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Supplement 

Supplement 1. Methods. 

 

Ethical approval. The university’s ethics committee approved the study and all subjects gave 

written informed consent in accordance with the Declaration of Helsinki.  

 

Subjects. A total of 112 subjects were recruited from the Department of Neurodegenerative 

Disorders, Hertie Institute for Clinical Brain Research, University Hospital Tübingen (sampling 

interval: 2009-2014): (a) a consecutive series of 41 FTD patients (comprising of 16 patients with 

behavioural variant FTD, 22 patients with progressive non-fluent aphasia and 3 patients with 

semantic dementia, diagnosed according to established criteria [6 7]), (b) a consecutive series 

of 25 ALS patients (diagnosed according to revised El Escorial Criteria [8]), and (c) 46 healthy 

controls. The FTD cohort included four patients with pathogenic mutations in recognised FTD 

genes (2 x C9orf72, 1 x GRN, 1 x UBQLN2, see Supplement 4). The control cohort (n=46) 

comprised of healthy volunteers (24) and subjects with disc prolapse (3), spinal stenosis (2), 

peripheral nerve lesions (2), primary muscle disease (1), unspecific cephalgia (2), depression 

(6), subjective cognitive impairment (6) without evidence of dementia or mild cognitive 

impairment. Controls did not show any evidence of inflammation on imaging and in CSF routine 

parameters. Controls also did not show any signs of neurodegenerative disease, as ascertained 

by neurologists with special expertise in neurodegenerative diseases. Samples of some control 

subjects were also used in another study (Bacioglu et al.). For demographic details on the FTD 

subgroups, see Supplement 3.  

 

Biomaterial. CSF and blood samples of each subject were taken within a time interval of less 

than 20 minutes, stored in the local biobank (see Acknowledgements) and analysed without any 

previous thaw-freeze cycle. CSF was collected by lumbar puncture between 08:00 am and 

10:00 am, centrifuged (4000 g) and stored at -80°C within 60 min after collection. Only subjects 

with normal CSF white cell counts (i.e. cell count <5/µl) [9] and normal CSF amyloid-β levels 
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(i.e. amyloid-β-42 >600 pg/ml, Innotest β-amyloid ELISA by Innogenetics, Ghent, Belgium) [10] 

were included.  

 

Measurements. CSF and serum NfL concentrations were measured by a previously 

established electrochemiluminescence immunoassay [4], which was slightly modified by dilution 

of calibrators and samples in ready-to-use ELISA diluent (Mabtech AB, Nacka Strand, Sweden). 

Intermediate precision (between-run precision) and repeatability (within-run precision), 

respectively, were 8.4% and 6.3% (for a mean concentration of 72.8 pg/ml), 8.7% and 6.9% (for 

52.3 pg/ml), 14.7% and 9.1% (for 9.1 pg/ml), as reported previously [4]. In the current study, 

measurements of NfL levels were made in two batches, hereby patient and control samples 

were distributed equally across measurement plates. To control for potential batch differences, 

we measured the samples of 8 subjects from the first batch also in the second batch (re-

measurement of both CSF and serum samples). Retest-reliability was high for both CSF 

(r=0.99, p<0.001) and serum (r=0.96, p<0.001, Pearson correlation coefficient). To benchmark 

the discriminative utility of NfL levels in differentiating FTD and ALS patients from controls, 

respectively, we also measured CSF levels of total tau (h-tau), using a commercially available 

ELISA set (Innogenetics, Belgium).  

 

Statistical analysis. We analysed the data with SPSS (IBM, Version 22). Throughout the 

manuscript, the assumption of normality was considered tenable if Shapiro-Wilk test was not 

significant (i.e. p >0.05) and if QQ-plots were compatible with normality. If normality was 

violated, log-transformed data were used for the statistical analysis. These log-transformed data 

fulfilled the above mentioned criteria of normality. Specifically, normality was assumed for age 

and age of manifestation, while CSF NfL, serum NfL, h-tau and disease duration required log-

transformation. Data were reported as median and interquartile range.  

Group effects on CSF and serum levels of NfL (both log-transformed), respectively, were tested 

with separate independent one-way analyses of variance (ANOVA) and post-hoc t-tests (two-

sided, Bonferroni-corrected for multiple comparisons, effect size r). The assumption of 

homogeneity of variance was considered tenable if Levene's test was not significant (i.e. p 
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>0.05), otherwise we applied Welch’s correction (1951) when reporting ANOVA results. 

Accordingly, Welch’s correction was used for serum NfL levels. Group effects on CSF and 

serum levels of NfL, respectively, were also tested with separate analyses of covariance 

(ANCOVA) to correct for age as a possible covariate. We tested for differences in gender and 

age by Pearson’s Chi-Square test and another independent one-way ANOVA, respectively. We 

analysed the associations between CSF NfL levels and serum NfL levels (both log-transformed) 

and the associations between NfL levels and disease duration (log-transformed) by separate 

Pearson correlations. Within the FTD group, the association between NfL levels and disease 

severity (as quantified by the Clinical Dementia Rating sum-of-boxes score (CDR-SOB) [11] and 

the FTLD-CDR score [12]) were analysed by separate Spearman correlations.  

We compared the receiver operating characteristic (ROC) curves of our three analytes (CSF 

NfL, serum NfL and h-tau) as proposed by DeLong [13] (two-sided comparison of the area 

under the curve (AUC) for dependent data, Bonferroni-corrected for multiple comparisons), 

using MedCalc (MedCalc Software, Version 15).  

We determined the cut-offs for differentiating patients and controls by means of their NfL levels 

according to the procedure proposed by Youden [14 15], using customised code written in 

MATLAB (MathWorks, Release 2014b). The optimal cut-offs were determined by assuming that 

the sum of sensitivity and specificity (i.e. the overall correct classification rate) should be 

maximised in optimising the threshold. We validated the sensitivity and specificity of the 

proposed biomarker cut-offs by repeated 10-fold cross-validation (100 repetitions) [16 17], using 

customised MATLAB code. The standard pseudorandom number generator was used for 

partitioning the data (Mersenne-twister, seed = 0 obtained by MATLAB command “rng default”). 

Validated sensitivity and specificity of the cut-offs were reported as medians.  
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Supplement 2. Subject characteristics and NfL levels.  

 

 

Table Supplement 2. Groups did not differ significantly in age (one-way ANOVA, F (2, 109) = 

0.96, p=0.385) or gender (Pearson Chi-Square-test, 
2
 (2) = 0.57, p=0.783). Values for age, 

disease duration, age of onset and NfL concentrations are reported as median and interquartile 

range. Determination and validation of the cut-offs for differentiating patients from controls on 

the basis of CSF and serum NfL are described in details in Supplement 1. Validated sensitivity 

and specificity of the cut-offs are reported as medians. ALS, amyotrophic lateral sclerosis. CSF, 

cerebrospinal fluid. FTD, frontotemporal dementia. NfL, neurofilament light chain.  

 

  

 CONTROLS FTD ALS 

sample size (female rate)  46 (54.3%) 41 (46.3%) 25 (52.0%) 

age [years]  65.5 (55.6-70.9) 67.5 (58.9-73.7) 67.1 (58.1-72.6) 

disease duration [years]  n. a. 2.0 (1.3-3.1) 0.9 (0.6-1.6) 

age of onset [years]  n. a. 64.0 (57.5-71.5) 66.0 (57.0-71.0) 

CSF NfL [pg/ml]  981 (777-1374) 2557 (1760-3167) 6658 (4205-10438) 

cut-off [pg/ml]  

validated sensitivity [%]  

validated specificity [%]  

n. a. 

>1561 

82.9 

84.8 

>2317 

92.0 

93.5 

Serum NfL [pg/ml]  17.8 (7.7-30.7) 47.2 (26.9-76.6) 118.0 (93.0-147.0) 

cut-off [pg/ml]  

validated sensitivity [%]  

validated specificity [%]  

n. a. 

>36 

63.4 

87.0 

>50 

96.0 

95.7 
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Supplement 3. Demographics and NfL levels of FTD subgroups.  

 

 bvFTD PNFA SD 

sample size (female rate)  16 (25.0%) 22 (63.6%) 3 (33.3%) 

age [years]  65.6 (54.5-73.8) 68.3 (60.0-74.0) 63.7 (n. a.) 

disease duration [years]  2.3 (1.9-3.6) 1.6 (1.1-3.4) 1.7 (n. a.) 

age of onset [years]  63.0 (52.8-71.8) 64.5 (58.3-72.3) 61.0 (n. a.) 

CSF NfL [pg/ml]  2417 (1574-2874) 2655 (1736-3439) 2376 (n. a.) 

Serum NfL [pg/ml]  34.6 (16.6-79.5) 49.1 (36.5-76.9) 50.0 (n. a.) 

correlation between  

CSF NfL and serum NfL 
r=0.83, p<0.001  r=0.68, p<0.001 n. a. 

 

Table Supplement 3. Values for age, disease duration, disease onset and NfL concentrations 

are reported as median and interquartile range. The three groups did not differ significantly in 

gender (
2
 (2) = 5.78, p=0.056). The subgroups of bvFTD and PNFA patients did not differ 

significantly regarding age (t (36) = -0.838, p=0.41), CSF NfL (t (36) = -0.58, p=0.568) and 

serum NfL (t (36) = -0.87, p=0.392, two-sided t-tests). The data of the three SD patients were 

within the respective confidence intervals of both the bvFTD and PNFA subgroup. bvFTD, 

behavioural variant of frontotemporal dementia. PNFA, progressive non-fluent aphasia. SD, 

semantic dementia.  

 

Serum NfL levels might be increased not only in the FTD group as a whole (see Main Text), but 

also within the three FTD subgroups (bvFTD, PNFA, SD). While our study was not sufficiently 

powered to address this additional issue, we here performed an exploratory statistical analysis. 

This exploration indicated that indeed not only CSF NfL, but also serum NfL was elevated in all 

three FTD subgroups (see Table Supplement 2). If this additional preliminary finding is 

confirmed in a larger FTD subgroup study, it will provide further evidence for our main 

hypothesis that not only CSF NfL, but also serum NfL yields a promising biomarker in FTD. 

Moreover, CSF and serum NfL levels correlated with each other in all FTD subgroups for which 

such a correlation analysis was statistically possible (bvFTD, PNFA; see Table Supplement 3). 
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This adds further support for the notion that serum NfL might be an equally promising marker as 

CSF NfL, while being less invasive to access. 

NfL levels did not differ between FTD subgroups in our study. If confirmed in larger cohorts, this 

result would add further support for the notion that NfL is not a marker specific for a particular 

neurodegenerative disease, let alone a specific FTD subtype, but rather a general marker for 

neuronal decay. However, this finding is in contrast to a previous study suggesting that CSF NfL 

levels might differ between the FTD subtypes [18]. Hereby, one needs to bear in mind that our 

study was not primarily designed and powered to detect such differences between FTD sub-

groups. Future studies with larger cohorts of different FTD subtypes are needed to fully address 

this question. 
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Supplement 4. NfL levels of individuals with mutations in FTD genes.  

 

Subject  Gene 

 

Mutation 

 

Phenotype 

 

CSF NfL 

[pg/ml] 

Serum NfL 

[pg/ml] 

h-tau  

[pg/ml] 

18890 C9orf72 expansion > 50 repeats PNFA 9335 130 414 

21899 C9orf72 expansion > 50 repeats bvFTD 1068 26 97 

21804 GRN c.708+1G>A, p. ?,  

NM_002087 

bvFTD 9445 150 483 

18527 UBQLN2 c.845C>T, p.A282V, 

NC_000023.10 

bvFTD 2249 48 341 

 

Table Supplement 4. The FTD cohort included four individuals with mutations in recognised 

FTD genes. CSF and serum NfL levels of these individuals were increased above the upper 

quartile of healthy controls in 3 cases and above the median of healthy controls in the remaining 

case.  
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Supplement 5. Association of disease duration and severity with NfL levels in FTD.  

 

Previous research showed that CSF NfL levels might correlate with disease severity in FTD [1]. 

We statistically explored the association of NfL levels in FTD with disease duration and disease 

severity, as quantified by the Clinical Dementia Rating sum-of-boxes score [11] and the FTLD-

CDR score [12].  

Disease duration did not correlate with NfL levels, neither in FTD (CSF: r=0.28, p=0.076; serum: 

r=0.21, p=0.200) nor in ALS (CSF: r=0.20, p=0.338; serum: r=0.09, p=0.660; Pearson 

correlations calculated for log-transformed data, two-sided tests). Within our FTD cohort, 

disease severity did not correlate with patients’ NfL levels in CSF (CDR-SOB: ρ=–0.02, 

p=0.554, FTLD-CDR: ρ=–0.06, p=0.652) or serum (CDR-SOB: ρ=+0.07, p=0.329, FTLD-CDR: 

ρ=+0.03, p=0.421, Spearman correlations, one-sided tests for positive correlations).  

Thus, disease duration and disease severity of our FTD patients did not correlate with their NfL 

levels. However, given the limitations of the CDR as a disease severity marker, more specific 

parameters of disease severity and disease progression (e. g. scores of cerebral atrophy, 

cognitive function, activities of daily living) are required to comprehensively address the 

question whether NfL levels might serve as markers of disease progression and severity.  

 

 

  



9/11 

Supplement 6. Benchmarking discriminatory performance of NfL against h-tau.  

 

Though CSF tau is a non-specific marker of neuronal degeneration, it shows some 

discriminatory features with respect to FTD vs controls [19] and ALS vs controls [20]. We used 

subjects’ CSF tau levels in order to benchmark the discriminatory performance of NfL levels – 

which are of interest here – against a CSF analyte which itself yields above-chance 

performance in differentiating patients from controls. For NfL levels in FTD, we found that, if 

compared to CSF tau (AUC=0.66 (0.55-0.78)) as a benchmark, only CSF NfL showed 

significantly superior performance (p<0.001), while performance of serum NfL did not differ 

significantly from tau (p=0.138). For NfL levels in ALS, we found that NfL levels in both CSF and 

serum were significantly superior to h-tau (AUC=0.65 (0.52-0.79)) (p<0.001 for both 

biomarkers). In summary, these findings support the discriminatory performance of NfL in 

differentiating FTD and ALS patients from controls, respectively.  
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