients. 
The following clinical parameters were analyzed and 
did not significantly influence sNfL levels: Treatment 
with DMTs, disability level measured by EDSS, dis-
ease course and disease duration, presence of fa-
tigue symptoms, cognitive deficits, psychiatric 
symptoms, past or present regular nicotine use and 
cardiovascular risk factors. No association was found 
between the dose of HDCS that patients received 
and sNfL levels (Table 2). 

We performed a multiple regression analysis 
including the age of patients, treatment with DMTs 

and the time after baseline HDCS therapy to analyze 
the influence on sNfL levels. The negative correla-
tion of sNfL levels with the time after baseline HDCS 
therapy was confirmed (adjusted R2= 10%, p=0.01), 
verifying a reduction in sNfL levels after HDCS ther-
apy (Figure 3B). DMTs showed no correlation with 
sNfL and did not influence the level of sNfL in the 
multiple regression model. However, this analysis 
was limited due to a small number of patients 
treated with DMTs (n=5). The model is summarized 
in Table 3. 

Discussion 

We aimed to evaluate the efficacy of long-term 
treatment with HDCS in patients with progressive 
MS and used sNfL as an established biomarker for 
disease activity and treatment response. In our co-
hort of 25 patients recruited from ongoing clinical 
routine care, we found that long-term repeated  
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Table 3: Model to explain sNfL levels in patients after HDCS therapy 

 
Unstandardized 

coefficient 

Standardized 

coefficient 

Significance 95% Confidential interval 

(lower and upper bound) 

Time after HDCS therapy -0.003 -0.247 0.001 -0.005 -0.001 

Treatment with DMTs 0.015 0.035 0.718 -0.067 0.097 

Age at time of blood sampling 0.007 0.237 0.015 0.001 0.012 

sNfL levels were defined as dependent variable. Variables which possibly effect sNfL levels were included in the model. The unstandard-
ized coefficient, the standardized coefficient, the significance, and the confidence interval are shown. This model has been corrected for 
R2=10%. 

 

HDCS therapy for patients with progressive MS re-
duced sNfL levels by 22% after 20 weeks. We ob-
served a reduction of sNfL levels in the majority of 
patients, so that these changes are most likely due 
to the steroid therapy and not to normal fluctua-
tions as described by Bridel et al. [8]. This implies 
that HDCS treatment may reduce ongoing disease-
activity and neuroaxonal damage in a subgroup of 
progressive MS patients, which is the main cause of 
accumulation of clinical disability. In support of this, 
the EDSS score did not increase during the treat-
ment period. 

HDCS are effective not only in relapsing-remit-
ting MS but also in progressive MS 

HDCS are the first-line treatment for MS relapses 
[6, 35, 44]. This treatment typically provides a rapid 
clinical benefit, decreasing the severity of clinical 
symptoms and duration of the attack [18]. Intrave-
nous HDCS treatment of relapses was also associ-
ated with a lower risk of contrast-enhancing lesions 
to turn into black holes, indicating a reduction in de-
structive lesions [13]. Here, we have shown that re-
peated HDCS cycles reduce sNfL levels in a subgroup 
of patients with progressive MS without signs of ac-
tive inflammation. Early publications support our 
findings and describe an improvement in the EDSS 
score as well as a functional benefit from repeated 
HDCS cycles in progressive MS [5, 10, 25, 44]. Even 
oral monthly administration of HDCS showed a ben-
efit in progressive MS: The EDSS, MS functional com-
posite test and T2 lesion volume showed a signifi-
cant improvement after oral HDCS therapy [45]. 
However, a reduction in CSF biomarkers of  

Figure 3: Partial regression plots of variables that 
contribute to sNfL levels 

 

The dependent variable is the sNfL level. Independent variables 
are the age of patients at the time of blood sampling (A) and the 
time that passed after the baseline HDCS therapy (B). Due to 
calculations with multiple variables, the scaling of axes differs 
from normal units and does not seem plausible. sNfL levels cor-
relate positively with the age of patients (A, p=0.003) and shows 
a negative correlation with the time that passed after the base-
line HDCS therapy (B, p=0.03), indicating a reduction in sNfL lev-
els due to HDCS treatment. 

sNfL= serum neurofilament light chains; HDCS= high-dose corti-
costeroids 
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inflammation and neurodegeneration including NfL 
was not observed [45]. In our study, we assessed the 
treatment effect with the serum biomarker NfL and 
observed a reduction in the majority of patients 
(76%) after repeated intravenous cycles of HDCS. 
Importantly, all of our patients except for one had 
received HDCS treatments before baseline blood 
sampling, so that a reduction of sNfL might already 
have occurred before baseline blood sampling. 
Thus, the effect of HDCS therapy on sNfL levels 
might even be stronger than described here. Func-
tional improvement of neurological systems and 
MRI parameters were not addressed in our study. 

sNfL levels for HDCS therapy monitoring and 
long-term treatment effects 

sNfL levels serve as a highly sensitive marker 
for neuroaxonal injury in different conditions such 
as Alzheimer, Parkinson’s, traumatic brain injury or 
amyotrophic lateral sclerosis [1, 22, 27, 48]. Their 
concentration increases with age by an average of 
2.2% per year in healthy controls [15]. An age-de-
pendent increase in sNfL levels could also be con-
firmed in our study. Increased sNfL levels reflect re-
cent or ongoing neuroaxonal damage related to on-
going inflammatory activity in late-stage MS [7, 14]. 
A reduction in sNfL levels indicates less neuroaxonal 
loss and thus beneficial treatment effects. In pro-
gressive MS patients, a reduction in sNfL was ob-
served after treatment with DMTs as well as after 
autologous hematopoietic stem cell transplantation 
[3, 29, 33, 36, 53]. sNfL levels typically decrease 
within 3-6 months after initiation of anti-inflamma-
tory therapies in relapsing-remitting MS [32]. Similar 
sNfL dynamics were found in our study. A significant 
reduction in sNfL levels was evident for the first time 
≥20 weeks after baseline HDCS treatment, but not at 
earlier time points, and showed a positive correla-
tion with the time that passed after HDCS treat-
ment. 

Long-term immunomodulatory effects of HDCS 
have already been described in previous studies. For 
example, treatment of the first optic neuritis epi-
sode with intravenous HDCS was found to reduce 
the development of clinical MS within two years [4]. 
Brain atrophy and the development of T1 black 
holes in MS patients were reduced with prolonged 

treatment with intravenous HDCS [56]. A positive ef-
fect on the sustained progression of disability after 
HDCS treatment in progressive MS patients was also 
observed [25]. 

Mode of action of HDCS in progressive MS 

Corticosteroids are used in MS treatment due 
to their anti-inflammatory effect by inhibiting lym-
phocyte proliferation and the secretion of pro-in-
flammatory cytokines, mediated through specific 
corticoid receptors. However, the immediate and 
long-term mechanisms of steroid actions are com-
plex and involve both non-genomic and genomic 
pathways [24]. Interaction of steroids with the cellu-
lar membrane and membrane receptors is responsi-
ble for the rapid non-genomic mechanism of action, 
whereas binding of specific cytosolic receptors me-
diates delayed genomic effects [9, 24]. 

In progressive MS, the degree of inflammation 
declines with age and disease duration, but still 
drives neuroaxonal loss and thus the accrual of disa-
bility [20]. So-called smouldering lesions with slowly 
progressing demyelination and axonal damage at 
the edge of white matter lesions are a hallmark of 
progressive MS. These lesions are driven by pro-in-
flammatory microglial cells as well as by astrocytes 
with a characteristic and partially pro-inflammatory 
signature [2, 28]. Next to white matter pathology, 
lymphoid structures in meninges orchestrate inflam-
mation, demyelination, and neurodegeneration in 
underlying cortical tissue [40]. 

Steroids can restore the blood brain-barrier 
(BBB) and reduce the contrast enhancement of MS 
lesions. They downregulate the expression of adhe-
sion molecules reducing the extravasation of im-
mune cells into the CNS and improve the integrity of 
the tight junctions between endothelial cells [16, 23, 
47]. However, this effect is short-term, as new con-
trast enhancing lesions can already be observed 4 
weeks after treatment [19, 43]. In our cohort of in-
active, progressive MS patients, we found no indica-
tion of a BBB impairment, and treatment effects 
were evident 20 weeks after HDCS treatment. We 
thus assume that the reduced sNfL levels cannot be 
explained by steroid effects on the BBB, but indeed 
indicate a reduction in CNS axonal damage. 

https://doi.org/10.17879/freeneuropathology-2023-5049
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HDCS treatment reduces the level of the pro-
inflammatory cytokines IFN-γ, TNF-α and IL-12, and 
the effect on TNF-α may last up to several months 
after the therapy [12, 50]. The anti-inflammatory cy-
tokine IL-10 is also upregulated [26]. Steroid treat-
ment induces apoptosis of T and B cells [37, 49] and 
shifts the population of CD4+ T lymphocytes to the 
memory subpopulation [42]. Chronic activation of 
microglial cells and astrocytes may also be influ-
enced by HDCS: In an animal model of spinal cord 
injury, steroids could inhibit microglial activation 
and support the normal function of astrocytes [57]. 
HDCS treatment also inhibits proliferation of micro-
glia/macrophages and reduces the production of ni-
tric oxide, which is a main effector molecule of these 
cells [38, 51]. In conclusion, HDCS treatment may re-
duce inflammatory processes that characterize pro-
gressive MS pathology. 

Limitations of the study 

Although the present study is limited due to 
the small patient number, we were able to show a 
reduction in sNfL levels with long-term HDCS treat-
ment. The observational design of the study implies 
that patients were not randomized to treatment, 
and a non-treated control cohort could not be stud-
ied. The HDCS therapy was also not standardized, 
and dosage of steroids ranged from 300-2250 mg 

per day, depending on the individual clinical situa-
tion and patient preferences. However, statistical 
analyses did not show any steroid dosage effect. 

Patients included in the study did not experi-
ence any relapse activity 3 months prior to the 
study. We can thus assume that the observed reduc-
tion in sNfL was indeed associated with HDCS ther-
apy and was not a consequence of a typical sNfL re-
duction observed within the months after a relapse 
had occurred. EDSS score and clinical disease activity 
were outcome parameters in the study. Due to the 
absence of clinical symptoms, MRIs were not indi-
cated for routine hospital evaluation and thus not 
available for analysis. Hence, “silent” MRI activity 
cannot be completely excluded. Although we did not 
document steroid side effects in a standardized 
manner, no severe side effects were observed dur-
ing the observational period. 

Conclusion 

In conclusion, we have shown that treatment 
with repeated cycles of HDCS reduces the level of 
sNfL and thus suggests a reduction of ongoing neu-
roaxonal damage in a subgroup of patients with pro-
gressive MS. Although larger studies are needed to 
confirm these findings, long-term treatment with 
HDCS should be considered for the treatment of pro-
gressive MS patients. 
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