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Abstract

Background and Objectives

The aim of this study was to characterize serum neurofilament light chain (sNFL) levels in
a large cohort of patients with autoimmune neuropathies to provide every-day clinical practice
recommendations.

Methods

In this retrospective cohort study, we recruited 191 patients with immune-mediated neurop-
athies from 2 referral centers. sSNFL was measured using the Simoa NF-light kit (Quanterix),
and age-corrected and BMI-corrected z-scores (zNFL) were calculated. Clinical data were
correlated with zZNFL and adjusted for different disease subsets. A receiver operator charac-
teristic analysis was performed. Treatments and longitudinal disease course of patients with
typical chronic inflammatory demyelinating polyneuropathy (CIDP) in early disease stage were
analyzed.

Results

One hundred ten patients had typical CIDP, and 67 had atypical CIDP. Fourteen patients had
other immune neuropathies. ZNFL of all patients correlated significantly with the Inflammatory
Neuropathy Cause and Treatment Scale—overall disability sum score (r = 0.160), Medical
Research Council Scale for Muscle Strength score (r = —0.242), modified Rankin Scale score
(r=0.151), and distal tibial compound muscle action potential (r = —0.151). The correlations
remained only in the cohort of typical CIDP. zNFL >2 within the first 24 months of illness
differentiated patients with atypical and typical CIDP with a sensitivity of 93%. Patients with
early-stage typical CIDP with zNFL >2 (n = 9) presented with the most severe manifestation
and did not respond to first-line (p < 0.0001) but to second-line treatments.

Discussion

We established sNFL as a promising biomarker for assessing disease activity in patients with
typical CIDP. Elevated zNFL in early-stage typical CIDP indicate severe inflammatory-
mediated axonal damage that requires aggressive immunotherapy.

Introduction

Neurofilaments are components of the peripheral nervous system, playing a crucial role in
neuronal growth, stability, and electrical conduction. Recent research has focused on their
potential as markers of disease activity and progression for chronic inflammatory demyelinating
polyneuropathy (CIDP). This is particularly critical given the need for timely
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Glossary

CIDP = chronic inflammatory demyelinating polyneuropathy; CMAP = compound muscle action potential; DADS = distal

acquired demyelinating symmetric polyneuropathy; GBS =

Guillain-Barré syndrome; INCAT-ODSS = Inflammatory

Neuropathy Cause and Treatment Scale-overall disability sum score; INCAT-ISS = Inflammatory Neuropathy Cause and
treatment Sclae- sensory sum score; IQR = interquartile range; MADSAM = multifocal acquired demyelinating sensory and
motor neuropathy; MMN = multifocal motor neuropathy; MRC-SS = Medical Research Council Scale for Muscle Strength;
mRS = modified Rankin Scale; NCSs = nerve conduction studies; RODS = Rash-built overall disability scale; sSNFL = serum
neurofilament light chain; ZNFL = serum neurofilament light chain z-score.

immunomodulatory first-line interventions, preventing ef-
fectively the transition from a neuroinflammatory to a neu-
rodegenerative phase.1 Still, with the current treatment
options, up to 20% of patients experience first-line treatment
failure in CIDP.> Accurate assessment of axonal damage can,
therefore, aid clinicians in determining the optimal timing for
therapies and monitoring treatment response. This need for
reliable biomarkers in CIDP is emphasized in the EAN/PNS
guidelines.’ Currently, CSF protein is the only available
semiquantitative biomarker, although its specificity is limited
by comorbidities, age, and sex.t

Interest in serum neurofilament light chain (sNFL) is growing
regarding their clinical implementation.>” Existing studies have
demonstrated elevated sSNFL concentrations in patients with
CIDP*® and Guillain-Barré syndrome (GBS)'® compared with
healthy controls, a decrease with successful treatment,"’ and
a correlation with unspecific clinical scores'? and tried to analyze
their prognostic value.'>** These studies use raw sNFL values,
which are susceptible to biases depending on age (concen-
trations increase with age) and body mass index (concentrations
decrease with higher BMI), and are characterized by low sample
sizes and lack of practical recommendations. Further insights
regarding disease prognosis, correlation with disease-specific
clinical scores, and the role of sSNFL in treatment monitoring are
still lacking. The introduction of age-corrected and BMI-
corrected z-scores offers a more robust approach to sNFL
analysis.15 We aim to characterize sNFL in a large, bicentric,
cross-sectional study of autoimmune neuropathies and provide
practical recommendations for its clinical implementation.

Methods

Patients

We included 191 patients diagnosed with autoimmune neu-
ropathies between 2019 and 2024 from 2 centers of the
German Neuritis Network (Bochum n = 166, Cologne n =
3S). CIDP was diagnosed in accordance with the European
Federation of Neurological Societies/Peripheral Nerve Soci-
ety criteria.'® As an exclusion criterion, we specifically defined
other neurologic disorders in which an increase in sNFL is to
be expected. These include the following clinical conditions:
amyotrophic lateral sclerosis, MS, and neurodegenerative
diseases such as dementias and Parkinson syndrome, as well as
acute cerebral ischemia or hemorrhage. In our cohort, 3
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patients were excluded because of cerebral ischemia (n = 2)
and hemorrhage (n = 1). Data collection included socio-
demographic data (age, sex, date of first manifestation/
diagnosis), diagnosis (typical CIDP; atypical CIDP and sub-
groups: distal acquired demyelinating symmetric poly-
neuropathy (DADS), multifocal acquired demyelinating
sensory and motor neuropathy (MADSAM), and other
atypical manifestations), GBS, (para-)nodopathies, multifocal
motor neuropathy (MMN)), clinical scores, treatments, nerve
conduction studies (NCSs), and sNFL measurements.

Clinical Assessments
All patients underwent a comprehensive neurologic exami-
nation with the following scores:

o Inflammatory Neuropathy Cause and Treatment
Scale-overall disability and sensory sum score
(INCAT-ODSS/-ISS)

o  Adjusted Medical Research Council Scale for Muscle
Strength (MRC-SS) score

Grip strength (Martin Vigorimeter)

«  Rasch-built Overall Disability Scale (RODS)

«  Modified Rankin Scale (mRS)

Based on time since manifestation, the subcohorts of early CIDP
(<24 months) and late CIDP (>24 months) disease stages were
build. Standard-of-care (SOC) therapy response of patients with
typical CIDP in early disease course was evaluated at the time
point of sSNFL measurement and 1 year before/later. SOC was
defined as treatment with corticosteroids and intravenous/
subcutaneous immunoglobulins (IVIg/SClg) and SOC-
refractory patients receiving second-line (ie., azathioprine) or
escalation (ie., rituximab) treatments. Longitudinal clinical dis-
ease courses (3 annual follow-ups) of 9 severely affected patients
with typical CIDP in early disease course were displayed.

Electrophysiologic Assessment

The NCSs were conducted using a Dantec Keypoint Focus
electromyographic device (Natus Medical GmbH, Planegg,
Germany). Standard techniques were used for percutaneous
supramaximal stimulation and positioning of the surface elec-
trode with skin temperatures of at least 33°C at the palm and
30°C at the external malleolus. Bilateral NCSs were performed
on the median, ulnar, radial, tibial, fibular, and sural nerves as
described before.'” Results were translated into a comprehen-
sive electroneurography score (ENG-score, eTable 1).'®
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Blood Sampling, SNFL Measurements, and
z-Score Transformation

Peripheral blood sampling and blood processing were performed
according to a standardized protocol. Serum samples were stored
at —80°C. sNFL measurements were performed at the Center for
Protein Diagnostics, Ruhr-University Bochum, Germany, using
the commercially available Simoa NF-light kit (Quanterix)
according to the manufacturer’s instructions. sNFL z-scores
(zNFL) normalized by age and body mass index were calculated
by the Department of Clinical Research, University Hospital
Basel, Switzerland. Based on a receiver operating characteristic
(ROC) analysis and use of the Youden index, subcohorts with
high (>2) and low (<2) zNFL were built.

Ethical Approval

All procedures performed in this study were in accordance
with the ethical standard of the institutional and national
research committee as well as with the 1964 Helsinki Decla-
ration and its later amendments. The INHIBIT register was
approved by the local ethics committee (vote no. 18-6534-BR,
Ruhr-University Bochum, and vote no. 21-1079, University
Cologne, Germany) and registered in the German Register of
Clinical Studies (Deutsches Register Klinischer Studien
[DRKS], register number: DRKS00024494).

Statistics

The statistical analysis was conducted using IBM SPSS Statistics
(version 27.0.0.0). All data are presented as mean with SD.
Nominal and dichotomous variables are presented as counts and
percentages and ordinal variables as median with interquartile
ranges (IQRs). The Student ¢ test was used for comparisons of
numerical normally distributed variables, the Mann-Whitney U
test for numerical non-normally distributed values, and the y* test
for nominal variables. Multiple comparisons were performed with
post hoc Bonferroni correction. Missing values reduced n for
statistical analysis. Correlations were performed using Spearman
rank correlation for non-normally and Pearson correlation for
normally distributed variables. ROC analysis was performed to
determine specificity and sensitivity of ZNFL. Individuals with
missing values were excluded from the specific analysis. The sta-
tistically significant threshold was set at p value <0.05. If not stated
otherwise, 2-tailed p values are displayed.

Data Availability

The data that support the findings of this study are available
on request from the corresponding author. The data are not
publicly available because of information that could com-
promise the privacy of research participants.

Results

Distribution of sSNFL and zNFL in Different
Autoimmune Neuropathies and

Clinical Characteristics

A total of 191 serum samples were collected. One hundred
and seventy-seven patients (92%) were diagnosed with CIDP,
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of whom 110 suffered from typical CIDP and 67 from atypical
CIDP. DADS was the most frequent atypical manifestation
(n = 39), followed by MADSAM (n = 21) and other atypical
CIDP (n = 7). 14 patients were diagnosed with other immune
neuropathies such as MMN; GBS; vasculitic polyneuropathy;
and (para-)nodopathies with antibodies against neurofascin
155 (NF-15S), pan-neurofascin (NF-15S + NF-186), and
contactin-1. Owing to the small sample size, these neuropa-
thies were not statistically compared with CIDP but sNFL and
zNFL concentrations in patients with GBS and para-
nodopathies are higher compared with the CIDP cohort. In
general, no significant differences in zZNFL between disease
entities were observed (p = 0.326) in multiple comparison
tests. Patients with paranodopathies had the highest mean raw
sNEFL levels, followed by those with GBS, CIDP, and MMN.
The lowest raw sNFL concentrations were observed in patients
with vasculitic neuropathies (p > 0.05) (Figure 1). The CIDP
cohorts of both centers differed only in their disease duration
since initial diagnosis (Bochum: 41 + 46 months, Cologne:
67 + 58 months, p = 0.003) and the INCAT-ISS (Bochum:
7.0 + 4.0, Cologne: 5.3 + 6.8, p = 0.001). Details and n-values of
patients with CIDP are presented in Table 1; additional data of
centers and other immune neuropathies are presented in
eTables 2 and 3.

zNFL Correlate With Clinical Disease

Severity Scores

Because zZNFL were normalized for age and body mass index,
these values were used for correlations with clinical data. For
all patients, zZNFL correlated with INCAT-ODSS (r = 0.160,
p = 0.002), ENG-score (r = 0.140, p = 0.027), tibial CMAP
(r= -0.151,p= 0.039), mRS score (r = 0.151,p= 0.014), and
MRC-SS sum score (r = —0.242, p = 0.001). Patients di-
agnosed with typical CIDP showed correlations of zZNFL with
INCAT-ODSS (r = 0226, p = 0.017), MRC-SS score
(r=-0.268, p = 0.005), mRS score (r = 0.202, p = 0.041, one-
tailed), time since diagnosis (r = -0.199, p = 0.038), and
manifestation (r = —0.219, p = 0.022). In case of atypical
CIDP, no significant correlations were found. Similarly, no
correlation was found between RODS sum score and ISS with
zNFL. Main correlations are displayed in Figure 2 with ad-
ditional data available, including raw sNFL correlations, in
eTable 4.

zNFL Differ Between Typical and Atypical CIDP
Only in Early Disease Stages

Because correlations revealed a negative dynamic of zZNFL
with time only in our typical CIDP cohort, we proceeded to
investigate the background of this finding. Within 24 months
after first manifestation, patients with typical CIDP had sig-
nificantly higher zZNFL (1.6 £ 1.7, n = 27) compared with the
atypical CIDP cohort (0.4 + 1.4, n = 14, p = 0.028). As
expected based on the above-reported correlations, the zNFL
differ significantly between early and late disease stages in
typical CIDP (n = 75, p = 0.002, Figure 3). Details are pro-
vided in Table 2. INCAT-ODSS (p = 0.036), CMAP (p =
0.0399), and RODS sum score (p = 0.0012) were significantly
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Figure 1 sNFL [pg/ml] and sNFL z-Scores in CIDP Subsets and Other Autoimmune Neuropathies
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(A) sNFLin all patients 26.63 + 59.88, CIDP 24.07 + 47.16, typical CIDP 28.75 + 58.43, atypical CIDP 16.38 + 14.01, DADS 15.48 + 8.11, MADSAM 15.11 + 8.7, other
atypical CIDP 25.25 +37.24. (B) SNFLin MMN 15.34 + 19.43, GBS 52.92 + 56.18, paranodopathy 186.77 + 316.13. (C) SNFL z-score in all patients 0.72 + 1.51, CIDP
0.75 + 1.45, typical CIDP 0.76 + 1.6, atypical CIDP 0.75 + 1.17, DADS 0.73 + 1.18, MADSAM 0.7 £ 0.97. (D) sNFL z-score in MMN -0.11 £ 1.9, GBS 1.73 £ 2.51,
paranodopathy 0.37 +3.32. Sample sizes: alln=191, CIDP n =177, typical CIDP n =110, atypical CIDP n =67, DADS n =39, MADSAM n=21, MMNn=6, GBSn =
3, paranodopathy n = 3. CIDP = chronic inflammatory demyelinating polyneuropathy; DADS = distal acquired demyelinating symmetric polyneuropathy;
GBS = Guillain-Barré syndrome; MADSAM = multifocal acquired demyelinating sensory and motor neuropathy; MMN = multifocal motor neuropathy.

worse in patients with typical CIDP compared with the
atypical CIDP cohort.

We asked the question whether zZNFL could distinguish between
typical and atypical CIDP in an early disease stage and performed
a receiver operating characteristic (ROC) analysis of all patients
with CIDP within 24 months since first manifestation and tested
for typical CIDP; a positive test was considered above the
measurement threshold. A zZNFL threshold of 2.04 was identified
with 93% specificity and 37% sensitivity. The test for atypical
CIDP showed a sensitivity of 93% and a specificity of 37% for
zNFL measurements below the threshold of 2.04.

Patients With Typical CIDP With High (>2) zNFL
Show More Severe Disease Than the Atypical
CIDP Cohort

Considering the identified cutoff's ability to differentiate
typical from atypical CIDP, we proceeded to examine the
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clinical profiles of patients above and below this point. To
maintain consistency and in line with our hypothesis that
increased zNFL indicate higher clinical severity, we used the
identical cutoff for differentiation of clinical severity, rather
than using separate cutofls.

Disease was more severe for patients with high zZNFL (>2) in
the group of all patients with CIDP (high zZNFL: n = 34, low
zNFL: n = 143; INCAT-ODSS: p = 0.01; MRC-SS score p =
0.006, RODS sum score p = 0.048) and those with typical
CIDP (high zNFL: n = 24; low zNFL: n = 86, INCAT-ODSS
p = 0.016; MRC-SS score p = 0.006, RODS sum score p =
0.047), but not in the atypical CIDP cohort (high zNFL: n =
10, low zNFL: n = 57). Patients with high zNFL (>2) pre-
sented with a more severe disease but did not have worse
axonal markers in the nerve conduction studies because distal
tibial CMAP amplitudes of neither typical nor atypical CIDP
patients with high zNFL (typical: 1.99 + 0.62 mV, atypical:

| July 2025 Neurology.org/NN
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Table 1 Clinical and Paraclinical Data of Disease Groups Including sNFL and zNFL Values

Patients with CIDP
Atypical CIDP

Other Typical Other
Data All neuropathies Sum CIDP Sum DADS MADSAM atypical
n (total%) 191 (100) 14 (7) 177 (92) 110 (58) 67 (35) 39 (25) 21 (14) 7(5)
Female (group%) 49 (31) 4(29) 45 (25) 30 (27) 15(22) 7(18) 3(14) 5(71)
Male (group%) 142 (69) 10(71.4) 132 (74.6) 80 (73) 52 (78) 32(82) 18 (86) 2(28)
Age,y + SD 58 +12 51+16 58+12 59 +12 58 + 11 59+9 58 +12 50+18
Time since diagnosis, mo + 35+48 41+ 81 35+44 35+48 35+ 37 30+ 30 43 +48 37+36
SD
Time since manifestation, 80+ 67 67 +114 81+63 84 + 64 76 + 61 76 +59 83+ 69 54+ 50
mo + SD
sNFL, mean + SD 26.63 58.97 + 145.17 24.07 £ 28.75 16.38 £ 15.48 + 15.11 % 25.25+37.24

59.88 47.16 58.43 14.01 8.11 8.7
zNFL, mean + SD 0.72+1.51 0.27 £2.19 0.75+145 0.76+1.6 0.75+1.17 0.73+1.18 0.7+0.97 1.03+1.75
Tibial CMAP [mV], mean +SD 2.89+3.26 5.03+4.49 2.72+31 2.4 +3.04 322+3.14 216+234 477+ 45+4.0
3.55

INCAT-ODSS, median (IQR) 3 (2) 3(4) 3(2) 3(2) 2(2) 2(2) 3(2) 4(4)
INCAT-ISS, mean + SD 6.5+4.7 46+4.6 6.7+4.7 6.8 5.1 6.5 1 4.1 6.7+3.5 55+43 7.7+6.2
RODS sum score, mean + SD 63 + 22 70 £ 23 62 +22 56 + 21 72+ 20 81+17 62+19 58+ 14
Vigorimetry [kPa], mean +SD 65 + 32 61+41 65 + 31 58 +28 73+32 81+28 66 + 36 52 +28
MRC-SS score, mean + SD 72+10 69+ 15 72+10 70+ 10 74+ 8 76 +7 72+9 71+10
ENG-score, mean + SD 3+14 26+1.9 3.1+£13 32+1.2 3+14 3.1+1.2 26+1.7 3.1+15
mRS score, median (IQR) 2(1) 1.5(2) 2(1) 2(2) 1(1) 1(1) 2(1) 3(M)

Abbreviations: CIDP = chronic inflammatory demyelinating polyneuropathy; CMAP = compound muscle action potential; ENG-score = electroneurography
score; INCAT-ISS = Inflammatory Neuropathy Cause and Treatment Scale-sensory sum score; INCAT-ODSS = Inflammatory Neuropathy Cause and Treatment
Scale-overall disability sum score; MRC-SS = Medical Research Council Scale for Muscle Strength; mRS = modified Rankin Scale; RODS = Rasch-built Overall

Disability Scale; sNFL = serum neurofilament light chain; zZNFL = serum neurofilament light chain z-score.

2.7 £ 0.9 mV) differed from those of patients with low zZNFL
(typical: 2.51 £ 0.33 mV, atypical: 3.31 + 0.42 mV). As
expected, patients with typical CIDP with high zNFL (>2)
also experienced a significantly more severe disability com-
pared with atypical patients. This was evidenced in MRC-SS
sum score (typical: 64 + 12, atypical: 75 + S, p = 0.0067) and
RODS sum score (typical: 48 + 22, atypical: 71 + 18, p =
0.0032). Although not reaching statistical significance, the
INCAT-ODSS showed a trend toward higher disability in
patients with typical CIDP (typical: 4 (5); atypical: 2.5 (2);
p = 0.068). Details are provided in eTable S.

High zNFL Primarily Identify

Motor Dysfunction

To evaluate whether high ZNFL values are related primarily to
motor dysfunction, we divided our cohort based on ISS and
MRC-SS score. An ISS >10 was considered as strong sensory
involvement. MRC-SS score below 70 was chosen for motor
impairments. 44 patients had an ISS >10 of whom 19 had
a motor impairment. All patients with motor impairments had

Neurology.org/NN
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significantly (p = 0.0035) higher zNFL (1.29 * 1.45) com-
pared with patients with preserved motor function (0.11 +
1.03). Patients with motor impairments compared with
patients with preserved motor function had significantly
higher zNFL in typical (p = 0.0262, n = 9 vs 17, mean
ZNFL1.4S + 1.57 vs 0.19 £ 1.00) but not in the atypical CIDP
cohort (p = 0.7034, n = 7 vs 6, mean zNFL 0.30 + 1.09 vs
0.51 +0.73).

Identifying Potential Patients at Risk With High
zNFL Concentrations in Early (<24 months)
Disease Stage

Based on the findings that high ZNFL values in early disease
stages demonstrate severe disability, we analyzed patients with
a time since manifestation of maximum 24 months (all n = 49,
CIDP n = 41, typical CIDP n = 27, atypical CIDP n = 14) and
compared patients with high (>2) zNFL (all n = 14, CIDP n =
11, typical CIDP n = 10, atypical CIDP n = 1) and low (<2)
zZNFL (all n = 34, CIDP n = 30, typical CIDP n = 17, atypical
CIDP n = 13).

Volume 12, Number 4 | July 2025
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Figure 2 Correlations of zNFL in Different Disease Subsets With Clinical Parameters
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Patients with high zNFL in an early disease stage had signif-
icantly worse tibial CMAP (p < 0.001), INCAT-ODSS (p <
0.001), RODS sum score (p < 0.001), and MRC-SS score (p <
0.001). Patients with typical CIDP showed significantly worse
INCAT-ODSS (p = 0.029) and MRC-SS score (p = 0.007) in
the subgroup with high zZNFL. The small number of patients
with atypical CIDP with early disease course (n = 14) and
high zNFL (n = 1) allowed no comparisons. Details are
provided in Table 3.

Patients With Typical CIDP in Early Disease
Stage and With High zNFL Concentration

Are SOC-Refractory

To answer the question whether patients with typical CIDP
with high zNFL in early disease stage received more intensive
treatment, we analyzed SOC status as defined before and
compared patients with high (n = 10) and low (n = 17) zNFL.
Data were evaluated before zZNFL measurement, at the time
point of measurement, and 1 year later and compared with the
X test. Before zZNFL measurements, 30% of patients with high
and 12% with low zZNFL were SOC-refractory (p = 0.24). At
the time point of measurements, 80% of patients with high
and 6% with low zNFL were SOC-refractory (p < 0.0001).

Neurology: Neuroimmunology & Neuroinflammation
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One year later, 90% of patients with high and 8% of patients
with low zZNFL were SOC-refractory (p = 0.0001).

Longitudinal Course for Aggressive Typical
CIDP With High zNFL

Finally, we investigated longitudinal clinical disease
course of patients with early-stage typical CIDP with high
(>2,n =10) zNFL, to answer whether these patients show
ongoing disease activity after intensive treatment. Nine
patients with early-stage typical CIDP had minimum
longitudinal data of 2 follow-ups. One patient was ob-
served for 2 years, and S patients had follow-up data until
year 3. The baseline ODSS was 5.78 + 3.46 and improved
(ns) after one (4.11 + 1.91), 2 (3.17 £ 0.9), and 3 (2.8 +
0.75) years. The RODS sum score improved significantly
in comparison with baseline after 2 (p = 0.026) and 3 (p =
0.023) years. Patients’ improvements in MRC-SS score
were less strong (baseline: 56 + 13, 1-year follow-up: 69 +
9, p = 0.056; 2-year follow-up: 71 £ 9, p = 0.059; 3-year
follow-up: 69 + 10). Tibial CMAP did not improve
(baseline: 1.9 £ 3.2 mV, 1 year: 2.8 £ 3.3 mV, 2 years: 2.0 +
2.1 mV; 3 years: 1.8 + 1.6). Longitudinal disease courses
are displayed in Figure 4.
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Figure 3 Comparison of zNFL in Typical and Atypical CIDP
Cohorts in Early (<24 Months) and Late (>24
Months) Disease Stages Since Manifestation

**

zNFL

Our findings demonstrate that SNFL concentrations vary across
different autoimmune neuropathies, with the highest levels ob-
served in paranodopathies and GBS, which show an acute severe
manifestation with high probability to cause axonal damage.

Because this study was a cross-sectional study with diverse dis-
ease stages, the timing of SNFL measurements may have influ-
enced the results. The high deviation of SNFL and zNFL in the
group of paranodopathies might be treatment-related because 2
patients were included early after disease manifestation and had
high sNFL concentrations while one patient was included 1 year
after disease onset and was treated with rituximab. This is in line
with existing literature of treatment-related decrease of sNFL in
paranodopathies.'” The high sNFL concentration in patients
with paranodopathies represents early axonal involvement,
probably through antibody-directed cytotoxic interactions be-
cause most paranodopathies show IgG4 types, which show no

-3
complement activation.”® In case of our patients with GBS, it
-4 - ; : . . ST .
© © o o might be intriguing that these still show elevated zNFL levels
& & & & 12 months since disease manifestation. Of the 3 patients with
xS N »& & . .
R I R N GBS presented here, one patient was in an early stage of the
& & & & disease (3 months since initial diagnosis). This patient still had
x> x> > e

Typical CIDP <24 m (n=27,zNFL=1.6 + 1.7); typical CIDP >24 m (n = 83, zZNFL
0.5+ 1.5); atypical CIDP <24 m (n = 14, zZNFL = 0.4 + 1.4); atypical CIDP >24 m
(n=53,zNFL=0.9 £+ 1.1); typical CIDP >24 m vs typical CIDP <24 m (p = 0.002);
typical CIDP <24 m vs atypical CIDP <24 m (p = 0.028). CIDP = chronic in-
flammatory demyelinating polyneuropathy.

Discussion

In this study, we provide novel insights and recommendations
for using SNFL as a disease marker for CIDP.

avery high z-score of 4 and was clinically severely affected with an
ODSS of 12. The serum of the other 2 patients was collected
after 11 and 20 months since disease manifestation and already
showed a lower z-score and a concomitantly low ODSS of 3. We
suspect that this difference was due to sufficient therapy as well.
The same applies to patients with MMN. These patients even
show a negative z-score. However, their time since manifestation
and diagnosis was the longest.

Of interest, vasculitic polyneuropathies seem to have the
lowest SNFL concentrations in our cohort. In this disease,

Table 2 Clinical Data and sNFL z-Scores in Patients With Different Disease Stages

All patients All patients with CIDP Patients with typical CIDP Patients with atypical CIDP
Data Early Late Early Late Early Late Early Late
n (%) 49 (26) 142 (74) 41 (23) 136 (77) 27 (25) 83 (75) 14 (21) 53(79)
Age,y +SD 55+12 59+ 12 55+ 11 59+ 12 55+ 10 60+13 55+12 58+ 11
zNFL £ SD 112 1.8™*% 0.57+1.38"*% 12£1.7%% 06+1.4%% 1.6+ 1.7°%% 05£15%F 04+14% 0911
Time since manifestation, mo+SD 12+7 103+ 63 12+7 101 £ 57 11+7 107 £ 56 13+£7 107 £ 56
Time since diagnosis, mo + SD 7+7 45+ 51 6+6 43 + 47 6+5 44 + 52 7+7 44 + 52
Tibial CMAP [mV], mean + SD 335+3.7 273+£3.09 343+3.69 249+287 2.66+349"% 232+289 4.92+373"% 277+284%
INCAT-ODSS, median (IQR) 3(3) 3+2 3(3) 3(2) 44+ 3(2) 22 3(2)
RODS sum score, mean + SD 61+25 63+ 22 61+25 63+ 22 52 +23"* 57 + 21 78 £ 18'* 7121
MRC-SS score, mean + SD 70+£12 72+9 70+£12 72+9 68+13 71+9 75+5 74+9

Abbreviations: CIDP = chronic inflammatory demyelinating polyneuropathy; CMAP = compound muscle action potential; INCAT-ISS = Inflammatory Neu-
ropathy Cause and Treatment Scale-sensory sum score; INCAT-ODSS = Inflammatory Neuropathy Cause and Treatment Scale-overall disability sum score;
MRC-SS = Medical Research Council Scale for Muscle Strength; mRS = modified Rankin Scale; RODS = Rasch-built Overall Disability Scale; sSNFL = serum
neurofilament light chain; zNFL = serum neurofilament light chain z-score.

*p <0.05; **p <0.01; ***p <0.001, superscript numbers marking corresponding significant differences in the row. Early disease stage was defined as less than
24 mo since first manifestation. Late disease stage was defined as more than 24 mo since disease manifestation.
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Table 3 Clinical Data of Patients in the Early Disease Stage (<24 m) With and Without z-Score >2

All patients All CIDP patients Typical CIDP patients  Atypical CIDP patients
Data ZNFL >2 ZNFL <2 ZNFL >2 ZNFL <2 ZNFL >2 ZNFL <2 ZNFL>2  zNFL <2
n (%) 15 (31) 34 (69) 11 (27) 30(73) 10(37) 17 (63) 1(7) 13(93)
Age,y +SD 54+12 56+ 12 51+9 56 + 11 52+9 57+10 43 56 + 12
ZNFL + SD 3244058  0.21+1.28 3234062 039+1.22 331+058 0.53+1.19 Feb41 0.21+1.28
Time since manifestation, mo+SD 7+7 14+6 8+7 13+6 7+7 14+5 18 12+7
Time since diagnosis, mo + SD 4+5 8+7 5+5 7+6 4+4 8+6 16 7+7
Tibial CMAP [mV], mean + SD 1.6+298"* 411+376"** 155+295% 413+3.73%* 1.66+3.08 3.26+3.66 0.41 5.26 + 3.64
INCAT-ODSS, median (IQR) 7 (6)'** 2 (2)'#¥* 4 (5)%* 2 (3)%** 5.5 (6)°* 3 (4)°%* 4 2(2)
RODS sum score, mean = SD 42 £18"%*% 68+ 231 F%k 44 4 19%%F 67 +24%%% 42418 58 + 24 65 79+19
MRC-SS score, mean + SD 59 & 15"*** 74 1 71Hxk 60 + 15%%* 741 7%k 59+ 15%* 73183+ 78 756

Abbreviations: CIDP = chronic inflammatory demyelinating polyneuropathy; CMAP = compound muscle action potential; INCAT-ISS = Inflammatory Neu-
ropathy Cause and Treatment Scale-sensory sum score; INCAT-ODSS = Inflammatory Neuropathy Cause and Treatment Scale-overall disability sum score;
MRC-SS = Medical Research Council Scale for Muscle Strength; mRS = modified Rankin Scale; RODS = Rasch-built Overall Disability Scale; sSNFL = serum
neurofilament light chain; zZNFL = serum neurofilament light chain z-score.
*p < 0.05; **p < 0.01; ***p < 0.001, superscript numbers marking corresponding significant differences in the row.

Figure 4 Longitudinal Clinical Observation of Patients With Typical CIDP With zNFL >2 and Early Disease Stage (<24 m)
Individually (A and B) and Combined (C and D)
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Significant disease amelioration of RODS sum score (B and D)
after 2 years (56 £ 13; p = 0.023) and 3 years (63 £ 5; p = 0.026)
in comparison with baseline (39 + 16). n = 9. CIDP = chronic
inflammatory demyelinating polyneuropathy; INCAT-ODSS =
Inflammatory Neuropathy Cause and Treatment Scale-
-overall disability sum score; RODS = Rasch-built Overall

Disability Scale.
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function is not hampered by direct nerve inflammation, but
patency of microvascularization is crucial for axonal survival.
These findings may be a powerful tool to distinguish vasculitic
neuropathy from neuritis sensu stricto and should be addressed
in future studies. However, it must also be considered that
disease stability here had a crucial influence on the low sNFL
values, as it has been reported before.!

The CIDP cohort showed relatively high sNFL concen-
trations but below the level of GBS and paranodopathies. This
is in line with existing literature but also might be due to
a longer disease duration.”> Nevertheless, the high sNFL
concentrations represent an axonal involvement in our co-
hort, which is also represented in decreased distal tibial
CMAP. Because CIDP is a rare disease, differences between
typical and atypical manifestations were not evaluated in
literature yet.

In general, timing of sSNFL measurements varies across the
observed disease entities with higher z-scores observed in
early disease stages. In addition, stability of disease and
treatments might have influenced the results as well.

The benefit of using zNFL instead of raw sNFL concen-
trations is that these values were adjusted for age and BML
Correlations of raw sNFL values with clinical scores showed
plenty of significant relationships, but bias is crucial here be-
cause sNFL is increasing with age and decreasing with BML"
Analyzing the same correlations with zZNFL values, however,
still showed significant correlations with INCAT-ODSS and
MRC-SS score in typical CIDP, but not in atypical CIDP. It
has to be considered that these disease subtypes might differ
significantly in their respective underlying pathophysiology,
indicating to be potential different disease entities. In a pre-
vious study, we demonstrated that typical CIDP is more fre-
quently associated with axonal damage then atypical CIDP."®
In addition, Italian colleagues demonstrated a more moderate
disease course of patients with atypical CIDP.*® It may be
disconcerting that the effect of the correlations demonstrated
here is weak. In previous work, stronger correlations were
found using raw sNFL values in a smaller number of
patients.9’12 However, given that our cohort is very hetero-
geneous and we have eliminated the influence of BMI and age
using z-scores, the weakness of the correlation is not sur-
prising. Other influencing factors such as disease stability,
disease duration, and previous therapies may also have con-
tributed to the weak correlations.”* To not distort the overall
picture of the zZNFL correlations, we decided against such an
approach. zNFL did not show significant correlations to ax-
onal damage in NCS in ENG-score or to distal tibial CMAP.
When using raw sNFL, the correlation with distal tibial
CMAP was weak with r = —0.131 and 2-tailed p value of 0.51
in patients with typical CIDP (eTable 3). We believe that the
timing of the measurement might be the reason for these
results. The heterogenicity of the cohort with a long history of
disease and pretreatments might have weakened the correla-
tions. It might be necessary to recruit much more patients in
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early disease stages without treatment to demonstrate that
zNFL and sNFL correlate with decreased CMAP.

In our cohort, already at an early stage of disease, significant
differences between typical and atypical CIDP were observed,
with a severe motor affection of patients with typical CIDP. In
line with this, these patients had higher sSNFL concentrations.
Possible explanations can be found in the clinical phenotype.
Typical CIDP is characterized by symmetric, distal, and
proximal muscle weakness, affecting both large and small
muscles, whereas atypical CIDP presents with predominantly
distal (DADS) or multifocal (MADSAM) weakness. It is
plausible that typical CIDP predominantly affects larger
nerves or more nerve fascicles, which contain more neuro-
filaments, while atypical CIDP involves smaller or simply
fewer nerves. When differentiating patients with high sensory
involvement as represented by a high ISS, for motor dys-
function and for preserved motor function, it becomes evident
that increased zZNFL values are primarily attributable to motor
nerve damage, which is mostly present in patients with typical
CIDP. This is particularly highlighted by the fact that patients
with an elevated ISS and preserved motor function exhibit
a z-score comparable with that of healthy individuals. Of in-
terest, patients with atypical CIDP with motor dysfunction
had lower zNFL than patients with preserved motor func-
tionality, indicating that motor dysfunction in atypical CIDP
might be less caused by axonal degeneration but more by
demyelination.

zNFL may be a useful biomarker for differentiating between
these subtypes. A zZNFL threshold of 2 yielded a specificity of
93% for typical CIDP, but a sensitivity of only 37%. Con-
versely, a zZNFL value less than 2 demonstrated high sensitivity
(93%) but low specificity (37%) for atypical CIDP, suggesting
that zZNFL <2 can reliably confirm atypical CIDP when
atypical CIDP is suspected. In addition, patients with typical
CIDP with zNFL >2 in the early disease stage exhibited the
most severe disease course, identifying them as patients
at risk.

A negative correlation was observed between zNFL and time
since initial diagnosis and manifestation in typical CIDP,
suggesting that elevated zZNFL may primarily occur during
early disease stages that are characterized by high in-
flammatory activity and subsequent axonal damage. Other-
wise, decreasing zNFL could be contributed to therapy
response as discussed before.

Longitudinal observation of 9 of 10 patients with typical
CIDP with zNFL >2 and early disease onset revealed a sig-
nificant increase in the RODS score over time. Although no
significant changes were observed in the ODSS and MRC-SS
score, a trend toward improvement was noted. We hypothe-
size that these trends reflect the positive impact of treatment
because analysis of SOC response showed that these patients
received significantly more often second-line and escalation
treatments in comparison with patients with typical CIDP
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with low zNFL. A “hit hard and early” treatment regime

should be discussed for patients with zZNFL >2 because our

data and existing literature are showing better outcomes for
. L2526

aggressively early-treated patients.

Of interest, patients with zNFL >2 at early disease course
already had decreased tibial CMAP and showed neither
improvements nor deterioration in NCSs over time, maybe
due to successful stabilization of the disease. Contrary to the
prevailing view that axonal degeneration occurs primarily in
the later stages of typical CIDP, our findings indicate that
significant axonal damage is present early in the disease
course. This underlines the value of zZNFL as an early marker
of severity, which demands for consequent treatment. Espe-
cially at time of disease onset, zZNFL might be of high value to
determine whether patients are in need of aggressive treat-
ment. While clinical examination provides insights into the
patient’s disease severity, zZNFL can further objectify the
pathophysiologic disease activity and offer clinicians crucial
assistance in making treatment decisions at the time of initial
diagnosis.

In summary, our data demonstrate that zZNFL are elevated in
typical CIDP compared with atypical CIDP in early disease
stages, can effectively differentiate between these subtypes,
reflect disease activity, and identify patients with most severe
disease stages, where aggressive treatment can improve the
clinical course. Therefore, we postulate the following clinical
practice recommendations:

1. sNFL should be measured at time of diagnosis and
expressed as z-score (zNFL).

2. zNFL can help differentiate between typical and atypical
CIDP at time of diagnosis (threshold of 2).

3. zNFL >2 in typical CIDP can identify “patients at risk”
with high disease activity.

4. Early aggressive treatment of patients with typical CIDP
with zZNFL measurements >2 at time of diagnosis should
be considered.

Our study also has some limitations: zZNFL measurements
from different time points are not included, hindering
a comprehensive assessment of longitudinal disease pro-
gression. The small sample size of especially patients with
atypical CIDP with zZNFL >2 and early disease onset limits the
reproducibility of our findings in this specific subgroup. Fur-
thermore, our analysis does not take into account patient
stability and therapy, both of which can influence zNFL.
Longitudinal sSNFL measurements with additional correction
for age in multivariant models over a prolonged period might
be necessary to elucidate this impact.
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