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Abstract

BACKGROUND: Alzheimer’s disease (AD) and frontotemporal
lobar degeneration (FTLD) are heterogeneous in their clinical
presentation and underlying pathology, but they often have
overlapping features. Diagnostic accuracy is critical for guiding
patient management. Cerebrospinal fluid (CSF) diagnostic
assays for the differentiation of AD and FTLD may increase
diagnostic accuracy.
OBJECTIVES: In this study, we aimed to understand
the potential role of CSF biomarkers and biomarker ratios,
measured using Elecsys ® CSF immunoassays (Roche
Diagnostics International Ltd, Rotkreuz, Switzerland), in the
differential diagnosis of AD and FTLD.
DESIGN: This study was conducted at a single center in
Munich, Germany between July 2019 and July 2020. Patient CSF
samples were retrospectively collected from the study center
biobank.
PARTICIPANTS: A total of 130 patients with cognitive
impairment were included in the study; 86 patients were
diagnosed with AD and 44 with FTLD (behavioral variant
frontotemporal dementia, semantic variant of primary
progressive aphasia, and non-fluent variant of primary
progressive aphasia), based on core clinical criteria and a nonCSF biomarker, a typical pattern of regional hypometabolism on
[18F] fluorodeoxyglucose positron emission tomography.
MEASUREMENTS: Patient CSF biomarker concentrations
were measured using Elecsys CSF immunoassays. Receiver
operating characteristic analyses were conducted to determine
areas under the curve (AUCs) for CSF biomarker performance.
Sensitivity and specificity analyses were conducted to evaluate
the performance of established cut-offs (Aβ42 ≤1000 pg/mL,
pTau181/Aβ42 ratio >0.024, and tTau/Aβ42 ratio >0.28) and
optimized cut-offs based on Youden’s index.
RESULTS: AUC-based performance was similarly good for
the pTau181/Aβ42 ratio (AUC=0.841; 95% CI: 0.759−0.923),
pTau181/Aβ40 ratio (AUC=0.837; 95% CI: 0.754−0.919), Aβ42/
Aβ40 ratio (AUC=0.829; 95% CI: 0.746−0.912), tTau/Aβ42 ratio
(AUC=0.822; 95% CI: 0.736−0.908), pTau181/Aβ42/Aβ40 ratio
(AUC=0.817; 95% CI: 0.734–0.901), and Aβ42 (AUC=0.812;
95% CI: 0.722−0.902). Performance was slightly lower for the
tTau/Aβ42/Aβ40 ratio (AUC=0.799; 95% CI: 0.713−0.885),
pTau181 alone (AUC=0.793; 95% CI: 0.707−0.880), tTau/
Aβ40 ratio (AUC=0.751; 95% CI: 0.657−0.844), and tTau alone
(AUC=0.706; 95% CI: 0.613−0.799). The highest qualitative
performance was observed with the pTau181/Aβ42 ratio with
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an established cut-off value of >0.024 and optimized cut-off
value of >0.022: sensitivity and specificity values were 0.892 and
0.773, respectively.
CONCLUSIONS: Elecsys CSF immunoassays demonstrate good
diagnostic accuracy in differentiating patients with AD from
those with FTLD. These immunoassays have the potential to
support clinical decision making, i.e. in diagnosing patients
with FTLD by excluding patients with amyloid positivity, which
is indicative of underlying AD.
Key words: Alzheimer’s disease, cerebrospinal fluid assays, CSF
biomarker, differential diagnosis, FDG-PET, frontotemporal lobar
degeneration.

Introduction

A

lzheimer ’s disease (AD) is the most
common form of dementia, accounting for
approximately two-thirds of all cases (1). Other
major forms of dementia include vascular dementia,
dementia with Lewy bodies, and frontotemporal lobar
degeneration (FTLD) (1). FTLD is the second most
common cause of dementia in patients younger than
65 years, though 25% of FTLD cases are diagnosed in
patients aged more than 65 years (2, 3). While AD and
FTLD are heterogeneous in their clinical presentation
and underlying pathology, they often have overlapping
features (4).
AD is defined by neuropathological changes, namely
neuritic plaques containing amyloid-beta (Aβ) peptides
and neurofibrillary tangles containing aggregated tau
proteins, which ultimately lead to neuronal injury and
degeneration (5). AD is typically recognized by initial
memory impairment and cognitive decline, followed by
the deterioration of language and behavioral functions,
visuospatial orientation, and the motor system (6). FTLD
is neuropathologically defined by aggregates of tau, TAR
DNA-binding protein 43, or fused-in-sarcoma protein,
which are associated with degeneration of the frontal and
anterior temporal lobes (7), and is typically characterized
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by a progressive decline in behavior, language, and
executive function (2, 8). FTLD is an umbrella clinical
term encompassing a group of neurodegenerative
diseases, which can be classified into three clinical
syndromes that are dependent on early and predominant
symptoms: behavioral variant frontotemporal dementia
(bvFTD), semantic variant of primary progressive aphasia
(svPPA; also known as semantic dementia), and nonfluent variant of primary progressive aphasia (nfvPPA)
(8). The early and predominant symptoms of bvFTD
include personality changes, disinhibition, and apathy,
whereas svPPA is characterized by semantic aphasia
and associative agnosia, and nfvPPA is characterized by
slow, labored, and halting speech production, and by
omission or misuse of grammar (8). Neuropathological
changes that are typical for FTLD have also been seen
in movement disorders, such as corticobasal syndrome,
progressive supranuclear palsy, and amyotrophic lateral
sclerosis (9–11).
Differential diagnosis of AD and FTLD usually
involves patients undergoing a plethora of
neuropsychological tests, neurological assessments,
neuroimaging, and laboratory tests (2, 8). Low
concentrations of Aβ in cerebrospinal fluid (CSF) are
suggestive of AD, and Aβ-specific imaging may
be helpful, particularly in young patients, to rule out
AD; however, there may be co-occurrence of AD and
FTLD neuropathology (8). Research criteria for FTLD
propose structural brain scans/imaging in order to
increase diagnostic certainty, such as structural brain
magnetic resonance imaging or [18F] fluorodeoxyglucose
positron emission tomography (FDG-PET), with CSF
biomarker analysis recommended in cases where initial
investigations for FTLD are inconclusive and/or to rule
out suspicion of AD (12).
As AD and FTLD have overlapping features, diagnostic
accuracy is critical to enable more reliable prognostication
and guide specific treatment and management (4).
Differentiating between the two diseases is particularly
important for treatment and management, as Aβ peptides
are a hallmark of AD, but are not part of the FTLD
pathologic spectrum (13). While there are symptomatic
treatments available for patients with AD, currently,
there are no approved treatments for patients with FTLD
(though several are in development, i.e. treatments based
on antisense oligonucleotides) (14–16). There are also
novel disease-modifying treatments for AD (e.g. anti-Aβ
drugs) in development for patients diagnosed in the early
stages of the disease (17), including aducanumab, which
recently received US Food and Drug Administration
approval for the treatment of AD (18).
The use of CSF biomarkers to differentiate between
AD and amyloid-negative diseases, such as FTLD, is
not well established; however, CSF diagnostic assays
for the differentiation of AD from FTLD may increase
diagnostic accuracy and aid in the development of
disease-modifying treatments (19). CSF biomarkers for

Aβ(1–42) (Aβ42), phosphorylated tau 181 (pTau181),
and total tau (tTau) have demonstrated the potential to
accurately identify AD, even at the stage of incipient
dementia (20,21). The fully automated Elecsys ® CSF
immunoassays (Roche Diagnostics International Ltd,
Rotkreuz, Switzerland) quantitatively measure CSF
biomarkers, and accurately detect amyloid positivity in
patients with AD and those with subjective cognitive
decline (SCD) or mild cognitive impairment (MCI) due
to AD by determining pTau181/Aβ42 and tTau/Aβ42
biomarker ratios (22). Time taken for the CSF analyses is
reduced using the Elecsys CSF immunoassays, which also
demonstrate superior interlaboratory variation compared
with existing manual CSF assays (coefficient of variation
[CV]: 4% versus >15%) (22).
In this study, we aimed to understand the potential
role of CSF biomarkers in the differential diagnosis of AD
and FTLD. In a heterogeneous patient cohort and using
Elecsys CSF immunoassays, we investigated whether
levels of CSF biomarkers Aβ42, pTau181, and tTau, and
biomarker ratios pTau181/Aβ42, pTau181/Aβ40, tTau/
Aβ42, tTau/Aβ40, Aβ42/Aβ40, pTau181/Aβ42/Aβ40,
and tTau/Aβ42/Aβ40, could be used to differentiate
between patients with AD and those with FTLD.

Methods
Study Design and Patients
This study was conducted at a single center in
Munich, Germany (the Outpatient Clinic at the Centre
for Cognitive Disorders, Department of Psychiatry
and Psychotherapy, Klinikum rechts der Isar, Technical
University of Munich, School of Medicine) between
July 2019 and July 2020. The study was approved by
the Ethics Committee of the Technical University of
Munich, Munich, Germany (Project Code: 312/19S). All
participants provided written consent for research use of
their data and the study was performed according to the
principles of the Declaration of Helsinki.
CSF samples from patients with cognitive impairment
were retrospectively collected from the study center
biobank. Patients were diagnosed with AD and FTLD
using standard diagnostic criteria, the global clinical
dementia rating scale (CDR) (23), and the identification
of a pattern of regional hypometabolism on FDG-PET.
Patients diagnosed with AD were classified into two
groups (amnestic MCI and mild dementia) and patients
with FTLD into three groups (bvFTD, svPPA, and
nfvPPA), based on standard diagnostic criteria, including
FDG-PET (24–27). From the CDR, patients who scored 0.5
were diagnosed with MCI and patients who scored 1.0
were diagnosed with mild dementia due to AD. FDG-PET
was used to enhance the diagnostic certainty as suggested
by the standard diagnostic criteria for bvFTD, svPPA, and
nfvPPA.
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CSF Biomarker Analyses

Sensitivity and Specificity Analysis

CSF collection and storage were performed according
to a site-specific pre-analytical procedure; this was a
modified protocol that did not strictly adhere to the
Elecsys CSF immunoassay package inserts, as the type
of polypropylene tubes used and size of the aliquots
(0.5 mL) varied. For each patient, 5−8 mL of CSF were
acquired by lumbar puncture, between the L3/L4 or
L4/L5 intervertebral space, using atraumatic cannulas
and collected in two sterile polypropylene tubes.
Immediately after collection, CSF from one polypropylene
tube was centrifuged at 2000 x g for 10 minutes at 4 °C
(28). Aliquots were frozen and stored at -80 °C at the
study center, prior to measurement with the Elecsys
CSF immunoassays. CSF from the second polypropylene
tube was used to determine routine parameters,
including cell count, glucose and lactate measurement,
protein differentiation, and CSF/serum ratios of
albumin, immunoglobulin G, immunoglobulin A, and
immunoglobulin M.
The Elecsys CSF immunoassays are fully automated
electrochemiluminescence immunoassays, which
utilize monoclonal antibodies in the form of a sandwich
test principle. Patient CSF samples were tested using
Elecsys β-Amyloid(1−42) CSF, Phospho-Tau (181P)
CSF, and Total-Tau CSF immunoassays (29–31), and a
robust prototype β-Amyloid(1−40) CSF immunoassay
modified for use on the cobas e 411 analyzer (Roche
Diagnostics International Ltd, Rotkreuz, Switzerland).
The Elecsys β-Amyloid(1–42) CSF, Phospho-Tau (181P)
CSF, and Total-Tau CSF immunoassays are Conformité
Européen approved in vitro diagnostic devices; however,
the β-Amyloid(1−40) CSF immunoassay is available for
research use only. CSF biomarker levels were measured
for Aβ42, Aβ40, pTau181, and tTau, and biomarker ratio
values for pTau181/Aβ42, pTau181/Aβ40, tTau/Aβ42,
tTau/Aβ40, Aβ42/Aβ40, pTau181/Aβ42/Aβ40, and
tTau/Aβ42/Aβ40 were determined from immunoassay
measurements for the individual biomarkers. All data
were analyzed using the statistical platform software IBM
SPSS Statistics Version 26. No missing data were imputed.

The sensitivity and specificity of Elecsys CSF
immunoassays for the differentiation between AD and
FTLD were calculated to evaluate the performance of
established cut-offs (Aβ42 ≤1000 pg/mL, pTau181/Aβ42
ratio >0.024, and tTau/Aβ42 ratio >0.28; according to
the manufacturer package inserts) and optimized cutoffs based on optimization of Youden’s index. The
established CSF immunoassay cut-off values were
previously determined in a sample set of patients with
SCD and early or advanced MCI (BioFINDER study),
and validated in a sample set of patients with SCD, early
or advanced MCI, and AD (ADNI GO/ADNI 2 studies)
(22); the cut-off values were originally developed for
a different endpoint (visual amyloid PET result) and
using a different pre-analytical protocol than that used
in the present study. In the current study, patients with
advanced cognitive impairment were included and the
endpoint was differential diagnosis of AD versus FTLD.

Receiver Operating Characteristic (ROC)
Analysis
ROC analysis was performed to assess CSF biomarker
and biomarker ratio performance for the differentiation
between AD and FTLD; standard diagnostic criteria,
together with typical FDG-PET metabolic pattern, were
used as the standard-of-truth. Area under the curve
(AUC) values, p values (p<0.05 indicates statistical
significance), and 95% confidence intervals (CI) were
calculated (32). Significance levels and p-values were not
adjusted for multiple testing.

Post-hoc ROC Analysis
Based on the overlap of clinical syndromes and FDGPET metabolic pattern, and a comparable CSF biomarker
pattern between the AD and nfvPPA subgroups, a posthoc ROC analysis excluding the nfvPPA subgroup was
conducted to explore the effects on AUC. FDG-PET is
used in the diagnosis of AD and FTLD; however, it is not
considered as a specific biomarker for either disease as
reliance on a metabolic pattern can lead to misdiagnosis
(33). As for the pre-defined ROC analysis, AUCs, p values
(p<0.05 indicates statistical significance), and 95% CIs
were calculated. Significance levels and p-values were not
adjusted for multiple testing.

Results
Patient Characteristics
A total of 130 patients with cognitive impairment were
retrospectively recruited and included in the study. Based
on clinical diagnosis and FDG-PET metabolic pattern, 86
patients were diagnosed with AD and 44 were diagnosed
with FTLD. Patient characteristics for the AD and FTLD
subgroups are shown in Table 1.
Of the 86 patients with AD (male: 45.3%; mean age
± standard deviation [SD; years]: 65.4 ± 8.7), 54 were
deemed to be at the stage of MCI (CDR=0.5) and 32 at the
stage of mild dementia due to AD (CDR=1.0). Of the 44
patients with FTLD (male: 38.6%; mean age ± SD [years]:
66.7 ± 8.7), 27 patients were diagnosed with bvFTD, 11
with svPPA, and six with nfvPPA.
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Table 1. Patient characteristics (n=130)
Diagnosis*
Whole cohort

n (%)

Mean age ± SD (range), years

Sex
Male, n (%)

Female, n (%)

130 (100.0)

65.8 ± 8.7 (44−83)

56 (43.1)

74 (56.9)

AD

86 (66.2)

65.4 ± 8.7 (47−83)

39 (45.3)

47 (54.7)

MCI

54 (41.5)

66.2 ± 9.1 (47−83)

24 (44.4)

30 (55.6)

Mild dementia

32 (24.6)

64.1 ± 7.9 (50−76)

15 (46.9)

17 (53.1)

FTLD

44 (33.8)

66.7 ± 8.7 (44−83)

17 (38.6)

27 (61.4)

bvFTD

27 (20.8)

64.3 ± 8.6 (44−77)

11 (40.7)

16 (59.3)

svPPA

11 (8.5)

67.0 ± 7.2 (56−79)

3 (27.3)

8 (72.7)

nfvPPA

6 (4.6)

76.7 ± 3.8 (72−83)

3 (50.0)

3 (50.0)

*AD and FTLD were diagnosed using standard diagnostic criteria, the global CDR, and the identification of a typical metabolic pattern using FDG-PET. Abbreviations: AD = Alzheimer’s
disease; bvFTD = behavioral-variant frontotemporal dementia; CDR = clinical dementia rating scale; FDG-PET = [18F] fluorodeoxyglucose positron emission tomography; FTLD =
frontotemporal lobar degeneration; MCI = mild cognitive impairment; N = number; nfvPPA = non-fluent variant primary progressive aphasia; SD = standard deviation; svPPA = semantic
variant primary progressive aphasia.

Table 2. ROC and sensitivity/specificity analysis of Elecsys CSF immunoassays for the differentiation between AD and
FTLD (n=130)
Variable

ROC analysis
AUC (95% CI)

Sensitivity and specificity analysis
p value

Cut-off
Established

Sensitivity

Specificity

Optimized

Established

Optimized

Established

Optimized

pTau181/Aβ42

0.841 (0.759−0.923)

<0.001

>0.024

>0.022

0.892

0.892

0.773

0.773

pTau181/Aβ40

0.837 (0.754−0.919)

<0.001

n/a

>0.0013

−

0.867

−

0.750

Aβ42/Aβ40

0.829 (0.746−0.912)

<0.001

n/a

<0.055

−

0.867

−

0.773

tTau/Aβ42

0.822 (0.736−0.908)

<0.001

>0.28

>0.27

0.892

0.892

0.750

0.750

pTau181/Aβ42/Aβ40

0.817 (0.734−0.901)

<0.001

n/a

>449.7

−

0.819

−

0.795

Aβ42

0.812 (0.722−0.902)

<0.001

≤1000 pg/mL

≤825 pg/mL

0.916

0.855

0.545

0.750

tTau/Aβ42/Aβ40

0.799 (0.713−0.885)

<0.001

n/a

>4331

−

0.867

−

0.705

pTau181

0.793 (0.707−0.880)

<0.001

>27 pg/mL

>21 pg/mL

0.590

0.843

0.818

0.705

tTau/Aβ40

0.751 (0.657−0.844)

<0.001

n/a

>0.0189

−

0.687

−

0.750

tTau

0.706 (0.613−0.799)

<0.001

>300 pg/mL

>323 pg/mL

0.566

0.494

0.750

0.864

Aβ40*

0.502 (0.394−0.610)

0.972

n/a

>11249 pg/mL

−

0.795

−

0.273

*Aβ40 was included in the study as a normalization factor. Abbreviations: Aβ = amyloid-beta; AD = Alzheimer’s disease; AUC = area under the curve; CI = confidence
interval; CSF = cerebrospinal fluid; FTLD = frontotemporal lobar degeneration; n/a = not applicable; pTau181 = phosphorylated tau 181; ROC = receiver operating
characteristic; tTau = total tau.

AUC-based Performance of CSF Biomarkers/ Sensitivity and Specificity Analysis
Biomarker Ratios to Differentiate AD and
The highest qualitative performance was observed
FTLD
AUC-based performance was good for the pTau181/
Aβ42 ratio (AUC=0.841; 95% CI: 0.759−0.923), pTau181/
Aβ40 ratio (AUC=0.837; 95% CI: 0.754−0.919), Aβ42/
Aβ40 ratio (AUC=0.829; 95% CI: 0.746−0.912), tTau/Aβ42
ratio (AUC=0.822; 95% CI: 0.736−0.908), pTau181/Aβ42/
Aβ40 (AUC=0.817; 95% CI: 0.734–0.901), and Aβ42 as a
single biomarker (AUC=0.812; 95% CI: 0.722−0.902; Table
2; Figure 1). Performance was slightly lower for the tTau/
Aβ42/Aβ40 ratio (AUC=0.799; 95% CI: 0.713−0.885),
pTau181 alone (AUC=0.793; 95% CI: 0.707−0.880), tTau/
Aβ40 ratio (AUC=0.751; 95% CI: 0.657−0.844), and tTau
alone (AUC=0.706; 95% CI: 0.613−0.799).

with the pTau181/Aβ42 ratio with an established cut-off
value of >0.024 and optimized cut-off value of >0.022:
sensitivity and specificity values for these cut-offs were
0.892 and 0.773, respectively (Table 2). The sensitivity
and specificity values observed for the pTau181/
Aβ40 ratio, with an optimized cut-off value of >0.0013,
were 0.867 and 0.750, respectively. The sensitivity and
specificity values observed for the Aβ42/Aβ40 ratio,
with an optimized cut-off value of <0.055, were 0.867 and
0.773, respectively. The sensitivity and specificity values
observed for the tTau/Aβ42 ratio, with an established cutoff value of >0.28 and optimized cut-off value of >0.27,
were 0.892 and 0.750, respectively. For Aβ42, sensitivity
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and specificity values were 0.916 and 0.545, respectively,
with an established cut-off value of ≤1000 pg/mL, and
0.855 and 0.750, respectively, with an optimized cut-off
value of ≤825 pg/mL.
Figure 1. ROC analysis of AUC-based performance of
CSF biomarker/biomarker ratios to differentiate AD and
FTLD (n=130)

Abbreviations: Aβ = amyloid-beta; AD = Alzheimer’s disease; AUC = area under
the curve; CSF = cerebrospinal fluid; FTLD = frontotemporal lobar degeneration;
pTau181 = phosphorylated tau 181; ROC = receiver operating characteristic; tTau
= total tau.

Post-hoc ROC Analysis
In the FTLD nfvPPA subgroup, the CSF biomarker
pattern was comparable to the AD biomarker pattern
(Figure 2). Excluding the nfvPPA subgroup from the
FTLD group resulted in higher AUC values compared
with the pre-defined ROC analysis: pTau181/Aβ42
ratio (AUC=0.875; 95% CI: 0.792−0.958); pTau181/Aβ40
ratio (AUC=0.871; 95% CI: 0.788−0.954); Aβ42/40 ratio
(AUC=0.867; 95% CI: 0.787−0.946); tTau/Aβ42 ratio
(AUC=0.854; 95% CI: 0.768−0.941); and Aβ42 (AUC=0.829;
95% CI: 0.738−0.921; Figure 3). The performances of
pTau181 and tTau as single biomarkers were considerably
improved by the exclusion of the nfvPPA subgroup (AUC
improvement: >5% and 4%, respectively) compared with
Aβ42 as a single biomarker (AUC improvement: 1%).

Discussion
While AD and FTLD are heterogeneous in their
clinical presentation and underlying pathology, they
often have overlapping features. The ability to
accurately differentiate AD from FTLD has important
implications for prognostication and in guiding
decision-making around treatment and disease

management (4), particularly since the approval of
aducanumab for the treatment of AD (18). To this end,
diagnostic assays measuring CSF biomarkers may be
useful tools to increase diagnostic accuracy and aid in
further development of disease-modifying treatments
(19). The results of this study suggest that Elecsys CSF
immunoassays can accurately differentiate AD from
FTLD by detecting the underlying amyloid pathology
in patients with AD. In a heterogeneous cohort of
patients diagnosed with AD or FTLD, based on core
clinical criteria and FDG-PET metabolic pattern, Elecsys
CSF immunoassays demonstrated good diagnostic
accuracy, with biomarker ratios pTau181/Aβ42, pTau181/
Aβ40, Aβ42/Aβ40, tTau/Aβ42, and pTau181/Aβ42/
Aβ40, and the single biomarker Aβ42, demonstrating
the strongest performance out of all biomarkers and
biomarker ratios tested. Performance was slightly lower
for the tTau/Aβ42/Aβ40 and tTau/Aβ40 ratios, and
pTau181 and tTau as single biomarkers. These results
add to the body of knowledge around the capabilities
of Elecsys CSF immunoassays to aid the diagnosis of
cognitive disorders, specifically the differential diagnosis
of AD from other types of dementia including FTLD.
The sensitivity and specificity analysis showed that the
highest qualitative performance for the differentiation
between AD and FTLD was observed with the pTau181/
Aβ42 ratio, with an established cut-off value of >0.024
and Youden’s optimized cut-off value of >0.022. While
additional research is needed to verify the performance
of the cut-offs used in this study, our results suggest that
Elecsys CSF immunoassays have the potential to support
clinicians in diagnosing patients with FTLD by excluding
patients with amyloid positivity, which is indicative
of underlying AD. It is important to highlight that the
cut-offs used in this study were originally developed
for a different pre-analytical protocol and an endpoint
optimized for concordance with visual amyloid PET;
therefore, the cut-off performance observed was expected
as AD is associated with amyloid pathology, whereas
FTLD is not.
Although FDG-PET is used in the diagnosis of AD
and FTLD, it is not considered as a specific biomarker
for either disease as reliance on a metabolic pattern can
lead to misdiagnosis (33). In this study, it is possible that
patients with non-amnestic language presentation of
AD were misdiagnosed with nfvPPA due to a known
overlap of clinical syndromes and FDG-PET metabolic
pattern (26,33). This was indicated by a comparable CSF
biomarker pattern between the AD and FTLD nfvPPA
subgroups. A post-hoc ROC analysis conducted to
exclude the nfvPPA subgroup from the FTLD group
resulted in higher AUC values compared with the predefined ROC analysis; this suggests that CSF biomarkers
can be used as a rule-out test to increase diagnostic
certainty. It is also possible that the comparable CSF
biomarker pattern observed with the AD and FTLD
nfvPPA subgroups was a result of co-morbidity, as many
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Figure 2. Box plots for A) pTau181/Aβ42, B) tTau/Aβ42, C) pTau181/Aβ40, D) tTau/Aβ40, E) Aβ42/Aβ40, F) Aβ42, G)
pTau181, and H) tTau compared with AD and FTLD diagnosis based on FDG-PET (n=130)

* and ◦ symbols represent outliers. Abbreviations: Aβ = amyloid-beta; AD = Alzheimer’s disease; bvFTD = behavioral-variant frontotemporal dementia; CSF = cerebrospinal
fluid; FDG-PET = [18F] fluorodeoxyglucose positron emission tomography; FTLD = frontotemporal lobar degeneration; MCI = mild cognitive impairment; nfvPPA = nonfluent variant primary progressive aphasia; pTau181 = phosphorylated tau 181; svPPA = semantic variant primary progressive aphasia; tTau = total tau.

patients diagnosed with nfvPPA are found to have AD
pathology (34). In such cases, specific biomarkers to
identify the underlying causes of the FTLD spectrum may
be needed for an accurate diagnosis of AD versus FTLD.
For example, one biomarker that may be useful for the
understanding and diagnosis of FTLD is Aβ38, which
has demonstrated the ability to differentiate patients with
FTLD from a control population (35).
Novel disease-modifying therapies are emerging for
neurodegenerative diseases; therefore, it will be important
to identify patients with AD versus those with FTLD,
so that treatment can be tailored appropriately (4,17,19).
Studies have demonstrated that CSF biomarkers have
the potential to increase diagnostic accuracy for AD
(22). Thus, CSF biomarkers have been incorporated
into multiple diagnostic frameworks for AD (36–38).
Many existing CSF immunoassays for AD are limited
by lot-to-lot and interlaboratory variations, which
have hindered the widespread introduction of CSF
biomarkers into clinical practice (39). However, the fully
automated Elecsys CSF immunoassays used in this study
have demonstrated superior interlaboratory variation
compared with existing manual CSF assays (CV: 4%

versus >15%) (22).
Current diagnostic research criteria for FTLD do not
recommend use of CSF biomarkers (25,27). Differential
diagnosis between AD and FTLD usually requires
patients to undergo a plethora of neuropsychological
tests, neurological assessments, neuroimaging, and
laboratory tests, which can be onerous for patients and
relies on access to specialists (2,8). Thus, improving
diagnostic accuracy would benefit the patient. Studies
have demonstrated that amyloid PET can be used as a
tool for differential diagnosis of AD and FTLD, based
on characterization of underlying AD pathology, which
in turn improves diagnosis, prognosis, and selection
of patients for clinical trials (40,41). However, amyloid
PET scans are expensive and may not be universally
available, whereas using CSF analysis would be cheaper,
patients would not be exposed to radioactivity, and
CSF assessment could take place at non-specialized
centers, which would increase patient accessibility to
accurate diagnosis (22). The results of this study show
that CSF biomarkers can differentiate AD from FTLD by
identifying underlying amyloid pathology and can be
used as a rule-out test to increase diagnostic certainty.
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Therefore, CSF biomarkers could potentially be an
alternative to amyloid PET for the differential diagnosis
of AD and FTLD.
Figure 3. Post-hoc ROC analysis for the differentiation
between AD and FTLD, excluding the nfvPPA subgroup
(n=124): (A) ROC curves, (B) AUC values

pTau181/Aβ40 ratio; the analyses were run on the fully
automated Elecsys CSF immunoassays and allowed for
the identification of different clinical subtypes of FTLD
(namely, bvFTD, svPPA, and nfvPPA). Limitations of this
study include the retrospective and post-hoc nature of the
analyses. Future studies to confirm these findings should
be conducted prospectively, in a larger sample size, and in
an independent cohort.
In conclusion, our findings suggest that Elecsys CSF
immunoassays demonstrate good diagnostic accuracy in
differentiating patients with AD from those with FTLD.
The Elecsys CSF immunoassays have the potential to
support clinical decision making, i.e. in diagnosing
patients with FTLD by excluding patients with amyloid
positivity, which is indicative of underlying AD.
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While the sample size of this study was limited
(n=130), the patients included were highly characterized.
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than clinical diagnosis alone. A wider range of biomarkers
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