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Abstract.
Background: Frontotemporal dementia (FTD) syndromes, mimics, phenocopy (phFTD), and slowly progressive behavioral
variant FTD (bvFTD) can be difficult to distinguish clinically. Biomarkers such as neurofilament light chain (NfL) may be
helpful.
Objective: To study plasma NfL levels in people with FTD syndromes and determine if plasma NfL can distinguish between
FTD syndromes and phFTD.
Methods: Plasma NfL levels were estimated using both Simoa® Quanterix HD-X™ and SR-X™ machines grouped via final
diagnosis after investigation and review.
Results: Fifty participants were studied: bvFTD = 20, semantic variant FTD (svFTD) = 11, non-fluent variant FTD
(nfvFTD) = 9, FTD with motor neuron disease (MND) = 4, phFTD = 2, slow progressors = 3, FTD mimic = 1, mean age
67.2 (SD 8.4) years. NfL levels were significantly higher in the FTD group compared to phenocopy group (p = 0.003).
Median NfL (IQR) pg/mL was comparable in the FTD syndromes: bvFTD 41.10 (50.72), svFTD 44.38 (16.61), and nfvFTD
42.61 (22.93), highest in FTD with MND 79.67 (45.32) and lowest in both phFTD 13.99 (0.79) and slow progressors 17.97
(3.62).
Conclusion: Plasma NfL appears to differentiate FTD syndromes and mimics. However, a lower NfL may predict a slower,
but not necessarily absence of neurodegeneration, and therefore appears limited in distinguishing slow progressors from FTD
phenocopies. Larger numbers of patients from all clinical groups are required to strengthen diagnostic utility.
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INTRODUCTION

The diagnosis of frontotemporal dementia (FTD)
syndromes can be challenging, especially in the
earliest stages. There is a compelling need for reli-
able, acceptable, and accessible biomarkers which
can improve the accuracy of diagnosis and provide
information about prognosis [1]. We have previously
reported a delay to diagnosis of 5 to 7 years from
the time of first FTD symptom [2]. Delays to diag-
nosis and diagnostic uncertainty have caused harm
to patients and caregivers, impeding access to appro-
priate medical support and increase patient and carer
stress [3].

Several subtypes or variants of FTD have been
described with different but overlapping features [4,
5]. All can present with behavioral changes noted
by loved ones. The most frequent subtype, behav-
ioral variant FTD (bvFTD), is most notable for early
changes in behavior, social conduct, and personality
[4]. Non-fluent variant FTD (nfvFTD) is associated
with progressive deficits in motor speech production
and grammar, and semantic variant FTD (svFTD)
presents with progressive deficits in semantic knowl-
edge and naming. Motor neuron disease can affect
patients with FTD (FTD-MND) [6]. Furthermore,
patients with an initial diagnosis of FTD can develop
atypical parkinsonism, such as progressive supranu-
clear palsy (PSP) (akinetic-rigid parkinsonism and
vertical gaze paresis) and cortico-basal degeneration
(CBD) (asymmetrical parkinsonism, apraxia and cor-
tical sensory loss) [7, 8].

Some patients present with very subtle changes
in behavior on the background of pre-existing per-
sonality features, raising the possibility of bvFTD.
Differentiating bvFTD from a subgroup of patients,
termed here as bvFTD phenocopies (phFTD), is
very difficult and often not possible on first con-
sultation. FTD phenocopies are regarded as having
clinical features often indistinguishable to bvFTD but
have a non-progressive course and do not progress
to dementia [9–11]. Although there remains con-
troversy regarding the phenocopy syndrome, their
features are usually ascribed to late onset psychi-
atric or personality disorder [12, 13]. Differentiating
the two syndromes can be difficult in the absence
of compelling neuroimaging findings or genetic con-
firmation, limiting prognostic information accessible
to patients and families when faced with these syn-
dromes.

In contrast to phFTD, some people with bvFTD
have very slowly progressive syndromes, denoted

here as ‘slow progressors’. Although these individu-
als demonstrate neurodegeneration on neuroimaging
and a progressive course, they appear to have milder
functional impairment and a survival in excess of
the estimated mean survival in bvFTD of 6–8 years
from symptom onset [11, 14]. Very slowly progres-
sive bvFTD has been described in association with
the hexanucleotide expansion in the C9orf72 gene
[15, 16].

Neurofilament light chain (NfL) is an axon derived
scaffolding protein in neurons, dendrites, and neu-
ronal soma, which can be measured in plasma through
advances in single-molecule array (Simoa®) technol-
ogy [17]. Plasma NfL has been shown to correlate
with disease progression and brain imaging find-
ings as a measure of ongoing axonal injury [1, 18].
Researchers have demonstrated differences between
blood NfL levels in healthy controls and FTD syn-
dromes [1, 19–24]. However, the majority of studies
have been in individuals with bvFTD [21], or pooled
FTD syndromes in a single analysis [25], or examined
its utility in predicting disease onset in genetic FTD
[19, 20, 26, 27]. Rohrer and colleagues [22] found that
disease severity correlated with NfL level by includ-
ing both the 3 FTD syndromes and logopaenic variant
primary progressive aphasia (lvPPA), which is usu-
ally regarded as a language onset AD [28–30]. They
demonstrated a wide variability in NfL levels within
each clinical group, with serum NfL levels of bvFTD
overlapping with healthy controls [22]. Prior reports
of variability in NfL levels may be due to the inclu-
sion of people with phenocopy or slowly progressive
FTD syndromes.

Previous studies have also largely been performed
in highly selected research populations, using a single
Simoa® machine to assay results [21, 22, 31], mak-
ing it difficult to interpret in clinical settings where
diverse machines may be used. Some researchers
used enzyme-linked immunosorbent assays (ELISA)
[23].

In this real-world exploratory study, we sought
to evaluate plasma NfL levels in patients with a
diagnosis of a possible FTD syndrome assessed
at a tertiary specialty outpatient cognitive neurol-
ogy service. We assessed inter-assay correlation
between two Simoa® platforms (Quanterix SR-X™
and Quanterix HD-X™). We separated clinical FTD
syndromes and compared plasma NfL between clin-
ical groups, including phFTD and slow progressors
who initially presented with a possible FTD diagno-
sis. We ypothesized that plasma NfL levels would
show a high correlation between the two Simoa®



S. Ooi et al. / Plasma Neurofilament Light Chain and FTD Diagnosis 1223

platforms and be elevated in patients with clinically
confirmed FTD syndromes compared to slow pro-
gressors or phFTD.

METHODS

Clinic setting

The Eastern Cognitive Disorders Clinic (ECDC)
is a national tertiary-referral center for the diagno-
sis and management of cognitive disorders located at
an Australian university hospital, Box Hill Hospital,
Melbourne. ECDC clinicians have a particular inter-
est in FTD syndromes and young onset dementias.

Standard protocol approvals, registrations, and
patient consents

Approval for the study was obtained from the
local ethics committee (HREC/16/EH/62) at East-
ern Health. All participants and their legal caregivers
were provided written consent. Participant recruit-
ment and blood samples were taken between
November 2016 and July 2018. Initial analyses were
performed on Quanterix SR-X™ (January 2021,
Sweden) and later on the Quanterix HD-X™ (May
2021, Melbourne).

Participants

We included participants with a diagnosis of the
following FTD syndromes: bvFTD, svFTD, nfvFTD,
and FTD-MND. Initial and final FTD diagnosis
and specific clinical syndrome, including phFTD or
slowly progressors, was made after clinical consen-
sus conferences during multidisciplinary meetings
involving 3 cognitive neurologists (AB, DD, CK), a
speech pathologist (CL) and a clinical neuropsychol-
ogist (NR). Accepted consensus diagnostic criteria
for bvFTD (Rascovsky’s [32]) and PPA (Gorno-
Tempini [33]) were used. For patients with PPA,
we included those with nfvFTD and svFTD, and
excluded those with lvPPA. A diagnosis of definite
FTD was made on post-mortem diagnosis where
available or confirmed pathogenic genetic mutation.
Note that genetic screening is not a standard part of
our FTD work-up.

We used published definitions of FTD pheno-
copy [11, 34] and slowly progressive FTD. The
latter remains somewhat diffusely defined, so, in
conjunction with clinical parameters, a duration of

disease in excess of 7.6 years was used to define
slow progressors, based on a natural history study
that suggested that this was the median survival in
bvFTD patients when phFTD were excluded [11].
Participants with phFTD had to demonstrate the
absence of neurodegeneration with no interval fronto-
temporal atrophy or hypometabolism seen on MRI
brain and FDG-PET respectively, and stable serial
clinical and neuropsychology assessment over at least
a period of 3 years per the current definitions [10].
We noted the development of parkinsonism, PSP
or cortico-basal degeneration during follow-up to
explore if higher NfL levels were associated with
these additional clinical features. We collected dura-
tion of disease (defined as the time from first reported
FTD symptom onset to NfL sample), duration of
follow-up by our clinical service, MRI and FDG-
PET findings, and Cambridge Behavioural Inventory
(CBI), Mini-Mental State Examination (MMSE),
and Addenbrooke Cognitive Examination-Revised
(ACE-R) scores where available. NfL results were
grouped with respect to the final diagnoses obtained
after consensus conference.

Measurement of NfL concentrations

Fasting venous blood was taken in EDTA tubes.
Plasma was processed via immediate centrifugation,
and stored at –80◦C, according to standardized pro-
cedures. The NfL assays were performed by two
independent technicians (1 in each center) blinded
to the clinical data.

Quanterix HD-X™ (Melbourne)

Plasma EDTA samples were thawed and cen-
trifuged at 10,000 g for 5 min at room temperature.
Plasma NfL was assayed using the HD-X Simoa®

NF-light™ Advantage Kit (Quanterix Corporation,
MA, USA) on the Simoa® HD-X™ Analyzer
(Quanterix Corporation, MA, USA) according to
the manufacturer’s instructions (mean limit of
detection = 0.038 pg/mL). Briefly, assay calibrants
provided in the kit were run neat in triplicates. Con-
trol samples and patient samples were diluted 1:4 and
assayed in duplicates. The average intra-plate coef-
ficient of variability (CV) was 5.05%. Four quality
control (QC) samples were included in every plate.
The average inter-plate CV of the QC samples was
5.58%.
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Quanterix SR-X™ (Sweden)

Plasma NfL levels were measured using a Simoa®

SR-X NF-Light Advantage Kit (Quanterix Corpora-
tion, MA, USA), a digital immunoassay (mean limit
of detection = 0.0552 pg/mL), according to the manu-
facturer’s recommendations (Quanterix Corporation,
Billerica, MA USA). All samples were diluted 1:4
in a sample diluent and analyzed in duplicates. The
average intra-plate CV was 4.97%. Four QC samples
were included in every plate. The average inter-plate
CV of the QC samples was 6.59%.

Statistical analysis

Non-parametric tests were applied for all non-
paired between-group analyses. The Wilcoxon rank
sum test (Mann Whitney test) used to test differ-
ences between median NfL between two groups. A p
value of <0.05 was regarded as significant. A Spear-
man correlation was used to evaluate correlation
between results from the two laboratories (between
the pilot research HD-X and SR-X platforms). A
Bland-Altman analysis with logarithmic values was
performed to evaluate the bias between the mean dif-
ferences of the two assays.

The estimated optimal cut-off level for dichotomiz-
ing values for total FTD versus FTD phenocopy
was selected by maximizing the Youden index. The
receiver operating characteristics (ROC) curve was
used to calculate the area under the curve (AUC)
and plasma NfL cut-off for optimal sensitivity and
specificity.

All statistical analysis was performed in the R pro-
gramming language using RStudio (version 4.1.0)
and boxplots were generated using the ggplot2 (ver-
sion 3.3.5) package.

RESULTS

Participants

Fifty-one patients with an initial diagnosis of a
FTD syndrome referred to ECDC were recruited
and included in the SR-X™ analyses. One patient
was excluded from the HD-X™ analyses as evalu-
able plasma was not available, leaving a total of 50
patients for HD-X™ and correlation analysis. One
patient was a ‘FTD mimic’ and had a diagnosis of
normal pressure hydrocephalus (NPH) made after
investigation, with disproportionate and enlarged
subarachnoid space hydrocephalus (DESH), leaving

20 patients with bvFTD, 4 with FTD-MND, 9 with
nfvFTD, 11 with svFTD, 2 with phFTD, and 3 slowly
progressive bvFTD.

Of the 50 patients analyzed, the mean age of
patients at the time of first symptom onset was 62.3
(SD = 8.4) years, and the mean age at time of blood
draw was 67.2 (8.4) years. Average follow-up dura-
tion was 3.6 (2.4) years. Thirty-four patients were
men (68%). A summary of the demographics, median
plasma NfL level obtained from HD-X™, duration of
disease, follow-up, CBI, MMSE, and ACE-R scores
for each FTD syndrome, mimic, phFTD and slow pro-
gressor is presented in Table 1. The final diagnosis is
presented in Fig. 1.

Clinical syndrome

Definite and probable bvFTD
Nineteen participants had a final clinical diagno-

sis of probable bvFTD, and one patient had definite
bvFTD and parkinsonism as confirmed by post-
mortem finding of a 4-repeat tauopathy secondary
to FTD with Parkinsonism linked to chromosome 17
(FTDP-17), due to MAPT gene mutation on chro-
mosome 17 [35, 36]. All patients had confirmatory
hypometabolism on FDG-PET imaging if available
(n = 19, 95%). Sixteen of the 20 (90%) fulfilled the
behavioral and cognitive symptoms of Rascovsky’s
criteria for probable bvFTD at initial consultation,
and 2 of these 16 were later reclassified as slow
progressors after longitudinal follow-up. One patient
with probable bvFTD developed PSP during follow-
up.

Possible bvFTD and slow progressors
Of the 7 patients with possible bvFTD at initial

consultation, 3 were reclassified as probable bvFTD
and one patient had definite bvFTD. A further 3
patients were reclassified to slow progressor, NPH
with DESH, and phFTD respectively. The three slow
progressor patients have had a mean follow-up time
of 9.0 (3.0) years and disease duration of 9.7 (1.2)
years.

phFTD
Two patients had a final diagnosis of phFTD. One

of these patients fulfilled Rascovsky’s criteria for pos-
sible bvFTD at initial visit but did not demonstrate
clinical progression nor evidence of neurodegenera-
tion on MRI and FDG-PET brain for 5 years. The
second patient with phFTD also had features of
behavioral changes without clinical progression.
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Table 1
Summary of patient characteristics

Total FTD-MND bvFTD nfvFTD svFTD phFTD Slowly Normal pressure
progressive hydrocephalus

bvFTD (FTD mimic)

Number 50 4 20 9 11 2 3 1
Mean age (SD), y 67.2 (8.4) 68.5 (16.2) 65.5 (9.2) 68.4 (6.7) 68.4 (6.0) 71.5 (6.36) 67.7 (8.5) 61
Mean age onset (SD),
y

62.3 (8.4) 66.0 (15.3) 61.1 (8.8) 64.7 (7.6) 62.3 (5.8) 62.5 (4.95) 58.3 (10.0) 55

Male % 68 50 81 66.7 45.5 50 100 100
Disease duration,
mean (SD), y

5.0 (2.8) 2.8 (1.3) 4.2 (1.8) 3.8 (2.4) 6.1 (2.9) 9.0 (1.4) 9.7 (1.2) 6

Serum NfL, median
(IQR), pg/mL

79.67 (45.32) 41.10 (50.72) 42.61 (22.93) 44.38 (16.61) 13.99 (0.79) 17.97 (3.62) 30.8

Duration of follow-up,
mean (SD), y

3.6 (2.4) 3.3 (1.7) 4.4 (2.1) 3.6 (1.3) 4.2 (2.1) 3.0 (2.8) 9 (3.0) 8

CBI NA 85.8 (12.8) 24.3 (14.7) 26.3 (10.1) 64 NA 72
CBI number NA 5 7 3 1 NA 1
ACE-R NA 71.0 (21.9) 82.0 (7.6) 70.4 (16.2) 84 83 90
ACE-R number NA 12 4 7 1 1 1
MMSE NA 25.1 (3.7) 28.0 (1.6) 26.1 (3.2) 27.0 (2.8) 24.0 (1.4) 28
MMSE number NA 19 6 8 2 2 1

SD, standard deviation; NfL, neurofilament light; IQR, interquartile range; CBI, Cambridge Behavioural Inventory; ACE-R, Addenbrooke’s Cognitive Examination-Revised; MMSE, Mini-Mental
State Examination; FTD-MND, frontotemporal dementia with motor neuron disease; bvFTD, behavioral variant frontotemporal dementia; phFTD, frontotemporal dementia phenocopy; nfvFTD,
non-fluent variant frontotemporal dementia; svFTD, semantic variant frontotemporal dementia.
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Fig. 1. Final diagnosis. Numbers of patients (total 50) in each clinical group at final diagnosis. Patients with overlapping clinical fea-
tures are also presented in Venn diagram. FTD, frontotemporal dementia; bvFTD, behavioral variant frontotemporal dementia; FTLD-17,
frontotemporal degeneration with parkinsonism linked to chromosome 17.

FTD mimic
The patient with an initial diagnosis of possible

bvFTD who had a final diagnosis of NPH with DESH
[37] presented with significant behavior and execu-
tive deficits and a CBI of 72 (out of maximum score
of 184), without the clinical triad described in NPH
[38]. His FDG-PET scan revealed changes consis-
tent with sulcal enlargement seen on his MRI brain.
He was excluded from the exploratory cut-point
analysis.

FTD-MND
Four participants had a clinically confirmed diag-

nosis of FTD-MND.

nfvFTD
Nine patients had nfvFTD as a final diagnosis;

one of these patients was initially diagnosed with a
primary progressive aphasia that could not be fur-
ther subtyped due to the severity of symptoms at

presentation. Five patients had concurrent progres-
sive apraxia of speech (PAOS) at initial diagnosis; 4
patients developed PSP features, and 1 patient devel-
oped CBD features with cortical sensory loss during
follow-up. One patient with nfvFTD has a post-
mortem confirmation revealing TDP-43 inclusions
(McKenzie type 1 [39]). No significant difference in
NfL was found in nfvFTD patients with or without
PSP features.

svFTD
Eleven participants had a diagnosis of svFTD. MRI

imaging was available on 10 patients of whom 9 of
10 (90%) had left predominant anterior temporal lobe
atrophy, and 1 of 10 (10%) had right temporal lobe
variant FTD [40]. One patient with svFTD with a NfL
of 151.08 pg/mL progressed to executive dysfunc-
tion within 2 years and severe prosopagnosia within
4 years of language symptom onset.
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Fig. 2. A) Plasma neurofilament light in each diagnostic group.
Median NfL is represented in the boxplot by the thick line. The
1st and 3rd quartiles are represented by the hinges. The lower
and upper whiskers indicate the smallest and largest NfL value
that are 1.5 times the interquartile range, respectively. NfL values
beyond the end of the whiskers are plotted individually. P val-
ues using the Wilcoxon rank sum test between the median NfL
for phFTD and each diagnostic group is shown. slow progres-
sor, slowly progressive bvFTD; phFTD, frontotemporal dementia
phenocopy; nfvFTD, non-fluent variant frontotemporal demen-
tia; bvFTD, behavioral variant frontotemporal dementia; svFTD,
semantic variant frontotemporal dementia; MND, motor neuron
disease; NPH, normal pressure hydrocephalus.

Fig. 2. B) Boxplot of all FTD versus FTD phenocopy. Median
NfL is represented in the boxplot by the thick line. The 1st and
3rd quartiles are represented by the hinges. The upper and lower
whiskers indicate the smallest and largest NfL value that are 1.5
times the interquartile range, respectively. NfL values beyond the
end of the whiskers are plotted individually. The p value using
the Wilcoxon rank sum test between the median NfL for FTD
phenocopy and all FTD syndromes is shown. FTD, frontotemporal
dementia

Disease duration and duration of follow-up

Mean duration of disease for all participants was
5.0 (2.8) years with a mean follow-up time of 3.6 (2.4)
years. Patients with phFTD and slow progressors had

the highest mean disease duration (9.0 (1.4) and 9.7
(1.2) years respectively) and mean duration of follow-
up (3.0 (2.8) and 9.0 (3.0) years respectively).

Patients with svFTD had a longer mean duration
of disease 6.1 (2.9) years, compared to bvFTD (4.2
(1.8) years) cohort (p = 0.05), without MND, and
excluding the slow progressors, and a longer dura-
tion of follow-up (svFTD, mean 4.2 (2.1) years versus
bvFTD 2.4 (2.1) years, p = 0.03).

Correlation of SR-X™ and HD-X™

Plasma NfL levels were not normally distributed,
and values were log transformed. There was a signif-
icant correlation between testing platforms (r = 0.96,
p < 0.0001). Bland Altman analysis obtained a Log
bias of 0.14 (standard deviation 0.07, 95% limits of
agreement 0.001 to 0.29). Inter-assay comparisons
and Bland Altman plot of the NfL values derived
from SR-X and HD-X plasma NfL can be found in
Supplementary Figure 2.

Plasma NfL levels

Plasma NfL levels analysed using HD-X™ were
highest in patients with FTD-MND, followed by
svFTD and bvFTD patients. Levels of NfL were sig-
nificantly higher in the total FTD group compared
to phFTD (p = 0.003) and compared to the slow pro-
gressor group (p = 0.008), but small patient numbers
were noted. Plasma NfL levels were also higher in
bvFTD compared to phFTD group but did not reach
statistical significance (p = 0.14) (see Table 1).

Lowest quartile: Twelve patients in the lowest
quartile of plasma NfL (range 7.68–10.92 pg/mL)
had mean disease duration of 6.7 (2.9) years; proba-
ble bvFTD (n = 6), slow progressors (n = 3), phFTD
(n = 2) and nfvFTD (n = 1).

Highest quartile: Thirteen patients in the upper
quartile of plasma NfL (range 64.54 to 185.37 pg/mL)
had mean duration of disease of 4.0 (1.8) years;
FTD-MND (n = 3), bvFTD (n = 7), svFTD (n = 2),
and nfvFTD (n = 1). Within 12 months of NfL being
taken, 8 of these patients were deceased and 1 patient
had been transferred to a nursing home.

Exploration of clinical cut-point

The estimated optimal cut-point to distinguish
FTD phenocopy from FTD was 16.38 pg/mL, with
sensitivity of 91.5% and specificity of 100%, AUC
0.936 (CI 0.850, 1.001).
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DISCUSSION

We found that plasma NfL levels were elevated in
all clinical syndromes of FTD compared to previously
published normal levels [21, 22]. We found excellent
correlation and low bias of agreement of NfL between
the SR-X™ and HD-X™ Quanterix analyzers, pro-
viding confidence in the validity of these results.
Although assessment of intra-assay NfL variability
has been performed in previous serum NfL studies
[21, 22], the inter-assay validation methodology used
in our study has not been described in previous blood
NfL studies relating to FTD syndromes [20, 23, 25,
31].

Notwithstanding the small numbers in our groups,
we demonstrated a highly significant difference in
plasma NfL in all clinical subtypes of total FTD
compared to patients with phFTD (p = 0.003). Our
exploratory cut-point of 16.38 pg/mL had high
sensitivity (91.5%) and specificity (100%) in distin-
guishing the phFTD from the FTD group. We found
that a single plasma NfL assay demonstrated poten-
tial for distinguishing non-progressive behavioral
changes (e.g., phFTD) from progressive neurodegen-
erative FTD syndromes.

In agreement with previous studies where higher
serum NfL levels were correlated with faster frontal
lobe atrophy rates [22], patients in our study with a
higher plasma NfL demonstrated more rapid clinical
progression. Also similar to previous studies, FTD-
MND patients had the highest plasma NfL, perhaps
reflecting the rate of destruction in motor neurons [31,
41, 42].

We found less variability in NfL levels in the
svFTD cohort when compared to the probable bvFTD
group, as well as longer duration of disease and
greater duration of follow-up. While this may seem
somewhat perplexing given the extent of atrophy and
severity of impairments in most people with svFTD,
there is evidence that a wave of neuroinflammation
precedes atrophy, suggesting that the most rapid atro-
phy affecting the anterior temporal lobes has already
passed by the time the person presents clinically [43,
44]. The duration of disease for patients with svFTD
was consistent with prior natural history studies, in
which clinical progression within 5 to 7 years after
symptom onset was demonstrated [45].

Our subset of svFTD and nfvFTD patients all
showed raised plasma NfL compared to our estimated
cut-point, but there were no significant differences in
mean plasma NfL between these PPA subtypes, sim-
ilar to previous studies [21, 46]. It is possible that

this is due to the relatively smaller regions or more
focal neuronal degeneration despite heterogeneous
neuropathologies [33].

Although 4 out of 9 (56%) of people with nfvFTD
at initial diagnosis later developed PSP or CBD fea-
tures, and 2 out of 20 (10%) patients with bvFTD
developed parkinsonism and PSP respectively, no
difference in NfL was found with or without these
additional clinical features. Although it has been
shown that mean plasma NfL levels in PSP patients
without FTD are higher than controls [47, 48], it
remains to be seen in larger patient populations if
higher NfL levels herald the development of atypical
parkinsonian features as a marker of more widespread
progressive tau protein deposition [8, 49].

Importantly, our cut-off of 16.38 pg/mL using
the HD-X was able to distinguish FTD phenocopy
patients from those with FTD syndromes and is simi-
lar to these cut-points obtained in previous studies,
despite assay differences. These prior studies also
compared all FTD participants to healthy controls
without cognitive or behavioral symptoms, or to peo-
ple with primary psychiatric disorders. Two recent
studies looked at the utility of serum NfL in distin-
guishing bvFTD from primary psychiatric disorders
have found cut-points of 19.9 [25] (sensitivity 80%,
specificity 65%) and 23.7 pg/mL (sensitivity 85% and
specificity 78%) [50], respectively.

We speculate that NfL may be of adjunctive utility
for patients presenting with cognitive and behavioral
symptoms. A raised level above an agreed cut-point
may increase diagnostic confidence in distinguishing
between clinical syndromes that on first presenta-
tion may appear similar, such as bvFTD and FTD
phenocopy, potentially reducing the duration of lon-
gitudinal follow-up that is traditionally required to
ensure the absence of clinical progression. However,
a lower NfL may predict a slower, but not necessar-
ily the lack of, progression as reflected in the three
patients with probable bvFTD who were ‘false neg-
atives’ in our cohort using the cut-point of 16.38
pg/mL. Thus, NfL may demonstrate greater utility
as a blood biomarker for prediction and progno-
sis, rather than distinguishing etiology or syndrome.
Furthermore, it remains to be seen if NfL can be suffi-
ciently sensitive to circumvent the need for extended
longitudinal follow-up in clinical practice. This high-
lights the need to validate other biomarkers that may
increase our understanding as to why bvFTD remains
such a clinically heterogenous condition.

There are several limitations to our study. One
major limitation was our small sample size, which
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limit the statistical reliability of the study, and
also precluded multivariate logistic regression. Thus,
the effect of comorbidities on NfL could not be
considered, such as cerebrovascular disease. We
acknowledge that this was an exploratory study to
investigate the clinical utility of NfL in a real-world
population. We did not include a healthy control
group for comparison. We note that blood NfL has
already been validated to distinguish healthy con-
trols from FTD patients in previous larger studies.
Our objectives were to both compare assays between
Simoa platforms and explore differences in FTD
subtypes in clinical populations, noting that healthy
controls are not typically referred to a cognitive ser-
vice.

Although postmortem pathological diagnosis was
available in only two patients, the strengths of this
study were in the accuracy of clinical diagnosis in all
patients, carefully obtained via multidisciplinary con-
sensus conferences and clinical follow-up. We were
able to demonstrate a reclassification of diagnosis in
between initial and final diagnosis at last review over
a mean follow-up period of 3.6 (2.4) years.

In conclusion, plasma NfL appears to demonstrate
preliminary diagnostic utility with higher levels in
FTD-MND, bvFTD, and svFTD patients. We demon-
strated that NfL levels were comparable when tested
at different times on different machines. Plasma NfL
was significantly higher in the total FTD group com-
pared to the phFTD group but appears limited in
distinguishing between phFTD and slow progressors
who still harbor neurodegeneration. Larger numbers
of patients from all clinical groups are required to
strengthen diagnostic utility and to establish cut-
points for each syndrome.
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