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Abstract

Objective: The aim of the present study was to compare the levels of serum

neurofilament light chain (sNfL) in frontotemporal lobar degeneration (FTLD)

patients of different clinical subtypes (bvFTD, PPA, and FTLD-MND) and with

or without the C9orf72 repeat expansion, and to correlate sNfL levels to disease

progression, assessed by the brain atrophy rate and survival time. Methods: The

sNfL levels were determined from 78 FTLD patients (C9orf72 repeat expansion

carriers [n = 26] and non-carriers [n = 52]) with Single Molecule Array

(SIMOA). The progression of brain atrophy was evaluated using repeated T1-

weighted MRI scans and the survival time from medical records. Results: In

the total FTLD cohort, sNfL levels were significantly higher in C9orf72 repeat

expansion carriers compared to non-carriers. Considering clinical phenotypes,

sNfL levels were higher in the C9orf72 repeat expansion carriers than in the

non-carriers in bvFTD and PPA groups. Furthermore, sNfL levels were the

highest in the FTLD-MND group (median 105 pg/mL) and the lowest in the

bvFTD group (median 27 pg/mL). Higher sNfL levels significantly correlated

with frontal cortical atrophy rate and subcortical grey matter atrophy rate. The

higher sNfL levels also associated with shorter survival time. Interpretation:

Our results indicate that the C9orf72 repeat expansion carriers show elevated

sNFL levels compared to non-carriers and that the levels differ among different

clinical phenotypes of FTLD. Higher sNfL levels correlated with a shorter sur-

vival time and cortical and subcortical atrophy rates. Thus, sNfL could prove as

a potential prognostic biomarker in FTLD.

Introduction

Frontotemporal lobar degeneration (FTLD) is a neu-

ropathological umbrella term including various clinical,

genetic, and histopathological subtypes. The most com-

mon clinical phenotype is the behavioral variant fron-

totemporal dementia (bvFTD). Other main phenotypes

consist of primary progressive aphasias (PPA) that fur-

ther are divided into non-fluent primary progressive

aphasia (nfvPPA), semantic variant primary progressive

aphasia (svPPA), and logopenic variant primary pro-

gressive aphasia (lvPPA).1,2 Of predisposing genetic

causes of familial FTLD, the C9orf72 hexanucleotide

repeat expansion is the most common in different pop-

ulations.3,4 The C9orf72 repeat expansion is associated

with TDP-43 neuropathology.5 This mutation is also

associated with amyotrophic lateral sclerosis (ALS) and

especially with the FTLD clinical phenotype concomi-

tantly presenting with motoneuron disease (FTD-ALS or

FTD-MND).6–8
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Due to diagnostic challenges and variability in disease

progression, specific diagnostic and prognostic biomarkers

are needed for FTLD. Also, considering future therapeutic

trials, appropriate biomarkers are essential for determin-

ing the adequate time to start the treatment and for eval-

uation of treatment effects.

Neurofilaments are intracellular intermediate filaments

present in the central and peripheral nervous systems,

which form assemblies that maintain the shape and diam-

eter of neuronal axons, thus regulating the response of

the neurons to different stimuli.9 Upon axonal damage,

neurofilaments can leak out of the neurons to the extra-

cellular space, and eventually end up in blood. Neurofila-

ment light chain (NfL) is a subunit of the intracellular

neurofilament assemblies, and its elevated concentrations

in blood and cerebrospinal fluid (CSF) have been associ-

ated with neuroinflammation and axonal damage.10,11

Elevated levels of CSF and serum NfL (sNfL) have been

reported in several neurodegenerative conditions, such as

FTLD, Alzheimer’s disease, (AD) and multiple sclerosis

(MS), and also after head trauma and ischemic stroke,

suggesting that it is a non-specific biomarker for these

conditions.12–21 In FTLD, CSF and serum NfL levels have

been shown to vary between distinct clinical phenotypes

and higher concentrations have been associated with a

more aggressive disease progression and greater rate of

brain atrophy.15,22,23 Previous reports indicate that CSF

and serum NfL concentrations correlate well with each

other, proposing that sNfL may represent a potential

minimally invasive biomarker for early diagnostic and

prognostic purposes.18

In this study, the aim was to analyze the sNfL levels in

FTLD patients having different clinical phenotypes with

and without the C9orf72 repeat expansion using the ultra-

sensitive SIMOA assay. Carriers and non-carriers of the

C9orf72 repeat expansion were analyzed separately since

carriers are associated with TDP-43 pathology and the

certainty of the FTLD diagnosis is considered definite.

Given that sNfL is a non-specific biomarker for neuronal

damage, we defined the characteristic levels of sNfL in

different clinical phenotypes and genotypes of FTLD. Fur-

thermore, we examined the prognostic value of sNfL by

measuring how the sNfL levels correlate to brain atrophy

rates and survival time in FTLD patients.

Materials and Methods

Patients

We examined a total of 78 subjects with FTLD including

patients with a diagnosis of bvFTD (n = 54), PPA

(n = 19), and FTD-MND (n = 5). The study was con-

ducted and patients were recruited at Kuopio University

Hospital, Finland. The diagnoses of neurodegenerative

diseases were set by an experienced neurologist specialized

in memory disorders according to the most recent stan-

dard criteria1,2. For bvFTD, only patients fulfilling the

clinical diagnostic criteria of probable (n = 35) or definite

(n = 19) bvFTD were included. Patients were excluded if

they had obvious other brain disorders or trauma that

could affect cognitive functions, such as stroke or tumor.

To evaluate disease progression, time from the FTLD

diagnosis to death was calculated for those patients that

died in the course of the study (N = 44).

The ethics committee of the Northern Savo Hospital

District approved the research protocol in accordance

with the principles of the Declaration of Helsinki. Written

informed consent was obtained from all participants prior

to enrollment.

Laboratory analyses

Genomic DNA was extracted from venous blood samples

using QIAamp DNA blood mini extraction kit (QIA-

GEN). The blood sample was obtained in the early diag-

nostic phase. The presence of the C9orf72 repeat

expansion was detected using Repeat-Primed PCR (RP-

PCR)3. Patients were considered positive for the C9orf72

repeat expansion if the number of repeats were ≥ 30 and

negative if the number of repeats was < 30. SNfL concen-

tration and the genetic status of C9orf72 repeat expansion

were determined from all patients; 26 were carriers and

52 non-carriers for the repeat expansion. Mutations in

the other FTLD-associated genes were not systematically

screened because the prevalence of these mutations is very

low in Finnish patients.24–26

Frozen (�80˚C) serum samples were thawed in room

temperature, mixed, centrifuged (10,000g, 5 min, at room

temperature), and transferred to a 96-well plate. The sNfL

was quantified using a NfL Advantage kit (REF#: 102258)

for the Quanterix single molecule array (SIMOA, Lexing-

ton, MA, USA) according to the manufacturer’s instruc-

tions.27 All measured values were within the calibration

range. The mean intra-assay CV was 4.6% and the inter-

assay CV was 13.9%.

MRI acquisition and quantification

The MRI examinations were performed with 3.0 T

(n = 17) or 1.5 T (n = 24) scanners in the early diagnos-

tic phase. Three-dimensional T1-weighted gradient echo

sequences were acquired with the slice thickness varying

from 1 to 1.5 mm. An appropriate cross-sectional 3D T1-

weighted MRI scan was available for 41 patients, of whom

15 were C9orf72 repeat expansion carriers and 26 non-

carriers. Longitudinal data from repeated scans were
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available for 11 patients. There were six C9orf72 repeat

expansion carriers and five non-carriers having repeated

scans. The time between the scans varied from 8 to

42 months, with a mean of 23 months.

The scans were preprocessed and analyzed using Free-

surfer version 6.0.0 image analysis suite. The precise pipe-

line is demonstrated in http://surfer.nmr.mgh.harvard.edu.

In short, processing includes motion correction and aver-

aging of multiple volumetric T1-weighted images, removal

of non-brain tissue using a hybrid watershed/surface

deformation procedure, automated Talairach transforma-

tion, segmentation of the subcortical white matter

and deep grey matter volumetric structures, intensity nor-

malization, tessellation of the grey matter white matter

boundary, automated topology correction, and surface

deformation following intensity gradients to optimally

place the grey/white and grey/cerebrospinal fluid borders

at the location where the greatest shift in intensity defines

the transition to the other tissue class. Cortices were par-

cellated with Desikan atlas, and thicknesses of cerebral

lobes were merged as defined in the original publication.28

Subcortical segmentation was performed using probabilis-

tic atlas.29 Freesurfer morphometric procedures have been

demonstrated to show good test–retest reliability across

scanner manufacturers and field strengths,30 and thus we

permitted the use of heterogeneous field strength.

To extract reliable volume and thickness estimates,

images were automatically processed with the longitudinal

stream31 in FreeSurfer. Specifically, an unbiased within-

subject template space and image is created using robust,

inverse consistent registration.32 Several processing steps,

such as skull stripping, Talairach transformations, atlas

registration as well as spherical surface maps and parcella-

tions, are then initialized with common information from

the within-subject template, significantly increasing relia-

bility and statistical power.31

Cortical measures are presented as a mean of cortical

thicknesses. Subcortical grey matter structures of interest

are presented as volumes. Volumes were corrected for

total intracranial volume by simple division. Brain atro-

phy rates were calculated by subtracting baseline MRI

measures from the follow-up scan measures and dividing

the remainder by baseline. Atrophy rates were then annu-

alized using the time between scans:

Atrophy rate ¼ MRI2�MRI1ð Þ 1=timeð Þ

MRI1
� 100

Statistical analysis

Mean scores of demographic and neuropsychological data

were compared across the genetic groups (C9orf72 repeat

expansion carriers vs. non-carriers) with t-test. Chi-

square analysis was used for differences in gender distri-

bution. Differences in sNfL levels between carriers and

non-carriers of the C9orf72 repeat expansion and between

bvFTD and PPA were analyzed with the Mann–Whitney

U-test.

Given the statistically significant correlation between

sNfL and age (P = 0.026), regression analyses using age as

a covariate were conducted. For regression analyses, sNfL

values were log-transformed to deal with skewed data.

The difference between sNfL levels according to

C9orf72 genetic status and clinical phenotype was evalu-

ated using a multivariate linear regression model with age

as a covariate.

A comparison of cortical thickness between the two

genetic groups was performed with a t-test and correla-

tion between sNfL levels and cortical thickness with Pear-

son’s correlation. Correction for multiple comparisons

was performed with FDR < 0.05 correction.

Association of sNfL and C9orf72 genetic status with

survival after disease onset was assessed using a multivari-

ate cox regression model. The regression model was

adjusted for age at disease onset. All tests were two-sided

and the standard statistical significance level was set at

P < 0.05. Data were analyzed using SPSS 25.

Results

The patients carrying the C9orf72 repeat expansion were

on average 5.3 years younger than those not carrying the

repeat expansion (P = 0.008) (Table 1). The groups did

not differ in gender distribution or the clinical severity of

the disease as measured by MMSE and ADCS-ADL tests

(Table 1).

Serum NfL levels are higher in C9orf72
repeat expansion carriers than in non-
carriers

In the total FTLD cohort, SIMOA-based analysis of the

sNfL levels indicated that sNfL concentration median was

10 pg/mL higher in the C9orf72 repeat expansion carriers

compared to non-carriers (median 40 pg/mL vs. 30 pg/

mL, pMWU = 0.039). In the bvFTD group, sNfL levels did

not differ between the carriers and non-carriers (median

33 pg/mL vs. 27 pg/mL, pMWU = 0.24). In contrast, in the

PPA group, sNfL concentration was significantly higher in

C9orf72 repeat expansion carriers than in the non-carriers

(median 87 pg/mL vs. 37 pg/mL, pMWU = 0.019). Also, in

the FTLD-MND group, C9orf72 expansion carriers had

higher levels of sNfL compared to non-carriers, but the

sample size was insufficient for reliable statistical compar-

ison (median 106 pg/mL vs. 54 pg/mL).

Since the C9orf72 repeat expansion carriers were signifi-

cantly younger and the sNfL levels showed a strong
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correlation with age (RP = 0.22, P = 0.026), we per-

formed similar comparisons as above with multivariate

linear regression analyses using age at the time of blood

sample as a covariate, to take the effect of age into

account. After the correction, the C9orf72 repeat expan-

sion carriers in the total group had a higher concentra-

tion of sNfL to non-carriers (b = 0.35, P = 0.002).

Moreover, the C9orf72 repeat expansion carriers had

higher sNfL concentrations in the bvFTD group

(b = 0.30, P = 0.039) as well as in the PPA group

(b = 0.59, P = 0.008) as compared to the non-carriers

(Fig. 1).

Serum NfL levels in patients with different
FTLD clinical phenotypes

We observed that the highest sNfL levels were present in

the FTLD-MND group (median 105 pg/mL), the second

highest in the PPA group (median 47 pg/mL) and the

lowest in the bvFTD group (median 27 pg/mL). The dif-

ference between the bvFTD and PPA groups was statisti-

cally significant (pMWU = 0.017). Statistical difference

between FTLD-MND and the two other groups was not

assessed due to insufficient sample size in the FTLD-

MND group.

In the regression model using age as a covariate, the

PPA groups had higher sNfL levels compared to bvFTD,

but the difference was not statistically significant

(b = 0.21, P = 0.071) (Fig. 1).

Serum NfL levels associated with shorter
survival time

A total of 44 patients died during the follow-up time of

the study. Fifteen of them were C9orf72 repeat expansion

carriers (58 % of all carriers) and 29 non-carriers (56 %

of all non-carriers). The mean time from diagnosis to

death was 4.4 (SD 3.5) years for carriers and 5.6 (SD 4.2)

years for non-carriers (P = 0.32). Higher sNfL levels asso-

ciated with shorter survival time (b = �0.47, P = 0.002),

in both carriers (b = �0.57, P = 0.035) and non-carriers

(b=�0.38, P = 0.044) of the C9orf72 repeat expansion.

When dividing the whole cohort in three equally sized

subgroups according to sNfL levels (low < 26.1 pg/mL,

moderate 26.1–44.4 pg/mL, and high> 44.4 pg/mL), the

survival was significantly shorter in the groups with the

highest sNfL levels (HR 4.7, CI 95% 2.1–10.5, P < 0.001)

and moderate sNfL levels (HR 2.4, CI 95% 1.0–5.6,
P = 0.047) compared to the group with the lowest sNfL

levels (P < 0.001) (Fig. 2A). Carriers of the C9orf72

repeat expansion showed a trend of shorter survival com-

pared to non-carriers; however, the difference was not

statistically significant (HR 1.8, CI 95% 0.93–3.5,
P = 0.080) (Fig. 2B).

Association of serum NfL levels to cortical
thickness and subcortical volume

First, the differences from baseline MRI scans in cortical

thickness and subcortical volume between the C9orf72

repeat expansion carriers and non-carriers were evaluated

cross-sectionally at the time of the diagnosis. There were

no significant differences neither in the cortical thickness

nor in the subcortical structure volumes between these

groups. Interestingly, in a cross-sectional correlation anal-

ysis on baseline MRI scans, a negative correlation between

Table 1. Demographic and clinical data.

C9orf72

pos

C9orf72

neg Total

P

value

N (%) 26 (34) 52 (67) 78

Gender, female n (%) 13 (50) 29 (56) 42 (54) 0.630

Age (SD) 61.9 (9.4) 67.2 (7.6) 65.5 (8.6) 0.008

Serum NfL, pg/mL,

mean (SD)

78 (115) 40 (35) 53 (74) 0.039

MMSE (SD) 22 (5.7) 24 (3.6) 23 (4.7) 0.302

ADCS-ADL (SD) 58 (17) 55 (15) 57 (15) 0.267

bvFTD, n (%) 19 (36) 35 (65) 54 (100) 0.739

PPA, n (%) 5 (26) 14 (74) 19 (100)

FTLD-MND, n (%) 2 (40) 3 (60) 5 (100)

ADCS-ADL, Alzheimer’s Disease Co-operative Study-Activities of Daily

Living; bvFTD, Behavioral Variant Frontotemporal Dementia; FTLD-

MND, Frontotemporal Lobar Degeneration with Motoneuron disease;

MMSE, Mini Mental State Examination; NfL, Neurofilament light

chain; PPA, Primary Progressive Aphasia.

Figure 1. SNfL concentrations of FTLD patients displaying different

clinical phenotypes and grouped according to the C9orf72 repeat

expansion genetic status. Blue dots represent repeat expansion non-

carriers (C9orf72 neg) and red squares carriers (C9orf72 pos). Black

horizontal lines indicate a group median. The P values displayed stem

from the linear regression model with sNfL log-transformed and age

as a covariate. Statistical testing among the FTLD-MND group and

other groups was not done due to insufficient sample size.
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Figure 2. Survival rates after the onset of the disease in FTLD patients according to sNfL levels and C9orf72 genetic status. (A) Graph showing

that the group with higher sNfL levels had a lower survival rate than those with low or moderate sNfL levels. The groups were formulated by

dividing the whole FTLD cohort into three equally sized (n = 26) groups according to their sNfL levels (low < 26.1 pg/mL, moderate 26.1–

44.4 pg/mL, and high> 44.4 pg/mL). Differences in survival among groups were statistically significant (P < 0.001) (B) Graph showing survival

rates of the C9orf72 repeat expansion carriers (n = 26) and non-carriers (n = 52). The difference in survival rate showed a trend of shorter

survival of C9orf72 carriers compared to non-carriers; however, the difference was not statistically significant (P = 0.080).
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mean cortical thickness and sNfL concentration was

found (RP = �0.26, P = 0.048).

Next, we tested whether the sNfL concentration correlated

with brain atrophy rates, that is, the progression of atrophy

based on repeated MRI measures (Table 2). The overall cor-

tical atrophy rate was found to significantly correlate with

elevated sNfL levels (Rp = �0.64, P = 0.018). Of separate

brain lobes, only frontal lobe atrophy rate was observed to

correlate with a higher sNfL concentration (RP = �0.72,

P = 0.006). Furthermore, when correlating subcortical grey

matter structures, there was a significant correlation between

sNfL levels and the atrophy rate of the thalamus

(Rp = �0.61, P = 0.024), caudate (Rp = �0.62, P = 0.022),

pallidum (Rp = �0.73, P = 0.005), and putamen

(Rp = �0.70, P = 0.008). Also, atrophy of the overall sub-

cortical grey matter correlated with sNfL levels (Rp=�0.68,

P = 0.011). All the statistically significant correlations

between longitudinal MRI measures and sNfL levels survived

the FDR < 0.05 correction for multiple comparisons.

Discussion

The sNfL levels in FTLD patients with bvFTD, PPA, and

FTLD-MND phenotypes were higher in the C9orf72 repeat

expansion carriers compared to non-carriers. In addition,

the sNfL levels were the highest in patients with FTLD-

MND and the lowest in bvFTD patients. Also, the elevated

sNfL levels were proven to correlate with higher cortical

and subcortical atrophy rates. Moreover, higher sNfL levels

also associated with a shorter survival time. Altogether, our

data suggest that higher sNfL levels associate with the

C9orf72 repeat expansion and worse disease prognosis.

Our results are in line with previous findings. Previ-

ously, higher levels of CSF and serum NfL have been

reported in FTLD patients carrying the C9orf72 repeat

expansion compared to non-carriers.22,23,33 Also, after the

onset of symptoms, sNfL levels do not change over time

and remain elevated in sporadic FTLD patients, as well as

FTLD patients with the C9orf72 repeat expansion.20,23

Previous studies have also shown, that genetic mutations

causing TDP-43 neuropathology (C9orf72 and progran-

ulin) tend to higher NfL levels and faster rate of neurode-

generation compared to tau pathology.5,15,22,34 Notably,

in our cohort, higher sNfL levels were strongly associated

with atrophy of the frontal cortex and subcortical grey

matter structures, as seen also in previous studies.20,22

One previous study observed a similar association

between elevated sNfL and brain atrophy among bvFTD

patients, but not with patients with AD.20 This could be

explained by the degeneration of abundant neural connec-

tions originating from subcortical grey matter structures,

as more prominent degeneration of these structures is

seen in FTLD compared to AD.35 Also, pathology-specific

analyses are needed to unveil whether the elevated NfL

levels are only associated with certain underlying patholo-

gies or certain areas of the cerebrum or both.

Elevated CSF and blood NfL levels compared to healthy

controls, and sNfL levels’ association to disease severity

and progression have also been found in several other

neurodegenerative conditions involving axonal damage.12–

14,19,36–39 These results indicate that NfL measured from

blood has poor differential diagnostic value among neu-

rodegenerative diseases.40 Due to the lack of specificity of

the elevated sNfL levels between different neurodegenera-

tive diseases, the diagnostic potential of sNfL may be

restricted to discriminating neurodegenerative conditions

from their non-neurodegenerative mimics. For example,

disparate sNfL levels could be used to differentiate FTLD

from psychiatric conditions, as suggested by our previous

study.41 However, according to the present and previous

findings, sNfL levels show great clinical potential as a

non-specific prognostic tool in various neurodegenerative

conditions, including FTLD.16,23,42

We also evaluated the differences in sNfL levels

between distinct clinical phenotypes of FTLD. Previously,

similar evaluations have been made with CSF-derived

NfL33,34 and also with sNfL.22 Our results with sNfL are

in accordance with the previous studies and indicate that

FTLD-MND patients harbor the highest sNfL levels,

patients with PPA the second highest, and bvFTD patients

the lowest levels. The difference in the levels of sNfL

between C9orf72 repeat expansion carriers and non-carri-

ers was apparent in patients manifesting with PPA and

bvFTD clinical phenotypes. Also, the FTLD-MND group

showed a similar trend that the C9orf72 repeat expansion

carriers had higher sNfL levels as compared to non-carri-

ers. However, the sample size of this group of patients

was insufficient for statistical testing.

Table 2. Correlation of sNfL levels to cortical and subcortical grey

matter atrophy rates.

Mean atrophy rate,

% (SD)

Corr. with sNfL

levels (Rp)

P

value

Cortical Grey

Matter

�1.9 (2.7) �0.64 0.018

Frontal �3.0 (3.6) �0.72 0.006

Temporal �1.3 (2.3) �0.38 0.122

Parietal �1.1 (2.9) �0.48 0.069

Occipital 1.3 (6.0) �0.21 0.264

Cingulate �2.8 (3.6) �0.36 0.142

Subcortical Grey

Matter

�4.1 (3.9) �0.68 0.011

Thalamus �5.5 (5.3) �0.61 0.024

Caudate �4.3 (5.2) �0.62 0.022

Putamen �2.8 (3.6) �0.70 0.008

Pallidum �1.5 (3.7) �0.73 0.005

908 ª 2020 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

NfL as a Biomarker for Disease Progression in FTLD A. Cajanus et al.



The greatest strength of our study is the large patient

cohort considering the number of the C9orf72 repeat

expansion carriers and non-carriers with different clinical

phenotypes of FTLD. All the patients were diagnosed

according to the revised diagnostic criteria by an experi-

enced neurologist specialized in memory disorders. A lim-

itation in the present study is that healthy controls or

asymptomatic C9orf72 repeat expansion carriers were not

available for evaluating the increase in sNfL levels between

patients and controls or between pre-symptomatic and

symptomatic C9orf72 repeat expansion carriers.

In conclusion, we observed that C9orf72 repeat expan-

sion carriers are characterized by higher sNfL levels as

compared to non-carriers and that the sNfL levels differed

among different clinical phenotypes of FTLD, with the

highest levels detected in FTLD-MND, the second highest

in PPA, and the lowest levels in bvFTD patients. Higher

sNfL levels also correlated with a shorter survival time as

well as more severe cortical and subcortical atrophy rates.

Therefore, sNfL levels could be considered as a biomarker

of disease progression and as a potential minimally inva-

sive prognostic tool in FTLD.
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