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Abstract
Background and purpose: This study was undertaken to explore associations between 
plasma neurofilament light chain (pNfL) concentration (pg/ml) and disease activity in pa-
tients with chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) and ex-
amine the usefulness of pNfL concentrations in determining disease remission.
Methods: We examined pNfL concentrations in treatment- naïve CIDP patients (n = 10) 
before and after intravenous immunoglobulin (IVIg) induction treatment, in pNfL concen-
trations in patients on maintenance IVIg treatment who had stable (n = 15) versus unstable 
disease (n = 9), and in clinically stable IVIg- treated patients (n = 10) in whom we suspended 
IVIg to determine disease activity and ongoing need for maintenance IVIg. pNfL concen-
trations in an age- matched healthy control group were measured for comparison.
Results: Among treatment- naïve patients, pNfL concentration was higher in patients be-
fore IVIg treatment than healthy controls and subsequently reduced to be comparable to 
control group values after IVIg induction. Among CIDP patients on IVIg treatment, pNfL 
concentration was significantly higher in unstable patients than stable patients. A pNFL 
concentration > 16.6 pg/ml distinguished unstable treated CIDP from stable treated 
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INTRODUC TION

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) 
is an acquired, demyelinating radiculoneuropathy commonly treated 
with immunomodulating drugs.1 Clinical outcome measurements 
remain the gold standard in assessing response to treatment and 
ongoing disease activity.2 However, these patient-  and/or clinician- 
reported tools have issues with sensitivity, specificity, and inter-  and 
intraobserver variability. Blood biomarkers of direct neuronal dam-
age might improve assessments of disease activity in CIDP, where 
differentiating patients in remission from those with active disease 
stabilized on maintenance therapy is a major challenge to clinicians 
and trial design.3

Neurofilaments, and specifically neurofilament light (NfL), have 
been shown to be useful biomarkers of axonal damage in central 
and peripheral nervous system disorders.4 No clinical biomarkers of 
Schwann cell damage currently exist, but axonal degeneration can 
be part of more florid demyelinating disease, and thus NfL might 
function as an indirect marker of disease activity.

The objective of this study was to explore the association be-
tween plasma neurofilament light chain (pNfL) concentration and 
disease activity in patients with CIDP and examine the potential 
usefulness of pNfL concentration as an available axonal biomarker in 
determining disease activity or remission.

METHODS

Patients and setting

In this prospective observational cohort study conducted be-
tween 2017 and 2019, we included CIDP patients who fulfilled the 
European Federation of Neurological Societies/Peripheral Nerve 
Society (EFNS/PNS) criteria managed by the neuromuscular unit at 
our centre.5 Patients were categorized into three cohorts:

 (i) Treatment- naïve patients: Newly diagnosed CIDP patients or re-
cently relapsed patients untreated for >6 months, who were then 
treated with intravenous immunoglobulin (IVIg) alone (n = 10).

 (ii) CIDP patients on treatment: Patients on maintenance IVIg treat-
ment only for >6 months. This group was divided into stable 

patients (n = 15; defined as clinical stability in subjective and 
objective clinical outcomes, no change in treatment regimen for 
>6 months) and unstable (n = 9; defined as a deterioration in 
subjective and objective clinical outcomes, requiring change in 
treatment regimen within the previous 6 months).

 (iii) Treatment withdrawal cohort: Clinically stable CIDP patients 
on maintenance IVIg only in whom we attempted to assess 
disease activity potentially suppressed by adequate treatment 
with a suspension of IVIg (n = 10). Relapse occurrence after 
treatment withdrawal was defined as any deterioration that 
required restarting treatment, as judged by the treating phy-
sician. The patients who did not relapse were deemed to be in 
remission and those who did were regarded as having active 
disease.

An equal number of age- matched healthy controls (HC) were an-
alysed for each subgroup. There was no overlap between groups. 
The study was approved by the local medical ethical committee 
(16/LO/1852), and written informed consent was obtained from all 
participants.

Data Collection

Data were collected prospectively, including demographic features 
and disease and treatment variables. Disease variables included clini-
cal phenotype, fulfilment of EFNS/PNS criteria, time since diagnosis, 
Medical Research Council sum score (MRC- SS; out of 70, addition 
of power in bilateral first dorsal interossei to standard MRC- SS) and 
disability scores (Inflammatory Rasch- built Overall Disability Scale 
[I- RODS]) at 3– 6 months, routine clinical review, and/or at time of 
deterioration, and neurophysiology results (pre- IVIg).1, 5– 7

Sample Collection

In treatment- naïve patients, initial pNfL concentration was taken at 
diagnosis or prior to starting IVIg. Follow- up pNfL concentration was 
taken on Day 1 of the third IVIg dose.

In treated patients, pNfL concentration was taken at routine 
clinical review (two to three times per year) for stable patients, and 
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CIDP (sensitivity = 86.7%, specificity = 66.7%, area under receiver operating charac-
teristic curve = 0.73). Among the treatment withdrawal group, there was a statistically 
significant correlation between pNfL concentration at time of IVIg withdrawal and the 
likelihood of relapse (r = 0.72, p < 0.05), suggesting an association of higher pNfL concen-
tration with active disease.
Conclusions: pNfL concentrations may be a sensitive, clinically useful biomarker in as-
sessing subclinical disease activity.
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at clinical assessment when patients reported deterioration/fluctua-
tion for unstable patients.

In the treatment withdrawal cohort, pNfL concentration was ac-
quired at time of decision to suspend IVIg, made at a routine clinic ap-
pointment with the treating neurologist. The median frequency of IVIg 
in this group was every 6 weeks (range = 1– 13 weeks). pNfL concentra-
tion was collected at a variety of time points within the maintenance 
IVIg treatment cycle, and patients had not missed a cycle of IVIg yet.

Plasma NfL measurements

Samples were processed according to standard local protocols as de-
scribed previously.8, 9 Plasma NfL concentration (pg/ml) was meas-
ured using the commercially available NF- light kit on a Simoa HD- 1 
Analyser, according to the manufacturer's instructions (Quanterix). 
The measurements were performed in one round of experiments 
using one batch of reagents by analysts who were blinded to clini-
cal data. Intra- assay coefficients of variation were <13%. The lower 
limit of quantification was 0.174 pg/ml.

Statistical analysis

Descriptive statistics are shown as mean (±SD) or median (interquar-
tile range) in continuous variables and as frequencies (percentages) in 
categorical variables. The comparison between quantitative variables 
was conducted by parametric (Student t- tests) or nonparametric tests 
(Mann– Whitney U) as appropriate. Correlation between independent 
variables was explored with Spearman rho or Pearson correlation as 
appropriate. To identify the cutoff point with the best discriminative 
value of the continuous variable, receiver operating characteristic 
(ROC) curve analysis was carried out. A value of p ≤ 0.05 was consid-
ered significant. Statistical analysis was performed using SPSS version 
27 (IBM, 2020) and GraphPad Prism version 9.2.0.

RESULTS

Treatment- naïve patients

Patient characteristics and basic demographics of the treatment- 
naïve group are shown in Table 1.

A Mann– Whitney U test showed that pNfL concentration (pg/ml) 
was higher in treatment- naïve CIDP patients (n = 9, mean = 17.5 [11.6] 
than HC (n = 9, mean 9.8 [3.1], p < 0.01; Figure 1). After IVIg induction, 
the NfL concentration fell to levels more comparable with HC values 
(mean = 13.7 [5.9] vs. 9.8 [3.1], p = 0.1; Figures 1 and 2). Wilcoxon 
matched- pairs signed rank test demonstrated that pre- IVIg pNfL con-
centration was significantly higher than post- IVIg pNfL concentration 
in these patients (n = 9, mean = 13.7 [5.7] vs. 13.7 [5.9], p < 0.05).

Higher pretreatment pNfL concentration correlated with lower 
pretreatment I- RODS (r = −0.74, p < 0.05), suggesting more disability 

with more ongoing damage. A similar negative correlation was seen 
posttreatment with lower pNfL concentration and higher I- RODS 
(r = −0.81, p < 0.05; Figure 3), also suggesting clinical validity of the 
measurement.

There was no correlation between pretreatment pNfL con-
centration and pretreatment neurophysiological measures of ax-
onal damage (mean proximal or mean distal summated compound 
muscle action potential [CMAP] in upper and lower limbs, data not 
shown). Posttreatment pNfL concentrations and posttreatment neu-
rophysiological measures of axonal damage were not analysed due 
to incomplete data and inconsistent times between treatment and 
neurophysiology.

Treated patients: Clinically stable and unstable

Some baseline patient and clinical disease characteristics differed in 
the treated stable and unstable patients according to the definitions 
above (Table 1). The ages of patients and proportion of patients with 
typical CIDP phenotype and IVIg ratio were similar in both groups. 
However, stable patients had longer duration of disease and were less 
impaired and less disabled than those with unstable disease. For ex-
ample, I- RODS was significantly lower (worse) in the unstable group 
(p < 0.05). pNfL (pg/ml) was higher in patients predesignated as un-
stable (n = 9) than stable patients (n = 15; mean = 15.7 [8.4] vs. 9.8 
[5.6], p < 0.05; Figure 4). There was no groupwise difference between 
mean pNfL concentration in either group of stable or unstable treated 
patients compared to age- matched HC. This suggests some protec-
tion from axonal damage with treatment even in the clinically unsta-
ble individuals but also potentially highlights issues of small group size.

A pNfL concentration value > 16.6 pg/ml identified unsta-
ble treated CIDP from stable treated CIDP (sensitivity = 86.7%, 
specificity = 66.7%, area under the ROC curve = 0.73). However, 
the confounding role of differences in clinical outcome measures 
(MRC- SS and I- RODS) between these groups in pNfL concentra-
tions is unknown (ie, whether pNfL concentration depends on dis-
ease stability and clinical outcome measurements, and which is 
more influential).

The previously documented correlation between age and pNfL 
concentration in HC was also demonstrated in this study (r = 0.64, 
p < 0.001).10 There was also a correlation between age and pNfL 
concentration in the stable treated CIDP (r = 0.53, p < 0.05) but not 
in unstable treated CIDP group (Figure 5).

Determining disease activity in treated CIDP by 
treatment withdrawal

Clinical decline on treatment withdrawal or suspension is the current 
approach to differentiating CIDP patients with active disease requir-
ing ongoing maintenance treatment from those in remission.11, 12 
Using this approach on 10 stable, treated CIDP patients, we iden-
tified four with active disease and six in remission. There were no 
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demographic, disease, or treatment differences between those sub-
sequently found to have active disease and those in remission once 
IVIg was withdrawn. Those who failed treatment withdrawal were, 
on average, 10 years older and had an average of 3 years shorter 
disease than those who were in disease remission. The mean pNfL 
concentrations at time of decision to withdraw IVIg (no IVIg missed 
yet) in the whole group was 10.2 pg/ml (6.1). A one- way analysis of 
covariance was conducted to compare the difference in pNfL con-
centrations between the group in remission and the group of those 
who had relapsed while controlling for age. There was no statisti-
cally significant difference between the pNfL concentrations at time 
of decision to withdraw IVIg (p = 0.11; Figure 6). However, there was 
a statistically significant correlation between relapse after treatment 
withdrawal and baseline pNfL concentrations (r = 0.72, p < 0.05). 
Therefore, although the absolute pNfL concentration did not differ 
between those who did and did not relapse, there was an association 
of higher pNfL concentration with active disease.

DISCUSSION

In this study, we show that pNfL concentrations are higher in 
treatment- naïve CIDP patients than in controls and settle to levels 
similar to HC after treatment. During maintenance treatment with 
IVIg, a cutoff of >16.6 pg/ml indicates a patient is likely to have 

unstable or undertreated disease. Higher pNFL concentrations prior 
to treatment withdrawal correlate with the likelihood of relapse, 
suggesting pNfL concentration as a potentially useful biomarker of 
disease activity and response to treatment in CIDP.

A strong correlation with I- RODS, a widely used disability score, 
demonstrates clinical validity. This study also suggests pNfL concen-
tration is a more sensitive indicator of neuronal damage than CMAPs. 
The sensitivity of the Simoa allows for differentiation between sta-
ble and unstable individuals within a cohort of treated patients and 
shows promise in the prediction of remission in a clinically stable, 
treated group. The identification of these subclinical differences in 

F I G U R E  1  Plasma neurofilament light (NfL) in controls, before 
and after intravenous immunoglobulin (IVIg) induction in chronic 
inflammatory demyelinating polyradiculoneuropathy (CIDP) 
patients. ns, not significant. *Statistically significant
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individuals in whom maintenance treatment can mask disease activ-
ity has important implications for therapeutic decision- making and 
clinical trial design. Using this biomarker can potentially avoid func-
tional deterioration caused by treatment cessation in those with ac-
tive disease, save on Ig spending, and reduce potential for Ig- related 
adverse events in those in remission.

NfL concentrations in different publications cannot be directly 
compared, as we calculated plasma concentrations and other stud-
ies used serum samples. Mean pNfL concentrations were found 
to be 10% lower than in serum in previous studies examining the 
analytical performance of the assay.13 Even with this “conversion” 
taken into consideration, our pNfL concentrations in treatment- 
naïve patients, treated patients, and those patients in remission 
were lower than expected compared to other studies.10, 14, 15 One 
study that included 29 CIDP patients starting treatment, 24 pa-
tients on maintenance IVIg treatment, and 27 patients in remis-
sion also found significantly greater serum NfL concentration 
in the untreated group compared to HC, and no difference in 

concentrations between the treated or previously treated groups 
and HC. Patients with active disease also had higher NfL concen-
trations compared to those with stable disease, and the majority 
of patients who had induction treatment and clinically responded 
had normal NfL concentrations at follow- up.16 They also compared 
the groups' concentrations to age- specific reference values from 
their laboratory. Validation of this by other groups, and on a larger 
scale, will be useful to determine sensitivity/specificity of blood 
NfL in diagnosis of CIDP.

We found a difference in pNfL concentrations between un-
treated and stable CIDP patients, which two other research groups 
did not.16, 17 The Netherlands' patients were similar to ours in terms 
of age of patients, delay from symptoms onset to blood sampling in 
the untreated group, and duration of CIDP in the maintenance group. 
Their groups are larger than ours (n = 29 for untreated patients vs. 
n = 10 in ours, and n = 24 for maintenance patients vs. n = 15 in 
ours), and potentially our small sample size and using plasma samples 
has contributed to this difference.

F I G U R E  3  Plasma neurofilament 
light (NfL) concentration in relation 
to Inflammatory Rasch- built Overall 
Disability Scale (I- RODS) before and 
after intravenous immunoglobulin (IVIg) 
induction. CIDP, chronic inflammatory 
demyelinating polyradiculoneuropathy
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Other groups have also correlated NfL concentrations with elec-
trophysiological findings and biopsy features of demyelination and/
or axonal degeneration with varying results.10, 17

Godelaine et al. approached using serum NfL to prognosticate 
on disease activity and treatment response differently from our 
method. They collected baseline serum samples on 76 CIDP pa-
tients, most of whom were already on treatment, with a median 
disease duration of 6 years and repeat samples 1 year later. Patients 
who had a decrease of at least 4 points on an 80- point MRC- SS at 
repeat sampling were deemed as having disease progression, and 
if there had been a change in treatment modality (IVIg, plasma ex-
change, other) within the year, they were deemed as nonresponders. 
Baseline serum NfL concentrations were significantly increased in 
patients with disease progression compared with those without dis-
ease progression.15 Again, this suggests that blood NfL can measure 
subclinical disease activity. Their definition of treatment response 
potentially reflects different clinical practices; they do not mention 
whether a change in dose (especially for IVIg) was attempted before 
changing treatment modality.

In our study, the suggestion that pNfL concentration is higher in 
those who are clinically stable, but have active disease as proven by 
a relapse upon withdrawal of treatment, compared to those who do 
not relapse, suggests that subclinical demyelination is likely resulting 
in active secondary axonal degeneration. This process appears to 
continue even while patients are on treatment and being monitored 

regularly. There are many mechanisms by which demyelination is 
thought to result in axon damage, such as by increasing energy de-
mand, mitochondrial dysfunction, and loss of metabolic and trophic 
support for the axon.18 Identifying axonal loss is essential, as it is a 
key marker of prognosis in patients with CIDP.19– 24 The suggestion 
of ongoing axonal degeneration in clinically stable patients has not 
been consistently proven by other studies that investigated neuro-
physiological changes in CIDP patients on treatment. One study of 
60 patients on long- term maintenance immunosuppressive or immu-
nomodulatory treatment with an average of 4– 5 years of follow- up 
found that those who clinically improved on treatment had a trend 
toward improvement in upper and lower limb motor CMAPs, and 
sensory nerve action potentials between first neurophysiology and 
last neurophysiology.25 In another study of 11 CIDP patients treated 
with IVIg for at least 1 year, there was a suggestion of increase in 
distal CMAPs between pretreatment neurophysiology and at last 
follow- up.26 Our findings may be novel because of the sensitivity of 
the Simoa in measuring NfL concentrations, and the clinical conse-
quence of our findings are unknown (ie, the impact of pNfL concen-
tration on prognosis and response to treatment, and the influence 
of the difference in pre-  and posttreatment pNfL concentration on 
prognosis).

We acknowledge that pNfL concentration is not specific to dis-
ease activity in CIDP or a direct measure of myelin- directed damage. 
It is associated with age and potentially influenced by other unknown 

F I G U R E  4  Plasma neurofilament light 
(NfL) in stable chronic inflammatory 
demyelinating polyradiculoneuropathy 
(CIDP) patients compared with 
unstable CIDP patients (both 
groups on maintenance intravenous 
immunoglobulin). *Statistically significant
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F I G U R E  5  Plasma neurofilament light (NfL) concentration in relation to age of controls and stable and unstable chronic inflammatory 
demyelinating polyradiculoneuropathy (CIDP) patients. ns, not significant
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factors, as reflected by the broad range of concentrations measured 
in this study, even when patients were categorized according to 
clinical and therapeutic status. In a cohort of individuals without 
neurological conditions, a nonlinear association between pNfL con-
centration and age was reported.27 We saw correlation between age 
and pNfL concentration in the treated and clinically stable patients 
but not within the clinically unstable subgroup. In the treatment- 
naïve group, those with typical CIDP according to 2010 EFNS/PNS 
diagnostic criteria demonstrated the largest magnitude of change in 
pNfL concentrations between pre-  and posttreatment measures.5 
The multifactorial influences on pNfL concentrations highlight po-
tential limitations to the utility of pNfL concentration in a heterog-
enous disorder such as CIDP. Also, time to diagnosis and treatment, 
pattern of disability, response to treatment, treatment regimens, and 
tolerance can all vary, which may impact pNfL concentrations.

This is a small study, where statistically significant differences 
between groups may not have been demonstrated due to limited 
numbers of patients.

As our understanding of NfL improves, we will be able to decide 
whether it is a useful biomarker. In CIDP, if its role in subclinical dis-
ease can be confirmed, it would be clinically very useful, as other 
tests such as neurophysiology are unreliable predictors of clinical 
disease activity. If our cutoff for NfL in those at risk of clinical de-
stabilization can be confirmed, our ability to provide responsive and 
proactive care would be greatly improved. Further work is required 
to explore the optimal manner of integration of this blood test into 
clinical decision- making. Nevertheless, this work provides intriguing 
preliminary data to suggest pNFL concentration as a sensitive, clini-
cally informative biomarker in CIDP.
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