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Summary eBioMedicine
Background Early detection of brain amyloidosis (Ap+) is crucial for diagnosing Alzheimer’ disease (AD) and 202>/ 105805
optimizing patient management, especially in light of emerging treatments. While plasma biomarkers are Pvblished Online xxx
promising, their combined diagnostic value through specific ratios remains underexplored. In this study, we assess ?E)tlpg// /jj '(;:92/ ;2‘5
the diagnostic accuracy of plasma pTau isoform (pTaul81 and pTau217) to AB42 ratios in detecting AP+ status. 1058 55 o
Methods This study included 423 participants from the multicenter prospective ALZAN cohort, recruited for

cognitive complaints. Ap+ status was determined using cerebrospinal fluid (CSF) biomarkers. The confirmatory

cohort comprises 1176 patient samples from the Alzheimer’s Disease Neuroimaging Initiative (ADNI), with Af+

status determined by positron emission tomography (PET) imaging. Plasma biomarkers (pTaul81, pTau217, Ap40,

Ap42) were measured using immunoassays and mass spectrometry, with specific ratios calculated. In the ALZAN

cohort, the impact of confounding factors such as age, renal function, ApoE 4 status, body mass index, and the delay

between blood collection and processing was also evaluated to assess their influence on biomarker concentrations

and diagnostic performance. The primary outcome was the diagnostic performance of plasma biomarkers and their

ratios for detecting AP+ status. Secondary outcomes in the ALZAN cohort included the proportion of patients

classified as low, intermediate, or high risk for Ap+ using a two-cutoff approach.

Findings In ALZAN the pTaul81/Af42 ratio matched the diagnostic performance of pTau217 (AUC of 0.911
(0.882-0.940) vs. 0.909 (0.879-0.939), P = 0.85). The pTau217/Ap42 ratio demonstrated the highest diagnostic
accuracy, with an AUC of 0.927 (0.900-0.954). Both ratios effectively mitigated confounding factors, such as vari-
ations in renal function, and were also efficient in identifying A+ status in individuals with early cognitive decline.
Diagnostic accuracy of ratios vs. individual measurement was confirmed in the ADNI cohort. In ALZAN, using
two-cutoff workflows with pTau217/Ap42 instead of pTau217 alone reduced the intermediate-risk zone from ~16%
to ~8%, enhancing stratification for clinical decision-making.

Interpretation The pTau2l7/Ap42 ratio demonstrated improved diagnostic performance for detecting Af+
compared to individual biomarkers, potentially reducing diagnostic uncertainty. These findings suggest that plasma
biomarker ratios could be useful; however, further validation in independent and diverse clinical settings is
necessary before broader clinical implementation.

*Corresponding author. CHU and University of Montpellier, 80 av Fliche, 34295, Montpellier, France.

E-mail address: sylvain.lehmann@umontpellier.fr (S. Lehmann).
€Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). As
such, the investigators within the ADNI contributed to the design and implementation of ADNI and/or provided data but did not participate in
analysis or writing of this report. A complete listing of ADNI investigators can be found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_
apply/ADNI_Acknowledgement_List.pdf.

www.thelancet.com Vol 117 July, 2025


http://creativecommons.org/licenses/by/4.0/
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
mailto:sylvain.lehmann@umontpellier.fr
http://adni.loni.usc.edu
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2025.105805&domain=pdf
https://doi.org/10.1016/j.ebiom.2025.105805
https://doi.org/10.1016/j.ebiom.2025.105805
https://doi.org/10.1016/j.ebiom.2025.105805
http://www.thelancet.com

Articles

Funding Fondation Research Alzheimer (ALZAN projet), AXA Mécénat Santé (INTERVAL Project), Fondation pour

la Recherche Médicale (FRM, team Proteinopathies).

Copyright © 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Keywords: Alzheimer; Biomarkers; Blood; Diagnosis

Research in context

Evidence before this study

Blood biomarkers of Alzheimer’s disease are receiving
increasing attention, as they have great potential for non-
invasive detection of the presence of cerebral amyloidosis
(Ap+), one of the key elements in the diagnosis of the
disease. Among these biomarkers, the phosphorylated
isoforms of the tau protein, principally the pTau217 form,
show performances that suggest major interest for clinical
use. In addition, a number of studies have demonstrated the
value of calculating ratios such as AB42/40 or pTaul81/Ap42
in CSF and blood, thereby eliminating the variability
associated with pre-analytical or physiological confounding
factors, such as renal failure. However, studies directly
comparing ratios with individual markers remain limited.

Added value of this study

In the prospective real-life ALZAN cohort of cognitively
impaired participants we show that plasma pTau181/AB42
and pTau217/AB42 ratios outperform individual biomarkers

Introduction

Over the past decade, the contribution of imaging and
cerebrospinal fluid (CSF) biomarkers has provided
essential elements for the diagnosis of Alzheimer’s
disease (AD).! These biomarkers significantly enhance
diagnostic confidence when combined with clinical and
paraclinical information.” CSF biomarkers are part of
the international diagnostic criteria for the disease,*”
enabling more accurate and earlier diagnoses. This is
particularly critical for optimizing patient management,
especially in the light of emerging treatments, such as
anti-amyloid immunotherapies.®’

In north America, cerebral amyloidosis is often
detected by amyloid positron emission tomography
(PET) imaging,® whereas in Europe, cerebrospinal fluid
(CSF) biomarkers, are used to confirm the presence of
brain amyloidosis,” a hallmark of AD pathology. CSF
analysis provides further insights into tau pathology,
complementing tau PET, which remains the gold
standard for assessing regional tau deposition and dis-
tribution.'*"" Furthermore, longitudinal studies have
established that these biomarkers become positive up to
one or two decades before disease onset, during pre-
symptomatic phases.'” However, both PET imaging and
CSF analysis have limitations: availability, equipment,
scalability and associated costs, especially for PET, as

for the detection of AR+ status established from CSF. This
result was confirmed for pTau217/AB42 in the ADNI cohort
in which detection of AP+ status is done with PET. The ratios
also show greater resistance to confounding factors such as
impaired renal function or delays in sample processing.
Finally, by using an approach based on the use of two cutoffs
enabling effective population Ap+ risk stratification, the
ratios help to reduce the number of inconclusive situations.

Implications of all the available evidence

Taking previous studies into account, our results strengthen
the case for using tau and amyloid ratios, and in particular
the plasma pTau217/AB42 ratio, in the detection of AB+
status. These ratios not only improve detection accuracy but
also help to take confounding factors into account.
Ultimately, they could encourage wider use of routine blood
tests, making diagnosis earlier, guiding therapeutic decisions
while potentially reducing the use of procedures such as
lumbar punctures or PET imaging.

well as the invasive nature of lumbar puncture for CSF.
These constraints hinder their widespread application,
even though the targeted treatments necessitate testing
a broader population to evaluate the presence of brain
amyloidosis prior to initiating treatment.

The idea of detecting amyloidosis through blood
analysis has gained traction in recent years and has
undergone significant development and validation.
However, additional validation work is still necessary
before it can be considered fully suitable for routine
clinical application. Early research efforts primarily
focused on the detection of amyloid peptides (Ap)."
Detecting Ap42 and AP40 in blood is accurate at
around 80% for identifying a positive brain amyloidosis
status, called AB+."* Total tau protein in blood performs
poorly, likely due to its peripheral production.” How-
ever, phosphorylated forms of tau protein (pTau)
perform much better.” Notably, plasma pTaul8l,
demonstrated an accuracy for Ap+ of around 80%,'®
close to that of the plasma AP42/40 ratio. Following
the detection with mass spectrometry of additional
pTau isoforms'*'; pTau217 emerged as the biomarker
with even higher accuracy for Ap+, reaching values as
high as 90-95% in different studies.?>* It might seem
counterintuitive for a tau isoform to indicate amyloid-
osis and the exact pathophysiological mechanisms
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behind this observation remain incompletely under-
stood. Nonetheless, the performance of plasma
pTau217 is sufficiently powerful to confirm individuals
as AP+ and contribute to the diagnosis of AD.

A highly promising approach was recently described
by Brum et al.,”” which defines two cutoff values. The
lower and upper cutoffs are based on 90% sensitivity
and specificity, respectively. Below the 90% sensitivity
threshold, Brum et al. (2023) reported the probability of
AP PET + to be 42% or less, and above the 90% specificity
threshold, they reported the probability of AB PET + to be
70% or more. The effectiveness of this approach is
measured by the size of the zone between these two
cutoffs, referred to as the “intermediate zone”, which
should be minimized. This two cutoffs approach is
optimal for tailoring care pathways and even for selecting
patients who could benefit from innovative treatments.
Immunoassays for pTau217 are now being developed by
numerous suppliers, offering highly reliable detection for
AP+. Head-to-head comparative studies of various assays
gave largely equivalent results, with mass spectrometry
methods offering a slight edge in accuracy over immu-
noassays.'® These performance levels are suitable for
routine use, though additional studies are needed to
confirm their robustness in real-world settings. In fact, it
has already been established that pre-analytical condi-
tions,” particularly for AB peptides, as well as physiolog-
ical factors, like renal insufficiency,”*** or even some
drug treatment® can influence concentrations, leading to
potential false positives or negatives.

Here we comprehensively evaluate blood A
peptides and pTaul81 or pTau2l7 as ratios. By con-
ducting this investigation within the multicentric, real-
life ALZAN cohort, and confirming findings in the
independent Alzheimer’'s Disease Neuroimaging
Initiative (ADNI) cohort, we identified the pTau217/
AP42 ratio as a valuable single metric for Ap+ detec-
tion, providing clinically meaningful high and low
cutoffs.

Methods

Study populations

This study included participants from the ALZAN
multicentre  prospective  cohort (ClinicalTrials.gov
Identifier #NCT05427448). The ALZAN cohort is a
clinical study designed to evaluate the diagnostic per-
formance of blood biomarkers for AD. Participants are
recruited from memory clinics and neurology de-
partments at the Montpellier, Nimes, and Perpignan
hospitals in France. The inclusion criteria require
adults aged 50-85 years with cognitive complaints
consistent with early-stage AD. Exclusion criteria
include significant neurological or psychiatric disorders
other than AD that could affect cognition, uncontrolled
medical conditions that might interfere with study
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participation, and recent participation in other clinical
trials that could confound results. Sex was self-reported
by study participants and used as a covariate in the
statistical analysis. Recruitment pathways involve
identifying participants through routine consultations
at participating centres. Potential candidates undergo
preliminary assessments, and those meeting the
inclusion criteria are invited to participate. The study
protocol has been reviewed and approved by the
appropriate ethics committees. All participants provide
written informed consent before any study-related
procedures are conducted. The consent process
includes a detailed presentation of the study’s purpose,
procedures, potential risks, and benefits, ensuring that
participants understand their involvement is voluntary
and that they can withdraw at any time without conse-
quence. Each participant had a lumbar puncture with
CSF analysis as part of their routine care.

Two sets of data, originating from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) (www.loni.
ucla.edu/ADNI), were used after the agreement of the
scientific committee. The first dataset (FNIHBC_
BLOOD_BIOMARKER_TRAJECTORIES) relates to the
study “Clinical Utility of Blood Biomarker Trajectories”
run by the Foundation for the National Institutes of
Health (FNIH) Biomarkers Consortium (see acknowl-
edgement). We selected AB42, AP40 and pTau2l7 data
generated by immunoassays using Lumipulse G®*
and mass spectrometry using C2N Diagnostics
methods.”” The second dataset (UCBERKELEY_AMY_
6 MM) provides the PET amyloid status (cutpoints for
Florbetapir (FBP): 20 centiloids (CL); for Florbetaben
(FBB): 18 CL) corresponding to the 1176 blood samples
from the FNIHBC study. Importantly the mean delay
between amyloid PET status and blood collection was
15.6 + 46.7 days.

CSF analysis in ALZAN

CSF was collected using standardized protocols for
collection, centrifugation, and storage.” CSF Ap1-42
and AP1-40 (referred to here as AP42 and Ap40)
were measured using commercially available assays
(Fujirebio Europe, Ghent, Belgium) on the Lumipulse
G1200 analyser, following the manufacturer’s pro-
tocols. The CSF AP42/AB40 ratio was used as a
biomarker for amyloid pathology, as it accounts for
inter-individual differences in total amyloid production
and enhances the specificity of Af42 as a diagnostic
marker.** A lower AP42/Ap40 ratio reflects the prefer-
ential aggregation and deposition of Ap42 in amyloid
plaques, leading to its decreased presence in CSF.
Participants were therefore categorized as amyloid-
positive (Af+) or amyloid-negative (Af-) based on
their CSF AB42/Ap40 ratio, using a threshold set at 7%,
which corresponds well to the optimal cutoff identified
for detecting amyloid PET status® as well as AD.”


http://ClinicalTrials.gov
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Blood biomarker in ALZAN

Blood samples were collected in EDTA-K2 tubes, the
same day as the lumbar puncture and sent to the local
clinical laboratory for processing (2000 g x 10 min, RT).
The delay between collection and processing in the
laboratory (referred to as “blood delay”) was recorded.
Plasma aliquots were stored at —80 °C in low-binding
Eppendorf® LoBind microtubes (Eppendorf, ref
022431064, Hamburg, Germany) until testing. eGFR
based on creatinine, age, and sex was calculated using
the CKD Epidemiology Collaboration (CKD-EPI) equa-
tion, revised in 2021 without inclusion of race.*

For biomarker measurement, plasma aliquots were
thawed at +4 °C, gently homogenized, and centrifuged
for 5 min at 2000g before analysis. One aliquot was
used for pTau217 measurement using commercial kits
on the Lumipulse G1200 as reported.?? Another aliquot
was used for pTaul81, Ap42, AB40, and ApoE4 mea-
surement using the Elecsys® RUO (research use only)
assays on the e402 Cobas analyser as described.”” All
samples were analysed by staff who were blinded to the
clinical data, and all samples had measurable
biomarker values. Intra- and inter-run precision, eval-
uated using pools of clinical samples run across
consecutive assays and within a single run, are provided
in the Supplementary Materials, along with the lower
limit of quantification (Supplementary Table S1).

Statistical analyses

The sample size was calculated at the design stage,
based on the desired precision of the primary diag-
nostic accuracy estimates. Specifically, we aimed to es-
timate sensitivity and specificity with a 95% confidence
interval of 5%, assuming a performance of 85%. Us-
ing the standard formula for estimating a proportion
with specified precision (n = (Z> x p x (1 - p))/d?)
(where n = sample size, Z = z-score for 95% confidence
(1.96), P = expected sensitivity or specificity, d = half-
width of the confidence interval), we determined that
196 participants were needed in each group (Ap+ and
AB-). Given an anticipated Ap+ prevalence of 55%, the
total required sample size was approximately 356 par-
ticipants. Allowing for a 5-10% dropout rate, we
targeted up to 440 participants. These calculations were
performed using the binDesign(SS) function in the
MKmisc package in R. Categorical variables were ana-
lysed as counts and percentages (n, %), while contin-
uous variables, which did not follow a normal
distribution as assessed by the Shapiro-Wilk test and
illustrated using Q-Q plots (see Supplementary Data),
were reported as medians with interquartile ranges
(25th—75th percentiles). The Chi-square test was used to
assess group differences for categorical variables
because the assumptions for its validity were met: no
expected cell count was less than 1, and fewer than 20%
of expected cell counts were below 5. Since continuous
variables did not follow a normal distribution, the

Wilcoxon rank-sum test was used for comparisons be-
tween two groups. For comparison with adjustment
performed with R, continuous variables were analysed
using linear regression models (Im), and binary
variables using logistic regression (glm with
family = binomial). Potential confounders were identi-
fied based on the modified disjunctive cause criterion,
which recommends adjusting for variables that are
causal predictors of either the exposure (APOE e4
status), the outcome (AP+ status), or both. Guided by
subject-matter knowledge and existing literature, age
and sex were identified as such variables and were
therefore included as covariates in the adjusted ana-
lyses.*® We assessed key assumptions of linear regres-
sion models: normality of residuals using the Shapiro-
Wilk test (shapiro.test), homoscedasticity using the
Breusch-Pagan test (bptest from the Imtest package),
and linearity via correlation between residuals and fitted
values (cor.test). If normality was violated, the depen-
dent variable was log-transformed. If heteroscedasticity
was detected, robust standard errors were applied using
vcovHC from the sandwich package with coeftest.
In case of non-linearity, a natural spline transformation
was applied using ns from the splines package (we used
a natural cubic spline with 3 degrees of freedom). The
performance of individual and ratio biomarkers for Ap+
detection was assessed using a non-parametric boot-
strap resampling to estimate the area under the ROC
curve (AUC) and its 95% confidence interval (obtained
as the 2.5th and 97.5th percentiles). 1000 bootstrap
iterations were performed using the boot package in R.
At each iteration, a new dataset was created by
randomly sampling observations with replacement
from the original dataset, maintaining the same sample
size. Because of this resampling method, each boot-
strap sample includes on average about 63.2% of
unique observations, while the remaining ~36.8% may
be duplicated or not included at all. AUC was computed
for each sample using the pROC package. The distri-
bution of the 1000 AUC values was summarized using
the percentile method: the 2.5th and 97.5th percentiles
were reported as the bounds of the 95% confidence
interval. Subsequently, pairwise comparisons between
AUCs were conducted using DeLong method* and the
resulting P-values were adjusted for multiple compari-
sons using Benjamini-Hochberg (FDR) procedures.
Forest plots of associations between biomarkers and
demographic/comorbidity features uses linear regres-
sion between the standardized biomarker and each
clinical predictor (normalization process applies z-score
standardization by subtracting the mean and dividing
by the standard deviation for each variable). Because
both the outcome and predictors are standardized, the
slope from these regressions is numerically equivalent
to the Pearson correlation coefficient. The regression
beta coefficient and their 95% confidence intervals are
displayed in the plots. Only samples with complete data
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were included in the analysis, ensuring that no
biomarker data were missing. All analyses were
performed using MedCalc (20-118) and R (R Core Team
(2019)) software.

Ethical approval

All participants gave written informed consent to be
part of the study. The ALZAN study was approved by
the “Comité de Protection des Personnes Nord Ouest
IV” under # 2022-A00565-38. Clinical trial registration:
NCT05427448.

Role of funders

None of the funding bodies had any role in study
design, in the collection, analysis, and interpretation of
data, in the writing of the report or in the decision to
submit the paper for publication.

Results
Participants and biomarker profile
The participants are part of the ALZAN cohort
(NCT05427448), a study designed to prospectively and
consecutively evaluate the diagnostic performance of
blood biomarkers for AD. Of the 433 ALZAN partici-
pants initially enrolled, 423 were included in the final
analysis, based on the availability of sufficient CSF and
blood samples to measure all biomarkers, with no
missing biomarker values. Participants were recruited
at three memory clinics, consulting for cognitive com-
plains (Supplementary Table S2). The median age at
baseline was 71.1 (interquartile range (IQR), 25th-75th
percentile: 66.8-77.9). The sex ratio was balanced with
197 men to 226 women. 42.8% were APOE &4 carriers,
as determined by the Elecsys immunoassay.”” The me-
dian MMSE score at recruitment was 23 (IQR 21-26)
with the following distribution, subjective cognitive
impairment (15.9%), mild cognitive impairment
(33.2%), mild dementia (38.1%) and dementia (12.8%).
In terms of kidney function, the median estimated
glomerular filtration rate (eGFR) was 845 (IQR
76.1-94.9) ml/min/1.73 m>. Based on the CSF Ap42/40
ratio,”” 57.5% of the population was classified as
amyloid-positive (Af+). Regarding blood sample
processing, over 50% of the patients had their blood
samples processed the next day or later (Supplementary
Figure S1). All plasma measurements for Ap40, Ap42,
pTaul8l, and pTau2l7 were above their respective
lower limits of quantification (Supplementary Table S1).
The ADNI cohort includes patients with varying
cognitive statuses, ranging from cognitively normal
individuals to those with mild cognitive impairment
and AD. Participants undergo comprehensive assess-
ments, including neuroimaging (MRI and PET scans),
fluid biomarker analysis, and cognitive testing, aimed at
advancing AD research. ADNI samples, measured
using different assays (see Methods), were selected by
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the Foundation for the National Institutes of Health
(FNIH) Biomarkers Consortium to evaluate the per-
formance of various blood biomarkers. These samples
were obtained from individuals who had plasma
collected within six months of undergoing an amyloid
PET (florbetapir) scan. The median age was 76.4
(70.2-81.4) and the sex ratio was balanced at 50%
(Supplementary Table S3).

Comparison of cohort participant characteristics
between Ap- and A+ groups

Participants were separated into Ap— and AP+ groups
based on CSF AP42/40 ratio, using a cutoff of 0.07 in
ALZAN or on PET amyloid in ADNI (see Methods).
Table 1 reports for ALZAN the demographic, clinical,
and biomarker readings of the two groups. Key differ-
ences include: AP+ participants were significantly older
than AP- participants (median (IQR) 74.9 (70.8-79.1)
vs. 69.8 (60.0-76.0); P < 0.001), and were less likely to be
male (42.0% vs. 52.8%, P = 0.0354). The Ap+ group had
more APOE &4 carriers (58.4% vs. 21.7%, P < 0.001),
and AP+ participants had lower MMSE scores (median
(IQR) 23 (20-25) vs. 25 (22-28); P < 0.001). For blood
biomarkers, in the Ap+ group, plasma levels of Ap42
were significantly lower (median (IQR) 31.9 (28.4-35.8)
vs. 38.1 (33.8-42.8); P < 0.001. Levels of pTaul81 and
pTau2l17 as well as ratio AP42 to were significantly
higher in the Ap+ group (Table 1). The fold difference
for pTau217 was greater than for pTaul81, at 3.63 and
1.84 respectively.

Variable ApB- (n = 180) AB+ (n = 243) P-value P-value$
Age (years) 69.8 (60.0-76.0) 74.9 (70.8-79.1) <0.0001 /

Men (n, %) 95, 52.8% 102, 42.0% 0.035 /

BMI (kg/m?) 2539 (22.66-28.22) 23.61 (21.32-26.47) 0.00040 0.014

1 or 2 APOE4 39, 21.7% 142, 58.4% <0.0001 <0.0001
alleles (n, %)

MMSE 25 (22-28) 23 (20-25) <0.0001  <0.0001
eGFR (mL/min/ 88.8 (74.8-98.6) 87.9 (77.2-94.0) 0.061  0.047
173 m?)

Blood delay (hours) 5.02 (2.03-20.33) 2.92 (1.30-7.92) 0.0011 035
AB40 (pg/mL) 289 (256-322) 296 (275-325) 0.062 024
AB42 (pg/mL) 38.1 (33.8-42.8) 31.9 (28.4-35.8) <0.0001  <0.0001
AP42/Ap40 0.1314 (0.1172-0.1446) 0.1066 (0.0995-0.1151) <0.0001  <0.0001

pTau181 (pg/mL) 0.7455 (0.5838-1.0225) 1.4300 (1.1350-1.8500) <0.0001  <0.0001
pTau217 (pg/mL) 0.0995 (0.0707-0.1552) 0.493 (0.2815-0.7415)  <0.0001  <0.0001
pTaul81/Ap42° 2.0215 (1.5795-2.6100) 4.4521 (3.4838-6.1188) <0.0001  <0.0001
pTau217/Ap42° 0.2626 (0.1845-0.40930) 1.502 (0.8634-2.5752)  <0.0001  <0.0001

Values are presented for (n) amyloid-negative (AB-) and amyloid-positive (Ap+) patients. As continuous
variables did not follow a normal distribution, as assessed using the Shapiro-Wilk test, they were presented as
median (25th-75th percentiles) and the Wilcoxon rank-sum test was used to compare groups (P-value).
Additionally, adjusted P-values ($) were obtained using regression models adapted to data’s normality,
homoscedasticity, and linearity assumptions, with age and sex included as covariates (see Methods). For
categorical variables, percentages are provided, and Chi-square tests were conducted to assess group
differences. Abbreviations: APOE, apolipoprotein E; BMI, body mass index; MMSE, Mini-Mental State
Examination; eGFR, estimated glomerular filtration rate. “The values of the ratio have been multiplied by 100
for better readability.

Table 1: Comparison of Ap- and A+ participants from the ALZAN cohort.
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Using individual plasma biomarkers and their
ratios to detect cerebral amyloidosis

We plotted ROC curves for various individual bio-
markers and their ratios to evaluate their ability to
detect AP+ status. Fig. 1, panels a and b, show in
ALZAN the combinations of blood amyloid peptides,
with pTaul81 and pTau2l7, respectively, which are
then summarised in panel ¢ and Supplementary
Table S4. In terms of amyloid, AB42 performance was
intermediate with AUC of 0.739 (0.691-0.787), but ra-
tio, Ap42/40 performed significantly better with an
AUC of 0.84 (0.801-0.879) (P < 0.001, note also that the
95% CI do not overlap). For pTaul81 (Fig. la),
the biomarker performance was equivalent to that of
the Ap42/40 ratio, with an AUC of 0.857 (0.82-0.894)
(P = 0.51). The pTaul81/(AB42/Ap40) ratio (AUC of
0.900 (0.869-0.930)) as well as the pTaul81/AB42 ratio
(AUC of 0.911 (0.882-0.940)) were both significantly
higher than the AP42/40 ratio (P = 0.0039 and
P < 0.001, respectively) and pTaul81 alone (P < 0.001
for both) (Supplementary Table S4).

The tendency of studies over the last five years has
been to assign pTau217 superiority to p181 in detecting
amyloid positivity.”**“**! Consistently, the pTau2l7
AUC of 0909 (0.879-0.939) was higher than for
pTauldl (0.857 (0.82-0.894); P < 0.001) but equivalent
to that of pTaul81/AP42. As with pTaul8l the best
pTau217 blood biomarker came from just considering
the p217/Ap42 ratio, which gave the best AUC of all in
our hands of 0.927 (0.898-0.950).

Fig. 1 also illustrates, in the ADNI cohort, the
combinations of blood amyloid peptides with pTau217
measured using either immunoassay (panel d) or mass
spectrometry (panel e), which are subsequently sum-
marized in panel f and Supplementary Table S5. In
both cases, the AP42/40 ratio performed better than
AP42 alone. pTau2l7 achieved an AUC of 0.894
(0.874-0.913) for immunoassay detection and 0.914
(0.897-0.931) for mass spectrometry, outperforming
the Ap42/40 ratio. When pTau217 was combined with
Ap42, the AUCs improved further, with mass spec-
trometry showing the best performance.
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Fig. 1: ROC curves of plasma biomarkers according to amyloid status in ALZAN and ADNI. Receiver operating characteristic curve curves
for A+ detection in ALZAN (a-c) and ADNI (d-f) using AB40, AB42, and AP42/40 in combination with pTau181 (a) or pTau217 (b, d, e). The
corresponding areas under curve (AUC) with 95% confidence intervals are represented in (c) and (f). In ADNI, biomarkers were measured using
either an immunoassay approach (Fuji) (d) or with mass spectrometry (C2N) (e). AUC comparisons are reported in Supplementary Tables S4

and S5.
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We also studied in ALZAN the performance of
the pTau217 isoforms, with and without Ap42, to detect
AP+, when the population was stratified based on
MMSE score (Supplementary Figure S2). The pTau217/
AP42 performed better than pTau217 alone within the
early AD subgroup (MMSE >25) (AUC 0.931
(0.867-0.970) vs. 0.953 (0.896-0.984): P = 0.010.

Association of plasma pTau217 and pTau181 levels
with different biomarkers and cohort
characteristics

We used in ALZAN linear regression to assess the as-
sociation of plasma biomarkers with age, body mass
index (BMI), blood processing delay, and eGFR (see
Methods) (Fig. 2, Supplementary Table S6). We profiled
the AB— population to focus on the confounding factors
influencing biomarker concentration. The association
with age was notably significant for Ap40 (B = 1.9,
P < 0.001) and Ap42 (B = 0.24, P < 0.001), but not for
AB42/40 (B = 0.0, P = 0.91). Among pTau biomarkers,
use alone or in ratios, only pTau217/Ap42 was not
influenced by age (B = 0.0054, P = 0.080). Blood delay
influenced both Ap40 (B = -1.42, P < 0.001) and Ap42
(B = —1.43, P < 0.001), but not AB42/40 (B = 0.0002,
P = 0.29). None of the pTau biomarkers were influ-
enced by blood delay. BMI had no notable influence on
biomarkers. Renal function, as assessed by eGFR, was
highly impactful, significantly affecting AB40 (p = -1.7,
P <0.001), Ap42 (p =—0.25, P < 0.001), but not AB42/40
(B = —0.0002, P = 0.25). Among pTau biomarkers, use

alone or in ratios, only pTau217/Ap42 was not influ-
enced by eGFR (p = —0.0041, P = 0.064).

Stratifying the population for the risk for Ap+

Our next objective in ALZAN was to stratify our pop-
ulation for the risk of Ap+ using pTaul81, pTau217, or
their ratios with Ap42, applying a two-cutoft approach.”
Instead of selecting the best cutoffs using the
commonly used Youden index, we selected cutoffs
corresponding to 90% specificity or sensitivity for Ap+,
as recommended by the Global CEO Initiative on AD,*
in order to remain independent of predictive values,
which depend on the prevalence within the population.
Nevertheless, we also selected cutoffs to achieve 90%
positive or negative predictive values, which are partic-
ularly useful in our cohort (see Discussion). The cut-
offs, along with their corresponding sensitivity,
specificity, and predictive values, are presented in
Table 2. The stratification of the population between,
low, intermediate and high-risk groups resulting from
these two approaches is also reported in Table 2 and
illustrated in Fig. 3a and b. pTau217/Ap42 shows the
smallest intermediate zone, at 7.8% and 8.3% using the
sensitivity/specificity and predictive value approaches,
respectively. Importantly, these values are reduced by
half compared to those of pTau217 alone. Similarly, the
pTaul81/AB42 ratio also improves stratification by
reducing the intermediate zone compared to pTaul81
alone. The relationship between the selected cutoffs and
the ROC curves for pTau2l7 and pTau2l7/Ap42 is
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Fig. 2: Association of plasma biomarkers and their ratios with ALZAN cohort characteristics. Forest plots of associations in the ALZAN
cohort with age, BMI, blood delay and eGFR, using linear regression, for: (a) AB40, (b) AB42, (c) AP42/40, (d) pTaul81, (e) pTaul81/(AB42/
40), (f) pTau181/AB42, (g) pTau217, (h) pTau217/(AP42/40) and (i) pTau217/AP42. Regression beta coefficients with 95% confidence
intervals are illustrated. Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate.
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shown in Fig. 3c and d. This figure visually demon-
strates how small differences in overall AUC can lead to
significant differences when stratifying the population.

Discussion

The data presented here come mainly from the multi-
centric prospective ALZAN cohort of patients consul-
ting at memory clinics. The rationale of our study was
the importance of identifying Ap+ status, not only to aid
in clinical diagnosis but also as a potential triage
method for the administration of anti-amyloid thera-
pies. Our study demonstrates that plasma biomarker
ratios, particularly plasma pTau217/AB42, can identify
AP+ with high accuracy. Using high and low cutoffs for
this single ratio parameter in a two-cutoffs workflow
approach reduces the zone of uncertainty by more than
half compared to individual phosphorylated tau iso-
forms. This finding may have important implications
for optimizing clinical workflow, particularly in sup-
porting the selection of patients for anti-amyloid treat-
ment, given the observed effect size and direction of
association, especially considering that blood bio-
markers may be even more accurate than CSF
biomarkers.*

We compared in ALZAN the ability of plasma bio-
markers to detect brain amyloidosis (Ap+), as defined
by the CSF AP42/40 ratio. CSF-based amyloid status
determination is considered the gold standard in
Europe due to the limited use of PET imaging. The
concordance between amyloid PET imaging and CSF
analyses has been previously established’ but is not
absolute and may account for some differences in the
results obtained between our two cohorts, AZLAN, and
ADNI were the amyloid status was defined using PET.
We observed performance (AUC values) for Ap+
detection using pTaul81, pTau2l7, and AP42 that are
comparable to those reported in the literature.'*'® The
use of ratios is not novel, as exemplified by the CSF and
blood Ap42/40 ratio, which consistently demonstrates
superior performance over Ap42 alone.** CSF ApB42/40
reduces false negative/positive since it has the ability to
account for Ap42 levels variation not linked to the am-
yloid pathology but rather to preanalytical variations
(tube type, preservation conditions) or physiological
differences.” ¢ In addition, the fact that CSF Ap40
levels is increased in AD"* further enhances the ratio’s
diagnostic performance. In blood, the AP42/40 ratio
additionally mitigates confounding factor such as renal
dysfunction, an observation that we initially made® and
that we corroborate in our present study. In ALZAN we
tracked the interval between blood collection and sam-
ple processing, a rarely monitored pre-analytical vari-
able. We could confirm that plasma Ap levels decreased
with the increase of the delay, an observation that was
previously made experimentally,”** and that the use of
the AP42/40 ratio minimized this bias. Another

High risk

Low risk Intermediate

Spe (%, 95% Cl) NPV (%, 95% Cl)

Sens (%, 95% ClI)

Low
cutoff

Spe (%, 95% CI) PPV (%, 95% Cl)

Sens (%, 95% Cl)

High

cutoff

90% Sens-Spe

35.5%
47.3%

32.2%
15.1%
14.4%

32.4%
37.6%
37.8%
40.9%

63.9 (56.6-70.5) 83.9 (76.9-89.1)

0.867 90.9 (86.7-93.9)

0.159

90.0 (847-93.6)  88.0 (81.8-92.3)

54.3 (48.0-60.5)

1.370
0.281
3.470

pTaul81
pTau217

75.6 (68.8-813) 855 (79.2-90.2)

90.5 (86.2-93.6)

91.0 (86.2-94.2)

90.0 (84.7-93.6)
89.4 (84.1-93.1)
88.9 (83.5-92.7)

74.9 (69.1-79.9)

47.8%
51.3%

85.6 (79.4-90.2)

761 (69.4-81.8)
83.3 (77.2-88.1)

2690  90.5 (86.2-93.6)

0.508

90.6 (85.8-93.9)

753 (69.5-80.3)

pTaul81/Ap42
pTau217/Ap42

90% PPV-NPV

7.8%

86.7 (80.8-91.0)

90.5 (86.2-93.6)

90.8 (86.2-94.0)

811 (75.7-85.5)

0.718

=2
&L=
X e L X 3T
B B o
O aihs 223
o o 285
N LN N Y
> =~
3 g
£ € T
33 2
o & =2
S €%
o c
o
R 2R R 8K S
M T M T Ao
QO Foo 2= P
THaT g s
95 3
= - a
ns ©
Y
R ¥ 52=
n o 4 3 Yo
I A MmN 2T® O
NN ™Mo g5 s
L2 ©
8 2
=~ - 082
N oao+= £
vwmﬁ'i‘ef
PP 5=
mo g g¢d
o ¥ v ¢ 908
© 0 ©® o 9 5
Vvvvﬁam
o ¥ o < 5g_3
[=} o a <}
& =g 2
+ O =
L8E
<93
~  ~ ~ ~ o0 << o
o NN TE 3
N O o ©
Bone Jg=
thas €58
X 1N N N O % o
Le>s =75
© o a 32
n o O a 2=
<t O NN =T [
)
S g =
= =
o
~ s
—_~ ~ o ©
Q"!g"!,zi;
oS N o B
2337 5E3
40w a 8% ¢
md o o 88 5
2222 ¢ ayg
m o N BAS
O Nt m 852
D O A o 8_33;
-
&6
(=] =
[
<+ b D = S
23 a gE©
N o < 3 . <
conNo g2
S =<
TR
g D w
~ o~~~ —
NN N 2052
m M M o Y 9
888 484
Y oY 2¢ g
mMm w1 1n wn —_ Z D
© P 7TLF
LSS 25T
< o ~NOo wu+c
o o D o >\f(‘-.*:o_ .
D O D tv;g £
Son g |o
2E¢ 9 <
i S x o
Tmmm a5&2 |2
tmm e, Hg :
O i Hd o wsg |2
daran RBuhR |
Ll 2= 2 s N
~N O OO DZT3F -
® 4o d pgo=¢g [T
® o oo LA o E o
—_ e = = had
5z, 8 | £
MmN NN gy 8E [ ¥
AEEL 835 | £
a0 o 25 o2
S > &= c
s 0% o o
3 s |8
o 2T ]
ﬁﬁ/—\“.gg'g 1]
aNGo <2 BT oc B
J40 w0 @ g 3o |
LN 0 0 O & 2y @
L3l §288 3
T v =2 o=
0 AN S gELE |+
NMNRNRKR® 58500 +
acke g s | &
o ma Sk |
YO M DS K
< < o oE XL -
°
Yoo oo 9xx2 (8
=] =9
UE‘;éE k4
< = < =
cwwan D2L2* 10
298 52888
> = =
domo £S5 (&
S a4 c «
P 7]
g5 ¢ &
NN 5 ag s S
3 £3 S
S & £=E= o
<< ST Io
“ NS R S2ES |8
©® «H 0 d 5T [
94N 9 2 5 -8
D 2 2 2 < &< , ..
T ® ® ® © o oL N
E EkEkE SEEE |0
o o o a 95 s |
522% |8
2 arF 3 Ik

www.thelancet.com Vol 117 July, 2025



Articles

interesting studied ratio is the pTaul81/Ap42 ratio,
which has shown excellent performance in detecting
AD in CSF, surpassing both the AP42/40 ratio and the
individual use of pTaul81.**° Finally, the pTaul81/
APA42 ratio is considered in CSF as the optimal predictor
of AD when compared to individual biomarkers.**"*
The rationale lies, first, in the distinct biological infor-
mation each biomarker reflects (i.e., amyloid pathology
and neurodegeneration'’), and second, in the mitigation
of confounding factors that may affect both biomarkers.

In ALZAN, the plasma pTaul81/Ap42 and
pTau217/Ap42 ratios were associated with a meaning-
ful increase in AUCs for detecting AP positivity,
compared to pTau measurements alone. The interest of
computing the pTaul81/AB42 ratio in blood was
already suggested in recent studies.”* Substituting
AB42 with the AP42/40 ratio did not yield additional
benefit. The improvement of AUCs was particularly
notable for the pTaul81/AB42 ratio and less so for
pTau217/Ap42, likely because pTau217 already exhibits
excellent standalone performance. The relatively large
size and real-world nature of the ALZAN cohort, with
its pre-analytical and clinical variability compared to
controlled studies, likely facilitated the demonstration
of performance gains for highly effective biomarkers
like pTau2l7. Importantly the superiority of the
pTau217/AP42 ratio, measured either by immunoassay
or mass spectrometry, with regard to AP+ detection
using PET, was confirmed in the independent ADNI
cohort. In ALZAN, the ratio also helped reduce con-
founding effects related to blood delay and renal func-
tion, which however minimally impacted pTau217. This
is also reminiscent of the better performance of mass
spectrometry-based methods, which also rely on ra-
tios.”” The performance improvement going from
pTau2l7 to pTau2l7/AP42 remained in individuals
with MMSE >25 which enhances the potential clinical
of the ration for early detection. This fits well with
findings that AP42 performs better in earlier than in
advanced stages of AD.***°

While the AUC increase between pTau2l7 and
pTau217/AP42 was statistically significant in both
cohorts, the absolute difference was modest. This raises
the question of whether the need to measure two bio-
markers, each subject to variability and bias,* is justi-
fied in routine practice. To complete our evaluation of
the potential utility of plasma ratios, we analysed

achieve over 90% specificity/sensitivity (panel a) or over 90% pre-
dictive value (with AB+ prevalence of 57.5%) (panel b). Panel c: ROC
curves for AP+ detection using pTau217 (blue) and pTau217/Ap42
(cyan) were plotted. Respective brackets link the two cut-points
used to define low and high predictive risk for Ap+ using 90%
specificity/sensitivity (blue brackets) or 90% predictive value (with
AP+ prevalence of 57.5%) (green brackets). Note that the brackets
are smaller on the pTau217/AP42 curve. Abbreviation: ROC, receiver
operating characteristic curve.
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Fig. 3: Distribution of the ALZAN population between high-, intermediate-, and low-risk
brain AP+ groups. Histograms of the ALZAN population, distributed among high-, inter-
mediate-, and low-risk brain amyloidosis groups, are shown as defined by the cut points of
pTaul81, pTau217, pTaul81/AP42, and pTau217/AP42 (see Table 2). Cutoffs were selected to
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biomarker performance using two distinct cutoffs for
AP+ risk stratification.”” We followed the recommen-
dation of the Global CEO Initiative on AD,*” by
selecting cutoffs with 90% of sensitivity and speci-
ficity. Alternatively, we selected cutoffs to achieve
90% positive or negative predictive values in our
memory clinic population, as we aim to guide de-
cisions regarding lumbar punctures or imaging
while avoiding redundant tests. Using these two ap-
proaches, we demonstrate that the pTau217/Ap42
ratio achieves the best stratification, outperforming
pTau217 alone by reducing the proportion of patients
in the intermediate (uncertain) category by 50% (from
approximately 16%-8%).

Our study has some limitations. One key limitation
is the lack of available neuropathological data. Addi-
tionally, comparing cutoffs for one biomarker against
others, each with its own predefined thresholds, pre-
sents inherent challenges. Additionally, the ALZAN
population consists of patients from memory clinics
who underwent lumbar puncture for CSF biomarker
analysis. Therefore, extrapolating our findings to other
settings, particularly primary care where patients may
be in the earlier stages of AD, should be approached
with caution, even though our results were confirmed
in the independent ADNI cohort and remained valid in
the ALZAN population with MMSE scores above 25.
Of note, two recent studies, one in a community-based,
cognitively unimpaired population”” and another in
non-demented elderly,”® have also identified the
pTau217/AP42 ratio as the best predictor of PET amy-
loid status. Although these populations differ from
ours, which focuses on cognitively impaired patients,
making our study original, the consistency of their
results further supports and reinforces our conclusions.
Two other recently published independent studies in
cognitively impaired participants.”>** confirmed the
excellent performance of pTau2l7and the pTau2l7/
AB42 ratio, but without highlighting the superior per-
formance of the latter or exploring its relationship with
confounding factors. This further strengthens the
rationale for using ratios.

In conclusion, this study demonstrated that plasma
biomarker ratios, specifically pTau2l7/AB42 and
pTaul81/Ap42, significantly enhance the accuracy of
A+ detection compared to individual biomarkers,
including in the early stages of AD. The performance of
pTaul81/AP42 was comparable to that of pTau2l7,
while pTau217/Ap42 enabled a two-fold reduction in
the intermediate zone during a two-cutoff stratification
of Ap+ risk. These findings highlight the clinical utility
of such ratios in stratifying patients for diagnosis and
treatment decisions within memory clinics, potentially
reducing unnecessary procedures and improving
early-stage detection. However, further validation in
diverse clinical settings is necessary to confirm these
results.
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