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Abstract

Background The arrival of new disease-modifying treatments for Alzheimer’s disease (AD) requires the identifica-
tion of subjects at risk in a simple, inexpensive, and non-invasive way. With tools allowing an adequate screening, it
would be possible to optimize the use of these treatments. Plasma markers of AD are very promising, but it is neces-
sary to prove that alterations in their levels are related to alterations in gold standard markers such as cerebrospinal
fluid or PET imaging. With this research, we want to evaluate the performance of plasma AB40, AB42, and p-tau181
to detect the pathological changes in CSF using the automated Lumipulse platform.

Methods Both plasma and CSF AB40, AR42, and p-tau181 have been evaluated in a group of 208 cognitively unim-
paired subjects with a 30.3% of ApoF4 carriers. We have correlated plasma and CSF values of each biomarker. Then, we
have also assessed the differences in plasma marker values according to amyloid status (A—/+), AD status (consider-
ing AD + subjects to those A+ plus Tau+), and ATN group defined by CSF. Finally, ROC curves have been performed,
and the area under the curve has been measured using amyloid status and AD status as an outcome and different
combinations of plasma markers as predictors.

Results AB42, amyloid ratio, p-tau181, and p-tau181/A[342 ratio correlated significantly between plasma and CSF.
For these markers, the levels were significantly different in the A+/—, AD+/—, and ATN groups. Amyloid ratio pre-
dicts amyloid and AD pathology in CSF with an AUC of 0.89.

Conclusions Plasma biomarkers of AD using the automated Lumipulse platform show good diagnostic performance
in detecting Alzheimer’s pathology in cognitively unimpaired subjects.
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Background

The development of novel disease-modifying therapies
for Alzheimer’s disease (AD) requires the implementa-
tion of biomarkers in clinical practice. To use them on a
large scale, it is essential that they can be obtained in a
cheap and non-invasive way, similar to screening strate-
gies for other conditions such as cancer or cardiovascular
pathology. This is critical, as AD is the leading cause of
dementia, and due to the increasing aging of the popu-
lation, its prevalence is expected to exceed 152 million
cases by 2050 [1].

AD is biologically characterized by the cerebral depo-
sition of extracellular amyloid plaques and intraneuronal
neurofibrillary tangles formed by phosphorylated tau
protein. These pathological alterations occur decades
before the onset of the symptoms [2] and are the tar-
gets of many of the treatments that are currently under
research or in the process of being approved. These
changes can be accurately detected through cerebrospi-
nal fluid (CSF) measurements or functional neuroimag-
ing, such as positron emission tomography (PET) [3, 4].
However, these techniques are expensive, invasive, and
often unavailable. For these reasons, its scalability to daily
practice is currently a challenge. In recent years, techni-
cal advances allowing the identification of these markers
in the plasma are promising a paradigm shift in AD diag-
nosis as they open up the possibility of early detection on
a large scale [5]. One of the main limitations is that CSF
and plasma samples for AD diagnosis are highly suscep-
tible to errors and biases [6, 7], requiring protocolized
and standardized pre-analytical handling (collection and
storage) so that their results can be generalized and com-
pared between centers.

Alterations in plasma levels of amyloid-beta 1-40
(AP40), amyloid-beta 1-42 (Ap42), or phosphorylated
tau protein (p-tau) in different regions such as in threo-
nine 181 (p-taul8l), 217 (p-tau217), or 231 (p-tau23l)
have been demonstrated to be AD-specific and serve as
early markers [8—11]. However, even though their detec-
tion is now technically possible, they need to be validated
to be useful in a clinical setting. To do so, their perfor-
mance must be tested by comparing them with other
known validated biomarkers, such as those in CSF, and
this should be done in the clinical and preclinical stages
of the disease [12]. The latter will be of great relevance,
since it is at that time that disease-modifying drugs, espe-
cially anti-amyloid, are expected to be more effective.

Fyjirebio’s Lumipulse G immunoassay is a fully auto-
mated platform largely validated for CSF biomarker
analysis, even in the preclinical stages of AD [13-15].
Moreover, its use for plasma markers is widely available
and has shown good results in clinical samples spanning
the AD continuum [16]. With all this in mind, the aim of
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our work is to assess the performance of the Lumipulse
assay of p-taul8l, AP40, and AP42 in plasma to detect
AD pathological changes on CSF in a cohort of subjects
without cognitive impairment (CU).

Material and methods

Participants

This research has been carried out with subjects of the
“Valdecilla Cohort for the study of memory and brain
aging” from the Memory Unit of the Marqués de Val-
decilla University Hospital (Santander, Spain). The
characteristics of the project have been described in
other articles [17], but in brief, it is a prospective cohort
designed to longitudinally study the preclinical phases
of AD. It is composed of Caucasian CU volunteers. The
inclusion criteria are (1) age>55 years, and (2) signed
consent for the extraction and storage of biological sam-
ples. The exclusion criteria are (1) cognitive impairment
(Clinical Dementia Rating (CDR) [18]>0), (2) major
systemic or psychiatric disease, (3) major sensory depri-
vation, and (4) contraindications for performing the com-
plementary tests.

In an initial assessment, all participants undergo a
lumbar puncture (LP) and blood extraction for measur-
ing AP42, AP40, p-taul8l, and total tau (t-tau) levels. A
cranial magnetic resonance imaging, fluorodeoxyglucose
PET, and a comprehensive neuropsychological (NPS)
study are also performed at baseline. Follow-ups consist
of blood extraction and NPS assessment and are per-
formed annually. Two hundred eight subjects were stud-
ied for both CSF and plasma AB42, AB40, and p-taul8l
levels (see Additional file 1 for further information).

Cognitive evaluation

Participants undergo a comprehensive neuropsychologi-
cal evaluation with sensitive tests that assess all cogni-
tive domains, the details have been described previously
[17]. The Mini-Mental State Examination (MMSE) [19]
is employed for the global cognitive assessment, and
the global CDR score is used to establish the degree of
dementia based on functionality and cognition.

ApoE status

We determined the apolipoprotein E (ApoE) genotype
using TagMan single nucleotide polymorphism genotyp-
ing assay (Applied Biosystems, Foster City, CA, USA).
Those subjects carrying > 1 copy of the &4 allele were con-
sidered €4+, and the remaining were considered €4 —.

Sample pre-analysis

Both CSF and plasma extractions were performed the
same day, early in the morning (at 9-10 AM), with a dif-
ference of less than 30 min between them. Our hospital is
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part of the Alzheimer’s Association Quality Control pro-
gram and complies with the international recommenda-
tions for sample collection and storage [20, 21]. The LP
was performed with the subject fasting, using a standard
22-G needle, in lateral decubitus, between the L3 and L5
spaces. The CSF was deposited into 15-ml polypropylene
tubes and centrifuged at room temperature at 2000 g for
10 min. The resultant was aliquoted in volumes of 500 ul
into 1-ml tubes and then frozen at—80 °C until analysis
in our hospital’s immunology laboratory.

Plasma samples were obtained following the standard-
ized operating procedure described in other works [22].
The blood was stored in 10-ml EDTA tubes and kept cold
until processing within the next 3 h. The samples were
then centrifuged for 10 min at 1800 g, and the superna-
tant was stored in polypropylene tubes in 500 pul volumes
and frozen at—80 °C until analyzed in our hospital’s bio-
chemistry laboratory.

CSF and plasma biomarkers

CSF AB, p-tau, and t-tau values were determined using
the automated immunoassay analyzer Lumipulse G600
IT [23] (Fujirebio Diagnostics, Malvern, PA, USA), with
the kits Lumipuise G B-Amyloid 1-40 (lot 4YX3085),
Lumipulse G B-Amyloid 1-42 (lot 72X3084), Lumipulse
G p-taul8l (lot 5DX3055), and Lumipulse G t-tau (lot
6BX3064). We used an unbiased Gaussian mixture mod-
eling based on our sample to establish the cutoff points
[24]. For AB40, the lower limit of detection (LLD) was
2.78 pg/ml Intra- and inter-assay variation was<4.5
and<7.1%, respectively. Regarding AP42, the sensitiv-
ity was 150 pg/ml, and intra- and inter-assay variations
were <4 and <5.9%, respectively. The LLD for t-tau and
p-taul81 were 80 pg/ml and 8 pg/ml, respectively. Intra-
assay variations were < 1.2 and < 1.5%, and inter-assay var-
iations were < 1.3 and 2.6%, respectively.

Based on this analysis, subjects were categorized
according to the ATN classification [25]. We dichoto-
mized these continuous variables and considered
AB-positive (A+) when CSF AB42/40 ratio<0.076, tau-
positive (T+) when CSF p-taul81>73.2 pg/ml, and
neurodegeneration-positive (N+) if CSF t-tau>543 pg/
ml. Taking these cutoff points, we divided the subjects
into those with biologically defined Alzheimer pathology
(A+plus T+) as AD +and the rest as AD —.

Plasma AB40, AP42, and p-taul8l values were also
measured using Fujirebio’s Lumipulse G600II with the
following kits: Lumipulse G [3-Amyloid 1-40 Plasma
(lot T4B3033), Lumipulse G 3-Amyloid 1-42 Plasma
(lot T6B3074), and Lumipulse G pTau 181 Plasma (lot
T9B3084). Analytical sensitivities for AB40, Ap42, and
p-taul81 were 0.44, 0.37, and 0.052 pg/ml, respec-
tively. Intra-assay variations were<3.1,<3.8, and < 2.3%,
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and inter-run variabilities were<3.6,<4.7, and <3.9%,
respectively.

As informed by the manufacturer and following the
EP17-A2 CLSI (Clinical and Laboratory Standard
Institute) protocol [26], no significant cross-reactivity
was found between AB40 and amyloid-beta peptides
(1-37, 1-38, 1-39, 1-42, 11-40, 17-40, and 1-43) in
this immunoassay. AB42 assay was also highly specific
(no significant cross-reactivity with other amyloid-beta
peptides: 1-38<0.9% and 1-40<1.6%). For p-taul8l,
minimal cross-reactivity with tau (172-205) amide
(0.9%) was found.

Statistical analysis

We visualized histograms and used the Shapiro test to
assess the distribution of the variables. They have been
described by mean and standard deviation or median
and interquartile range, as appropriate. Plasma and CSF
marker levels were log10-transformed for further anal-
ysis with parametric tests.

Pearson’s correlation coefficient was used to corre-
late AB40, AP42, amyloid AP42/40 ratio, p-taul8l, and
p-taul81/AB42 ratio values between plasma and CSF
both in the overall sample and stratified by A+and
A —groups.

We used ANCOVA to study the potential of plasma
markers to detect changes in CSF. Thus, we selected
amyloid AP42/40 ratio, AP40, AP42, p-taul8l, and
p-taul81/AP42 ratio as dependent variables; we took
amyloid (A+or A—) and tau (T +or T —) as independ-
ent variables and age and sex as covariates. We also
clustered subjects according to the ATN group and
taken into account the A—T—-N-, A+T—N-, and
A +T+Nx clusters. Since there was only one subject
classified as A— T + N —, we excluded it from the group
analyses. We assessed whether there were overall dif-
ferences in these groups using ANOVA, and if differ-
ences were found, we performed a post hoc analysis
with Tukey’s test to measure the differences between
the groups. The effect size of these differences was
determined using Cohen’s d.

We then performed logistic regression models tak-
ing A+/—and AD+/ —status as responses and the dif-
ferent plasma markers, age, sex, and ApoE4 status, as
independent variables. We constructed ROC curves
from the results and measured the area under the curve
(AUC) to assess the potential of plasma markers as pre-
dictors. Optimal cutoff points were estimated using the
Youden index, and the DeLong test was used to com-
pare AUCs.

All statistical analyses were performed with the R stu-
dio software version 4.2.2.
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Results

Sample description

We evaluated data from 208 subjects, 136 females (65.4%)
and 72 males (34.6%). The median age was 64 years (IQR
60—69). Sixty-three subjects (30.3%) were carriers of at
least one ApoE4 allele. Biomarker values and distribution
according to the ATN group are described in Table 1.

Plasma and CSF biomarker correlation

We have correlated the values of different mark-
ers between plasma and CSE. With the exception of
AP40, which showed a marginal correlation (r=0.14;
p-value=0.046), the rest of the markers correlated
significantly: AP42 (r=0.21; p-value=0.002), Ap42/
AP40 ratio (r=0.6; p-value<0.0001), p-taul8l (r=0.47;
p-value<0.0001), and p-taul81/Ap42 ratio (r=0.52;
p-value<0.0001) (Fig. 1).

When stratifying by amyloid status, the correla-
tion between AP42 was not significant in either group
A —(r=0.06; p-value=0.5) or A+ (r=0.14; p-value=0.2).
The correlation of amyloid ratio was also not significant
in the A—group (r=0.05; p-value=0.54), but it was

Table 1 Sample description

n=208
Characteristics
Fermales, n (%) 136 (65.4%)
Age, median (IQR) 64 (60-69)
ApoE €4 carrier, n (%) 63 (30.3%)
MMSE (0-30), median (IQR) 29 (28-30)
CSF biomarkers
AB40, mean (SD), pg/ml 10,850.7 (3191.4)
AB42, median (IQR), pg/ml 819.5 (577-1037)
Ratio AB42/40, median (IQR) 0.084 (0.065-0.093)
T-tau, mean (SD), pg/ml 318 (242-400)
P-tau181, median (IQR), pg/ml 37.5(30.4-54.3)

Ratio p-tau181/AB42, median (IQR)
Plasma biomarkers

0.042 (0.034-0.061)

AB40, median (IQR), pg/ml 292.8 (266-318)
AB42, median (IQR), pg/ml 236(21.5-26.3)
Ratio AB42/40, median (IQR) 0.082 (0.074-0.089)
P-tau181, median (IQR), pg/ml 1.1 (0.92-1.36)

Ratio p-tau181/AB42, median (IQR)
ATN group, n (%)

0.046 (0.038-0.061)

A-T—-N- 135 (64.9%)
A+T-N-— 50 (24%)
A-T+N~- 1(0.5%)
A+T+Nx 22 (10.6%)

Abbreviations: n Number of subjects, IQR Interquartile range, MMSE Mini-Mental
State Examination, CSF Cerebrospinal fluid, AB Amyloid beta, SD Standard
deviation, T-tau Total tau, P-tau Phosphorylated tau, A Amyloid, TTau, N
Neurodegeneration, Nx Both positive and negative neurodegeneration groups
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significant in A+ subjects (r=0.45; p-value<0.0001).
Something similar happened for p-taul81. Its correlation
was not significant in A —subjects (r=0.1; p-value=0.2),
but it was significant in the A+group (r=0.44;
p-value<0.0001). The correlation of the p-taul81/Ap42
ratio was also not significant in the A —group (r=0.01;
p-value=0.88), but it was in the A+cluster (r=0.66;
p-value <0.0001).

Differences in plasma markers according to amyloid

and AD status

After that, we studied the mean difference in plasma
markers as a function of A and T groups in CSF adjust-
ing for age and sex (Fig. 2). The mean plasma Ap40
values were not statistically significant between the
A+(304.4 pg/ml) and A—(289.1 pg/ml; p-value=0.051)
groups nor between AD+(304.8 pg/ml) and
AD — (293 pg/ml; p-value =0.26). On the other hand, the
mean plasma AB42 values were significantly lower in the
A+group (22.2 pg/ml) than in the A —group (24.7 pg/
ml; p-value<0.0001; Cohen’s d=0.61 with a 95%CI
0.2-1.0), and in the AD+group (21.6 pg/ml) than in the
AD —group (24.1 pg/ml; p-value =0.006; Cohen’s d=0.61
with a 95%CI 0.04—1.18).

Similar to plasma AB42, the plasma AB42/AB40 ratio
was significantly lower in A +subjects (0.073) than in
A —subjects (0.086; p-value<0.0001; Cohens d=1.5
with a 95%CI 1.1-2.0). The same happened between the
AD+(0.071) and AD —(0.083; p-value <0.0001; Cohen’s
d=1.3 with a 95%CI 0.8—1.9) groups.

The mean plasma p-taul8l values were signifi-
cantly higher in the A+group (1.46 pg/ml) than in the
A —group (1.10 pg/ml; p-value<0.0001; Cohen’s d=0.79
with a 95%CI 0.4-1.2). They were also higher in the
AD + group (1.87 pg) than in the AD — group (1.15 pg/ml;
p-value=0.0004; Cohen’s d=1.7 with a 95%CI 1.1-2.3).

The same happened with plasma p-taul81/Ap42 ratio
values. They were higher in the A + group (0.067) than in
the A—group (0.047; p-value<0.0001; Cohen’s d=0.84
with a 95%CI 0.45-1.23) and in the AD —group (0.049)
than in the AD+ group (0.086; p-value <0.0001; Cohen’s
d=1.6 with a 95%CI 1.0-2.2).

Differences in plasma markers according to ATN
classification

We also analyzed the differences between the groups
according to the ATN classification (Fig. 2). For
plasma AP40, we found no differences between the
groups (p-value=0.26), so we did not perform fur-
ther analysis. On the other hand, we found differ-
ences between the ATN groups in plasma Ap42
values  (p-value=0.0006). The mean difference
between A—T-N-and A+T-N-was 226 pg/ml
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Fig. 1 Biomarker correlation between plasma and CSF. The plots show Pearson'’s correlation coefficient of biomarkers between plasma and CSF. The
ordinate axis corresponds to CSF values and the abscissa axis to plasma values (all, except the amyloid ratio, expressed in pg/ml). The dots represent
a pair of values of both variables for each observation. The green ones are those corresponding to amyloid-negative subjects, and the blue ones
represent the amyloid-positive subjects. The black line is the regression line. In the upper left corner of each graph is the correlation coefficient ().
Abbreviations: CSF, cerebrospinal fluid; AB, amyloid f; P-tau, phosphorylated tau

(p-value=0.007; Cohen’s d=0.53 with a 95%CI 0.19— between the groups. The mean difference was 0.16 pg/
0.86), and between A—T —N-—and A+T+Nx subjects, ml between A—T—-N—-and A+T—N —subjects, but
it was 3.23 pg/ml (p-value=0.005; Cohen’s 4=0.77 with it was not significant (p-value=0.08). However, it was
a 95%CI 0.31-1.23). However, the difference between the  between the A—T—-N-and A+ T+Nx groups: 0.81
A+T—-N-and A+T+Nx groups was not significant:  (p-value <0.0001; Cohen’s d=1.8 with a 95%CI 1.33—
0.96 pg/ml (p-value=0.81). 2.32), and between A+ T —N—and A + T + Nx clusters:
There were also differences in the overall analy- 0.64 (p-value<0.0001; Cohen’s d=1.1 with a 95%CI
sis of AP42/AP40 ratio between the ATN groups 0.59-1.68).
(p-value<0.0001). The mean difference across As for the p-taul81/AP42 ratio values, they were
the A—T-N-and A+T—-N-groups was 0.011 also significantly different between the ATN groups
(p-value<0.0001; Cohen’s d=1.4 with a 95%CI 1.05—- (p-value<0.0001). The mean difference between
1.76), and across A—T—N—and A+ T+Nx, it was 0016 the A-T-N-and A+T-N-groups was 0.01
(p-value<0.0001; Cohen’s d=1.8 with a 95%CI 1.32— (p-value=0.02; Cohen’s d=0.49 with a 95%CI
2.31). No significant differences were found between the  0.15-0.81), between A—-T-N-and A+T+Nx
A+T-N-and A+ T+ Nx groups: 0.003 (p-value=0.31).  0.04 (p-value<0.0001; Cohen’s d=1.7 with a 95%CI
Regarding plasma p-taul8l values, we found differ- 1.22-2.20), and between A+T-N-and A+T+Nx
ences between the ATN groups in the overall analy- 0.03 (p-value<0.0001; Cohen’s d=1.5 with a 95%CI
sis (p-value<0.0001), so we analyzed the differences  0.95-2.09).

(See figure on next page.)

Fig. 2 Plasma biomarker values in the A—/+, AD—/+, and ATN groups. The figure shows the box and whiskers plots of plasma markers by groups.
The abscissa axis represents the different groups according to the CSF (amyloid status in the first row, AD status in the second one, and ATN group
in the third one). The ordinate axis corresponds to plasma concentrations expressed in pg/ml (where applicable). The boxes show the interquartile
range (the upper boundary is the Q3, and the lower boundary is the Q1). The line inside the box corresponds to the median of the sample,

and the whiskers represent the maximum (upper) and minimum (lower) values. The dots indicate individual values. Significant differences are
indicated with a horizontal line and three asterisks between the boxes. Abbreviations: AD, Alzheimer's disease; A, amyloid; AB, amyloid beta; P-tau,
phosphorylated tau; T, tau; N, neurodegeneration
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Performance of plasma biomarkers for preclinical AD
diagnosis
Furthermore, we evaluated the ability of different plasma
markers to detect Alzheimer’s pathological change (A +)
and preclinical Alzheimer’s disease (A+T +) defined by
CSE

When assessing the potential of plasma Ap42 values to
differentiate between A +and A —status, AUC was 0.78
(95%CI 0.72—-0.85). The optimal cutoff point of the model
was 0.30, with 0.86 sensitivity and 0.52 specificity. Plasma
AP42/AB40 ratio discriminated A+from A—with an
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AUC of 0.89 (95%CI 0.86—0.94) with an optimal sensitiv-
ity of 0.82 and specificity of 0.79 with a threshold of 0.19.
P-taul8l, on the other hand, showed an AUC of 0.73
(95%CI 0.66—-0.80) with optimal sensitivity and specificity
of 0.65 and 0.72, respectively (cutoff point 0.34) (Fig. 3A).
P-taul81/AP42 ratio gave an AUC of 0.79 (95%CI 0.72—
0.85) and optimal sensitivity and specificity of 0.68 and
0.78, respectively, with a cutoff point of 0.35.

When AUCs were compared, the amyloid ratio
had a significantly higher AUC than that of Ap42
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p-taul81/AP42 ratio (p-value=0.0007). However,
the AP42 AUC was not significantly higher than that
of p-taul8l (p-value=0.17) or p-taul81/AP42 ratio
(p-value=0.87). On the other hand, the p-taul81/
AB42 ratio showed a greater AUC than p-taul8l alone
(p-value=0.0003).

Next, we studied how the combination of different
markers predicts amyloid status. When p-taul81 was
added to the amyloid ratio in the model, the AUC was
0.9 (95%CI 0.86-0.94), with sensitivity and specificity at
the optimal cutoff point (0.27) of 0.92 and 0.75, respec-
tively. When ApoE4 status was also added to the model,
the AUC increased significantly (p-value=0.02) to 0.92
(95%CI 0.9-0.96), with an optimal sensitivity and speci-
ficity of 0.86 and 0.85 at the cutoff point of 0.24, respec-
tively (Fig. 3B). Only the combination of the Ap42/
AB40 ratio, p-taul8l, and ApoE4 status was shown to
be significantly better than the AP42/AB40 ratio alone
(p-value=0.02). The combination of the AB42/AB40 ratio
with p-taul81 did not present a significantly higher AUC
than the amyloid ratio alone (p-value=0.47).

The combination of p-taul81/AB42 ratio and ApoE4
status gave an AUC of 0.84 (95%CI 0.79-0.90), a sen-
sitivity of 0.77, and a specificity of 0.79 at the optimal
threshold of 0.34. The latter AUC was significantly lower
than that of the sum amyloid ratio, p-taul81, and ApoE4
(p-value=0.0002) and that of amyloid ratio and p-taul81
together (p-value=0.035).

We also evaluated the ability of plasma markers to dif-
ferentiate between AD+and AD —subjects both indi-
vidually (Fig. 3C) and in combination (Fig. 3D). Using
AB42 plasma individually, the AUC was 0.82 (95%CI
0.75-0.89), with an optimal sensitivity of 0.96 and a spec-
ificity of 0.64 at the cutoff point of 0.08. The Ap42/AB40
ratio showed an AUC of 0.89 (95%CI 0.83-0.95) with a
sensitivity of 0.87 and a specificity of 0.85 at the optimal
threshold of 0.16. P-taul81 had an AUC of 0.86 (95%CI
0.78-0.93) with an optimal sensitivity and specificity of
0.96 and 0.64, respectively, at the 0.2 threshold. P-taul81/
AB42 ratio gave an AUC of 0.89 (95%Cl 0.82-0.95) with
sensitivity and specificity of 0.7 and 0.95 at the optimal
cutoff point of 0.28.

The AUC of AB42/AP40 ratio was significantly higher
than that of AP42 (p-value=0.02), but it was not higher
than that of p-taul81 (p-value=0.22) nor that of the
p-taul81/AP42 ratio (p-value=0.9). P-taul81 and
p-taul81/AP42 ratio also did not show significantly dif-
ferent AUCs (p-value=0.21), and the same happened
between AP42 and p-taul8l (p-value=0.33). The AUC
of p-taul81/AP42 ratio was higher than that of Ap42
(p-value=0.01).

By adding p-taul8l to the AB42/AP40 ratio, the AUC
increased to 0.9 (95%CI 0.84-0.97) with a sensitivity of
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0.83 and a specificity of 0.85 at the optimal cutoft point
of 0.14. However, it showed not to be significantly higher
than the AUC of amyloid ratio alone (p-value=0.23), but
it was higher than that of p-taul81 alone (p-value=0.01).
When ApoE4 status was added as well, the AUC was
0.93 (95%CI 0.88-0.97), the optimal sensitivity was 0.87,
and the specificity was 0.85 at the threshold of 0.12. The
AUC was significantly greater than that of the AB42/
AB40 ratio alone (p-value=0.004), but it was not signifi-
cantly higher than that of p-taul81 plus AB42/Ap40 ratio
(p-value=0.06). The combination of p-taul81/Ap42 ratio
and ApoE4 status gave an AUC 0.93 (95%CI 0.82-0.95)
with a sensitivity and specificity of 1 and 0.79, respec-
tively, at the cutoff point of 0.09. However, it was not
greater than that of AP42/Ap40 alone (p-value=0.12),
that of AP42/AB40 ratio plus p-taul8l (p-value=0.43),
nor that of AB42/AB40 plus p-taul81 and ApoE4 status
(p-value=0.8).

Discussion

With this work, we provide data on the validity of
plasma APB40, AP42, and p-taul81 markers using the
fully automated Lumipulse G assay. Our results support
the hypothesis that with this platform, widely used in
numerous centers worldwide, plasma biomarkers of AD
perform consistently well in presymptomatic subjects to
detect pathological changes in CSF. Although we lack
confirmatory pathological studies, previous research has
widely demonstrated the reliability of CSF markers as a
reference for AD brain pathology [27-31]. Another point
to note is that in our population of cognitively healthy
subjects, there is a higher percentage of ApoE4 carriers
and A + subjects than expected in the general population
[32], probably related to volunteer bias.

In this cross-sectional data, we have seen that Ap42
and p-taul8l values correlate significantly between
plasma and CSF samples. When we stratified subjects
by amyloid status, some of these correlations disap-
peared, especially in the A —group, but we suspect that
this is due to the small sample size. Moreover, consist-
ent with previous research, in our cognitively asympto-
matic cohort, p-taul81 presents higher plasma levels,
not only in T +subjects, but also in those A 4+ compared
to A—[16, 33, 34]. As expected, the plasma AB42/AB40
ratio was significantly lower across the ATN spectrum,
and p-taul8l levels were progressively higher [35]. As in
previous research [36], we have also studied the plasma
p-taul81/AP42 ratio, and we have found that their levels
are significantly different in the amyloid, AD, and ATN
groups.

In the possible scenario in which disease-modifying
drugs are widely available for presymptomatic phases,
the detection of subjects within the AD continuum
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is essential. Therefore, we have tested the ability of
plasma markers to differentiate A +from A —subjects.
The individual marker that best predicts amyloid status
is the AP42/AB40 ratio with an AUC close to 0.9. These
results place the AP42/AB40 ratio as a viable screen-
ing tool on its own to detect A +subjects, since in the
multivariate analysis in which we also took into account
p-taul8l, the AUC did not improve significantly. For
the combination of AP42/AB40, p-taul8l, and ApoE4
status, the AUC only improved to 0.93. Considering
that this requires measuring two more markers, it does
not appear to be a cost-effective model.

The amyloid ratio also provides good results for pre-
dicting AD (those subjects with A+and T + markers),
with an AUC of 0.89, and does so similarly to p-taul81
which individually presents an AUC of 0.86. As for dis-
tinguishing between A —/+subjects, to discriminate
Alzheimer’s pathology, the best marker is the Ap42/
APA40 ratio alone, as the only model that significantly
improves the AUC requires the use of two other mark-
ers to increase to 0.93 (the model combining amyloid
ratio plus p-taul81 and ApoE4 status). This enhance-
ment is not enough to justify its analysis, as it implies
performing a further technique, higher costs, and
small sensitivity gain. Despite having assessed the cut-
off point considered optimal for each model, its use
as a screening tool may require the use of other cutoff
points that present greater sensitivity, therefore reduc-
ing the specificity.

Despite having used different platforms, previous stud-
ies have shown results similar to ours, with good per-
formance of the AB42/AP40 ratio for detecting brain
amyloid, with similar AUCs to ours [36, 37]. Other
research, however, places the different p-tau species as
the most promising single markers for detecting pathol-
ogy [10, 16, 38]. This difference may be due to the fact
that these studies include somewhat different popula-
tions, including symptomatic and older subjects than
those in our cohort. It is possible that we are analyzing
the pathology at an earlier stage of the continuum and
that can influence the performance of biomarkers.

For the results to be clinically relevant, their robust-
ness is essential, and there are many factors that influ-
ence it [39, 40]. We have attempted to minimize biases
and errors by using standardized protocols for sample
acquisition, processing, and analysis [20-22], but our
findings should be replicated in prospective studies, as
preliminary studies suggest that findings in fresh and fro-
zen plasma samples are not comparable [6]. The AB42/
Ap40 ratio, p-taul81, and p-taul81/AP42 ratio effect size
have been analyzed, and we have found large effect sizes
between the A —/+and AD —/+ groups, thus supporting
its biological value.
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A limitation of our study is the absence of data in
other populations such as symptomatic subjects or
those with non-Alzheimer’s dementias. Information
in this regard is needed to assess the usefulness of this
technique to differentiate between pathologies and to
monitor the evolution of the disease and its response to
treatment. Further efforts should be directed towards
longitudinal studies in the community, both in asymp-
tomatic and symptomatic subjects, in order to see the
actual impact of plasma markers in clinical practice.
Moreover, for screening purposes, positive and nega-
tive predictive values should also be evaluated consid-
ering the prevalence of AD pathology in the general
population and in different age groups.

Conclusions

In summary, these great AUC values suggest that per-
forming AP42, AP40, and p-taul8 using Lumipulse
assay in CU subjects is a promising screening tool to
select subjects from the general population who may
require further studies, such as cognitive assessment,
PET, and/or CSF in specialized clinics.
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