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Research in context

T

Systema

We reViéWe thetiterature on PubMed on neurofilament light (NfL). There is extensive data

on NfL in MQenerative disorders (ND), including recent comprehensive reviews.
However, Were ig/llimited literature on primary psychiatric disorders (PSY), and especially on

NfL assisMe common clinical diagnostic dilemma of differentiating PSY from ND.

InterpretaC

Our findings significantly extend the literature and provide strong evidence for the diagnostic

Future digections:

We are bm these findings, investigating diagnostic, clinical, and health economic

utility of blo , in a range of specialist and primary care settings, aiming for clinical

translatio‘a simple test to reduce diagnostic delay and misdiagnosis, and dramatically

improveMsment and care for patients with cognitive and psychiatric symptoms, and

outcomesmw, their families, clinical trials, and healthcare systems.

<
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ABSTRACT

INTRODUETION!

Many pati@gnitive and neuropsychiatric symptoms face diagnostic delay and

misdiag% IS. We investigated whether cerebrospinal fluid neurofilament light (NfL) and
total-tau (T- ould assist in the clinical scenario of differentiating neurodegenerative from

psychiatri rs, and rapidly progressive disorders.

S

METHODS:

U

Biomarkef§ were examined in patients from specialist services (neurodegenerative (ND) and

fl

psychiatric rs (PSY)) and a national Creutzfeldt-Jakob registry (CJD and rapidly

progressi tias/atypically rapid variants of common ND, RapidND).

a

[

RESULT

498 parti @ ere included: 197 ND, 67 PSY, 161 CJD, 48 RapidND, 20 controls. NfL

was elev. compared to PSY and controls, with highest levels in CJD and RapidND.

N

NfL dis ND from PSY with 95%/78% positive/negative predictive value, 92%/87%

{

sensitivity/Specificity, 91% accuracy. NfL outperformed T-tau in most real-life clinical

U

diagnostic di a scenarios, except distinguishing CJD from RapidND.

A

DISCUSSION:
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We demonstrated strong generalisable evidence for the diagnostic utility of CSF NfL in

differentiating neurodegenerative from psychiatric disorders, with high accuracy.

pt
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INTRODUCTION

There is iﬁreat weed to improve the timely and accurate diagnosis of neurodegenerative

disordersmajor advances in clinical neurosciences, many patients with cognitive

and neur ie symptoms still face a significant diagnostic odyssey, of several years of
0 - _ . . . 0 . 0 0

multiple asessments, diagnostic uncertainty and delay, misdiagnoses, imprecise

managemmprognostication, with significant negative outcomes for patients, families,

and healt stems.[1,2] These challenges are greater in younger people (onset of

symptomsiless than 65 years of age), where atypical presentations are more common, and

S

differentia es are broader.[3-5] Clinical diagnoses of behavioural variant

U

frontotem entia (bvFTD) and Alzheimer disease (AD) have an appreciable error

rate.[6,7] Multiple factors contribute to the diagnostic odyssey, and even older patients and

£

those with more ‘typical’ presentations that could present less of a diagnostic challenge,

often still y and misdiagnosis.[1,8—10] Despite gold-standard, costly and, at times,

a

invasiv al and multidisciplinary assessments, many patients continue to face

diagnosti ainty.[11] In particular, distinguishing neurodegenerative from primary

V]

psychiatric disorders is a frequent diagnostic dilemma. Many patients eventually diagnosed

with a neufodegenerative dementia, are initially misdiagnosed with psychiatric

i

disorders. ] Given numerous challenges that patients face to get timely and accurate

O

diagnosis, arker that could assist in the differentiation between neurodegenerative

and psychiiatric disorders would have significant implications for the care and assessment,

I

and outcomes ofgpatients.

ut

Neurofil ght chain (NfL), an essential component of the neuronal cytoskeleton, has

A

been show a reliable diagnostic marker of neuronal injury and neurodegeneration in
diverse neurological and neurodegenerative disorders.[14—22] In our previous work, we

found that CSF NfL distinguished neurodegenerative from primary psychiatric disorders with
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high accuracy (AUC 0.94, 87% sensitivity, 90% specificity).[14,15] Elevated CSF total tau (T-
tau) concentrations have also been shown to be a non-specific marker of neuronal injury in a
range oms such as AD, Creutzfeldt-Jakob disease (CJD), and traumatic brain
injury.[23ons in CSF T-tau appear to be restricted to AD and CJD, with normal
levels imothemsdisorders, including most forms of FTD, progressive supranuclear palsy and
diseases h a tau based pathology.[33] NfL and T-tau are markers of neuronal,
particularlyl axonal injury, but are distributed differently in the brain. NfL, although present

throughou uron is mainly in larger myelinated axons; T-tau is highly prevalent in thin,

SC

cortical intefrefon non-myelinated axons.[17,32] We thus anticipated that NfL and T-tau

levels differed beliveen different broad diagnostic groups and subgroups, and potentially

U

demonstr rential utility.

dll

This study, pa The Markers in Neuropsychiatric Disorders Study (The MiND Study),

aimed to our earlier pilot work in a large, diverse cohort of individuals presenting with

cogniti opsychiatric symptoms, in whom the differential diagnoses included

\l

psychiatric and neurodegenerative disorders. The primary aim was to compare CSF NfL and

i

T-tau leve ents with neurodegenerative and psychiatric disorders, and control

participants icluded patients with neurodegenerative (ND) and primary psychiatric

(PSY) diso en in a clinical neuropsychiatry service, and patients referred to a national

1

CJD regi ad post-mortem diagnostic confirmation. This second group included

[

patient d with CJD and patients diagnosed with other rapidly progressive

neurodegeneratile (RapidND) disorders. Secondary aims included assessing the diagnostic

Gl

utility of NfL a -tau in differentiating between ND, PSY and CJD/RapidND groups, and

betwe ic diagnoses within these groups.

A

METHODS
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This study included retrospective and prospective data collected between January 2009 and
August 2020, from patients 1) referred for diagnostic assessment of a possible
neurodWe neurocognitive disorder to a clinical neuropsychiatry service, and
neurologhiatry clinical trials; 2) with symptoms of a rapidly progressive dementia
whose @Skssamples were sent to the Australian National Creutzfeldt-Jakob Disease
Registry (h{) for suspected CJD and where there was a post-mortem diagnosis; and

3) control Rarticipants.

SC

Neuropsychia a tertiary clinical service in Melbourne, Australia, providing diagnostic

t

input to people with a range of neuropsychiatric presentations, including younger onset

q:

dementia. jents received comprehensive multidisciplinary and multimodal

investigat . MRl and SPECT/PET brain, neuropsychiatry, neurology,

d

neuropsychology, CSF analysis) and received gold standard consensus diagnosis based on

establish ostic criteria, such as NIA-AA criteria for Alzheimer dementia, and

interna

nsus criteria for bvFTD.[34,35] One-hundred-and-twenty-eight

W

participants from our previous study were included (77 ND and 31 PSY from

Neuropsy 0 controls).[14]

hor

ANCJDR 1§ the national CJD surveillance centre, to which patients with a rapidly progressive

demen g atypically rapid presentations/variants of more common

{

neurodegﬁ disorders such as AD, Lewy body dementia), and a suspicion of CJD, are

referred for biomarker analysis and diagnosis. ANCJDR operational and surveillance

methoc (-ﬁ ethods of reviewing clinical criteria have been previously described [36,37].

We included all patients with a post-mortem diagnosis during the study period who had

remnant CSF specimens after diagnostic 14-3-3 testing.
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Control daa wa?ccessed from the Australian Imaging, Biomarker & Lifestyle (AIBL) study

of ageing Qusion criteria included age less than 70, no neurological or active

psychiatri iagnosis at time of CSF, no recent diagnosis (within 18 months of CSF)
N

of neurological disorder, stroke, transient ischaemic attack, traumatic brain injury, or

psychiatri(@wr, negative amyloid PET, and normal CSF AB42, T-tau and phospho-tau

92,

Group cat@on (according to most recent diagnosis on longitudinal follow up) was

made innce NfL levels.

CSF was store; at -80°C, and NfL and T-tau levels measured at the National Dementia
Diagnostic tory (NDDL), Melbourne, according to manufacturers’ protocols, described
previo 9] NfL was measured using a commercial ELISA (NF-light;

UmanDiagnostics, Sweden). Diluted CSF 1+1 and reconstituted standards were added to

levels.

ate, incubated, washed. Samples displaying concentrations above the
highest st @ point were further diluted and re-assayed. T-tau was measured using

INNOTES (Fujirebio, Belgium). CSF, ready to use calibrators and run validation

N

control d to the plate in duplicate, incubated, washed. Two internal controls of

|

pooled were included in each NfL and T-Tau plate. Mean intra-assay coefficient for NfL

U

and T-Tau were 812% and 4% respectively, inter-assay coefficient of variation 11.3% and

8.4% respe

A

Consent was not necessary, but where appropriate, participants provided informed consent.
This study was approved by Human Research Ethics Committees at Melbourne Health
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(2016.038, 2017.090, 2018.371, 2020.142), University of Melbourne (1341074), St Vincent’s

Hospital (028-06), and Florey Institute of Neurosciences and Mental Health (1648441.1).

T

Statist'ﬁamis
Statisticalﬁs were performed using IBM SPSS 27. General linear models (GLM) were
estimated@ine relationships between NfL and clinical variables. Age at CSF was

included wriate where appropriate, given its strong correlation with NfL.[16,40]
ope

Receiver E rator characteristic (ROC) curves were computed to determine areas under the

curve (AU itivity, and specificity of NfL and T-tau in distinguishing ND from PSY, and
between ubgroups. Optimal cut-off was determined using Youden’s (1959) method.
Paired-sa a difference under the curve determined differences in biomarker

peﬁorma@ormality of sampling distribution could not be assumed for all variables,

robust ethods were used for all analyses. Inference was performed using bias-

corrected an elerated (BCa) confidence intervals, computed for all GLMs via
nonpa tstrapping (1000 replicates). Statistical significance was defined as any
confidenc!interval not capturing the null-hypothesis value (at the 95% level). These robust

statistical s were selected because they mitigate the effects of distributional

O

violations, g presence of outliers.

th

RESUL

U

Study co ails (Tables 1 and 2)

A total articipants were included, mean age 63 years, 49% female. Diagnostic

A

groups were neurodegenerative disorders (ND, n=197), primary psychiatric disorders (PSY,

n=67), ANCJDR cohort (n=161), mild cognitive impairment (n=5), and controls (n=20).
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ND includid: oId'-onset AD (OlderAD, n=52), younger-onset AD (YoungerAD, n=59),
behaviouSrmI'D (bvFTD, n=33), and other neurodegenerative disorders (OtherND,
n=53). P atients referred to a specialist service for diagnostic assessment of a
H
possible ngurodegenerative disorder, and ultimately diagnosed with PSY: schizophrenia
(n=17), majer ressive disorder (n=16), bipolar disorder (n=12), and other psychiatric
disorders SY) (n=22). ANCJDR consisted of: CJD (n=161), and other severe/rapidly
progressiWegenerative disorder (RapidND, n=48). As detailed in Table 2, RapidND

included pically rapid variants/presentations of more common neurodegenerative

disorders AD (n=13), and Lewy body dementia (n=7)), where CJD was suspected

clinically zge to the aggressive presentation.

16]) and con

ND pati Ider than PSY (62 vs 49 years; mean difference, Mdiff=13, 95%CI:[10,

ere older than PSY (66 vs 49 years; Mdiff=17, 95%CI:[11, 23]).

CSF NfL -tau in neurodegenerative, primary psychiatric, and control groups

As demonOn Table 1 and Figure 1, CSF NfL levels were elevated in ND (mean,

M=1528p!mL) compared to PSY (M=435pg/mL), and controls (M=523pg/mL). Adjusting for

age, the dﬁ' eren’e between NfL levels in ND and PSY groups was large (GLM, Mdiff=1089,

95%CI:[6 ]), as was the difference between ND and controls (GLM Mdiff=1007,
95%Cl:[658% )- There was no difference between PSY and controls, after adjusting for
age (G =82, 95%CI:[-174, 338]). The spread of NfL levels in PSY was much

narrower than D, and no patients in PSY had an NfL level greater than 802pg/mL (Figure

1),
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CSF T-tau was significantly elevated in ND (M=514pg/mL), compared to PSY (M=157pg/mL;

Mdiff=250, 95%CI:[190, 309]), and controls (M=182pg/mL; Mdiff=370, [233, 507]), Table 1

{

and Figur@Z. There was no difference between PSY and controls (Mdiff=120, 95%CI:[-37,

389])

rip

NfL distingtiisheddND from PSY with high accuracy (AUC 0.94, 92% sensitivity, 87%

specificity g/mL cut-off), Figure 3 and Table 3. NfL outperformed T-tau (AUC 0.88,

oG

82% sens 1908 % specificity at 198pg/mL cut-off), paired-sample AUC difference,

AUCdiff=0.06, 0Cl:[0.01, 0.10].

nu

NfL at the L cut-off distinguished ND from PSY with a 95% positive predictive value

d

(PPV), 787an ive predictive value (NPV), 6.8 positive likely ratio (LR+ve), 0.09 negative

likely r. -ve), accurately classifying 91% (239/264) of patients, diagnostic odds ratio of

M

73 (Ta L performed better than T-tau, which at a cut-off of 198pg/mL was
associated with 94% PPV, 60% NPV, 4.8 LR+ve, 0.22 LR-ve, 82% accuracy, diagnostic

odds ratio

OF

CSF NfL and T-tau in CJD and RapidND

g

|

The hig nd T-tau levels were seen in CJD (mean NfL=4767pg/mL and mean T-

tau=4921pg/mL)fand other severe/rapidly progressive disorders (RapidND), mean

U

NfL=4857pg/ nd mean T-tau=1123pg/mL), Table 2 and Figures 1, 2, 4 and 5. T-tau

better shed CJD from RapidND, than NfL (sensitivity 83% vs 80%, specificity 79%

A

vs 50%, AUC 0.86 vs 0.60, AUCdIff=0.25, 95%CI:[0.16, 0.35]).
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As demonstrated in Table 3 and Supplementary Material, NfL performed better at
distinguishing RapidND from ND, compared to T-tau. NfL and T-tau were not significantly
differenWsmguishing RapidND from PSY. NfL and T-tau both distinguished CJD from
PSY with @ y high accuracy. Combining all neurodegenerative disorders in our cohort
(i.e. CJiD, RapidiD from ANCJDR, and ND from Neuropsychiatry) in to a combined
‘CJD+RahD’ group, improved the diagnostic performance of NfL and T-tau in

differentia‘ng fro’ PSY (compared to ND (without ANCJDR) vs PSY).

CSF NfL anE !-SU levels in diagnostic subgroups

To reflectgclinical diagnostic dilemma scenarios, NfL and T-tau levels and diagnostic

performa compared between a range of combinations of diagnostic subgroups

(Table 3 mlementary Material). NfL levels in all ND, and each ND subgroup
rAD, bvFTD, OtherND), were higher than levels in all PSY, and each PSY
hrenia, MDD, BPAD and OtherPSY). NfL levels in CJD and RapidND

(Older
subgroup (sc
were h ared to ND, ND subgroups, PSY, PSY subgroups. No differences were

oun e:en oungerAD an erAD, between subgroups, between subgroups,
found bet Y AD and OlderAD, bet ND sub bet PSY sub

or betwee@Y subgroups and controls.

CSF Tgt consistently elevated in ND subgroups, compared to PSY subgroups. T-

tau Ievels kere not different between bvFTD and several PSY subgroups (schizophrenia,

el

OtherPSY, MDD /&and BPAD), and bvFTD and controls (Table 3 and Supplementary

Material). F ore, T-tau levels were not different between OtherND and MDD, OtherND
and BPADY OtherND and controls. There were no differences in T-tau between PSY
subgroups.
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As demonstrated in Table 3 and Supplementary Material, NfL was superior to T-tau in
distinguishing: ND from PSY, bvFTD from PSY, bvFTD from schizophrenia, bvFTD from

bipolar MVFTD from depression, and RapidND from ND. T-tau performed better

than NfL ihing CJD from RapidND, and CJD from ND.
[
DISCUS§€N )

Our findinmrge cohort of patients from real-world clinical settings showed that CSF
i

NfL levels ished diverse neurodegenerative disorders (ND) from primary psychiatric
disorders §SY), with high accuracy. CSF NfL levels can assist the clinician in the common,
clinical ch f distinguishing neurodegenerative from primary psychiatric disorders,

leading to ccurate diagnosis. These findings confirm and extend our previous

work.[1 ignificant strength and substantial contribution to the literature, is that data was
derive al-world Australian tertiary and quaternary services and clinical settings, to
which patients presented with diverse clinical presentations and diagnostic uncertainty.
Additionalws included longitudinal follow up for most patients, consistent gold-

standard r@al and multidisciplinary assessments, diagnoses based on established
cc

diagnosti a, and broad types of ND and PSY.
Given the 95%, an elevated CSF NfL in a patient with an initial neuropsychiatric

presentati ces the likelihood of a primary psychiatric misdiagnosis, and indicates need
for furtqation. In a patient with an existing primary psychiatric diagnosis, an
elevated NfL would prompt further investigation for a neurodegenerative diagnosis.
Conversely, a low level could reassure that a neurodegenerative disorder is unlikely,

reinforce the need for psychiatric treatment, and reduce the need for further investigations
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and referrals to specialist services. Caution and close clinical monitoring would still be

warranted, given the NPV of 78% and that a low NfL does not entirely rule out a

neurodehg erative disorder.

N
Our studyMportant data to the literature on the high accuracy of NfL in assisting in a

broad range of uently faced, specific clinical diagnostic dilemmas (Table 3), especially in

younger pezp EDistinguishing bvFTD from PSY can be particularly challenging; bvFTD is

associate eater diagnostic delay and rates of psychiatric misdiagnoses.[6] Recent
expert consensu$, recommendations highlighted the potential role of biomarkers such as
NfL.[6] Our stud: included patients with bvFTD and PSY referred explicitly with a question of

whether t | picture was due to a primary psychiatric or neurodegenerative condition,

unlike premdies which included patients from general psychiatric services where
r

there was suspected or differential diagnosis of bvFTD, or excluded patients with

comorbidi . substance abuse, head injuries). Despite relatively small numbers of
patient D, our findings, demonstrating high accuracy in this challenging clinical

scenario, provides evidence for the real-world diagnostic utility of NfL in distinguishing

bvFTD fro Given the often non-diagnostic neuroimaging findings, and lack of
diagnostigib d markers, a strong case can be made for NfL as a first-tier test.[6] As a
single biofluid.biomarker for the distinguishing AD from PSY, NfL has superior AUC,
sensitiﬁificity, compared to MRI to distinguish AD from controls.[41] Further

clinical W\ealth economic analysis studies are needed, to determine whether NfL

(especially pIas§ NfL) has a place as a first-tier routine test for all patients and differential

diagnoses{ reserved for specific situations.

A recent study of 162 patients referred for evaluation of cognitive disorders investigated the

diagnostic utility of CSF NfL and T-tau.[42] For differentiating ND from PSY, this study found
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AUCs of NfL / T-tau of 0.877 / 0.857 respectively, sensitivity 76.6% / 93.8%, specificity
86.4% / 67%. This contrasts with our larger, younger cohort, where NfL differentiated ND
from PWsuperior AUC, sensitivity, specificity, PPV, NPV. We found NfL outperformed
T-tau in dg ND from all PSY, and even more so for distinguishing
ND+CJb+RapidiD from all PSY. Also, we found no benefit for a combination of NfL and T-

tau, or sehuse (except for differentiating CJD from RapidND).

O

Patients vw”ed to a tertiary neuropsychiatry service, most commonly by neurologists

and psych@for diagnostic assessment and clarification. The referral reason in most
cases was to assist with distinguishing neurodegenerative from psychiatric differential
diagnosesEnalysis was performed where clinically indicated, and not routinely if other
assessm clearly diagnostic. This study thus focusses on a clinical population which

is more ‘atypi nd complex than may be seen in routine practice. However, not every

such pati referred, nor do most places in the world have access to such tertiary
servic ' in other clinical settings and with less complexity, also face diagnostic
dilemmas. Therefore, even though our study builds definitive evidence for diagnostic utility in

tertiary anhnary services, it is of relevance to secondary specialist (e.g., neurology,

psychiatr @ cs) and other clinical settings where most patients with cognitive and
neuropsychiatric symptoms assessed. Further study to confirm generalisability to less
speciali wer prevalence settings are needed, and are underway.

Extremely ;lg; ;

Similar <=1@ ed levels were seen in RapidND (such as encephalitis, rapidly progressive

F NfL levels were seen in CJD, consistent with other studies.[43]

presentations of AD and DLB), suggesting NfL is a marker not only of neurodegeneration,
but also of the severity and rate of progression in these presentations. This contrasts with

similar studies that found lower NfL in comparable RapidND groups (which also included
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disorders such as AD, DLB).[43,44] This could possibly reflect more severe cases in our
cohort. Our findings suggest that T-tau may help differentiate CJD, from RapidND with a
suspiciMThese findings extend the literature on CJD biomarkers.[26,31,43—48]. As
our Rapid @ p consisted mostly of atypically rapid/aggressive variants of more common
neurodegemenative disorders, further study is needed on NfL and T-tau in a broader range of
rapidly prh and rarer dementias. Further study is also needed on NfL, T-tau and

specific tegts such as RT-QuIC in CJD and RapidND, and to determine whether NfL could

€

actasas test in the earliest stages of CJD, in particular in less common instances

S

of psychialff€’pf@Sentations and differentials, and prior to the onset of frank neurological

signs. i
Limitationmstudy include its retrospective nature, reliance on clinical diagnosis, lack of
pathological ofg€netic confirmation in the ND group (all AD cases were sporadic). A

significan ion is the small number of controls, and the older, narrow age range in this

group. still had greater NfL levels than controls, demonstrating much greater

]

increases in NfL levels due to neurodegeneration, relative to well-known age-related

1

increases older controls may have reduced our ability to find a difference from

younger RS dlients recruited later in the study period had 8-12 months of follow up

informatio otentially less certainty based on time and serial assessments, compared

n

to earli [ Although people with MCI seemed to have intermediate NfL levels

[

(betwe PSY), the very small number in this group limited any comparisons and

interpretations. Itlis important to note that T-tau levels were incorporated into the clinical

U

diagnoses (as pared to NfL levels, which were blinded to clinical diagnoses and

diagno gorisation), therefore it is likely that T-tau performance was overestimated.
This is particularly likely to be the case in AD diagnoses where CSF AB42, T-tau and
phosphorylated tau were incorporated into diagnostic decisions as per diagnostic criteria for
AD. The overall study cohort when viewed as a whole, can appear unbalanced, given the
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large CJD group relative to other groups. We focused on distinguishing between ND and
PSY groups (comparable or larger than similar studies in clinical settings), and between
specific hs and PSYs, considering these as the most generally clinically relevant

distinctio ayon one of the largest post-mortem confirmed cohorts of CJD and RapidND

P

where @&JBawasssuspected clinically, demonstrated important biomarker performance

findings irL'nparisons between, an even more extended and diverse set of

presentati‘ns. ’

This study Eem55trated the diagnostic utility of CSF NfL to distinguish a broad range of
neurodegenerative disorders from primary psychiatric disorders and controls, in real-world,

generalis

commonl linical diagnostic dilemmas, such as differentiating bvFTD from a range of
sycth

c disorders, where this was an explicit clinical question. A patient with a

cal settings, with high accuracy. NfL performed well in a range of
primary p
significan ted NfL level could quickly dismiss primary psychiatric disorder

differe ad to appropriate, tailored investigations and referrals. An extremely high

NfL level (with or without an elevated T-tau) would prompt urgent investigations and

assessmeh even hospitalisation. Conversely, a low NfL could reduce the chance of a

misdiagneurodegenerative disorder, support investigations and a treatment of a
primary psychiatric disorder, and reduce unnecessary investigations and referrals. Stability
of Ieveﬁesting, could offer further reassurance. An added potential of NfL as a
first tie?ﬁeurodegeneration, could be to help facilitate research and precision use of

more specific tes;, (e.g., phosphorylated tau for AD).

Given CSF and p:asma NfL levels correlate strongly,[16,22] the availability of a blood test

could dramatically alter the care, assessment, diagnosis and treatment of patients. A plasma

NfL level could form a part of a ‘dementia blood screen’ ordered by a general practitioner.
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The level could inform and guide initial clinical management, referrals, and triaging. We are
building on our findings, investigating the diagnostic and health economic utility of plasma

NfL in smm primary care settings, with the aim of developing an inexpensive blood
test whic @ as a “CRP” for the brain, that could significantly reduce diagnostic delay

and misdiagmesisy and improve outcomes for patients, families, and healthcare systems.

L
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FIGURES (in separate files)

FigureMspinal fluid neurofilament light chain levels in rapidly progressive
disorder gtifedegenerative disorders, primary psychiatric disorders, and controls.
Light red @ @ e=optimal cut-off of ND vs PSY from ROC curve analyses ***: p<0.001;
ANCJDR PM: Australian National CJD registry rapidly progressive post-mortem patients with
cJD arfd idly progressive disorders; CSF: cerebrospinal fluid; ND:

neurodeg ive disorders; NfL: neurofilament light chain; PSY: primary psychiatric

disorders r \
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Figure 2. Cerebrospinal fluid total tau levels in rapidly progressive disorders,
neurodegenerative disorders, primary psychiatric disorders, and controls. Light red
dotted line = optlmal cut-off of ND vs PSY from ROC curve analyses.”*: p<0.001; ANCJDR

PM: A tional CJD registry rapidly progressive post-mortem patients; CSF:
cerebros id; ND: neurodegenerative disorders; PSY: primary psychiatric disorders; T-
tau: total
N
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Figure 3. ROC curve for neurodegenerative versus primary psychiatric disorders

NfL: neurofilament light chain protein; T-tau: total tau
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Figure 4. Cerebrospinal fluid neurofilament light chain levels in rapidly progressive
disorders from ANCJDR (dark red), neurodegenerative disorders (ND, light red),
psychiatric disorders (green) and controls. Light red dotted line = optimal cut-off of ND vs
PSY fr rve analyses.

ANCJDR:NationaI Creutzfeldt-Jakob Disease Registry severe rapidly progressive
post-mortehmcofishy patients; AD: Alzheimer disease; BPAD: bipolar affective disorder;
vaTD‘)WI variant frontotemporal dementia; OlderAD: older-onset Alzheimer
disease; IEI: mild cognitive impairment; MDD: major depressive disorder; ND:

neurodeg disorder; RapidND: other severe rapidly progressive neurodegenerative

disorder,; ; mortem; PSY: primary psychiatric disorder; YoungerAD: younger-onset
Alzheimeridisea
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Figure 5. CSF T-tau levels in rapidly progressive disorders from ANCJDR (dark red),
neurodegenerative disorders (ND, light red), psychiatric disorders (green) and
controls. Light red dotted line = optimal cut-off of ND vs PSY from ROC curve analyses.

ANCJDR:"Australian National Creutzfeldt-Jakob Disease Registry severe rapidly progressive
post-morte irm patients; AD: Alzheimer disease; BPAD: bipolar affective disorder;
bvFTD: behaviou ariant frontotemporal dementia; OlderAD: older-onset Alzheimer
diseasg, MClmild cognitive impairment; MDD: major depressive disorder; ND:
neurodegserative disorder; RapidND: other severe rapidly progressive neurodegenerative

disorder; mortem; PSY: primary psychiatric disorder; YoungerAD: younger-onset

Alzheimer, eﬁ
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TABLES AND FIGURES

4‘*!!5&2 Neurodegenerative | Primary Control | Difference*
disorders (ND) psychiatric
disorders
it (PSY)
|
N EQ 197 67 20
Age at % 62 49 66 PM>ND,
CSF,y * [60, 63] [46, 52] [65, 67] | PM>PSY,
ND>PSY,
m C>ND,
C>PSY
Female 91 (46%) 32 (48%) 15 C>ND,
;51 %; s (75%) | C>PSY,
C>PM
NfL, 592 1528 [1168, 1888] 435 [394, 523 PM>ND,
pg/mL ) 476] [457, PM>PSY,
590] PM>C,
ND>PSY,
ND>C
4 514 [463, 565] 157 [141, 182 PM>ND,
) 173] [156, PM>PSY,
208] PM>C,
ND>PSY,
s ND>C
Table 1. Dg graphics of Australian National Creutzfeldt-Jakob Disease Registry
rapidly pve disorders, neurodegenerative disorders, primary psychiatric
disorders, € ontrols

Data is M@an, [95% ClI] or n, (%)

I

* details oply diffegrences in groups where confidence intervals do not capture the null
hypothesi§'value

{

ANCJDR: Australlan National Creutzfeldt-Jakob Disease Registry; CJD: Creutzfeldt-Jakob
disease; : rodegenerative disorder; PSY: primary psychiatric disorder; RapidND: other
severe/ra gressive disorders referred for suspected CJD

Al
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ND PSY MC | Con
| trol
Subg Olde | Young | bvF | Ot | Schizop | MD | BP | Ot
roup rAD* | erAD* | TD | her | hrenia D |AD | her
ND PS
b Yc
N 52 59 33 |53 |17 16 |12 (22 |5 20
Age 73 58 56 | 58 |42][34, 54 |46 |52 |60 |66
at [72, [57,60] | [53, | [55 | 49] [48 | [36 | [47 | [52 | [65,
CSF, 75] 59] |, ; ; : , 67]
y 61] 60] | 56] | 57] | 67]
Fema 28 33 9 21 |10 7 5 10 |1 15
le (54% | (56%) | (27 | (40 | (59%) (44 | (45 | (45 | (20 | (75
) %) | %) %) | %) | %) | %) | %)
NfL, 1263 | 975 169 | 23 | 426 43 | 389 |46 |73 | 523
pg/m [963, | [887, 4 01 | [342, 3 [22 | 9 9 [457
L 1562] | 1063] [11 | [10 | 509] [37 | 8, [29 | [47 |,
86, | 35, 9, |549 |9, |8, |590]
220 | 35 48 | ] 53 {10
2] 67] 7] 8] |01]
T-tau, | 4 1123 | 737 651 246 | 30 | 143 16 | 161 |16 |20 | 182
pg/m |1 , | [643, | [554, [19 |8 [115, 5 [12 |1 9 [156
L [4 584] | 833] | 748] 5, [24 | 171] [12 | 8, [12 | [12 |,
2 297 | 0, 2, 1939, |9, |208]
5 ] 37 20 |] 19 | 28
3 7] 9] 3] | 9]
Table wn of study population demographics and results

Data iswyo Cllorn, (%)

a: RapidND groi included AD (n=13), dementia not-otherwise-specified (n=10), Lewy body

dementia

mixed AD/D
of astr
dementia.

ukoencephalopathy (n=4), encephalitis/meningitis (n=3), lymphoma (n=2),
2), mixed AD/vascular/cerebral amyloid angiopathy (n=2), and n=1 each
, glioblastoma multiforme, gliomatosis cerebri, hemiplegic migraine, vascular

b: Other ND included vascular dementia (n=5), corticobasal syndrome (n=4), dementia with
Lewy bodies (n=4), multiple system atrophy (n=2), Niemann-Pick Type C (n=3), Parkinson
disease dementia (n=2), primary progressive aphasia (n=3), dementia not-otherwise-

This article is protected by copyright. All rights reserved.

85U8017 SUOWIWOD 8AITe81D) 3dedl|dde 8y} A peusenob afe seoiLie O ‘8Sn JO Sa|NnJ 10} Akeid1 78U UO A8]IMW UO (SUONIPUOD-PUR-SUBIW0D A8 | 1M A Iq U1 |UO//:SANY) SUOIIPUOD pue SWie | au1 88 *[z0z/T0/cz] uo Arigiauliuo Ae|im ‘sunogqe N JO AiseAIuN 8y L Aq 6¥SZT Z[e/200T 0T/I0p/W00 A8 im Aiq puluo's euInol-ze//sdny wo.j pepeojumod ‘TT ‘2202 ‘'622525ST



specified (n=23), and n=1 each of CJD, CNS vasculitis, Huntington disease, mixed
AD/vascular, multiple sclerosis, posterior cortical atrophy, progressive supranuclear palsy.

C: Othe%ded functional cognitive/neurological disorders (n=11), anxiety disorders
(n=3), adjustment disorder (n=2), delusional disorder (n=2), obsessive compulsive disorder

(n=2), pos @ atic stress disorder (n=1) and tic disorder (n=1).

z: Demographics and
H

ANCJDR:®ustralian National Creutzfeldt-Jakob Disease Registry severe rapidly progressive
post-mort rm patients; AD: Alzheimer disease; BPAD: bipolar affective disorder;
bvFTD: béhaviougal variant frontotemporal dementia; OlderAD: older-onset Alzheimer
disease; : cognitive impairment; MDD: major depressive disorder; ND:

neurodegm disorder; RapidND: other severe rapidly progressive neurodegenerative
e

results for combined/all AD are available in Supplementary Table 3

disorder; RMaipogt mortem; PSY: primary psychiatric disorder; YoungerAD: younger-onset
Alzheimer

0]

Author Manu

This article is protected by copyright. All rights reserved.

85U8017 SUOWIWOD 8AITe81D) 3dedl|dde 8y} A peusenob afe seoiLie O ‘8Sn JO Sa|NnJ 10} Akeid1 78U UO A8]IMW UO (SUONIPUOD-PUR-SUBIW0D A8 | 1M A Iq U1 |UO//:SANY) SUOIIPUOD pue SWie | au1 88 *[z0z/T0/cz] uo Arigiauliuo Ae|im ‘sunogqe N JO AiseAIuN 8y L Aq 6¥SZT Z[e/200T 0T/I0p/W00 A8 im Aiq puluo's euInol-ze//sdny wo.j pepeojumod ‘TT ‘2202 ‘'622525ST



Diagnostic group Area 95% Cl | Optimal Sensitivity | Specificity
compaW under cut-off
the
curve
ND vs PS NfL* 0.94 0.91, 92 87
- _! 0.97 582
T-Tau* | 0.88 0.84, 82 83
< > 0.92 198
CJD+Rapi D NfL* 0.96 0.95, 92 91
vs PSY 0.98 634
T-Tau* | 0.93 0.90, 79 97
s 0.95 300
CJD+Rapi NfL* 0.99 0.97, 94 100
PSY 1.00 809
T-tau* | 0.97 0.95, 92 100
m 0.99 361
AD? vs NfL* 0.95 0.92, 91 90
0.98 610
T-Tau* | 0.97 0.95, 89 97
2 0.99 300
AD? vs BIED NfL* 0.94 0.88, 82 92
1.00 686
‘ , T-Tau* | 0.97 0.94, 91 100
2 1.00 264
AD? vs M NfL* 0.97 0.94, 93 100
0.99 586
# T-Tau* | 0.97 0.94, 85 100
: @ 1.00 363
bvFTD vs NfL* 0.89 0.81, 85 87
0.98
583
T- 0.72 0.61, 62 83
Tau™® 0.84 198
bvFTD vs NfL* 0.90 0.81, 579 85 88
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schizophrenia 0.99
T- 0.76 0.63, 65 88
‘l—' Tau™® 0.89 191
bvFTD vs NfL* 0.90 0.80, 79 92
0.99 683
L T- 0.71 0.56, 68 82
s Tau® 0.87 182
bvFTD vs NfL* 0.91 0.82, 85 100
1.00 582
T- 0.70 0.54, 79 63
TauMs 0.86 155
CJD vs RapidN5 NfL* 0.60 0.50, 80 50
0.71 1970
C T-Tau* | 0.86 0.80, 83 79
0.91 1150
CJDvsN NfL* 0.87 0.84, 79 88
0.91 2057
T-Tau* | 0.94 0.91, 86 93
0.96 1076
CJDv NfL* 0.99 0.98, 97 100
1.00 809
L T-Tau* | 0.99 0.98, 98 100
1.00 371
RapidND@ NfL* 0.74 0.65, 71 71
0.83 1307
£ T-Tau* | 0.63 0.53, 52 70
I ) 0.72 626
RapidND NfL* 0.96 0.92, 85 100
1.00 840
T-Tau* | 0.91 0.84, 83 94
0.97 271
CJD+RapidND NfL* 0.94 0.92, 82 100
vs control 0.97 814
T-Tau* | 0.91 0.87, 313 78 100
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0.94
ND vs control NfL* 0.91 0.86, 84 90
H 0.95 654
T-Tau* | 0.84 0.78, 70 95
0.90 255
CJD v onrfrommm NfL* 0.99 0.97, 97 100
s 1.00 814
T-tau* | 0.99 0.97, 98 100
1.00 316
RapidND nitol NfL* 0.95 0.89, 85 100
1.00 846
s T-tau* | 0.88 0.80, 85 95
0.97 256

Table 3. ROC curve analyses for NfL and T-tau

*: statistigall & erent levels between diagnostic groups (p<0.05)

&

NS: n difference in levels between diagnostic groups

Bolded an
bioma

rlined area under the curve: statistically greater than the other
nder the curve (p<0.05)

W/

a: Values for T-tau are likely to be overestimations, as T-tau was often used to inform the
clinical diagnosis, particularly in AD vs non-AD

[

z: Combin D (demographics and results available in Supplementary Table 3)

O

ANCJDR: an National Creutzfeldt-Jakob Disease Registry severe rapidly progressive
post-mort irm patients; AD: Alzheimer disease; BPAD: bipolar affective disorder;
bvFTD: b&havioural variant frontotemporal dementia; OlderAD: older-onset Alzheimer
diseasé’ . cognitive impairment; MDD: major depressive disorder; ND:

neurod ive disorder; RapidND: other severe rapidly progressive neurodegenerative
disorder; RM: mortem; PSY: primary psychiatric disorder; YoungerAD: younger-onset
Alzheimer disea

il

L

ALl
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NfL cut-off 582pg/mL

T-tau cut-off 198pg/mL

Below cut-
‘test né@a

‘test negative

ND PSY ND PSY
181 9 Above cut-off | 162 11
‘test positive’
58 Below cut-off | 36 54

Table 4. Grosstabs for neurofilament light chain and T-tau in distinguishing

©

neurodege ive from

ND: neur

5

psychiatric disorder; T-tau: total tau

Author Manu

primary psychiatric disorders
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APPENDIX 1: Collaborators

Couabmsociated with The MiND Study Group:

Andrew E@Anna King, PhD®, Brett Trounson, BSc®, Carolyn Chadunow?, Christos
Pantelis, ; ey Lewis BSc?, Jane Gunn, MD PhD®, Patrick Kwan, MD PhD', Said Al-

Maawali, MBimStefanie Colella®, Tomas Kalincik, MD PhD¢

a: Neurop8ychiatly, Royal Melbourne Hospital, Parkville, VIC, Australia

Cr

b: The Wiclsin mentia Centre, Tasmania, Australia

S

c: The FloréWIrtitute of Neuroscience and Mental Health, Parkville, VIC, Australia

d: Melbourne Nel@ropsychiatry Centre & Department of Psychiatry, University of Melbourne,
Parkuville, stralia

Ui

e: Integraigd Mental Health Team, Department of General Practice, University of Melbourne,
Parkuville, tralia

f

f: Departmen euroscience, Central Clinical School, The Alfred Hospital, Monash
University /1 stralia

a

g: Clini comes Research Unit (CORe), Department of Medicine, Department of
Neurology, RoydBMelbourne Hospital, Parkville, VIC, Australia

N

. -
O
i
-
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<C
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