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Abstract

Background and Purpose: To investigate the diagnostic and prognostic value of axonal
injury biomarkers in patients with inflammatory polyneuropathies.

Methods: Neurofilament light chain (NfL) and total tau (T-tau) were measured in the
cerebrospinal fluid (CSF) and plasma in 41 patients with Guillain-Barré syndrome (GBS),
32 patients with chronic inflammatory demyelinating polyneuropathy (CIDP), 10 with
paraproteinemia-related demyelinating polyneuropathy (PDN), and 8 with multifocal
motor neuropathy (MMN), in comparison with 39 disease-free controls and 59 other con-
trols. Outcome was measured with the GBS-disability score (GBS-ds) or Inflammatory
Neuropathy Cause and Treatment (INCAT) disability score.

Results: Neurofilament light chain levels in CSF and plasma were higher in GBS, CIDP,
and PDN vs. disease-free controls. Patients with MMN had higher NfL levels in plasma vs.
disease-free controls, but lower levels in CSF and plasma vs. patients with amyotrophic
lateral sclerosis (ALS).

T-tau levels in plasma were higher in GBS, CIDP, PDN, and MMN vs. all control groups.
Neurofilament light chain levels in CSF and plasma in patients with GBS correlated with
GBS-ds, as higher levels were associated with inability to run after 6 and 12 months. NfL
levels in CSF and plasma in CIDP did not correlate significantly with outcome.
Conclusions: Acute and chronic inflammatory neuropathies are associated with an in-
crease in levels of NfL in CSF and plasma, but NfL is validated as a prognostic biomarker
only in GBS. NfL could be used in differentiating patients with MMN from ALS. T-tau in
plasma is a novel biomarker that could be used in a diagnostic assessment of patients with

acute and chronic inflammatory polyneuropathies.
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INTRODUCTION

Inflammatory polyneuropathies are usually divided into acute and
chronic forms, but their presentation can be highly variable and, in
some cases, difficult to differentiate from other non-inflammatory
neuropathies. Predicting disease course, prognosis, and response
to immunomodulatory treatment is challenging due to the lack of
reliable prognostic biomarkers [1-3]. Neurofilaments are the most
abundant cytoskeletal component of mature neurons providing
structural support, but they also control important cellular pro-
cesses, such as axon conduction, distribution of organelles, and re-
ceptor recycling at the synapse [4]. Neurofilament light chain (NfL)
is of particular interest, and it is considered to be a marker of axo-
nal damage in a variety of different neurological disorders, includ-
ing traumatic, inflammatory, and neurodegenerative diseases [5].
The first study on neurofilaments and inflammatory polyneuropa-
thy dates back to 2006 showing high levels of neurofilament heavy
chain (NfH) in cerebrospinal fluid (CSF) predicting worse motor and
functional outcome in patients with Guillain-Barré syndrome (GBS)
[6]. Interest into examining the role of NfL in acute and chronic in-
flammatory polyneuropathies has grown rapidly in the past 2years
[7-10]. However, there is only one published study investigating NfL
and comparing its levels in CSF in acute vs. chronic inflammatory
polyneuropathies, though with a relatively low number of patients
and without examining specificity by attempting comparison with
other diseases [11].

Total tau (T-tau) is a microtubule-associated protein and has
an important role in stabilizing neuronal microtubules and affects
axonal transport [12]. Tau aggregation is a characteristic of sev-
eral neurodegenerative diseases such as Alzheimer's disease and
progressive supranuclear palsy [13, 14]. Besides NfL, T-tau is one
of the most established biomarkers of axonal injury in the cen-
tral nervous system (CNS) [15, 16]. Tau in blood has also come
to attention in recent years with studies showing high levels of
T-tau in serum in patients with traumatic brain injury (TBI) and hy-
poxic brain injury after cardiac arrest [17, 18]. Studies in patients
with GBS regarding tau levels in CSF have shown inconsistent re-
sults [19-21], whereas tau has never been properly investigated
in chronic inflammatory demyelinating polyneuropathy (CIDP).
However, there is one study using not age-matched patients with
CIDP as a control to amyotrophic lateral sclerosis (ALS) showing
higher levels of T-tau in CSF in the ALS cohort [22]. This differ-
ence did not reach the level of statistical significance after adjust-
ing for age. The relationship to healthy individuals has also not
been investigated.

In this observational, single-centre, retrospective study we in-
vestigated the usefulness of NfL and T-tau in CSF and plasma in the
differential diagnosis and prognostic evaluation of acute (GBS) and
chronic inflammatory polyneuropathies, namely CIDP, paraproteine-
mic demyelinating neuropathy (PDN), and multifocal motor neurop-
athy (MMN).

METHODS

Patients

The patient group consisted of adult patients with acute- (GBS) and
chronic inflammatory polyneuropathies (CIP) (i.e., CIDP, PDN, and
MMN). The control group consisted of healthy controls (HC), patients
with headache (HA), non-inflammatory polyneuropathies (NIP), and
ALS. All patients and controls, apart from the HC, had been recruited
at the Department of Neurology at Karolinska University Hospital
in Stockholm, Sweden between 2003 and 2017. The HC consisted
of healthy volunteers recruited by the Department of Neurology
at University Hospital of Umed, Sweden. The HA group consisted
of patients with sudden-onset headache who had undergone diag-
nostic lumbar puncture (LP) to rule out subarachnoid haemorrhage
and had no pathology in blood, CSF, brain imaging, and at follow-up.
The HA patients were considered as a second cohort of healthy con-
trols, and together with the HC collectively constituted the disease-
free controls. Non-inflammatory polyneuropathy (NIP) consisted of
chronic idiopathic axonal polyneuropathies, hereditary demyelinat-
ing and axonal neuropathies, and diabetic axonal neuropathies.

The diagnosis of GBS was based on the Asbury Criteria from
1990, whereas the CIDP, PDN, and MMN diagnoses were based
on the EFNS criteria from 2010 [23-26]. The diagnosis of ALS was
based on well-recognized international criteria [27].

Clinical data were retrieved from the medical chart e-health
system TakeCare and the national quality register Swedish Neuro
Registries.

Demographics for all groups and time between symptom onset
and evaluation as well as treatment data for inflammatory polyneu-
ropathies are presented in Table 1. In the case of the controls, CSF/
blood sampling was done at the time of diagnostic assessment. All
patients with inflammatory neuropathy had undergone a clinical as-
sessment including a disease-specific clinical disability scale, blood
tests, LP, and electrophysiology testing. In the case of GBS and CIP,
the CSF/blood sampling was in most cases done at time of diagnostic
assessment, that is, in the acute progressive phase of disease prior to
initiation of immunomodulatory treatment (pre-treatment samples).
However, some patients with GBS and CIP underwent their first CSF
and blood sampling after treatment (post-treatment samples) as pre-
sented in Table 1. The pre- and post-treatment samples were paired
in a few cases (4 patients with GBS, 2 patients with CIDP). Paired
post-treatment samples were obtained from those patients who had
undergone a new LP if there was any diagnostic uncertainty such
as the lack of elevated protein in CSF in patients with GBS or to re-
evaluate the levels of protein in CSF in patients with CIDP before
changing treatment.

Electrophysiological examination was performed on all patients
with inflammatory polyneuropathies included in this study. Duration
of time between onset to CSF/blood sampling time point and onset

to electrophysiology examination are presented in Table 1.
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Electrophysiological examination of the 41 patients with GBS
revealed 17 cases of acute inflammatory demyelinating polyneurop-
athy, 6 acute motor axonal neuropathy, 2 acute motor and sensory
axonal neuropathy, and 12 equivocal cases. Furthermore, 2 of the 41
patients with GBS were classified as Miller Fisher syndrome (MFS), 2
as overlap MFS/GBS, and 2 as subacute inflammatory demyelinating
polyneuropathy.

Within the CIDP group, 5 of the 32 patients had a variant presen-
tation consistent with multifocal acquired demyelinating sensory and
motor neuropathy (Lewis-Sumner syndrome), 2 with distal acquired
demyelinating symmetric neuropathy (though without a paraprotein
or MAG antibodies), 1 motor-dominant CIDP, and 1 with acute-onset
CIDP. The remainder of the 23 patients had a typical CIDP.

Blood/CSF findings and comorbid conditions in patients and

controls are presented in Table 2. All patients with GBS and CIP were

tested for paraprotein. All 8 patients with MMN were tested for gan-
glioside antibodies (ab) (Table 2).

Sixteen of the 32 patients with CIDP had undergone a neurora-
diology examination of the brain and the spinal cord ruling out any
pathology that could explain an increase of NfL and T-tau in the CSF.

Clinical assessment

Patients with GBS had been assessed with the GBS-disability scale
(GBS-ds) [28, 29] on the day of admission to hospital, at nadir, 3 months
(+1 week), 6 months (+2weeks), and 12months (+4weeks) later.
Patients with CIP were assessed with the Inflammatory Neuropathy
Cause and Treatment (INCAT) scale [30] at the abovementioned

time points at admission to 12months, and additionally at 18 months

TABLE 2 Blood and cerebrospinal fluid findings and comorbid conditions in patients with inflammatory neuropathies and controls

GBS CIDP PDN MMN HC HA NIP ALS
Parameter GBSa GBSb CIDPa CIDPb
CSF cells (x10%/L)

Mean (median)  3.8(2) 4.5(2.5) 3.4(2.5) 3.4(2.5) 2.3(2.4) 1.6(14) 17(23) 19(2 19(2) 2.2(1.3)
Range 0-23 0-22 0-22 1-9.3 0.6-4 1.1-3 0-2.5 0-4 0-51  0-20
Q-albumin (CSF/plasma)

Mean (median)  19.9 (15.8) 21.6(14.7) 11.2(10.2) 18.2(13.6) 12.1(12) 4.8(3.8) 4.7(4.3) 5.2(5) 69(7) 6.3(6.2)
Range 5-50.2 3.5-62.4 3.2-21.2 2.6-59.8 5.6-19.8  2-9.2 29-7.6  2.2-85 1.1-15 2-11.9
OCBinCSF,N (%) 0(0) 0(0) 0(0) 1(8) 1(10) 0(0) 0(0) 0(0) 1(5) 1(3)
Paraprotein, N (%) 0 (0) 0(0) 9 (47) 3(23)1 10(100)2 0 NA NA NA NA
MAG-antibodies?, NA NA 0(0) 0(0) 9 (90) 0(0) NA NA NA NA

N (%)
Ganglioside 2 of 10° NA 10f8%(13) 30f5°(60) 3o0f4° 30f 8’ NA NA NA NA
antibodies (20) (75) (38)

in patients

tested, N (%)
Previous 13 (54) 7 (41) NA NA NA NA NA NA NA NA
infectionsg,

N (%)
Comorbid

diseases:

Autoimmune, 2° 0 0 0 0 0 0 0 0 0

infectious

Diabetes (type 4 3 0 0 0 1 0 2 5 1

2)

Other diseases 13 8 20 11 8 4 1 8 11 20

10

Note: *IgG or IgA; 2IgM; ®IgG-GQ1b ab; *IgM-GM1, IgM-GD1b ab; °IgM-GM1, IgM-GM2, IgM-GD1b, IgM-GQ1b ab; °IgM-GM1, IgM-GM2, IgM-
GD1a, IgM-GD1b, IgM-GQ1b ab; “1gM anti-GM1; within 6 weeks prior to onset; *psoriasis and hepatitis C; °cardiovascular (hypertension, atrial
fibrillation, arrhythmia, hyperlipidemia); airway (chronic obstructive pulmonary disease [COPD], asthma); endocrine (hypothyroidism); orthopaedic
(arthrosis); neurological (migraine, restless legs syndrome, essential tremor); others (rosacea, osteoporosis, anemia, nephrolithiasis).

Abbreviations: a, pre-treatment; ALS, amyotrophic lateral sclerosis; b, post-treatment; CIDP, chronic inflammatory demyelinating polyneuropathy;
CSF, cerebrospinal fluid; GBS, Guillain-Barré syndrome; HA, headaches; HC, healthy controls; MMN, multifocal motor neuropathy; NA, not
applicable; NIP, non-inflammatory polyneuropathy; OCB, oligoclonal bands; PDN, paraproteinaemic demyelinating neuropathy; Q-albumin, ratio of
albumin in CSF (mg/L)/plasma (g/L) x 1072 (reference range: 15-29years <6.0 x 107%; 30-49 years <7.0 x 1073, 250years <9.0 x 107%).
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(x4 weeks), 24 months (+4weeks), 5years (+2 months), and 8-10years
post-onset (the latter group combined). The scoring was done retro-
spectively by IK using data from medical charts and Swedish Neuro

Registries when scoring was unavailable in the medical charts.

Biomaterial

Paired CSF and EDTA plasma from all patient groups was col-
lected during routine clinical workup and saved at the biobank at
the Department of Neurology, Karolinska University Hospital,
Stockholm, Sweden between 2003 and 2017. CSF and plasma were
centrifuged at 20009 for 10 min and 400 pl of each was initially ali-
quoted into glass tubes and stored at -80°C. Before shipping, all
samples were thawed and aliquoted into polypropylene tubes and
sent to Neurochemistry Laboratory in Mdélndal, Sweden in 2018
where NfL and T-tau analysis were performed.

Analysis of NfL and T-tau levels in CSF and plasma

In CSF, T-tau was measured using the Lumipulse technology
(Fujirebio), while NfL was measured using an in-house enzyme-
linked immunosorbent assay (ELISA) method [31]. NfL and T-tau
measurements in plasma were performed using the NF-Light and
Tau 2.0 kits on a Simoa HD-X Analyzer (Quanterix) according to the
manufacturer's instructions.

Statistics

Statistical analyses were done using GraphPad Prism 8.0 (GraphPad
Software). A logarithmic (log) transformation was used due to a non-
Gaussian distribution of data. Whenever distribution was normal,
parametric tests were used to compare groups (t-test if two groups
or one-way ANOVA if three or more groups). However, if the dis-
tribution was non-Gaussian after log transformation, nonparametric
tests were used (i.e., Mann-Whitney U test if two groups or Kruskal-
Wallis if three or more groups). Multiple comparisons were corrected
for with Holm-Sidak or Dunn's test.

Correlation between different variables was tested with Pearson
correlation or Spearman’s coefficient depending on distribution of
data. A simple logistic regression model was used to investigate the
association between NfL levels and clinical outcome at different
time points, and multiple regression models (logistic and linear) were
used to investigate the association between NfL, age, and clinical
outcome. In multiple regression models, CSF and plasma levels of
NfL were evaluated both as continuous and binary variables. NfL as
a binary variable was stratified as low or high based on median pre-
treatment GBS, CIDP, PDN, or MMN group, respectively. NfL levels
above the group median were considered as a cut-off for high NfL. A
further subanalysis was performed where NfL was stratified as low
or high based on the 90th percentile HC+HA group.

This study was approved by Stockholm Ethical Review Board
(EPN 2017/952-31/1 and 2018/832-32). The healthy controls were
recruited by an approved study with the ethical permission number
EPN 2011-39-31 M. For this retrospective analysis of existing data,
the need for written informed consent was waived.

RESULTS

All control groups were age-matched with patients with inflamma-
tory neuropathies (Table 1). NfL and T-tau values in the patients with
inflammatory neuropathies pertain to the combined pre- and post-
treatment samples, unless mentioned specifically as only pre- or
post-treatment values. The disease-free control group was defined

as the combined group of HC+HA.

CSF NfL in inflammatory polyneuropathies
versus controls

The median NfL levels in patients and controls are shown in Figure 1a.

Median NfL levels were higher in patients with GBS com-
pared to other inflammatory neuropathies, HC + HA, and NIP, but
lower compared to ALS. When comparing only pre-treatment NfL
levels, patients with GBS had higher levels vs. those with CIDP
(Figure 1c).

Neurofilament light chain levels in patients with CIDP were
higher compared to MMN, HC + HA, and NIP, but lower compared to
patients with ALS. NfL levels in patients with PDN were higher than
HC+HA, but lower than ALS. There was no difference between pa-
tients with MMN and HC+HA, but NfL levels were lower than in
patients with ALS (Figure 1b).

Plasma NfL in inflammatory polyneuropathies
vs. controls

The median NfL levels in patients and controls are shown in Figure 2a.

Median NfL levels in patients with GBS were higher compared to
CIDP,HC+HA, and NIP. Patients with GBS had higher pre-treatment
NfL levels than those with CIDP (Figure 2c).

Neurofilament light chain levels in patients with CIDP, PDN, and
MMN were higher compared to HC + HA, but lower than ALS. In ad-
dition, NfL levels were higher in CIDP and PDN compared to NIP
(Figure 2b).

CSF and plasma T-tau in inflammatory
polyneuropathies vs. controls

Median T-tau levels in patients and controls are shown in Figures 3a
and 4a. The median T-tau levels in CSF were higher in patients with
CIDP compared to HC+ HA.
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FIGURE 1 Neurofilament light chain (NfL) in the cerebrospinal fluid (CSF) in patients with inflammatory polyneuropathies and controls. (a)
Absolute concentration of NfL in CSF. (b) Log transformed NfL values in Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating
polyneuropathy (CIDP), paraproteinaemic demyelinating neuropathy (PDN), and multifocal motor neuropathy (MMN) vs. controls. (c) Log
transformed NfL values in GBS and CIDP patients prior to and following immunomodulatory treatment. ALS, amyotrophic lateral sclerosis;
CIDP, chronic inflammatory demyelinating polyneuropathy; GBS, Guillain-Barré syndrome; HA, headaches; HC, healthy controls; MMN,
multifocal motor neuropathy; NIP, non-inflammatory polyneuropathy; PDN, paraproteinaemic demyelinating neuropathy. a, pre-treatment;
b, post-treatment; horizontal lines represent median values. ns, not significant; *p<0.05, **p<0.01, ***p<0.001, ****p <0.0001
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FIGURE 2 Neurofilament light chain (NfL) in plasma in patients with inflammatory polyneuropathies and controls. (a) Absolute
concentration of NfL in plasma. (b) Log transformed NfL values in GBS, Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating
polyneuropathy (CIDP), paraproteinaemic demyelinating neuropathy (PDN), and multifocal motor neuropathy (MMN) vs. controls. (c) Log
transformed NfL values in GBS and CIDP patients prior to and following immunomodulatory treatment. ALS, amyotrophic lateral sclerosis;
CIDP, chronic inflammatory demyelinating polyneuropathy; GBS, Guillain-Barré syndrome; HA, headaches; HC, healthy controls; MMN,
multifocal motor neuropathy; NIP, non-inflammatory polyneuropathy; PDN, paraproteinaemic demyelinating neuropathy. a, pre-treatment;
b, post-treatment; horizontal lines represent median values; ns, not significant. *p <0.05, **p<0.01, ***p<0.001, ****p <0.0001

The median t-tau levels in plasma were higher in all subgroups
of patients with inflammatory neuropathy compared to all controls
(Figure 4a,b).

Pre- and post-treatment biomarker levels in non-
paired samples

Post-treatment NfL and T-tau levels in CSF and plasma did not
differ from pre-treatment levels in patients with GBS and CIDP
(Figures 1c-4c).

NfL and T-tau levels in CSF vs. plasma and relationship
to level of the blood-nerve barrier damage

There was a correlation between the levels of NfL in CSF and plasma
in the combined groups of patients and controls (Spearman’s r = 0.8,
p<0.0001),as well asinall groups (except for PDN and MMN) separately
(GBS Spearman’s r = 0.7, p<0.0001; CIDP r = 0.7, p<0.0001; HC+HA
r=0.6,p<0.0001; NIPr=0.6,p =0.003; ALSr=0.7, p<0.0001).
Correlation between NfL in CSF and albumin quotient (CSF/
plasma quotient of albumin, Q.alb) was seen in patients with
GBS (r = 0.6, p<0.001), but not CIDP, PDN, MMN, or HC+HA.
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Correlation between NfL in plasma and Q.alb was seen in patients
with GBS (r = 0.5, p<0.003) and CIDP (r = 0.5, p<0.004), but not
PDN, MMN, and HC+HA.

There was no correlation between T-tau in CSF and plasma. Nor
did T-tau in CSF or plasma correlate with Q.alb in any of the patient
groups (Table S1).

NfL and T-tau levels vs. clinical and
electrophysiological outcome measures

In patients with GBS, NfL levels in CSF correlated with GBS-ds at all
time points, that is, the time of diagnostic LP and all time points of fol-
low-up, but in plasma only with the time points of follow-up (Table 3).

In patients with CIDP, NfL levels in CSF correlated with INCAT at
3 and 18 months, and 8-10years, but in plasma only with INCAT at
18 months. There was no correlation between NfL levels and INCAT
in patients with PDN. Due to the predominant upper limb involve-
ment in MMN, we did a subanalysis of correlation of the INCAT-
arm score (0-5 points) with NfL and found that higher NfL levels
in plasma correlated with a higher level of hand impairment in pa-
tients with MMN at the time of diagnostic investigation (Spearman’s
r=0.81, p =0.01) (Table 3).

No relationship measured with the correlation coefficient was
found between clinical outcome and pre-treatment T-tau levels in CSF
and plasma in any of the subgroups of inflammatory polyneuropathy.

Low compound muscle action potential (CMAP) values in the tib-
ial nerve correlated with high NfL levels in CSF (Spearman’s r = -0.5,
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0.01

p value summary

p value

0.39
ns

0.01

0.09
ns

p value summary

p value

0.03 0.04

0.03
p <0.0001.

.

0.16
ns
p <0.001,

P

o

p <0.05, p<0.01,

Abbreviations: O m, the time of diagnostic lumbar puncture; 3 m, 3 months after symptom onset; 6 m, 6 months after symptom onset, etc.; CIDP, chronic inflammatory demyelinating polyneuropathy; CSF,

cerebrospinal fluid; GBS, Guillain-Barré syndrome; GBSds, GBS disability scale; INCAT, Inflammatory Neuropathy Cause and Treatment disability score; m, months; MMN, multifocal motor neuropathy; ns,

not significant; r, Spearman''s correlation coefficient; vy, year.

p value
p value summary

*

p =0.03), high NfL in plasma (r = -0.5, p = 0.02), and high T-tau levels
in CSF (r = -0.6, p = 0.003) in patients with GBS, but not those with
CIDP (Table S1).

NfL as predictors of outcome

To further investigate the prognostic value of NfL and the associa-
tion between NfL levels and outcome, we performed regression
analyses (linear and logistic). Within the logistic model we divided
outcome into two groups (i.e., favourable vs. unfavourable out-
come). Favourable outcome in patients with GBS was defined as
ability to run, corresponding to GBS-ds 0-1 points (0 = healthy,
1 = minor symptoms and capable of running), and unfavourable out-
come as inability to run (i.e., GBS-ds of 2 or more points). Patients
with MFS were excluded in regression analyses.

Favourable outcome in patients with CIDP was defined as a max-
imum of 2 out of 10 points on the INCAT scale, and unfavourable
outcome as 3 or more points.

When pre-treatment NfL was analysed as a binary variable and
median values of the respective group were taken as the cut-off for

high NfL, the following results were found.

GBS

In CSF and plasma, NfL levels higher than group median were as-
sociated with the inability to run after 3, 6, and 12months (Table 4,
data for 3 months not shown in the table). When taking age into con-
sideration, the multiple logistic model showed the same result for
outcome at 6 and 12months. A similar association was found when
analysing NfL in CSF and outcome as continuous variables, and NfL

as continuous and outcome as binary variable (data not shown).

CIDP, PDN, and MMN

In patients with CIDP, the simple logistic model showed that pre-
treatment NfL levels higher than group median at 6 (CSF), 12 (CSF),
18 (CSF and plasma), and 24 months (CSF and plasma) were associated
with an unfavourable outcome. However, the multiple logistic model
including age did not show any statistically significant results (Table 4).

Logistic regression was not performed in patients with PDN and

MMN due to small sample size.

NfL and T-tau pre-treatment levels in differentiating
inflammatory neuropathies from each other and
from non-inflammatory neuromuscular disorders

Patient groups were compared using the receiver-operating char-
acteristic (ROC) analysis measuring the area under the curve
(AUC). Median T-tau levels in plasma were significantly higher in all
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(Continued)

TABLE 4

PLASMA

PLASMA

p value summary

Cl 95% p value

OR

Variable

p value summary Outcome®

Cl95% p value

OR

Variable

Outcome®

1.07 0.98-1.19 0.19 ns
0.97
1.15
1.13

1.01
1

Age

12months

2.9 0.4-21.7 0.26 ns

NfL*

12months

ns

0.98
0.

0.07-11.64
0.99-1.52

NfL

Age

ns

13

18 months

NfL4 18.7 2.1-439.3 0.02

18 months

ns

0.07
0.89

1.02-1.38
0.91-1.11

NfL

Age

ns

24 months

0.02

NfL* 16.7 1.8-397.4

24 months

06 ns

0.

1.15-540.2

51

NfL

Note: 'Binary outcome favourable vs. unfavourable (unfavourable outcome = inability to run, GBSds 2 points or higher); 2binary variable low vs. high (based on median GBS cohort CSF NfL or plasma NfL);

3binary outcome favourable vs. unfavourable (unfavourable = INCAT 3 points or higher); 4binary variable low vs. high (based on median CIDP cohort CSF NfL or plasma NfL); age in years as a continuous

variable.

Abbreviations: Cl 95%, 95% confidence interval; CIDP, chronic inflammatory demyelinating polyneuropathy; CSF, cerebrospinal fluid; GBS, Guillain-Barré syndrome; GBSds, GBS disability scale; INCAT,

Inflammatory Neuropathy Cause and Treatment disability score; NfL, neurofilamaent light chain; ns, not significant; OR, odds ratio.

-

*x . *

p <0.05, p<0.01,

.

p <0.0001.

p <0.001,

inflammatory neuropathy subgroups vs. all controls. Median NfL lev-
els in plasma and CSF were lower in patients with MMN vs. ALS (see
Table S2 for more details, AUC values, 95% confidence intervals and
p values).

DISCUSSION

In this study, we investigated NfL and T-tau in both CSF and plasma
in patients with GBS and different subtypes of chronic inflamma-
tory neuropathies in comparison with controls, to evaluate the roll of
these axonal injury biomarkers as diagnostic and prognostic markers.

We confirmed the finding of high NfL levels in CSF and plasma in
the acute phase of GBS and CIDP, and also the usefulness of NfL in
both CSF and plasma as a prognostic biomarker in GBS, including the
correlation between NfL values and electrophysiological findings in
the acute phase of GBS. However, we found no robust prognostic
capability of NfL in CIDP, since NfL did not correlate with outcome
in patients with CIDP when age was taken into account. This may be
due to the heterogeneity with regards to long-term immunomodu-
latory treatments in the CIDP cohort. Nor did NfL levels correlate
with outcome in PDN and MMN, mainly due to assessment using
the INCAT scale, which is not optimal for these neuropathies. Of in-
terest though is the correlation between pre-treatment NfL levels in
plasma and the INCAT-arm score at the time of sampling in patients
with MMN, indicating a greater extent of nerve damage in patients
with higher plasma NfL. The lack of correlation between NfL levels
in plasma and the INCAT-arm score at later time points could suggest
reversible nerve damage in treated patients with MMN.

The source of NfL released into the CSF in patients with GBS and
CIDP is likely damaged proximal nerve roots which are surrounded
by CSF in the subarachnoid space of the spinal cord. The lack of cor-
relation between NfL (in CSF and plasma) with Q.alb in the patients
with PDN and MMN suggests that high plasma NfL levels in these
patients has its origin in the peripheral (PNS) and not the central
nervous system (CNS).

We also found higher T-tau levels mainly in plasma in patients
with inflammatory polyneuropathies. Of importance is the fact that
tau is not present only in the CNS, but also in the PNS [32-34]. T-
tau is considered to be a marker of a neuronal cell body damage
whereas NfL is a marker of axonal damage [35, 36]. Our observation
of increased T-tau levels in plasma but not CSF in patients with GBS,
PDN, and MMN and lack of correlation between CSF and plasma
T-tau and Q.alb, suggests that T-tau in plasma originates from dam-
aged distal segments of peripheral nerves in inflammatory polyneu-
ropathies. This may also be the case in CIDP whose T-tau levels in
plasma are increased, but a more proximal source might specifically
be involved in CIDP, since T-tau levels are increased even in CSF in
these patients. Whether the source of T-tau in CSF in CIDP are the
lower motor neuron cell bodies, dorsal root ganglia, or maybe sub-
clinically the CNS, remains unclear.

With regard to post-treatment NfL and T-tau levels, the long half-
life of NfL in CSF (2-3 months) [37] and the short half-life of T-tau
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in CSF (3weeks) [38] may explain the continuation of high NfL levels
in CSF but a decrease in T-tau in post-treatment samples obtained
within a relatively short time from pre-treatment samples.

Limitations of our study include its retrospective design, lack of a
larger proportion of paired samples before and after the treatment,
low number of patients with PDN and MMN, lack of clinical assess-
ment with other disability scales (such as I-RODS) or by measuring
grip strength (especially in patients with MMN), lack of data on anti-
bodies against nodal/paranodal epitopes (e.g., anti-neurofascin 155),
and heterogeneity of patients with NIP.

In conclusion, our systematic retrospective study verifies an
increase in NfL levels in not only CSF but also in plasma in the
acute phase of GBS and CIDP, and also provides evidence for a
prognostic value of NfL in CSF and plasma in the evaluation of
both short- and long-term outcome of patients with GBS, but not
in CIDP. Furthermore, we show high NfL levels in plasma in MMN
and its use in the short-term evaluation of upper extremity func-
tion. We also demonstrate that NfL in CSF and plasma can be used
as a biomarker to differentiate MMN from ALS, which could be
useful in rare cases when late-stage MMN cannot be electrophysi-
ologically differentiated from progressive spinal muscular atrophy.
In addition, we provide a novel finding suggesting a diagnostic
value of T-tau in plasma, an easily accessible blood biomarker, in
differentiating inflammatory neuropathies from non-inflammatory
neuromuscular disorders. Finally, our results suggest that elevated
NfL and T-tau levels in CSF and plasma are released from damaged
peripheral nerves and nerve roots, though we cannot rule out a
subclinical CNS origin.

The predictive value of NfL and T-tau for outcome as well as their
possible capability to determine the short-term efficacy of immuno-
modulatory treatments in inflammatory neuropathies needs to be

verified in prospective controlled studies.
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