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Abstract. The added value of neurofilament light chain (NfL) to the existing diagnostic methods is unknown, although
a plethora of studies have shown increased levels in cerebrospinal fluid (CSF) and blood in many neurodegenerative and
neurological disorders. The added value of CSF NfL was determined in a mixed memory clinic cohort of consecutive patients
for 136 patients with Alzheimer’s disease (AD) (n=69), mild cognitive impairment (n=24), non-AD (n=34), and also
healthy controls (n=9). This study found no increase in the diagnostic accuracy of the etiological diagnoses but knowing the
CSF NfL value led to increased diagnostic certainty for the specialist in neurology.
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INTRODUCTION lion patients and relatives worldwide [1]. Regardless
of the primary pathology, the damage and loss of
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prior to dementia onset [2]. The diagnosis of neurode-
generative dementias relies on clinical examinations
by physicians and psychologists, imaging modalities,
and cerebrospinal fluid (CSF) biomarkers, especially
tau, phosphorylated tau (p-tau), and amyloid-3 1-42
(AB42), and recently neurofilament light chain (NfL).

Neurofilaments are scaffolding proteins found pri-
marily in the axons of neurons where they enable
the radial growth [3]. They are composed of five
subunits: NfL, neurofilament medium chain (NfM),
neurofilament heavy chain (NfH), alpha-internexin,
and peripherin, of which NfL is the easiest to ana-
lyze [3]. Studies have reported that a low increase of
NfL in CSF can be observed in an age-dependent
manner [4, 5]. However, depending on the degree
of damage and loss of neurons in neurodegenerative
dementias and other disorders, large amounts of NfLL
are released into the CSF and blood [4]. A plethora
of recent studies have shown that NfL in CSF [6,
7] and blood [8, 9] is robustly increased in AD, but
also in many other neurodegenerative disorders and
acute neurological disorders [10, 11], making NfL a
promising biomarker for the diagnosis of neurode-
generative dementias. However, the added value of
NfL, to the existing diagnostic methods and biomark-
ers, in a mixed memory clinic cohort of consecutive
patients, is unknown.

MATERIALS AND METHODS

Subjects

CSF samples were collected at the Regional De-
mentia Research Centre, Zealand University Hos-
pital, Roskilde between November 2017 and April
2020.

A total of 136 patients and healthy controls with
CSF NfL samples were included in the study. The
CSF samples were collected from healthy con-
trols (HC) (n=9), who, after clinical assessment
for suspected cognitive decline, were found to have
normal cognition. This included patients with sub-
jective cognitive decline (SCD), side effects from
other medication, substance abuse (i.e., alcohol)
or mild non-organic mental disorders. Furthermore,
patients with mild cognitive impairment (MCI)
(n=24), AD (n=69) and non-AD (n=34) were
included in the study. The non-AD group consisted
of vascular dementia (VaD) (rn=9), frontotempo-
ral dementia (FTD) (n=38), mixed dementia (n=7),
atypical Parkinsonism disorders (PSP, CBD, MSA)
(n=5), alcohol-induced dementia (n=2), dementia

with Lewy bodies (DLB) (n=1), and unknown etiol-
ogy (n=2). All included patients and healthy controls
were diagnosed after extensive clinical evaluation,
including CSF biomarkers for AD (tau, p-tau, AB42,
and NfL), scans (magnetic resonance imaging or 18F-
flourdeoxyglucose position emission tomography),
and neuropsychological examination. The patients
were diagnosed at a consensus conference.

All included patients with AD fulfilled the NIA-
AA criteria [ 12], while the patients with MCI fulfilled
the criteria by the International Working group in
Mild Cognitive Impairment [13]. The patients with
VabD fulfilled the VASCOG criteria [14], the patients
with mixed dementia fulfilled the NIA-AA and
VASCOG criteria [12, 14], and the patients with FTD
fulfilled either the diagnostic criteria for the semantic
[15] or behavioral variant [16] or non-fluent apha-
sia [15]. The patients with atypical Parkinsonism
disorders fulfilled the criteria suggested by the Inter-
national Parkinson and Movement Disorder Society
[17, 18] [19].The patients diagnosed with DLB ful-
filled the criteria of the fourth report of the DLB
consortium [20], while patients with alcohol-induced
dementia fulfilled the ICD-10 criteria [21].

Assessment of the diagnostic impact of CSF NfL

A specialist in neurology with more than 30 years
of experience in dementia evaluation performed a
diagnostic evaluation of all included patients based
on medical history, paraclinical results, neuropsycho-
logical examinations, and scans. The evaluation was
designed to simulate the usual clinical practice in a
memory clinic. For each patient the specialist char-
acterized whether the patient fulfilled the criteria for
normal cognition, MCI or dementia, and furthermore
determined the etiological diagnosis. In addition, the
specialist graded the level of diagnostic certainty on
a Visual Analogue Scale (VAS), ranging from zero
to 100. For each included patient, this evaluation was
performed twice by the same specialist, first without
knowing the CSF NfL value and secondly including
the CSF NfL value. The cut-off value for CSF NfL
is <890 ng/L for people aged 40-59 years, while it
is <1850 ng/L for people > 60 years. The analytical
range of the NfL assay is 0.2-45000 ng/L.

Sample and sample processing

CSF samples were collected in polypropylene
tubes by a lumbar puncture at the Regional Demen-
tia Research Centre, Zealand University Hospital,
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Table 1
Characteristics of the study cohort
HC (n=9) MCI (n=24) AD (n=69) Non-AD (n=34) P
Sex F/M 772 11/13 38/31 11723 0.005
Age, y* 609+11.5 67.1+£9.0 71.5+9.1 72.1+82 0.0027
MMSE scoref 28.3+1.7 257+32 224448 22.6+4.2 <0.0001
ACE score' 87.3+8.0 77.9+13.5 66.6 +12.7 68.1+12.7 <0.0001
CSF ABy (pg/mL)T 1073.3 £293.7 805.3+376.9 645.7+£291.7 973.6 £440.0 <0.0001
CSF p-tau (pg/mL)T 36.2+15.0 59.8+44.4 70.2 £65.0 45.0£36.2 0.017
CSF total tau (pg/mL)T 204.6+113.4 420.1 +£252.2 534.1£375.0 412.9+402.3 0.0012
CSF NfL (ng/L)T 952.8 £625.9 1208.8 +568.1 1722.8 £ 1208.1 2377.8 £1363.2 <0.0001

n, number; F, female; M, male; MMSE, Mini-Mental State Examination; ACE, Addenbrooke’s Cognitive Examination; CSF, cerebrospinal
fluid; AB42, amyloid-f 1-42; p-tau, phosphorylated tau; NfL, neurofilament light chain; HC, healthy controls; MCI, mild cognitive impair-
ment; AD, Alzheimer’s disease. TExpressed as mean # standard deviation (SD). p-values were calculated by a Chi-squared test (sex), a
one-way ANOVA (age, years), and a Kruskal-Wallis test (MMSE score, ACE score, CSF AB4;, CSF p-tau, CSF total tau and CSF NfL).

Roskilde. NfL was measured as part of the clinical
routine at Aarhus University Hospital, Skejby [22].
CSF NfL was analyzed using the Simoa® NF-light
Advantage Kit, according to the protocol provided
by the manufacturer, at the Department of Clinical
Biochemistry, Aarhus University Hospital, Skejby,
Denmark. Samples are analyzed approximately every
second week, and the inter-assay CV was 11.2% mea-
sured by running the same CSF pool on all assay
runs. A QC sample from the manufacturer with con-
centrations ranging between 3.0-5.0ng/L was also
measured, and the assay is monitored according to
the Alzheimer’s Association QC program.

The levels of CSF AB4», total tau, and p-tau were
also measured as part of the clinical routine using
sandwich ELISA (INNOTEST® 3-AMYLOID(;—42)
Fujirebio), sandwich ELISAs INNOTEST hTau Ag,
and INNOTEST PHOSPHO-TAU ;g1p), respectively.

Statistics

The analyses were performed in GraphPad Prism.
Differences between the four diagnostic groups
(HC, MCI, AD, and non-AD) were analyzed using
a Chi-square test and Kruskal-Wallis tests where
appropriate.

Firstly, we assessed the effect of CSF NfL on
the diagnostic accuracy by comparing the etiolog-
ical diagnoses with and without information about
CSF NfL levels to the reference diagnosis decided
at a consensus conference at the Regional Demen-
tia Research Centre, Zealand University Hospital,
Roskilde. The etiological diagnoses were defined
as “correct” if the diagnoses were the same as
the etiological diagnoses decided at the consensus
conference. Inversely, the diagnoses were defined
as “incorrect” if they differed from the reference
diagnosis. Furthermore, if the etiological diagnosis

was the same after knowing the CSF NfL value, the
diagnosis was categorized as “unchanged,” and if the
diagnosis changed, it was categorized as “changed”.
There were no cases with three different etiological
evaluations.

Secondly, the diagnostic certainty of the etiologi-
cal diagnosis was assessed on a VAS score, ranging
from zero to 100%. To analyze the diagnostic cer-
tainty between the four different diagnostic groups,
Kruskal-Wallis tests were performed.

In addition, linear regressions with 95% confidence
intervals were performed in order to investigate the
relationship between NfL in CSF and AR 42, p-tau and
total in CSE.

Statistical significance for the analyses were deter-
mined at p <0.05 (two-sided).

RESULTS
Demographics

A total of 136 patients and healthy controls with
consecutive CSF NfL samples were included in the
study. Table 1 gives an overview of the characteris-
tics of the study cohort. Significant differences were
found between sex, age, Mini-Mental State Exami-
nation score, Addenbrooke’s Cognitive Examination,
CSF Apy4;, CSF p-tau, CSF total tau and CSF NfL
between the four groups.

For the subgroups contained in the non-AD group,
the NfL values (ng/L) expressed as mean = stan-
dard deviation (SD) were for VaD: 2974.3 4+ 2052.8,
FTD: 1809.3 +£637.4, mixed dementia: 2172.9 +
607.1, atypical Parkinsonism disorders (PSP, CBD,
MSA): 2801.0 £ 1052.6, alcohol-induced dementia:
613.5 £ 108.5, unknown etiology: 1471.0 £ 421. For
the patient with DLB the NfL value was 2121 ng/L.



124 H.S. Gleerup et al. / The Added Value of Cerebrospinal Fluid Neurofilament

The added value of CSF NfL

Table 2 gives and overview of the impact of CSF
NfL on the etiological diagnoses according to the
original diagnoses made at the consensus conference.
For 124 (91.2%) included patients, the etiological
diagnosis was correct and did not change after
knowing the CSF NfL value. For 7 (5.1%) subjects
the diagnosis was unchanged and incorrect according
to the diagnosis decided at the consensus conference,
while the diagnostic accuracy in 5 (3.7%) cases
changed to the incorrect diagnosis when knowing the
CSF NfL value. When looking at the four individual
diagnostic groups (HC, MCI, AD, and non-AD) the
results were similar in all four groups. The highest
proportion of correct and unchanged diagnoses were
seen for HC (100%) and AD (97.1%), while the
highest proportion of changed and incorrect diag-
noses were found for the patients with MCI (8.3%).
The highest proportion of incorrect and unchanged
diagnoses were seen in the non-AD group, probably
due to the heterogenous nature of the group.

Table 2 also gives and overview of the certainty
in VAS score (0-100%) of the etiological diagnoses
with and without knowing the CSF NfL value. The
level of certainty of the etiological diagnosis when
knowing the CSF NfL level increased in 69 cases,
decreased in 17 cases and was stable in 50 out of
the 136 cases. For all subjects, without knowing the
CSF NfL value, the average level of diagnostic cer-
tainty in VAS score was 82.1%, and a statistically
significant difference in certainty was found between
the diagnostic groups (HC, MCI, AD, and non-AD)
(p=0.023). The VAS score was 84.9% when know-
ing the CSF NfL value, but no statistically significant
difference was found between the four diagnostic
groups (p=0.43). For the 69 cases where the level
of certainty increased, the average diagnostic cer-
tainty increase in VAS score was 7.0%. For the 17
cases where the level of certainty decreased, the aver-
age diagnostic decrease was 6.4%. For the individual
diagnostic groups, the highest increase in certainty,
when knowing the CSF value, was seen in the patients
with MCI (4.3%), while the lowest increase was seen
for the patients with AD (1.4%).

A statistically significant difference between the
four diagnostic groups was found when analyzing the
average increase in certainty (p =0.0021). The cases
in the MCI group had the highest average increase
when knowing the CSF NfL value (9.9%), while the
cases in the AD group had the lowest (4.9%). No
statistically significant difference between the four

Table 2
Impact of CSF NfL and the certainty of the etiological diagnoses

*
59

34)
Incorrect
5(14.7)

Non-AD (n

AD (n=69)

Correct
67 (97.1)
0(0.0)

24)
Incorrect

MCI (n=

Correct
20 (83.4)
0(0.0)

9
Incorrect

HC (n=
Correct

9 (100.0)
0(0.0)

=136)
Incorrect

All subjects (n

Correct
28 (82.4)
0(0.0)

Incorrect

Correct

0(0.0)
2(2.9)

2(8.3)
2(8.3)

79.2£8.5
83.5+6.0
9.9+5.7

0 (0.0)
0(0.0)

7(5.1)
5(@3.7)

82.1£7.0
84.9+79
7.0+£4.1

124 (91.2)

Unchanged diagnosis (%)
Changed diagnosis (%)

1(2.9)

81.5+5.1
85.6+£8.0

0(0.0)

0.023

84.0+6.1
85.4+69
49+£25
53+£37

77.1+9.7

80.1+ 144
8.1+4.0

13.0+£4.0

Certainty without CSF NfLL
Certainty with CSF NfL

043
0.0021

7.8£33
57+£19

Average increase in certainty

0.58

5.0+£0.0

6.4+44
n, number; NfL, neurofilament light chain; HC, healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s disease. The table shows the impact of CSF NfL on the etiological diagnoses,

Average decrease in certainty

and the mean certainty in VAS score (0-100%) + standard deviation (SD).“Unchanged diagnosis” is expressed as number and (percentage) of subjects and indicates the cases where the ethological

diagnosis did not change after knowing the CSF NfL value. “Changed diagnosis” is expressed as number and (percentage) of subjects and indicates the cases where the ethological diagnosis was

changed after knowing the CSF NfL value. *p-values were calculated by a Kruskal-Wallis test on the difference between HC, MCI, AD, and non-AD.
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Fig. 1. CSF NfL and the association between CSF NfL and AB42, p-tau, and total tau in CSF. A) The boxplot shows the median, interquartile
range, and extreme values of NfL in CSF for HC, MCI, AD, and non-AD. All data in the 2.5-97.5 percentile has been included in the boxplot.
B) The graph shows the relationship between CSF NfL and CSF A4, for HC, MCI, AD, and non-AD. C) The graph shows the relationship
between CSF NfL and CSF p-tau for HC, MCI, AD, and non-AD. D) The graph shows the relationship between CSF NfL and CSF total tau
for HC, MCI, AD, and non-AD. HC, healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CSF, cerebrospinal fluid;
AB42, amyloid 1-42; p-tau, phosphorylated tau; NfL, neurofilament light chain.

diagnostic groups was found when analyzing the
average decrease in certainty (p=0.58). For these
cases that decreased in certainty, the cases in the HC
group had the highest average decrease when know-
ing the CSF NfL value (13.0%), while the cases in
the MCI group had the lowest (5.0%).

When investigating the association between NfL
in CSF and AB4; in CSF, a correlation was found
for AD (p=0.016), but no correlation was found for
HC, MCI, and non-AD (Fig. 1B). No correlation was
found between NfL in CSF and p-tau or total tau in
CSF in any of the groups (Fig. 1C, D).

DISCUSSION

Studies have reported, that NfL in CSF and blood
is robustly increased in neurodegenerative dementias
[4]. However, to the best of our knowledge, this
was the first study to evaluate the added value of

CSF NfL to the existing diagnostic methods and
biomarkers in a mixed memory clinic cohort of
consecutive patients. This study found no increase in
the diagnostic accuracy of the etiological diagnoses
when compared to using solely the present diagnostic
methods and biomarkers. However, knowing the
CSF NfL value led to increased diagnostic certainty
for the specialist in neurology with more than 30
years of experience in dementia evaluation. The level
of certainty might have an effect on the initiation of
treatment, treatment monitoring, future management
of the patient, and maybe decrease the amount of
additional testing. This might especially be the
case for patients with MCI, who had the highest
increase in certainty, and are often complex patients
with various underlying etiological diagnoses. It is
particular in this group of patients, with very hetero-
geneous underlying conditions, that the relevance
of a supplemental diagnostic marker is underscored.
Potentially, the increased level of certainty in MCI
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patients may impact treatment regimens and enable
patients to participate in clinical trials.

Our cohort is a representation of the clinical real-
ity in a specialized memory clinic. However, the
memory clinic is also a referral clinic, and therefore
our cohort might have contained more complicated
patients when compared to other clinics. Usually, the
clear diagnostic cases will not get a lumbar punc-
ture, excluding them from our cohort, and therefore
making the rate of unclear diagnostic cases higher.
Therefore, the rate of patients diagnosed with more
rare types of dementias, such as DLB, was low.

Dementia diagnostics and biomarkers are highly
developing fields and represents fruitful domains for
new biomarkers, new sources to sample biomarkers
[23, 24], new technologies and the complex process
of the clinical evaluation of a patient with a suspected
dementia disorder. Better exploitation of already val-
idated biomarkers is important for optimizing the
diagnostic procedure, making it cost-effective and
lessen the need for additional clinical evaluation. It
might be possible that CSF NfL assessments are more
likely to be beneficial in the primary care rather than
in specialized memory clinics, where it can serve as
a screening tool of a large number of patients, to
increase the clinician’s level of certainty in separating
neurodegenerative disorders from healthy aging.
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