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Abstract

INTRODUCTION: Studies have shown that blood biomarkers can differentiate demen-
tia disorders. However, the diagnosis of dementia still relies primarily on cerebrospinal
fluid and imaging modalities. The new disease-modifying treatments call for more
widely applicable biomarkers.

METHODS: Plasma samples (n = 250) from two mixed memory clinic were included.
Participants were divided into amyloid beta positives (AB+) and AB negatives (AB-).
Plasma phosphorylated tau (p-tau) 181, p-tau231, AB1-42 (AB42), AB40, AB42/AB40,
glialfibrillary acidic protein (GFAP), and neurofilament light chain (NfL) were measured
by single molecule array.

RESULTS: Significant differences were found among cognitively unimpaired, mild

cognitive impairment, Alzheimer’s disease (AD), and non-AD, and nearly all of the
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Highlights

1 [ INTRODUCTION

Precise and timely diagnosis of many dementia disorders is still a
challenge. Currently the diagnosis relies on neurological and neu-
ropsychological assessments, imaging modalities (magnetic resonance
imaging [MRI], computed tomography [CT], or [*8F]fluorodeoxyglucose
positron emission tomography PET [FDG-PET]), and cerebrospinal
fluid (CSF) tests. These methods are expensive, involve radiation,
may have side effects, and often require special training and hospi-
tal resources. Furthermore, some of them are specific only to certain
dementia disorders, for example Alzheimer’s disease (AD).! Many of
the pathological changes of various dementia disorders begin decades
before symptoms evolve and the clinicians see the patients. The lat-
est diagnostic research criteriafor AD require biomarkers for diagnosis
and staging of the disease,® and purely biomarker-driven diagnosis of
clinical AD has recently been advocated.* Moving from a clinical to a
biological diagnosis of AD is partially driven by the recent approval of
new disease-modifying treatments.’ Therefore, new, inexpensive, eas-
ily implemented and accessible, non-invasive, and specific biomarkers

are required.

biomarkers were able to predict amyloid status. When combining p-tau181 and p-
tau231 they predicted AB positivity with an area under the curve (AUC) of 0.75, and
when combining all biomarkers an AUC of 0.86 was found.

DISCUSSION: This study supports previous findings on plasma biomarkers, even when

investigated in a typical clinical setting in a consecutive, heterogeneous, mixed memory

Alzheimer’s disease, biomarker, dementia, neurodegeneration, plasma

* This study investigated seven plasma biomarkers in a mixed memory clinic, regard-
less of amyloid co-pathology or atypical phenotypes.

» These findings support previous promising results on plasma biomarkers, even when
investigated in a heterogeneous population.

* The combination of phosphorylated tau (p-tau)181 and p-231 performed only
slightly worse than a panel of multiple biomarkers, aligning with previous studies.

* Plasma biomarkers show potential for future applications in primary care, treatment

monitoring, and trial selection.

Blood (plasma or serum) biomarkers offer one of these widely acces-
sible methods. Several studies have investigated plasma biomarkers
in research cohorts and in the most common neurodegenerative
disorders, including AD.6~8 It is well established that many plasma
biomarkers are altered in the preclinical and clinical stages of the
diseases and correlate with both atrophy and decline in cognition.”1°
Phosphorylated tau (p-tau) and glial fibrillary acidic protein (GFAP)
in plasma have demonstrated amyloid-dependent changes. Studies
have shown that p-tau is associated with the density of amyloid beta
(AB) plaques, and might be better at predicting amyloid status than
tau tangles.!> GFAP has the strongest expression in brain astrocytes
and is thought to be linked to a neuroinflammatory response to AS
pathology, as GFAP has been shown to correlate strongly with Ag sta-
tus but not with the number of neurofibrillary tangles in the brain.®12
Furthermore, studies have shown that plasma GFAP has a greater
association with AB pathology than CSF GFAP, which is likely due to
instability of the protein in the CSF matrix.’®> Neurofilament light
chain (NfL) is a well-established marker of neuroaxonal injury in both
CSF and plasma, and depending on the degree of neurodegeneration

various amounts of NfL are released into the CSF and plasma.l*
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However, plasma biomarkers are still not used in a broader clinical
context. Specialized memory clinics get referrals from primary care or
other hospitals to perform diagnostic evaluations of all etiologies of
suspected dementia or cognitive dysfunction. Therefore, it is essential
for new methods and biomarkers to be tested in a typical mixed-
memory clinic population, including patients with presumably mixed
pathologies.

In this study, the accuracy of plasma biomarkers to predict Ag sta-
tus was challenged and investigated in a typical clinical setting in a
consecutive, mixed memory clinic cohort.

2 | METHODS

All included patients gave informed consent for their plasma samples
and data to be used for research. The study was approved by the Dan-
ish Data Protection Agency (VD-2019-105) and the ethical committee
of the Capital Region of Denmark (H-19000651). The plasma samples
were collected from patients referred for diagnostic evaluationin 2019
at the Copenhagen Memory Clinic, Copenhagen University Hospital,
Rigshospitalet, or at the Regional Dementia Research Center, Zealand
University Hospital, Roskilde, and later analyzed at the Department of
Psychiatry and Neurochemistry, Sahlgrenska Academy, University of
Gothenburg.

2.1 | Subjects

A total of 250 subjects were included in the study. They underwent a
standard diagnostic evaluation, including medical history, informant-
based history, standard blood tests, neurological examinations, cogni-
tive testing including Mini-Mental State Examination (MMSE)'®> and
Addenbrooke’s Cognitive Examination (ACE),'¢ as well as a structural
scan (MRI or CT). Based on clinical evaluations, supplementary inves-
tigations were administered such as lumbar puncture for AD CSF
biomarkers, FDG PET, or full neuropsychological examination. Diag-
nosis was given at a multidisciplinary consensus conference following
international criteria.

All included patients were diagnosed according to the overall
clinical evaluation, regardless of, but not blinded to, amyloid co-
pathology. All included patients with suspected AD pathology fulfilled
the National Institute on Aging-Alzheimer’s Association (NIA-AA)
criteria for dementia due to AD,Y7 or MCI due to AD.Y7 Patients
with MCI due to other etiologies fulfilled the broad criteria of MCI
suggested by the International Working Group on Mild Cognitive
Impairment.1® Patients with dementia with Lewy bodies (DLB) ful-
filled the fourth report of the Consortium for Dementia with Lewy
Bodies criteria,’? patients with vascular dementia (VaD) fulfilled the
International Society of Vascular Behavioural and Cognitive Disor-
ders (VASCOG) criteria.2® Patients with mixed dementia (n = 12; AD
patients with significant vascular co-pathology determined by symp-
toms and imaging) fulfilled both the NIA-AA and VASCOG criteria.t”-20

Patients with frontotemporal dementia (FTD) fulfilled the criteria for

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: This study investigated the accuracy
of seven plasma biomarkers in predicting amyloid status
within a typical clinical setting, using a consecutive, mixed
memory clinic cohort, regardless of amyloid co-pathology.

2. Interpretation: A plethora of studies have shown that
blood biomarkers look promising. However, many of
these studies are conducted in research cohorts that
exclude co-pathology and atypical phenotypes. This study
supports previous finding on plasma biomarkers, even
when investigated in a real clinical setting in a mixed
memory clinic.

3. Future directions: With the approval of disease-
modifying treatments, it is essential to investigate these
biomarkers in real clinical settings. Plasma biomarkers
could help in trial selection, design and monitoring, or aid
with the identification on who will progress from mild
cognitive impairment to dementia. In addition, they could

play an important role in primary care as a screening tool.

t,2! non-fluent aphasia, or the semantic variant.22

the behavioral varian
The patients were diagnosed with FTD according to their clinical
phenotype and the clinical and supplementary evaluations. Patients
with normal pressure hydrocephalus (NPH) fulfilled the international
guideline criteria for idiopathic NPH.23 Patients with alcohol demen-
tia fulfilled the International Classification of Diseases 10th revision
(ICD-10) criteria.2* The cognitively unimpaired (CU) did not fulfill any
criteria for dementia or MCI.

The participants were divided into AB positives (AB+) and AS neg-
atives (AB—) with a CSF cut-off for p-tau181/AB42 locally established
at 0.077. The cohort consisted of 46 CU AB—, 57 patients with MCI
(n=13 AB+,n=44 AB-),57 patients with AD (all AB+), and 90 patients
with a non-AD dementia diagnosis (n = 24 AB+, n = 66 AB-). The
non-AD group consisted of patients with alcohol dementia (n = 6; all
AB-), patients with other non-neurodegenerative causes of demen-
tia(n=7:n=1AB+ n= 6 AB-), patients with DLB (n = 7: n = 4
AB+, n = 3 AB-), 12 patients with FTD (n = 2 A+, n = 10 AB-), four
patients with other specified neurodegenerative disorder (all A3-), 10
patients with unknown causes of dementia (n = 1 A+, n = 9 AB-),
26 patients with VaD or mixed etiology (n = 14 A+, n = 12 AB-),
and 18 patients with NPH (n = 2 AB+, n = 16 AB-). Non-AD AB+
patients were classified as having AD as co-pathology if their clinical
phenotype was better explained by a non-AD dementia disorder. The
seven patients with other non-neurodegenerative causes of dementia,
including psychiatric disorders and radiation-induced brain injury dam-
age, while the four patients with other specified neurodegenerative
disorders included progressive supranuclear palsy (PSP), primary pro-
gressive multiple sclerosis (PPMS), corticobasal degeneration (CBD),
and spinocerebellar ataxia type 6 (SCA6).



40f 10 Diagnosis, Assessment

GLEERUP ET AL.

Disease Monitoring

2.2 | Plasma collection and processing

The plasma samples were collected in ethylenediaminetetraacetic
(EDTA)-treated tubes and centrifuged at 2000 g, 4°C, for 10 minutes.
After centrifugation, the samples were redistributed in 250 uL aliquots
and stored at -80°C.

2.3 | Biomarker assays

Prior to the biomarker analyses, plasma samples were thawed and cen-
trifuged at 4000 g for 10 minutes at room temperature. The plasma
biomarker concentrations were analyzed using single molecule array
(Simoa) technology on a HD-X analyzer (Quanterix). NfL, GFAP, and
AB42/AB40 were measured using the commercial Neurology 4-Plex E
Kit (Lot 502957, Quanterix). p-tau231 and p-tau181 were measured
using the University of Gothenburg in-house method as described
previously.”2> All samples were analyzed as singlicates in one round of
experiments using one batch of reagents. Internal quality control sam-
ples were added showing mean inter-assay/intra-assay coefficients of
variation of NfL 8%/3%, GFAP 15%/3%, AB42 6%/5%, AB40 6%/6%,
p-tau181 8%/7%, and p-tau231 7%/6%.

CSF AB42 concentration was measured using sandwich
enzyme-linked assay (ELISA; INNOTEST g-
AMYLOID;.49) Fujirebio), and CSF p-tau181 levels was determined
using ELISA INNOTEST PHOSPHO-TAU(1g1p) as part of the routine

diagnostic evaluation of the patients.

immunosorbent

2.4 | Statistical analyses

The statistics for this study were performed using GraphPad Prism
(version 8.4.3 for Mac, GraphPad Software), while the receiver oper-
ating characteristic (ROC) analyses were performed in CombiROC.2¢
First, Anderson-Darling tests were performed to test for normal dis-
tribution. All plasma data followed a non-normal distribution and were
log10-transformed. After logarithmic transformation, the plasma data
for p-taul81, p-tau231, and AB40 followed a normal distribution,
and an analysis of variance (ANOVA) or an unpaired t test was per-
formed. The plasma data for AB42, AB42/A340, GFAP, and NfL still
did not follow a normal distribution after logarithmic transformation,
and therefore the data were analyzed using a Kruskal-Wallis test or a
Mann-Whitney test. Patients were divided into AB+ and AS— by CSF
p-tau181/AB42. A cut-point for this ratio was calculated from routine
CSF data from patients at the memory clinic from February 2018 to
May 2022. A finite Gaussian mixture modeling procedure was applied
to the dataset and the analysis and resulting plots show the highest
Bayesian information criterion value for the two-component unequal
variance model. The parameters from the model were entered into a
function creating the two Gaussians and calculating the intersection to
0.077. This cut-point is close to a previously published value?” and was
used in the present study. The accuracy of plasma biomarkers in pre-

dicting AB status was evaluated using CombiROC, a validated web tool

that operates in two phases. In the first phase, the user uploads data
from two sample categories (in this case, AS status), allowing the tool
to generate box plots and marker profiles to assess data quality and
establish thresholds for signal detection. In the second phase, the tool
calculates sensitivity and specificity for the biomarkers based on the
optimal cutoff, which is determined using the Youden index. The results
are then presented in a bubble plot that visualizes the combinations.
Finally, ROC curves are generated using multivariable logistic regres-
sion models, enabling visualization of the performance of the selected
biomarkers.2 To compare the area under the curve (AUC) of the dif-
ferent models, a DelLong test was applied. Statistical significance for all

analyses was set at p < 0.05, two sided.

3 | RESULTS

3.1 | Demographics

A total of 250 subjects were included in the study. Table 1 gives an
overview of the overall demographic characteristics and biomarker val-
ues of the cohort. Significant differences were found for age, sex, and

MMSE among groups.

3.2 | Plasma biomarker results

Plasma biomarker levels can be found in Table 1 and Figure S1 in sup-
porting information. All plasma biomarkers, aside from p-tau181, were
significantly different among the groups (CU Ag—, MCI: A+, MCl: AB—,
AD, non-AD AB+, and non-AD AB-). Comparing diagnostic groups, p-
tau181 was significantly different between CU AS— and MCI: Ag+
(b < 0.05), and between CU AB— and AD (p < 0.001). For p-tau231,
significant differences were observed between CU AB— and MCI: Ag+
(b < 0.05), CU AB— and AD (p < 0.001), CU AB— and non-AD AB+
(p < 0.05), MCI: AB— and AD (p < 0.001), as well as between AD and
both of the non-AD groups (p < 0.05). AB42 showed no significant dif-
ferences in pairwise comparisons, while A340 differentiated CU Ag—
from both AD and non-AD AB+ (p < 0.01). The AB42/AB40 ratio distin-
guished CU AB- from AD (p < 0.001), MCI: AB— from AD (p < 0.05),
and AD from non-AD AB- (p < 0.001). GFAP was significantly differ-
ent between CU AB— and AD (p < 0.0001), CU AB— and non-AD AB+
(p < 0.01), and between AD and non-AD AB— (p < 0.01), while NfL lev-
els were significantly different between CU A—from AD (p < 0.01),CU
AB— and both non-AD groups (p < 0.0001), and between MCI: A+ and
non-AD AB— (p < 0.05).

In Figure 1, violin plots of all plasma biomarkers in A3+ and AS—
subjects can be found. In the supporting information the plasma
biomarkers and across the diagnostic groups (Figure S1) can be found.

The accuracy of the plasma biomarkers to predict Aj status can be
seen in Figure 2 and Table 2. p-tau231 predicted Ap positivity with an
AUC of 0.77 (95% confidence interval [Cl]: 0.67-0.84), and p-tau181
with an AUC of 0.67 (95% Cl: 0.57-0.76). AB42 predicted AB positiv-
ity with an AUC of 0.61 (95% Cl: 0.51-0.71), AB40 with an AUC of
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TABLE 1 Characteristics of the study cohort.

CUAB— MCI: Ag+

(n=46) (n=13)
Age, mean (SD) 70.0(7.5) 65.6(9.2)
Sex (M/F) 28/18 2/11
MMSE score, mean (SD) 28.7 (1.6) 26.1(4.1)
Plasma p-tau 181 pg/mL, mean (SD) 3.96 (1.93) 7.62(2.78)
Plasma p-tau 231 pg/mL, mean (SD) 15.1(5.80) 20.0(5.39)
Plasma AB42 pg/mL, mean (SD) 6.13(1.46) 5.36(1.28)
Plasma AB40 pg/mL, mean (SD) 90.9 (14.09) 96.2(17.69)
Plasma AB42/AB40, mean (SD) 0.067 (0.013)  0.056(0.0077)
Plasma GFAP pg/mL, mean (SD) 115.1(66.3) 167.6 (76.0)
Plasma NfL pg/mL, mean (SD) 16.7 (8.13) 18.3(7.23)

Disease Monitoring
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MCI: Ag— AD Ag+ non-AD A+  Non-AD Ag-
(n=44) (n=57) (n=24) (n=66) p value
71.7 (8.6) 72.3(7.7) 74.6(6.5) 73.7(9.2) <0.001
29/15 17/40 17/7 39/27 <0.0001
26.8(3.4) 22.6(4.6) 21.8(4.4) 23.4(4.2) <0.0001
6.91(4.15) 8.72(6.54) 7.83(3.89) 6.73 (4.03) 0.06
17.1(7.42) 24.7 (9.67) 23.6(9.40) 17.4(6.56) <0.0001
6.70(1.67) 6.35(1.68) 7.01(1.21) 6.87 (2.00) <0.01
101.8(22.97) 107.2(21.72) 111.1(13.08) 107.2(22.93) <0.001
0.066(0.0086) 0.059(0.0076) 0.062(0.010) 0.064(0.011) <0.0001
148.1(63.0) 202.8(71.8) 207.6(78.5) 143.4(72.6) <0.0001
26.4(13.3) 26.8(16.3) 43.1(41.6) 36.2(29.3) <0.0001

Note: p values were calculated by a one-way analysis of variance or a Kruskal-Wallis test, aside from the p value for sex, which was calculated by a chi-squared

test.

Abbreviations: AB, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; CU, cognitively unimpaired; F, female; GFAP, glial fibrillary acidic protein;
M, male; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; n, number; NfL, neurofilament light chain; p-tau, phosphorylated tau; SD,

standard deviation.

0.54 (95% ClI: 0.44-0.64), and AB42/AB40 with an AUC of 0.71 (95%
Cl: 0.62-0.80). GFAP predicted the AB status with an AUC of 0.70
(95% Cl: 0.61-0.79) and NfL with an AUC of 0.55 (95% Cl: 0.45-0.65).
The accuracy of predicting AB positivity in the whole cohort was fur-
ther examined by combining the different biomarkers to one another.
When looking at the combination of p-tau181 and p-tau231 they pre-
dicted AB positivity with an AUC of 0.75 (95% Cl: 0.68-0.84), which
slightly improved when adding AB42/AB40 (AUC 0.80, 95% Cl: 0.71-
0.87). Assessing the combination of GFAP and NfL the AUC was 0.77
(95% Cl: 0.67-0.83), and when all biomarkers were combined a further
increase was seen (AUC 0.86, 95% Cl: 0.78-0.92).

The potential improvement in diagnostic accuracy from combin-
ing biomarkers was assessed by comparing the AUC values of ROC
models. No significant differences were observed between p-tau181
and p-tau231, when used in combination versus individually. However,
adding AB42, AB40, and the AB42/AB40 ratio to the combination sig-
nificantly improved accuracy compared to p-tau181 (p < 0.05), Ap42
(p <0.01), and AB40 (p < 0.0001) alone. In the assessment of GFAP and
NfL, combining the two resulted in a statistically significant improve-
ment compared to NfL alone (p < 0.01), but not GFAP. When all plasma
biomarkers were combined, the performance was better to that of p-
tau181 (p < 0.01), AB42 (p < 0.0001), AB40 (p < 0.0001), AB42/AB40
(p <0.05), GFAP (p < 0.01), and NfL (p < 0.0001) individually.

4 | DISCUSSION

The aim of this study was to investigate the accuracy of various
plasma biomarkers to predict AB status in a typical clinical setting
in a mixed memory clinic cohort. Several studies have investigated
plasma biomarkers.®11 However, many of these studies are performed
in research cohorts of the most common neurodegenerative disorders,

where amyloid co-pathology and atypical phenotypes are excluded.

Thisis not a true representation of the patients clinicians meet at mem-
ory clinics. Our study adds to the existing literature by exploring the
performance of plasma biomarkers in a more heterogeneous clinical
population, which better reflects the diversity of patients encountered
in everyday clinical practice. By demonstrating that plasma biomark-
ers retain significant predictive value even in this diverse setting, our
research shows that these markers could be viable tools for use beyond
specialized research contexts.

In memory clinics, clinicians get referrals from the primary care or
other hospital departments, with patients with all types of memory
complaints. The patients are often diagnosed according to their clinical
phenotype and the clinical and supplementary evaluations in conjunc-
tion with AD biomarkers that may be affected by very diverse disease
mechanisms. Therefore, it is essential to investigate whether plasma
biomarkers reflect findings in CSF and can be used in these heteroge-
nous cohorts, because this will probably account for a major part of
how the biomarkers are going to be used in the future.

Our findings suggest that a plethora of plasma biomarkers show
promising results, also when challenged in a more heterogeneous
cohort, thus bridging a crucial gap between research-based findings
and real-world clinical application. In this study, statistically signifi-
cant differences for nearly all plasma biomarkers were found when
investigating them in amyloid-positive and amyloid-negative individ-
uals among different etiologies, and when looking at the different
diagnostic groups. Further, we found that the combination of all seven
plasma biomarkers was able to detect AS status with an AUC of 0.86,
which is similar to other studies.?8 However, it is still lower than in more
homogenous cohorts when looking at the individual biomarkers.2? In
addition, the combination of p-tau181 and p-tau231 performed only
slightly worse than the panel of seven markers. Studies have found that
p-tau231 performs slightly better than other p-tau epitopesin the early
stages of the diseases, making it a promising marker for memory clinics

to be used in the first diagnostic evaluation of a patient.® Several recent
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FIGURE 1 Plasmabiomarkers in amyloid-positive and amyloid-negative subjects. A, The violin plots show the median, interquartile range, and

the extreme values of plasma p-tau181 in amyloid-positive and amyloid-negative subjects across the whole cohort. The minimum and maximum of
all data have been included. p < 0.05. B, The violin plots show the median, interquartile range, and the extreme values of plasma p-tau231in
amyloid-positive and amyloid-negative subjects across the whole cohort. The minimum and maximum of all data have been included. p < 0.0001. C,
The violin plots show the median, interquartile range, and the extreme values of plasma AS42 in amyloid-positive and amyloid-negative subjects
across the whole cohort. The minimum and maximum of all data have been included. p = 0.051. D, The violin plots show the median, interquartile
range, and the extreme values of plasma AB40 in amyloid-positive and amyloid-negative subjects across the whole cohort. The minimum and
maximum of all data have been included. P < 0.84. E, The violin plots show the median, interquartile range, and the extreme values of plasma
AB42/AB40 in amyloid-positive and amyloid-negative subjects across the whole cohort. The minimum and maximum of all data have been included.
p < 0.001. F, The violin plots show the median, interquartile range, and the extreme values of plasma GFAP in amyloid-positive and
amyloid-negative subjects across the whole cohort. The minimum and maximum of all data have been included. p < 0.0001. G, The violin plots show
the median, interquartile range, and the extreme values of plasma NfL in amyloid-positive and amyloid-negative subjects across the whole cohort.
The minimum and maximum of all data have been included. p = 0.14. Plasma data for p-tau181, p-tau231, and Ab40 were analyzed with an
unpaired t test, while plasma data for AB42, AB42/AB40, GFAP, and NfL were analyzed using a Mann-Whitney test. +, amyloid positives; —, amyloid
negatives. (The CSF p-tau181/AB42 cut-point was 0.077.) AB, amyloid beta; CSF, cerebrospinal fluid; GFAP, glial fibrillary acidic protein; NfL,
neurofilament light chain; p-tau, phosphorylated tau.

studies have also pointed to p-tau217 as superior to p-tau181 and p-
tau231, which suggests that a diagnostic accuracy > 0.86 is achievable
even in heterogenous cohorts.3°

While the combination of all seven plasma biomarkers achieved
an AUC of 0.86, which is comparable to other studies, we acknowl-
edge that the need for multiple biomarkers could pose economic
and logistical challenges in clinical practice. Using a panel of six or
more biomarkers may not be feasible due to the costs associated
with processing and analyzing multiple assays. However, our findings

also suggest that certain biomarkers, such as p-tau181 and p-tau231,

perform nearly as well in isolation or in smaller combinations. For
instance, the combination of just p-tau181 and p-tau231 showed only
slightly lower performance than the full panel. This suggests that future
research could explore a more cost-effective approach, focusing on a
subset of highly predictive markers while maintaining diagnostic accu-
racy. Additionally, as assay technology improves and becomes more
standardized, the costs of multiplex panels may decrease, potentially
making this approach more practical.

Plasma biomarkers could help identify pathological changes, which

could be used in trial selection and design. Clinicians need methods
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FIGURE 2 ROC curves of plasma biomarkers using CSF p-tau181/A342. The ROC curves and the corresponding AUC show the accuracy of the
different plasma biomarkers and various combinations of the plasma biomarkers (demographically uncorrected) to assess amyloid status for the
whole cohort. AB, amyloid beta; AUC, area under the curve; CSF, cerebrospinal fluid; GFAP, glial fibrillary acidic protein; NfL, neurofilament light
chain; p-tau, phosphorylated tau; ROC, receiver operating characteristic.

that can predict who will progress from subjective cognitive decline to
MCI: AD, as many of the new upstream therapies might be more effec-
tive in the preclinical stages before irreversible damage has occurred.
Therefore, it would be of great interest to use plasma biomarkers

to identify those patients who will progress clinically and investigate

whether these new upstream therapies have an impact on the likeli-
hood of developing adementia disorder. In addition, plasma biomarkers
could be used to monitor the effectiveness of these therapies.>3!
Plasma biomarkers could help identify amyloid-positive individuals and

thereby support the decision on who needs a lumbar puncture or a
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TABLE 2 AUC, sensitivity, and specificity of plasma biomarkers using CSF p-tau181/A342.
Sensitivity Specificity PPV NPV Opt.

AUC (%) (%) (%) (%) cutoff 95% Cl
p-tau 231 0.76 81 60 69 70 0.40 0.67-0.84
p-tau 181 0.67 66 65 61 64 0.44 0.57-0.76
AB42 0.61 66 61 57 50 0.44 0.51-0.71
AB40 0.54 80 40 65 56 0.44 0.44-0.64
AB42/AB40 0.71 74 65 67 63 0.45 0.62-0.80
GFAP 0.70 97 38 64 61 0.32 0.61-0.79
NfL 0.55 60 54 54 38 0.45 0.45-0.65
Combinations:
p-tau 231 + p-tau 181 0.75 83 58 69 70 0.40 0.68-0.84
GFAP + NfL 0.77 81 63 68 69 0.40 0.67-0.83
p-tau 231 + p-tau 181 + AB42/AB40 0.80 86 68 71 65 0.39 0.71-0.87
p-tau 231 + p-tau 181 + AB42/AB40 + GFAP + NfL 0.86 85 75 77 75 0.41 0.78-0.92

Note: The AUC shows the accuracy of the different plasma biomarkers and various combinations of the plasma biomarkers, to assess amyloid status for the
whole cohort. Sensitivity and specificity are expressed in percent (%). The CSF p-tau181/A342 cut-point was 0.077.

Abbreviations: AB, amyloid beta; AUC, area under the curve; Cl, confidence interval; CSF, cerebrospinal fluid; GFAP, glial fibrillary acidic protein; NfL, neu-
rofilament light chain; NPV (%), negative predictive value in percent; opt. cutoff, optimal cutoff for the receiver operating characteristic curve (the similar
thresholds likely reflect the close alignment of the corresponding curves); PPV (%), positive predictive value in percent; p-tau, phosphorylated tau.

PET scan, and thereby lowering the costs for the examinations and
the number of unnecessary lumbar punctures and imaging tests.2 Fur-
thermore, plasma biomarkers could be used as a screening tool to aid
the judgment on which patients should get a referral from the primary
care to specialized memory clinics.33 One possible approach involves
using plasma biomarkers for risk stratification based on the likelihood
of AB positivity. By using a two cut-off approach, patients could be
categorized into three groups: a high-risk group with a high probabil-
ity of AB-positivity, potentially not requiring additional clinical testing;
an intermediate-risk group, which may benefit from advanced test-
ing such as CSF and imaging; and a low-risk group, more likely to be
diagnosed with a non-neurodegenerative disorder or another non-AD
neurodegenerative condition. Studies have suggested that this strat-
egy could reduce the demand for advanced diagnostics in specialized

memory clinics while facilitating more precise diagnostic decisions.32

5 | LIMITATIONS

The purpose of the study was to investigate biomarkers in patients
with diverse and mixed etiologies. This is also our greatest limita-
tion. In this study, we did not have confirmation of amyloid status
by amyloid PET. We therefore determined amyloid status by CSF
p-tau181/AB42, which may itself be challenged by these diverse eti-
ologies. We could therefore only study to what extent blood-based
biomarkers reflected amyloid status as determined by CSF biomark-
ers. Furthermore, many of the plasma assays used in various studies
are preliminary and have different performance, which means they
still need to be standardized. Additionally, nearly all plasma stud-
ies consist of White cohorts, and therefore the findings might not

apply to all races and ethnicities.3334 We still need more research on
how other co-morbidities might affect the different plasma biomark-
ers. Another limitation of the study is the lack of plasma p-tau217,
which has been shown to outperform other tau biomarkers. Includ-
ing p-tau217 in future studies could potentially enhance diagnostic
accuracy and provide further insights into its performance in hetero-
geneous clinical populations. In future studies, it could be interesting
to compare the best plasma biomarker or the best combination of
plasma biomarkers to CSF and imaging, toward the investigation of
whether the replacement or addition of plasma biomarkers to the
standard diagnostic assessment improves or alters the diagnoses. Fur-
thermore, studies investigating co-morbidities (such as cardiovascular
diseases, kidney diseases, body mass index, and psychiatric disor-
ders) and blood work (such as cholesterol and organ biomarkers) are

warranted.3®

6 | CONCLUSIONS

This study supports previous findings on plasma biomarkers and in
addition confirms these results, even when investigated in a typical
clinical setting in a consecutive, heterogeneous, mixed memory clinic
cohort. Plasma biomarkers could potentially soon be used in primary
care as an initial test together with a clinical examination, to aid the
decision on who should be referred to a specialized memory clinic. Fur-
thermore, with the development of new disease-modifying treatments,
plasma biomarkers might be highly useful for treatment monitoring
and trial enrollment of AB-positive participants. Despite that further
validation is required, this study illustrates the usefulness of plasma
biomarkers in predicting Ag status.
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