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Background: The new criteria for Alzheimer’s disease pave the way for the introduction of core blood biomarkers 
of Alzheimer’s disease (BBAD) into clinical practice. However, this depends on the demonstration of sufficient 
accuracy and robustness of BBADs in the intended population. 
Objectives: To assess the diagnostic performance of core BBADs in our memory clinic, comparing them with 
cerebrospinal fluid (CSF) analysis. 
Design: Real-world cross-sectional observational study. 
Setting: Memory Clinic of Fondazione IRCCS “San Gerardo dei Tintori, ” Monza, Italy. 
Participants: n = 102 consecutive outpatients (mean age: 71.0 ± 7.6 years) with cognitive impairment undergoing 
routine lumbar puncture. 
Measurements: CSF A 𝛽40, A 𝛽42, tTau, and pTau181 levels were measured. Plasma biomarkers were evaluated 
using Lumipulse® G600II. Logistic regression and Receiver Operating Characteristic (ROC) analysis were used to 
assess biomarker performance. The diagnosis of Alzheimer’s disease was based on CSF A 𝛽42/40 ratio. 
Results: Plasma pTau217 demonstrated the highest diagnostic accuracy (AUC = 0.91), followed by pTau181 
(AUC = 0.88) and A 𝛽42/40 (AUC = 0.83). In robustness analyses, only pTau217 and pTau181 performance re- 
mained consistent, while that of A 𝛽42/40 ratio declined with added random variability. pTau217 significantly 
outperformed other BBAD, with the exception of pTau181. pTau BBAD were significant predictors of baseline 
Mini-Mental State Examination scores. 
Conclusions: Plasma pTau217, measured with Lumipulse®, is a robust and reliable BBAD for detecting amyloid 
pathology in a memory clinic setting, offering a practical and less invasive alternative to traditional CSF testing. 
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. Introduction 

Aging is the major risk factor for Alzheimer’s dementia (AD). With
he progressive aging of the population, we are prone to face in the next
ears a major increase in AD prevalence worldwide. Dementia due to
lzheimer’s disease is now considered as the tip of the iceberg of a pro-
ess starting many years (probably decades) before, with beta-amyloid
A 𝛽)/Tau proteinopathy and neuroinflammation harboring secretly un-
er the ashes. While we may not succeed in curing Alzheimer’s as a
isease, the efforts to prevent the clinical maturation of AD may take
dvantage of such a long-time window [ 1 ]. One of the most relevant
reliminary requirements consists in the real-world availability of a re-
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iable, accessible and inexpensive way of stratifying risk. Conceivably,
ore markers of AD proteinopathy, such as A 𝛽 and Tau isoforms are to
e preferred, since they more closely reflect the specificity of the under-
ying neuropathological process. What is more, according to the current
esearch frame, the Alzheimer’s continuum is defined as a biological
onstruct with respect to the presence of amyloid, phosphorylated tau
nd neurodegeneration (AT1 -T2 N profile), further implying a debated
hift of attention to the preclinical stages of the disease [ 2 ]. 

Cerebrospinal fluid (CSF) core markers of AD include A 𝛽, and
hospho-tau (pTau) protein levels: robust evidence indicates that
 𝛽42/40 ratio decrease, and pTau and total Tau (tTau) increase in

he CSF, reliably marking Alzheimer’s continuum. While fully imple-
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ented into clinical practice, lumbar puncture remains an invasive way,
lbeit minimally, of getting information in AD. Blood biomarkers of
lzheimer’s disease (BBAD) gained in the recent years much attention,
ince they potentially meet all the proposed requirements for supporting
reventive strategies in the general population setting. 

BBAD core markers include plasma A 𝛽42 and A 𝛽40, their ratio, and
he more promising pTau181 and pTau217, among other phosphory-
ated isoforms of the microtubule-associated protein Tau. Although the
xact source of these plasma proteins has never been completely eluci-
ated, they have been proposed to reflect, at least in part, those central
rocesses characterizing AD, plausibly marking the spread of neuronal
amage, and correlating to the CSF A status and amyloid-PET positivity.
lasma A 𝛽42 and A 𝛽42/40 ratio, initially deemed as unreliable, have
ained more attention along the years, although many confounding is-
ues still limit their potential use in clinical settings [ 3 ]. On the other
and, plasma pTau immunoassays measure large-fold changes across the
lzheimer’s continuum, including pre-symptomatic stages. One question
hich remains in part still open regards which pTau will perform better

n the clinical setting, being currently pTau217 the one characterized by
he highest discriminative power between A + and A- subjects [ 4 , 5 ], and
ossibly able to predict the development of cognitive impairment [ 6 ].
Tau181 also displays reliable performances in this sense, and many
thers are currently investigated, such as pTau231 [ 3 , 4 , 7 ]. A combi-
ations of BBADs may be even more accurate in detecting A + subjects
 8 ]. 

BBAD research is running also beyond the AD-core, and neurofila-
ent light chain (NfL) is also an interesting candidate for an Alzheimer
iagnostic panel, since it strictly results from factual axonal damage,
nd it is plausibly very sensitive to disease progression, albeit lacking
eal specificity. In the latest criteria, NfL represent a biomarker of N
 2 ]. 

According to these research premises, in the future, any community-
welling subject might theoretically (and even plausibly) undergo as an
utpatient to a simple blood withdrawal, obtaining in a cheap and fast
ay a complete AT profile, which might be of use for implementing
D preventing strategies. The real-world value of these biomarkers still
eeds to be fully assessed before implementing their widespread use
utside the frame of research. 

The aim of the present study consisted in testing the diagnostic value
f a BBAD panel measured by the widely available Lumipulse® G Sys-
em in a consecutive outpatient sample accessing our Memory Clinic for
ognitive decline, ranging from mild cognitive impairment to full-blown
ementia, and contextually undergoing lumbar puncture for the ATN
SF profiling. Besides plasma A 𝛽42, A 𝛽40 and NfL, both pTau181 and
Tau217 were included to compare their performances head-to-head. 

. Methods 

.1. Inclusion criteria 

In this retrospective real-world study, we analyzed blood and CSF
iomarkers of AD in consecutive outpatients undergoing routine diag-
ostic lumbar puncture for cognitive impairment at our Center for De-
entia and Cognitive Decline at the Fondazione IRCCS “San Gerardo
ei Tintori ”, Monza (Italy), since December 2023. These patients were
lso enrolled in the Against-AD and CAPE (NCT05756270) studies and
igned an informed consent; patients with significant cognitive decline
ere recruited either if a legal representative was available, or if they
ere judged able to understand the study aims by the MacArthur Com-
etence assessment tool for clinical research [ 9 ]. Clinical charts were
ater reviewed to extract diagnostic information, including diagnoses
oded as mild cognitive impairment (MCI) or dementia, as well as data
n age, sex, and Mini-Mental State Examination (MMSE) scores. MCI
iagnoses were made according to the 2011 NIA-AA criteria [ 10 ], while
ementia diagnoses were based on DSM-5 criteria. Subjects were in-
luded if they had complete data on all biomarkers, age, and sex. 
2

.2. Measurement of CSF and blood biomarkers; APOE genotyping 

CSF was collected by lumbar puncture using a 21-gauge needle in
0-ml polypropylene tubes. Part of the CSF was used for routine analy-
is including leukocyte count, erythrocyte count, glucose concentration,
nd total protein concentration. Within 2 h, the remaining CSF was cen-
rifuged at 2000 g for 10 min at room temperature (RT) to eliminate
ells, transferred to new polypropylene tubes, and stored at − 80 °C until
iomarker analysis. To obtain plasma, blood samples (5 ml) were col-
ected from all patients after over-night fasting in EDTA K2-coated tubes
nd immediately centrifuged (3700 g , 20 min, RT). Plasma aliquots were
rozen at − 80 °C until blind assessments. 

CSF A 𝛽40, A 𝛽42, tTau, and pTau181 were evaluated using commer-
ially available kits using the Lumipulse® G600II platform (Fujirebio).
ut-off values employed for AD diagnosis were the following (normal
alues are reported): A 𝛽42 > 599 pg/ml; tTau < 404 pg/ml; pTau < 56.5
g/ml; A 𝛽42/40 ratio > 0.069; A 𝛽42/tTau ratio > 1.275; A 𝛽42/pTau ra-
io > 8.1. 

Plasma A 𝛽40, A 𝛽42, pTau181, pTau217 and NfL were measured by
sing commercially available kits with the Lumipulse® G600II platform
Fujirebio). 

To analyze APOE genotype, total DNA was extracted from peripheral
lood using a commercial DNA extraction kit (Qiagen, Venlo, Nether-
ands), and the genotype was determined using DiaPlexQTM Apolipopro-
ein E (ApoE) Genotyping Kit (SolGent, Daejeon, Korea). 

.3. Statistical analysis 

Summary statistics are presented as mean ± standard deviation. Sub-
ects within the AD continuum were identified using the CSF A 𝛽42/40
atio, with a cut-off value of 0.069. For comparing distributions between
ubjects in the AD continuum and non-AD subjects, either the t -test or
ilcoxon test were employed based on the normality of the variables, as-

essed using the Shapiro-Wilk test. Categorical variables were analyzed
sing chi-square tests. The percentage increase in the median across
he two groups was calculated, and effect sizes were determined using
ohen’s d . Differences were adjusted for age and sex using ANCOVA.
pearman’s 𝜌 or Pearson’s r coefficients were used to assess correlations
etween biomarkers depending on normality. 

To evaluate the performance of different biomarkers, logistic regres-
ion models were built with amyloid status as the dependent variable
nd each biomarker as the predictors. For each model, p -values and
tandardized coefficients were calculated. Receiver Operating Charac-
eristic (ROC) analysis was conducted to determine the optimal cut-off
alues, based on Youden index maximization and on the two cut-offs
pproach proposed by Schindler et al. [ 11 ]. Additionally, optimal sensi-
ivity, specificity, as well as positive and negative predictive values were
omputed. A robustness analysis was carried out simulating the perfor-
ances of the different BBADs with increasing random coefficient of

ariations in their measurement. Comparisons of the Area Under the
urve (AUC) for blood biomarkers were performed using the DeLong
est. Lastly, linear regression models were employed to evaluate predic-
ors of the MMSE scores. 

. Results 

The characteristics of the recruited sample are detailed in Table 1 :
 = 102 consecutive subjects were included, almost equally splitted ac-
ording to gender. The mean age of the participants was 71.0 ± 7.6
ears, with an average education level of 9.6 ± 3.9 years, and a mean
MSE of 23.0 ± 4.3. The majority of the participants were ApoE 𝜀 4 neg-

tive, whereas 39% ( n = 40) were ApoE 𝜀 4 carriers. Nearly half of the
ample (47%, n = 43) was diagnosed with MCI, and the remaining 53%
 n = 49) had a diagnosis of dementia. Diagnostic information was not
vailable for n = 10 patients. 
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Table 1 

Baseline characteristics of the sample. 

All ( n = 102) A- ( n = 33) A + ( n = 69) 
Variable Mean ± sd Mean ± sd Mean ± sd p-value 

Sex ns 
Male 50 (49%) 12 (36%) 38 (55%) 
Female 52 (51%) 21 (64%) 31 (45%) 

Education 9.6 ± 3.9 10.4 ± 3.1 9.4 ± 4.2 ns 
Age 71.0 ± 7.6 66.9 ± 8.6 73.0 ± 6.1 < 0.001 
MMSE 23.0 ± 4.3 24.2 ± 4.16 22.4 ± 4.21 ns 
ApoE 𝜀 4 < 0.001 

negative 62 (61%) 27 (82%) 35 (51%) 
positive 40 (39%) 6 (18%) 34 (49%) 

Diagnosis 
MCI 43 (47%) 9 (36%) 34 (51%) ns 
Dementia 49 (53%) 16 (64%) 33 (49%) 

Notes: A = amyloid status; MCI = Mild cognitive impairment. 
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There were no significant differences in sex, education, MMSE scores,
r baseline diagnoses between amyloid-positive, as defined by CSF
 𝛽42/40 ratio ( A + , n = 69, 67%), and amyloid-negative (A-, n = 33,
3%) subjects. However, A + subjects were significantly more likely to
e ApoE 𝜀 4 carriers ( p < 0.001) and were, on average, older than A-
ubjects (73.0 ± 6.1 years vs . 66.9 ± 8.6 years, p < 0.001). 

Using a CSF pTau181 cut-off of 56.5 pg/ml, n = 31 subjects were
ategorized as A-T1 -, n = 2 as A-T1 + , n = 8 as A + T1 -, and n = 61 as
 + T1 + . Due to the small size of the A-T1 + and A + T1 - groups, only

he A status was considered in the subsequent analyses. 
Significant differences were observed in all CSF and plasma biomark-

rs between A- and A + subjects, except for plasma A 𝛽40 and NfL. How-
ver, after adjusting for age and sex, the difference in plasma A 𝛽42/40
atio was no longer significant. As expected, A + subjects exhibited sig-
ificantly lower levels of A 𝛽42 and significantly higher levels of plasma
Tau (both pTau181 and pTau217), as shown in Table 2 . 

Among blood biomarkers, pTau217 showed the highest percentage
ncrease in median values (411.2%), followed by pTau181 (100.0%).
ffect sizes for these differences were generally large. 

The results of the logistic models with A status as dependent vari-
ble and each biomarker as predictor are shown in Table 3 . Notably,
he performance of the plasma A 𝛽42/40 ratio was adversely affected
y outliers. When we re-ran the model excluding outliers (outside of ±
 standard deviations) the performance of A 𝛽42/40 improved signifi-
antly. Boxplots for plasma A 𝛽42, pTau181, pTau217, and the A 𝛽42/40
atio are presented in Fig. 1 , excluding outliers. 

Plasma biomarkers AUCs with their confidence intervals are dis-
layed in Fig. 2 . The results of the DeLong test for comparing these AUCs
able 2 

ifferences in blood and CSF biomarkers. 

Variable Total sample ( n = 102) A- ( n = 33) A + ( n = 69) 

CSF 

A 𝛽42 688.39 ± 351.11 966.09 ± 410.34 555.58 ± 220.33 
tTau 542.95 ± 292.01 335.48 ± 139.22 643.63 ± 294.15 
p Tau 89.55 ± 62.39 39.26 ± 16.14 113.60 ± 62.01 
A 𝛽40 11,777.6 ± 4538.02 10,352.06 ± 3782.77 12,459.38 ± 4732.
A 𝛽42/40 0.06 ± 0.02 0.09 ± 0.01 0.05 ± 0.01 
A 𝛽42/tTau 1.75 ± 1.4 3.15 ± 1.32 1.08 ± 0.82 
A 𝛽42/pTau 12.73 ± 11.06 26.08 ± 8.61 6.34 ± 4.37 
Plasma 

A 𝛽42 24.48 ± 9.97 30.91 ± 7.51 21.41 ± 9.56 
A 𝛽40 316.87 ± 116.69 347.99 ± 83.24 301.99 ± 127.55 
pTau181 2.76 ± 1.67 1.68 ± 0.64 3.28 ± 1.77 
pTau217 0.61 ± 0.55 0.18 ± 0.11 0.83 ± 0.56 
A 𝛽42/40 0.09 ± 0.09 0.09 ± 0.01 0.09 ± 0.11 
NfL 38.97 ± 31.12 47.73 ± 34.24 34.78 ± 28.84 

otes: CSF = cerebrospinal fluid. NfL = Neurofilament light chain. All variables value
or age and sex. ∗ = not significant after adjustment for False Discovery Rate and Bon

3

re shown in Table 4 . pTau217 outperformed all other blood biomark-
rs except pTau181, although the difference with A 𝛽42 and A 𝛽42/40
atio was not significant after FDR correction for multiple comparisons.
lasma pTau181 was only superior to plasma A 𝛽40 and NfL. A robust-
ess analysis showed that the diagnostic performance of both pTau217
nd pTau181 was maintained across a wide range of preclinical variabil-
ty [adding up to a 0.25 random coefficient of variation (CV)]. Plasma
Tau181 performance declined slightly more with increasing CV, while
he performance of the plasma A 𝛽42/40 ratio quickly dropped (see Fig-

res S1 and S2 in the supplementary material). 
A sensitivity analysis that included only MCI subjects resulted in sim-

lar AUCs, with lower NPV, possibly influenced by the higher prevalence
f AD in this subgroup (79%). These analyses are provided in Table S1

n the supplementary material. The results of sensitivity analyses using
SF A 𝛽42/pTau ratio are presented in Table S2-S4 in the supplemen-
ary material. These yielded similar results, with the exception of the
oss of significance of plasma NfL, and the considerably lower perfor-
ance of plasma A 𝛽42/40 ratio. Notably, the performance of pTau217
as similar, with an AUC of 0.911, with an excellent NPV of 0.91, while

etaining a good PPV of 0.82. 
Correlations between plasma biomarkers and all other biomarkers

re illustrated in Fig. 3 . 
The results of a two cut-offs approach for plasma pTau181 and

Tau217 are presented in Fig. 4 . For both BBADs, the 95% specificity
ut-off (2.60 pg/nL and 0.328 pg/nL respectively) yielded excellent
PVs (0.96 and 0.97). Conversely, the 95% sensitivity cut-off showed
nly limited NPVs (0.83 and 0.79). 

We performed the same analysis with CSF A 𝛽42/pTau ratio, show-
ng similar PPVs for the high-specificity cut-offs, and higher NPVs for
he high-sensitivity cut-offs (respectively 0.87 for pTau181 and 0.92 for
Tau217). These results are shown in Figure S3. 

Furthermore, we conducted linear regression models with baseline
MSE as the dependent variable. Each model included one plasma

iomarker as a predictor, along with age, sex, ApoE status, diagnosis,
nd the interaction between the plasma biomarker and diagnosis. The
ndings are summarized in Table 5 . Although all models were signif-

cant, among plasma biomarkers only pTau181 and pTau217 emerged
s significant predictors of baseline MMSE, both with negative coeffi-
ients, as expected. A diagnosis of MCI was a significant and consistent
redictor of higher MMSE scores. By contrast, age, ApoE, sex, and the
nteractions between each variable and diagnosis were not significant
redictors. When including education among the predictors, the signifi-
ance of the results did not change (see Table S5 in the supplementary
aterial). Education was a marginally significant predictor only in the
odel with plasma pTau217. 
Percentage difference Effect size [95% CI] p value adjusted p 

− 39.5% − 1.4 [− 1.9; − 0.9] < 0.001 < 0.001 
93.5% 1.2 [0.8; 1.7] < 0.001 < 0.001 
187.3% 1.4 [1; 1.9] < 0.001 < 0.001 

43 17.4% 0.5 [0; 0.9] 0.015 0.029 
− 53.7% − 4.1 [− 4.8; − 3.4] < 0.001 < 0.001 
− 69.4% − 2.1 [− 2.6; − 1.5] < 0.001 < 0.001 
− 81.0% − 3.3 [− 3.9; − 2.6] < 0.001 < 0.001 

− 29.0% − 1.1 [− 1.5; − 0.6] < 0.001 < 0.001 
− 6.8% − 0.4 [− 0.8; 0] 0.116 0.059∗ 

100.0% 1.1 [0.6; 1.5] < 0.001 < 0.001 
411.2% 1.4 [0.9; 1.9] < 0.001 < 0.001 
− 17.0% 0.0 [− 0.4; 0.4] < 0.001 0.929∗ 

− 14.1% − 0.4 [− 0.8; 0] 0.096 0.048∗ 

s are expressed in pg/ml. Adjusted p values have been obtained after adjusting 
ferroni. 
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Fig. 1. Boxplots for plasma A 𝛽42, pTau181, pTau217 and A 𝛽42/40 ratio, according to CSF amyloid status. Outliers (above 95th and under 5th percentiles) have 
been excluded. The horizontal line indicates the optimal cut-off based on maximization of the Youden index. 

Fig. 2. AUC with 95% confidence interval for 
the different plasma biomarkers in discriminat- 
ing between amyloid positive and negative sub- 
jects. 

4
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Table 3 

Logistic model and diagnostic performances of CSF and blood biomarkers. 

Variable St. coefficient Variable p Cut-off AUC [95% CI] Optimal SE Optimal SP PPV NPV 

CSF 

A 𝛽42 − 1.82 < 0.001 759.001 0.844 [0.764, 0.923] 0.866 0.667 0.84 0.69 
A 𝛽40 0.52 0.036 10,894.925 0.641 [0.525, 0.758] 0.597 0.697 0.80 0.46 
tTau 2.27 < 0.001 366.999 0.860 [0.784, 0.936] 0.896 0.727 0.87 0.77 
pTau 4.61 < 0.001 63.300 0.931 [0.879, 0.983] 0.851 0.939 0.97 0.76 
A 𝛽42/tTau − 2.57 < 0.001 1.843 0.935 [0.887, 0.983] 0.910 0.879 0.94 0.83 
A 𝛽42/pTau − 3.88 < 0.001 12.997 0.978 [0.954, 1.000] 0.940 0.939 0.97 0.89 
Plasma 

A 𝛽42 − 1.37 < 0.001 30.836 0.781 [0.684, 0.877] 0.881 0.576 0.81 0.68 
A 𝛽40 − 0.44 0,072 195.978 0.602 [0.486, 0.717] 0.224 1.000 1.00 0.38 
pTau181 3.16 < 0.001 2.180 0.869 [0.796, 0.942] 0.791 0.818 0.90 0.64 
pTau217 5.37 < 0.001 0.327 0.911 [0.853, 0.969] 0.836 0.939 0.97 0.74 
A 𝛽42/40 − 0.01 0.947 0.081 0.802 [0.713, 0.892] 0.746 0.818 0.89 0.61 
A 𝛽42/40∗ − 1.49 < 0.001 0.086 0.834 [0.748; 0.920] 0.778 0.818 0.89 0.66 
NfL − 0.42 0.065 44.840 0.609 [0.484, 0.734] 0.866 0.424 0.75 0.61 

Notes: CSF = cerebrospinal fluid. NfL = Neurofilament light chain. ∗ = excluding outliers . All variables values are expressed in pg/ml. 

Fig. 3. Spearman correlation coefficients be- 
tween plasma biomarkers (rows) and all 
plasma and CSF biomarkers (columns). Non- 
significant correlations have been suppressed 
with an X. 

Fig. 4. Results of a two cut-offs approach for plasma pTau181 and pTau217. 

5
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Table 4 

p values of the DeLong tests to compare the different AUCs of plasma biomark- 
ers. 

A 𝛽42 A 𝛽40 A 𝛽42/40 pTau-181 pTau-217 NfL 

A 𝛽42 – < 0.001 0.677 0.205 0.028∗ 0.031∗ 

A 𝛽40 < 0.001 – 0.010 0.001 < 0.001 0.946 
A 𝛽42/40 0.677 0.010 – 0.299 0.045∗ 0.012 
pTau-181 0.205 0.001 0.299 – 0.174 0.001 
pTau-217 0.028∗ < 0.001 0.045∗ 0.174 – < 0.001 
NfL 0.031∗ 0.946 0.012 0.001 < 0.001 –

Notes: NfL = Neurofilament light chain. ∗ = not significant after FDR correction. 
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6 
. Discussion 

BBAD come of age in a moment in which disease-modifying drugs
re getting increasingly real. We are in strong need of robust and non-
nvasive biomarkers of state, when thinking, not only to candidate pa-
ients to novel therapies, but also to follow them over time. Over the
ears, the assessment methodology of core biomarkers of AD became
ore robust and we are now concretely facing the ethical dilemma of

asily testing since early prodromal stages of the amyloid as a disease,
tratifying the actual risk of developing in the future major cognitive
omplains and functional decline. This approach will lead to implement
 plethora of promising multimodal preventive strategies that may even-
ually prove to be less costly with respect to anti-amyloid antibodies
 12 ]. 

Plasma pTau217 and plasma pTau181, as measured with Lu-
ipulse®, showed good and robust predictors of CSF amyloid status

n a real-world setting of our memory clinic. Plasma A 𝛽42/40 ratio, on
he contrary, had slightly lower performances but may lack somehow of
obustness. 

The prevalence of amyloid pathology in our cohort was 67%, in line
ith what could be expected in a memory clinic. In this setting, a cut-
ff of 0.32 pg/ml for pTau217 and 2.18 pg/ml for pTau181 show a
igh PPV (0.97 and 0.90 respectively), but a suboptimal NPV (0.74 and
.64 respectively). With a SP of 0.93 and a SE of 0.83, the performance
f pTau217 is quite close to a clinically acceptable performance for a
onfirmatory test (90% SP and SE), as suggested in a recent consen-
us on plasma biomarkers [ 11 ]. Indeed, in our secondary care setting
 positive pTau217 test could be acceptable for confirmation of amy-
oid pathology in most patients, bearing in mind that a negative test
oes not definitively rule out amyloid pathology owing to the low NPV,
equiring additional CSF test or amyloid PET, or, perhaps, a second
BAD [ 8 ]. Moreover, plasma pTau217 had the highest fold of change
more than 4 times) in A + subjects, and the highest module of the stan-
ardized coefficient when used as a cross-sectional predictor of MMSE
cores. 

The same recent consensus suggested a two cut-offs approach for
BADs, with a high-specificity cut-off (95% specificity) to rule in amy-

oid pathology and a high-sensitivity cut-off (95% sensitivity) to rule
t out [ 11 ]. We calculated such cut-offs for the most promising BBAD,
.e. pTau181 and pTau217. For plasma pTau181, these are 2.6 and
.4 pg/ml respectively, while for plasma pTau217 the cut-offs are 0.328
nd 0.124 pg/ml. In both cases, the high-specificity cut-off is quite close
o the optimal cut-off based on the maximization of the Youden index,
ossibly due to the high prevalence of amyloid pathology in our co-
ort. Moreover, while PPVs for the high-specificity cut-offs are excel-
ent, NPVs for the high-sensitivity cut-offs are sub-optimal. Therefore,
ased on our results, one can imagine that the preferred use of pTau
BADs would be ruling in amyloid pathology. 

With a slightly higher cut-off of 0.350 pg/mL pTau217 has a suffi-
ient NPV to rule out a more advanced pathology along the AD contin-
um, as defined by the CSF A 𝛽42/pTau ratio. This is due to the expected
ower prevalence of AD subjects identified by using this ratio (around
0%) compared to the prevalence of A + subjects. 
6
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Our results are in line with the most recent literature on Lumipulse®
iomarkers. A study on patients from a memory clinic, also including
ognitively unimpaired individuals, showed that plasma p-Tau 217 out-
erformed other BBAD, with an AUC of 0.94 [0.92–0.97], with a cut-
ff slightly lower than ours, of 0.25 pg/ml [ 13 ]. Plasma p-Tau 217
s measured with Lumipulse® has demonstrated a very high AUC of
.95 [0.93–0.98] in distinguishing AD from other neurodegenerative
iseases, with a slightly lower cut-off of 0.27 pg/ml [ 14 ]. In the same
aper, the correlation of plasma pTau217 with CSF pTau was practically
he same as in our study. In another recent study Lumipulse® plasma
Tau217 showed a higher AUC of 0.94–0.97 in distinguishing A + from
- subjects, with a lower cut-off of 0.23 pg/ml [ 15 ]; this result was sim-

lar to a study using amyloid PET as standard of truth [ 16 ]. The latter
lso reported the results of a two cut-offs approach, which are quite
imilar to the ones we identified (0.185 and 0.324 pg/ml respectively)
 16 ]. 

Studies on plasma pTau181 with Lumipulse® have given mixed re-
ults. For instance, in the study by Wilson the AUC for this biomarker
as 0.96 [0.91–0.99], with an optimal cut-off of 2.35 pg/ml, not far

rom the one we found [ 17 ]. However, the authors used a slightly
igher cut-off for CSF A 𝛽42/40 ratio of 0.091, and more than half of
heir sample consisted of cognitively unimpaired individuals, which may
artially explain their better diagnostic performances. Another recent
tudy, with a higher proportion of AD subjects, showed an AUC of 0.89
0.81–0.96], more similar to our findings [ 18 ]. Also the recent study by
rranz in a memory clinic setting was similar to ours, with a AUC of
.88 [0.84–0.92], with an optimal cut-off of 2.12 pg/ml, very close to
urs [ 13 ]. Another work on a large combined cohort from two mem-
ry clinics showed similar results (AUC 0.86 [0.82–0.90], cut-off 2.08
g/ml) [ 19 ]. On the contrary, in a recent study by Janelidze the perfor-
ance of plasma pTau181 in MCI subjects was much lower (AUC 0.69

0.60–0.78]), and inferior to that of pTau217 [ 20 ]. When we restricted
he analysis to MCI subjects, the performance of plasma pTau181 ac-
ually improved (AUC 0.88 [0.77–0.99]), although with a broader con-
dence interval due to the smaller sample size. In another study pub-

ished this year, the performance of Lumipulse® plasma pTau181 was
imilar to ours (AUC 0.81 [0.73–0.89]), with a lower cut-off of 2.07
g/ml. The study included a higher percentage of MCI subjects, and
ess AD patients compared to our work [ 21 ]. In a cohort compris-
ng mostly cognitively unimpaired individuals, the AUC of Lumipulse®
lasma pTau181 in predicting positive amyloid-PET was not great, with
n AUC of 0.74 [0.67–0.80], with an optimal cut-off of 2.46 pg/ml
 22 ]. Finally, a study on cognitively unimpaired subjects confirmed
 suboptimal performance of plasma pTau181, with an AUC of 0.73
0.66–0.80]. 

Not many works exist on the performance of Lumipulse® plasma
 𝛽42/40 ratio. The paper by Arranz, on consecutive subjects in a mem-
ry clinic, showed a good AUC of 0.88 [0.84–0.92], with an optimal
ut-off of 0.078 [ 13 ]. This was in line with the recent study by Bel-
omo, showing an AUC of 0.86 [0.83–0.90], with a cut-off of 0.080
 19 ]. A study by Figdore, including mostly cognitively unimpaired in-
ividuals from the Mayo Clinic Study of Aging, shows an AUC of 0.81
0.75–0.86] for the prediction of positive amyloid-PET, with a cut-off
f 0.077, similar to what we found. In the same study, the performance
f the SIMOA plasma A 𝛽42/40 was greatly inferior to the Lumipulse®
ssay [ 22 ]. In another work on cognitively unimpaired volunteers, the
lasma A 𝛽42/40 ratio was even superior to plasma pTau181, with an
UC of 0.89 [0.86–0.94] [ 23 ]. However, the authors did not perform a
obustness analysis, which in our work seems to undermine the actual
sefulness of such a BBAD. 

It is worth noticing that plasma A 𝛽42/40 ratio may reach a plateau
arly in AD, as shown by a recent work [ 24 ]. However, another inde-
endent group found that plasma A 𝛽42/40 ratio keeps declining even
ater in the disease [ 25 ]. Due to the cross-sectional nature of our study,
e could not ascertain whether plasma A 𝛽42/40 ratio would be useful

o differentiate different stages of the disease. 
7

We should remember that certain pre-analytical factors are known to
nfluence BBAD values. For instance, plasma pTau181 and pTau217, as
ell as A 𝛽42 and A 𝛽40 correlate with kidney function, being higher with
ecreasing renal function. However, the A 𝛽42/40 ratio may be less in-
uenced by filtration rate [ 13 , 19 , 26 ]. Creatinine and BMI seem to have
 significant, albeit poorly relevant effect on NfL measurement [ 27 ].
t is plausible that other factors may add some degree of variation in
BAD concentration, such as centrifugation [ 28 ]. Our robustness analy-
is shows that the performances of both plasma pTau are quite constant
or up to 25% of added random variation, while the performance of
lasma A 𝛽42/40 lacks such robustness. For reference, the study by Bel-
omo and colleagues showed that intra- and inter-assay CV for plasma
Tau181, A 𝛽42 and A 𝛽40 measured with Lumipulse® are all below 10%
 19 ]. 

Taken all these results together, it could be argued that plasma
Tau217 could represent the single BBAD of choice in a memory
linic setting, with a slightly better performance than plasma pTau181.
 𝛽42/40 ratio performance was not only slightly worse but, more im-
ortantly, limited by its lack of robustness. Finally, NfL performance in
etecting A + subjects in a real-world setting is quite poor, in keeping
ith its known poor specificity [ 29 ]. 

Our study has some limitations. Its real-world setting implies that
linical data have not been systematically collected in a standardized
ay. We analyzed the data of consecutive patients undergoing lumbar
uncture for clinical indication at our memory clinic, which means that
ur sample is clinically heterogeneous; among non-AD patients, it is pos-
ible that some may have been not neurodegenerative at all. Neverthe-
ess, our results are mostly aligned with the literature, especially with
ther real-world studies. Due to the low size of the subgroups, we could
ot perform analyses across the whole AT continuum, but only evaluate
ubjects based on their A status 

However, a sensitivity analysis using the CSF A 𝛽42/pTau ratio did
ot significantly change our results. 

Finally, we acknowledge that the optimal cut-offs we found need
urther validation, due to our limited sample size. 

. Conclusion 

Plasma pTau217, as measured with Lumipulse®, may be considered
s the leading candidate for a core BBAD to confirm A + in a memory
linic setting, offering a practical and less invasive alternative to tra-
itional CSF. Plasma pTau181 may be a less ideal alternative, while
 𝛽42/40, albeit promising, seems to lack necessary robustness. Future
esearch should focus on refining these BBAD, exploring their utility
cross various stages of cognitive impairment, and establishing stan-
ardized guidelines for their clinical application. 
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