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Abstract
Background and purpose: Charcot– Marie– Tooth disease (CMT) is a hereditary, slowly 
progressive neuropathy. Currently, there are no effective pharmacological treatments or 
sensitive disease activity biomarkers available. The aim of this study was to demonstrate 
the change in plasma neurofilament light chain (NfL) over time in a CMT cohort and ana-
lyse the association between CMT severity and NfL level.
Methods: Initially, 101 CMT patients and 64 controls were enrolled in the study. Repeated 
evaluation was performed in 73 patients and 28 controls at a 3- year interval. Disease severity 
assessment included clinical evaluation with CMT Neuropathy Score version 2 (CMTNSv2). 
Plasma NfL concentration was measured using the Simoa (single molecule array) NfL assay.
Results: Plasma NfL concentration was increased in the CMT group compared with 
controls (p < 0.001). Overall NfL level increased over the 3- year interval in both CMT 
(p = 0.012) and control (p = 0.001) groups. However, in 22 of 73 CMT patients and seven 
of 28 controls, the NfL level decreased from the baseline. Analysing the association be-
tween 3- year change in plasma NfL and disease severity (CMTNSv2), there was no cor-
relation in the CMT group (r = 0.228, p = 0.052) or different CMT subgroups.
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INTRODUC TION

Charcot– Marie– Tooth disease (CMT) is the most common hereditary 
neuromuscular disorder, with estimated prevalence of 1 in 2500. It 
is a clinically and genetically heterogeneous group of disorders with 
the phenotype of chronic, slowly progressive neuropathy affecting 
both the motor and the sensory nerves [1, 2].

Currently, there are no effective pharmacological treatments 
for CMT available; however, promising treatments are reaching the 
stage of clinical translation. Biomarkers that could detect the effect 
of treatment on disease progression are crucial for successful clinical 
trials. Although several CMT- specific measures have been designed 
(CMT Neuropathy Score, CMT Functional Outcome Measure, CMT 
Health Index, CMT Paediatric Scale, nerve and muscle magnetic res-
onance imaging), evaluation of disease activity is still difficult due to 
the slow rate of disease progression [3– 10].

Neurofilaments (NFs) are the major cytoskeletal proteins of neu-
rons in both central and peripheral nervous systems. When neurons 
are damaged, NFs are released into the interstitial fluid and then 
diffuse into the cerebrospinal fluid and blood [11, 12]. In peripheral 
nervous system diseases associated with axonal injury or degener-
ation, the plasma concentration of NF light chain (NfL) increases, 
where it also correlates with disease severity [13, 14]. A recent study 
by Millere et al. [15] confirmed that the plasma NfL concentration 
is significantly higher in CMT patients than in controls and reflects 
the clinical severity of CMT. However, another study with longitu-
dinal evaluation of a CMT cohort revealed no significant change in 
plasma NfL concentration over a 6- year interval [16]. Although the 
plasma concentration of NfL is a potential disease biomarker for 
CMT, knowledge about the suitability of NfL as a disease progres-
sion marker is limited and available from small patient cohort studies.

In this study, we demonstrate the change in plasma NfL over 
time in a previously published cohort of Latvian CMT patients [15]. 
Additionally, we evaluate the clinical disease progression and anal-
yse the association between CMT severity and plasma NfL concen-
tration in adult and paediatric CMT patients.

METHODS

Participant evaluation, blood sampling, and plasma 
NfL level measurement

A large previously published cohort of CMT patients [15] were re-
peatedly evaluated after 3 years using standardized tests for CMT 
patients: neurography, which was performed by a certified specialist 

according to the standard polyneuropathy protocol; and scoring of 
severity, which was performed in accordance with CMT Neuropathy 
Score version 2 (CMTNSv2) [17].

Blood sampling and storage were conducted following a strict 
standard operating procedure. Briefly, blood samples from patients 
and controls were taken in an outpatient setting by certified medi-
cal staff and processed within 1 h. Blood was collected into EDTA- 
containing tubes and centrifuged at 20°C at 2000 g for 10 min. 
Plasma was then aliquoted and stored at −20°C. As a control group, 
our study included healthy individuals without any known neurolog-
ical diseases or neurological symptoms.

Plasma NfL level was measured in similar settings and the same 
NfL detection method in the same laboratory was used as described 
previously [15].

Statistical analysis

The normality of the continuous data was assessed with histograms, 
Q– Q plots, and the Shapiro– Wilk test. For normally distributed data, 
the t- test was used to compare means between groups, whereas 
the Mann– Whitney U- test was used for nonnormally distributed 
data. Discrete data were compared using Pearson chi- square test. 
Correlation between continuous data was assessed by Spearman 
correlation coefficient. All calculations were performed using SPSS.

Standard protocol approval and patient consent

The study was approved by the Central Medical Ethics Committee 
of Latvia (No. 3/18- 03- 21). Written informed consent was obtained 
from all participants in the study. The data supporting the findings 
of this study are available on request from the corresponding author. 
They are not publicly available due to privacy/ethical restrictions.

RESULTS

Plasma NfL concentration and disease severity 
assessment

Initially, 96 CMT patients and 60 healthy subjects were recruited in 
this study [15]. An additional five patients and four healthy controls 
were enrolled (Table 1). The patient group was subdivided according 
to the genetic findings. There was no significant difference in sex (chi- 
squared, χ2 = 2.017, p = 0.156) or age (independent samples t- test, 

Grant/Award Number: FO2022- 0270; 
European Union's Horizon 2020 research 
and innovation programme under the 
Marie Skłodowska- Curie; European Union 
Joint Programme– Neurodegenerative 
Disease Research, Grant/Award Number: 
JPND2021- 00694; UK Dementia Research 
Institute at UCL, Grant/Award Number: 
UKDRI- 1003

Conclusions: Our study verifies increased plasma NfL concentrations in patients with CMT 
compared with controls. Longitudinal 3- year data showed a variable change in NfL levels 
between CMT subtypes. There was no association between change in NfL over time and 
disease severity. These findings suggests that NfL is not a biomarker for CMT progression.
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t[162.847] = −1.264, p = 0.208) between CMT and control groups, or 
between controls and CMT subgroups (one- way analysis of variance, 
F = 0.648, p = 0.754).

As previously demonstrated in a study by Millere et al. [15], 
plasma NfL concentration was increased in the CMT group (me-
dian = 12.5 pg/mL, interquartile range [IQR] = 7.5 pg/mL) compared 
with controls (median = 5.2 pg/mL, IQR = 3.0 pg/mL; Mann– Whitney 
U- test, U = 749.000, p < 0.001). NfL concentrations measured in the 
study groups are shown in Figure 1.

There was no difference in disease severity measured by 
CMTNSv2 across CMT subgroups (Kruskal– Wallis H- test, H = 8.633, 
p = 0.195). Assessing the association between NfL level and 
CMTNSv2, there was a weak significant correlation in the overall 
CMT group (Spearman correlation, r = 0.284, p = 0.004; Figure 2) 
and a very strong significant correlation in the HINT1 subgroup 
(Spearman correlation, r = 0.986, p < 0.001; Table 1).

Three- year follow- up results

Repeated evaluation and blood sample testing were performed in 
73 patients and 28 controls at a 3- year interval (Table 2). There was 
no significant difference in age between the control group and CMT 
group (independent samples t- test, t[69.012] = −0.081, p = 0.945) or 
between CMT groups (Kruskal– Wallis H- test, H = 6.524, p = 0.480).

Plasma NfL concentration in the CMT group (median = 14.6 pg/
mL, IQR = 7.5 pg/mL) was higher than in the control group 

(median = 5.8 pg/mL, IQR = 3.8 pg/mL) in the follow- up testing (Mann– 
Whitney U- test, U = 193.500, p < 0.001). NfL level increased over 
the 3- year interval in both the CMT group (median change = 1.6 pg/
mL, IQR = 4.4 pg/mL) and control group (median change = 0.6 pg/mL, 
IQR = 1.1 pg/mL; paired- samples t- test, t[72] = −2.565, p = 0.012 for 
the CMT patients; Wilcoxon signed ranks test, Z = −3.325, p = 0.001 
for the controls; Table 2).

There were seven control subjects and 22 CMT patients whose 
plasma NfL concentration decreased over the 3- year period. We 
found that plasma NfL levels decreased for 11 CMT1A patients, 
four CMTX1 patients, one CMT2A patient, one CMT2F patient, two 
patients of other genetic subtypes, and three CMT patients of un-
known pathogenic cause.

In the 3- year follow- up evaluation, CMTNSv2 was higher than 
at baseline (median change = 1.0, IQR = 3.0, Wilcoxon signed ranks 
tests Z = −5.673, p < 0.001). None of the patients had a decrease in 
CMTNSv2 during the 3- year period.

Analysing the association between 3- year change in plasma NfL 
concentration and disease severity (CMTNSv2), there was no signif-
icant correlation in the CMT group (Spearman correlation, r = 0.228, 
p = 0.052) or the different CMT subgroups (Figure 3).

Paediatric CMT patients

In addition, 19 of 101 CMT patients were children (<18 years of 
age) and we analysed them separately (CMT1A = 7, CMTX1 = 2, 

TA B L E  1  Baseline median plasma NfL concentration and CMTNSv2 scores in CMT patients.

Study participants
Number of patients 
(male/female) Mean age (SD)

Median NfL, pg/mL 
(IQR)

Median CMTNSv2 
(IQR)

CMTNSv2/NfL 
Spearman correlation 
coefficient

All CMT patients 101 (46/55) 37.8 (±18.0) 12.5 (7.5) 10.0 (11.0) 0.284, p = 0.004

CMT1A (PMP22 dup) 44 (19/25) 36.2 (±16.4) 12.5 (6.4) 12.0 (7.0) 0.118, p = 0.444

CMTX1 (GJB1) 14 (6/8) 36.3 (±19.2) 15.8 (6.1) 12.5 (19.0) −0.132, p = 0.667

CMT2A (MFN2) 4 (2/3) 32.0 (±14.9) 15.7 (9.0) 6.5 (15.0) −0.738, p = 0.262

HNPP (PMP22 del) 3 (1/2) 30.7 (±18.7) 9.4 (NA) 0.0 (NA) 0.866, p = 0.333

NMAN (HINT1) 6 (2/4) 37.8 (±24.2) 11.3 (6.7) 11.5 (9.0) 0.986, p < 0.001

CMT2F (HSPB1) 2 (0/2) 46.0 (±26.9) 14.0 (NA) 10.0 (NA) NA

CMT2N (AARS1) 2 (1/1) 46.5 (±13.4) 3.1 (NA) 9.5 (NA) NA

CMT1E (PMP22 SNV) 1 (1/0) 32.0 (NA) 6.9 (NA) 21.0 (NA) NA

HMN5C (BSCL2) 1 (1/0) 45.0 (NA) 11.5 (NA) 2.0 (NA) NA

CMT2I (MPZ) 1 (0/1) 63.0 (NA) 35.4 (NA) 20.0 (NA) NA

CMT2Z (MORC2) 1 (1/0) 46.0 (NA) 14.9 (NA) 7.0 (NA) NA

SMALED2A (BICD2) 1 (0/1) 43.0 21.4 (NA) 17.0 (NA) NA

CMT with unknown 
monogenic cause

21 (12/9) 40.9 (±23.8) 11.3 (8.8) 5.0 (8.0) 0.631, p = 0.002

Control group 64 (22/42) 34.8 (±12.1) 5.2 (3.0) NA NA

Abbreviations: CMT, Charcot– Marie– Tooth disease; CMTNSv2, CMT Neuropathy Score version 2; del, deletion; dup, duplication; HMN5C, hereditary 
motor neuronopathy type 5C; HNPP, hereditary neuropathy with liability to pressure palsies; IQR, interquartile range; NA, not applicable; NfL, 
neurofilament light chain; NMAN, neuromyotonia and axonal neuropathy; SMALED2A, spinal muscular atrophy with lower extremity predominance 
type 2A; SNV, single nucleotide variant.
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CMT2A = 1, hereditary neuropathy with liability to pressure pal-
sies = 1, neuromyotonia and axonal neuropathy = 2, unknown ge-
netic cause = 5 [26%], not tested = 1). We evaluated 11 children 
(Table 3) after a 3- year period, and median plasma NfL concentra-
tion levels decreased (−1.1 pg/mL, IQR = 4.4). CMTNSv2 after 3 years 
did not change (0.0, IQR = 0), with the exception of one child with 
CMT caused by a biallelic HINT1 variant, whose score increased by 4. 
Spearman correlation was performed to assess association between 
the change in plasma NfL concentration and change in disease se-
verity (CMTNSv2); a weak, statistically insignificant correlation was 
found (r = 0.256, p = 0.447).

DISCUSSION

In this study, we present longitudinal data of plasma NfL concentra-
tion in different CMT subgroups. In addition, we evaluate disease 
progression and its association with the change in NfL levels in adult 
and paediatric patients.

NfL is a nonspecific measure; it is documented in healthy sub-
jects and in various neurological disorders, and it increases with age 
[18– 20]. More importantly, blood NfL levels can also be influenced 
by other diseases including change of body mass index, diabetes, and 
hypertension [21]. However, several studies have shown a higher 
plasma NfL concentration in CMT patients compared with matched 
controls. To replicate these findings, we assessed our patients and 
controls in similar settings and used the same NfL detection meth-
ods. Consequently, in our study, plasma NfL levels were increased 
in CMT patients compared with controls; however, the difference in 
concentration between patients and controls reached statistical sig-
nificance only in CMT1A, CMTX1, and CMT2A subgroups and addi-
tionally in the subgroup with CMT due to biallelic HINT1 variants on 
follow- up evaluation, reflecting variable levels in NfL concentration 
between subtypes. Although we detected the difference in NfL con-
centration between CMT patients and controls, we cannot rule out 
the influence of other potential interfering factors such as comor-
bidities. Future studies are needed to provide deeper understanding 
of the NfL release mechanisms in disease.

F I G U R E  1  Baseline plasma 
neurofilament light chain (NfL) 
concentrations in different study groups. 
CMT, Charcot– Marie– Tooth disease. 
*values more than 3 IQR's (interquartile 
range) from the end of a box; °values more 
than 1.5 IQR's and below 3 IQR'sfrom the 
end of the box.

F I G U R E  2  Correlation between 
baseline plasma neurofilament light chain 
(NfL) concentration and CMT Neuropathy 
Score version 2 (CMTNSv2).
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A recently published study by Rossor et al. [16] showed paired 
data of NfL concentration after a 6- year interval in 27 CMT patients. 
No significant change in plasma NfL for patients with CMT was de-
tected. Sandelius et al. [11] published longitudinal data of nine CMT 
patients and 13 controls 1 year after baseline, when no significant 
changes in plasma NfL levels were detected. In our study, we were 
able to collect paired blood samples from 73 patients and 28 con-
trols. We obtained follow- up data only after 3 years from the base-
line data due to COVID- 19 pandemic restrictions. Additionally, CMT 
is a slowly progressing disease, and a longer period between eval-
uations potentially may show change in biomarker levels. NfL level 
increased significantly from baseline after the 3- year interval in both 
the CMT group and the control group. Interestingly, the NfL con-
centration decreased in 22 patients (with CMT1A, CMT2A, CMTX1, 
CMT2F, hereditary motor neuronopathy type 5C, and spinal muscu-
lar atrophy with lower extremity predominance type 2A subtypes 
and three with unidentified monogenic cause) and in seven controls. 
The reasons for this are not clear, but a reduction of plasma NfL 
in patients with CMTX1 over time has been reported before [18]. 

Therefore, it is important to note that there is a significant variation 
between CMT types in the change in NfL concentration over time.

Due to CMT heterogeneity and the slow rate of disease pro-
gression, sensitive clinical outcome measures and biomarkers are 
difficult to develop. Recently, an association between CMT disease 
severity (CMTNS) and plasma NfL concentration has been described 
[11, 15, 16]. In contrast to the previously reported modest correla-
tions between CMTNSv2 and NfL levels [11, 15], our study revealed 
no significant correlation between these measures. Furthermore, 
similarly to data published by Rossor et al. [16], plotting the 3- year 
change in plasma NfL against the 3- year change in CMTNSv2 pre-
sented no significant correlation (Spearman correlation, r = 0.228, 
p = 0.052).

All previously published cohorts where NfL concentration was 
evaluated in CMT patients had a mean age > 18 years. We hypothe-
sized that detection of increased NfL that reflects the rate of axonal 
degeneration is better in younger patients at an earlier stage of dis-
ease. Therefore, we analysed a paediatric cohort of 19 CMT patients 
and evaluated 11 children after a 3- year period separately. However, 

F I G U R E  3  Correlation between 
plasma neurofilament light chain (NfL) 
concentration and disease severity 
over a 3- year period in Charcot– Marie– 
Tooth disease patients. CMTNSv2, CMT 
Neuropathy Score version 2.

TA B L E  3  Three- year follow- up data of plasma NfL concentration and CMTNSv2 in CMT paediatric patients.

Study participants
Number of 
patients

Mean 
age, years 
(SD)

Median 
baseline 
NfL, pg/
mL (IQR)

Median 
follow- up 
NfL, pg/
mL (IQR)

Median 
change in 
NfL, pg/
mL (IQR)

Median 
baseline 
CMTNSv2 
(IQR)

Median 
follow- up 
CMTNSv2 
(IQR)

Median 
change in 
CMTNSv2 
(IQR)

Changes in 
CMTNSv2/changes 
in NfL Spearman 
correlation 
coefficient

All CMT paediatric 
patients

11 13.0 (4.0) 13.1 
(10.2)

11.6 (7.0) 1.1 (4.4) 6.0 (9.0) 7.0 (9.0) 0.0 (0.0) 0.256, p = 0.447

CMT1A (PMP22 dup) 6 12.3 (4.7) 12.3 (9.7) 10.9 (2.8) 0.7 (8.0) 10.0 (5.0) 10.0 (4.0) 0.0 (0.8) 0.393, p = 0.441

CMTX1 (GJB1) 2 13.0 (5.7) 27.5 (NA) 33.2 (NA) 5.7 (NA) 3.5 (NA) 3.5 (NA) 0.0 (NA) NA

CMT2A (MFN2) 1 13.0 (NA) 2.7 (NA) 2.9 (NA) 0.2 (NA) 2.0 (NA) 2.0 (NA) 0.0 (NA) NA

NMAN (HINT1) 1 13.0 (NA) 7.1 (NA) 11.8 (NA) 4.7 (NA) 2.0 (NA) 6.0 (NA) 4.0 (NA) NA

CMT with unknown 
monogenetic cause

1 17.0 (NA) 13.1 (NA) 14.1 (NA) 1.0 (NA) 2.0 (NA) 2.0 (NA) 0.0 (NA) NA

Abbreviations: CMT, Charcot– Marie– Tooth disease; CMTNSv2, CMT Neuropathy Score version 2; dup, duplication; IQR, interquartile range; NA, not 
applicable; NfL, neurofilament light chain; NMAN, neuromyotonia and axonal neuropathy.
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NfL concentrations decreased from the baseline after the 3- year in-
terval. In our study, we used CMTNSv2 as a measure of disability for 
all patients including children. At present, the CMT Paediatric Scale 
is used in paediatric patients; however, both scales are evaluating 
the same underlying construct and can be used for disability assess-
ment in children [22]. After the analysis, there was no correlation 
between change in NfL and disease progression. In addition, it is im-
portant to note that no age- matched controls were established for 
the children cohort. Therefore, more studies with paediatric CMT 
patients should be performed to evaluate NfL as a potentially suit-
able prognostic biomarker in the paediatric CMT population.

In conclusion, our study data provide additional information 
about plasma NfL level as a biomarker in CMT. We have assessed 
changes in NfL level over time in adults and paediatric patients and 
evaluated capability of NfL for monitoring disease progression. 
Although we detected increased NfL concentrations in patients with 
CMT compared with controls, the change in NfL concentration at 
different time points may vary according to subtype and patient age. 
Furthermore, we have shown in the pilot data that there is no asso-
ciation between change in plasma NfL levels over time and disease 
progression. Consequently, NfL level does not reflect disease sever-
ity and rate of progression. To conclude, our study and previously 
published data show that NfL as a CMT progression biomarker has 
limited potential.
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