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Abstract

INTRODUCTION: Blood tests have the potential to improve the accuracy of

Alzheimer’s disease (AD) clinical diagnosis, which will enable greater access to AD-

specific treatments. This study compared leading commercial blood tests for amyloid

pathology and other AD-related outcomes.

METHODS: Plasma samples from the Alzheimer’s Disease Neuroimaging Initiative

were assayed with AD blood tests from C2N Diagnostics, Fujirebio Diagnostics, ALZ-

Path, Janssen, Roche Diagnostics, and Quanterix. Outcomes measures were amyloid

positron emission tomography (PET), tau PET, cortical thickness, and dementia sever-

ity. Logistic regression models assessed the classification accuracies of individual or

combined plasma biomarkers for binarized outcomes, and Spearman correlations eval-

uated continuous relationships between individual plasma biomarkers and continuous

outcomes.

RESULTS: Measures of plasma p-tau217, either individually or in combination with

other plasma biomarkers, had the strongest relationships with all AD outcomes.

DISCUSSION: This study identified the plasma biomarker analytes and assays that

most accurately classified amyloid pathology and other AD-related outcomes.

KEYWORDS

A/T/N, amyloid, biomarkers, blood, glial fibrillary acidic protein, neurofilament light, plasma, p-tau,
tau

Highlights

∙ Plasma p-tau217measures most accurately classified amyloid and tau status.

∙ Plasma Aβ42/Aβ40 had relatively low accuracy in classification of amyloid status.

∙ Plasma p-tau217measures had higher correlationswith cortical thickness thanNfL.

∙ Correlations of plasma biomarkers with dementia symptomswere relatively low.

1 BACKGROUND

Blood biomarker (BBM) tests for Alzheimer’s disease (AD) pathology

have rapidly advanced over the past 5 years and are nowbeing increas-

ingly used in research studies, clinical trials, and clinical practice.1,2 The

high acceptability of blood collectionbypatients and thewide availabil-

ity of blood collection for clinical care are major advantages of BBM

tests compared to cerebrospinal fluid (CSF) tests andpositronemission

tomography (PET).3 Moreover, the recentUnited States Food andDrug

Administration (FDA)-approval of AD-specific treatments that require

biomarker confirmation of amyloid pathology has greatly increased the

need for biomarker testing,4,5 and BBM tests may be the onlymodality

that can enable the scale of AD biomarker testing that is necessary for

widespread use of AD-specific treatments.6,7

Some of the first promising BBM assays for AD pathology eval-

uated the ratio of amyloid-β peptide 42 to 40 (Aβ42/Aβ40).8 Lower

plasma Aβ42/Aβ40 is associated with amyloid pathology, likely reflect-

ing sequestrationofAβ42 in amyloid plaques.9 Tau is phosphorylated in

response to amyloid pathology, including at positions 181 and 217, and

plasma and CSF p-tau181 and p-tau217 levels reflect amyloid pathol-

ogy even more strongly than neurofibrillary tangle pathology.10–14

Glial fibrillary acidic protein (GFAP), a biomarker of astrocytic activa-

tion, is also elevated in amyloid positive individuals, likely indicating

a response to amyloid pathology.15 Additionally, neurofilament light

(NfL), a non-specific biomarker of neuroaxonal damage, may add value

to Aβ42/Aβ40 and/or p-tau species in predicting some AD-related

outcomes.15,16

Given the many different BBM analytes and assays now available,

an issue that has become an obstacle for broader use of BBM tests

is the widely varying levels of accuracy and validation for different

BBM tests.7 Studies have demonstrated that different tests have accu-

racies that range from equivalent to FDA-approved CSF tests to not

much better than chance.17–19 These differences may be related to

a variety of factors including the specific analyte, type of assay (e.g.,

mass spectrometry-based or immunoassay), and the characteristics of

the antibodies used. Differences in study cohorts may also complicate

attempts to validate assays, as performance may vary depending on

the composition of the cohort and reference standards.8 Relatively
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few head-to-head studies, in which the exact same samples are ana-

lyzed with multiple tests, have been performed because these studies

require a large sample volume and are expensive.17–20 However, head-

to-head studies are essential to rigorously comparing performance

between tests.

The Biomarker Consortium for the Foundation for the National

Institutes of Health (FNIH), which includes stakeholders from

academia, industry, and patient advocacy groups, coordinated a head-

to-head comparison of six leading plasma tests for Aβ42/Aβ40 in 2020
to determine which tests added value to covariates in classification

of amyloid PET status.17 After completion of this study, the FNIH

Biomarker Consortium expanded its focus to additional plasma ana-

lytes, including p-tau181 and p-tau217. GFAP and NfL were included

in some BBM test panels. Leading commercial tests for each analyte

were identified by scientists involved in test selection for clinical trials:

C2NDiagnostics’ PrecivityAD2%p-tau217, p-tau217, and Aβ42/Aβ40;
Fujirebio Diagnostics’ Lumipulse p-tau217 and Aβ42/Aβ40; ALZpath’s
Quanterix p-tau217; Janssen’s LucentAD Quanterix p-tau217; Roche

Diagnostics’ NeuroToolKit p-tau181, Aβ42/Aβ40, GFAP, and NfL; and

Quanterix’s Neurology 4-Plex p-tau181, Aβ42/Aβ40, GFAP, and NfL.

Plasma sampleswere provided by theAlzheimer’sDiseaseNeuroimag-

ing Initiative (ADNI) biorepository and a prespecified analytic plan

was drafted for a head-to-head comparison of the plasma biomarkers

with classification of amyloid PET status as the primary outcome.

This analytic plan was expanded to include associations of the plasma

biomarkers with tau PET, cortical thickness, and dementia severity.

Data from this study are available to researchers interested in per-

forming further studies to compare the performance of these assays,

as well as to evaluate other scientific questions (adni.loni.usc.edu).

2 METHODS

2.1 Participants

The over-arching goal of this FNIH Biomarker Consortium effort is

to evaluate the longitudinal trajectories of p-tau217, p-tau181, and

Aβ42/Aβ40 in relation to amyloid PET. Therefore, ADNI participants

were selected for inclusion who had plasma samples collected within

6 months of an amyloid PET scan for three distinct timepoints. For

individuals with more than three time points, plasma samples were

selected that represented the earliest, latest, and an intermediate time

point. Based on these selection criteria, 393 ADNI participants had at

least six plasma aliquots (1179 samples total) that underwent analysis

with the C2N Diagnostics PrecivityAD2 (C2N), Fujirebio Diagnostics

Lumipulse (Fujirebio), ALZpath Quanterix (ALZpath), Janssen Lucen-

tADQuanterix (Janssen), andRocheDiagnosticsNeuroToolKit (Roche)

assays. A seventh aliquot was available for 355 participants (1063 par-

ticipant time points, two participants had a seventh plasma aliquot

for only two time points), and this aliquot was used for the remain-

ing Quanterix Neurology 4-Plex (Quanterix) assays, which were given

a lower priority due to lower accuracy reported by prior studies.18,19

RESEARCH INCONTEXT

1. Systematic review: Recent studies comparing the per-

formance of plasma biomarker assays in classification

of amyloid status and other Alzheimer’s disease (AD)

outcomes were reviewed.

2. Interpretation: Regardless of the specific platform,

plasma p-tau217 had the highest classification accura-

cies and correlations with amyloid positron emission

tomography (PET), tau PET, cortical thickness, and

dementia symptoms. Clinically available blood tests

that include plasma p-tau217 can be used to evaluate

for AD pathology in patients with cognitive impairment

and identify individuals who may benefit from new

AD-specific treatments. Additionally, these blood tests

can also identify cognitively impaired or unimpaired

individuals with AD pathology for inclusion in clinical

trials.

3. Future directions: Studies are needed that examine the

effects of age, sex, apolipoprotein E (APOE) genotype,

comorbid medical conditions, race, and social determi-

nants of health on plasma biomarker test performance.

Future studies are underway to evaluate the longitudinal

trajectories ofADbloodbiomarkers in relation to amyloid

PET and other AD-related outcomes.

For this current head-to-head study, samples were considered for

inclusion if no data for the C2N PrecivityAD2, Fujirebio Lumipulse,

ALZpath Quanterix, Janssen LucentAD Quanterix, and Roche Neuro-

ToolKit assays were missing (e.g., due to quality control failures or low

volume) and if clinical data were available within 1 year of the sam-

ple collection. For samples that met these criteria, the most recently

collected sample was chosen from each individual in order to increase

the availability of associated tauPETdata.One individualwas excluded

due to missing data from each of the three plasma samples, yielding

392 individuals in this study. Quanterix Neurology 4-Plex data were

available for 342 of these individuals.

The current analyses utilized data from the ADNI database

(adni.loni.usc.edu), which studies memory and aging in older adults,

including both cognitively unimpaired and cognitively impaired indi-

viduals. ADNI was launched in 2003 as a public-private partner-

ship led by Principal Investigator Michael W. Weiner, MD. The

primary goal of ADNI has been to test whether serial magnetic

resonance imaging (MRI), PET, other biological markers, and clin-

ical and neuropsychological assessment can be combined to mea-

sure the progression of mild cognitive impairment (MCI) and early

AD. Written informed consent was obtained from each partici-

pant or their legally authorized representative. Race and sex were

self-identified.
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2.2 Diagnostic and CDR variables

Participants underwent a clinical assessment within 1 year of blood

collection that included a detailed interview of a collateral source,

a neurological examination of the participant, the Clinical Dementia

Rating (CDR) and the Clinical Dementia Rating Sum of Boxes (CDR-

SB).21 Individuals with a CDR of 0 were categorized as “cognitively

unimpaired.” Individuals with a CDR > 0 were categorized as “cog-

nitively impaired;” this group includes individuals with mild cognitive

impairment and dementia.

2.3 Plasma biomarker assays

The FNIH Biomarker Consortium project team selected assays based

on recently published22–29 as well as currently unpublished data pre-

sented by diagnostics companies. This included information on the

analytical performance of each assay, such as the measurement range,

dilutional linearity, and repeatability. Ultimately, four Aβ42/Aβ40, two
p-tau181, four p-tau217, two GFAP, and two NfL assays were selected

for this project.

Plasma was collected, processed, and stored according to ADNI

protocols. Sample aliquots were pulled from the ADNI biorepos-

itory and shipped to four laboratories for analysis on dry ice.

Pooled plasma controls with known higher or lower plasma p-tau217

values as measured by the ALZpath Quanterix assay were sup-

plied by the University of Gothenburg to be run with each lot

of samples. All laboratories were blinded to information about the

participants.

The C2N PrecivityAD2 liquid chromatography tandem mass spec-

trometry (LC-MS) based assays for Aβ42, Aβ40, p-tau217, and non-

phosphorylated tau217 (np-tau217) were run in singlicate at the C2N

Diagnostics commercial laboratory in St. Louis, Missouri, USA. The%p-

tau217measure was calculated as the p-tau217 concentration divided

by the np-tau217 concentration times 100, which is also described as

the percent phosphorylation occupancy.25,30 The Fujirebio Lumipulse

assays for Aβ42, Aβ40, and p-tau217 were run in singlicate with com-

mercially available kits on a Fujirebio Lumipulse G1200 analyzer at

the IndianaUniversityNational CentralizedRepository forAlzheimer’s

Disease andRelatedDementiasBiomarkerAssay Laboratory (NCRAD-

BAL). The Roche NeuroToolKit assays for Aβ42, Aβ40, p-tau181, NfL,
and GFAP were run in singlicate on a Cobas e 801 analyzer (Roche

Diagnostics International Ltd, Rotkreuz, Switzerland) at the University

of Gothenburg. The ALZpath Quanterix and Janssen LucentAD Quan-

terix assays for p-tau217, as well as the Quanterix Neurology 4-Plex E

(N4PE) assays for Aβ42, Aβ40, p-tau181 (v2.1), NfL, and GFAP, were

run in duplicate on a Quanterix Simoa-HD-X analyzer at the Quan-

terix Accelerator Laboratory. Further details are included in the study

methodology report, which may be accessed from the ADNI database

(adni.loni.usc.edu).

2.4 CSF collection and analysis and APOE
genotyping

Data on CSF biomarkers and apolipoprotein E (APOE) genotype were

obtained from ADNI. CSF Aβ42, total tau, and p-tau181 were mea-

sured using the Elecsys β-amyloid (1-42) CSF, Elecsys Total-Tau CSF,

and Elecsys Phospho-Tau (181P) CSF immunoassays, respectively, on a

Cobas e 601 analyzer (Roche Diagnostics International Ltd, Rotkreuz,

Switzerland). APOE genotyping was performed as part of the ADNI

protocol.

2.5 Amyloid PET, tau PET, and MRI variables

Amyloid PET imaging was conducted at each ADNI site following

standardized protocols for florbetapir and florbetaben.31 A global

standardized uptake value ratio (SUVR) was estimated across corti-

cal summary regions, specifically the frontal, cingulate, parietal, and

lateral temporal cortices, as defined by FreeSurfer v7.1. This ratio

was normalized to the whole cerebellum. To estimate the standard-

ized global cortical Aβ burden in Centiloid units, transformations

provided by the ADNI PET Core were applied to florbetaben and flor-

betapir. The threshold for amyloid PET positivity was set at > 20

Centiloids, which corresponds to the recommended thresholds for

florbetapir (whole cerebellum-normalized SUVR of 1.1132) and flor-

betaben (whole cerebellum-normalized SUVR of 1.0833).

Tau PET imaging was conducted at each ADNI site following stan-

dardized protocols for flortaucipir. The four 5-min flortaucipir PET

scans were corrected for motion, averaged, smoothed to a uniform

resolution of 6 mm, and co-registered to the individual participant’s

accompanying T1-weighted MRI scan. Using the CenTauR standard-

ized masks,34 SUVRs were estimated for regions of interest (ROIs) as

defined by FreeSurfer v7.1. The mesial temporal meta-ROI included

regions with early tau PET signal (entorhinal, parahippocampus, and

amygdala), and the temporal-parietal meta-ROI included regions with

both early and later tau PET signal (the entorhinal, parahippocam-

pus, amygdala, fusiform, inferior and middle temporal gyri). These

SUVRs were normalized to the inferior cerebellar gray matter ref-

erence region, as defined by the SUIT template.35 The derivation

of cutoffs for early and late tau PET positivity are described in

Appendix A.

Structural brain MRI data included a 3D MP-RAGE or IR-SPGR

T1-weighted 3T MRI with sagittal slices. The full cortex of each

subject brain was parcellated into 41 bilateral ROIs using a volumet-

ric Desikan-Killiany-Tourville atlas, using FreeSurfer v5.1 for ADNI-

GO/2 data and v6.0 for ADNI-3 data. A composite meta-ROI cortical

thickness measurement was calculated that included the entorhi-

nal, fusiform, parahippocampal, mid-temporal, inferior-temporal, and

angular gyrus.36 To address differences in image acquisition proto-

col and image processing, the meta-ROI cortical thickness measure
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was harmonized using the ComBat-GAM method.37 Harmonization

parameters specific to each batch were estimated using data from the

cognitively unimpaired individuals, while considering normal variance

due to age, and sex. The age effect was modeled as a non-linear effect

over the study age range. The estimated harmonization parameters

were then applied to the full dataset. Finally, normal aging effects on

the meta-ROI cortical thickness (harmonized) was estimated within

cognitively unimpaired and Aβ-negative individuals and regressed out

from the corresponding measures from all individuals (using age and

quadratic age as predictors). The steps for ComBAT-GAM harmo-

nization and adjusting for normal effects of age utilized all available

ADNI data for unbiasedmodeling. The derivation of cutoffs for cortical

thickness abnormality are described in Appendix A.

2.6 Statistical methods

The specific ADNI datasets used by this study are listed and the

annotated code used for study analyses is provided in full so that

other investigators can easily replicate and extended our analy-

ses (see Appendix B and https://github.com/WashUFluidBiomarkers/

HeadToHeadBloodTestStudy38). The initial submitted manuscript was

posted on a pre-print server.39

For participant characteristics tables, the significance of differences

by amyloid PET status were evaluated withWilcoxon ranked sum tests

for continuous variables and chi-squared or Fisher exact tests for cat-

egorical variables. The percent difference by amyloid PET status in

the median plasma biomarker level was calculated as the difference

between themedian of the amyloid PET positive and amyloid PET neg-

ative groups divided by themedian for the amyloid PET negative group

times 100.

Unadjusted logistic regression models for a binary outcome (amy-

loid PET status, tau PET status, cortical thickness status, or cognitive

impairment status [CDR = 0 or CDR > 0]) were used to assess the

classification accuracy of plasma biomarker analytes separately or

combined within a company/assay panel. Brier scores were used to

quantify the prediction accuracy of the logistic regression models.40

Logistic regression models adjusted for the covariates of age, sex, and

APOE genotype were also examined. Differences between receiver

operating characteristic areas under the curves (AUCs)were evaluated

usingDeLong tests.41 WhenmultipleAUCswere compared, the signifi-

cancewas adjustedusing theBenjamini-Hochberg procedure.42 Cutoff

values for separate analytes that yielded the highest combined sensi-

tivity and specificity (Youden Index) for an outcome were found. For

each cutoff, the following metrics were calculated: sensitivity, speci-

ficity, overall accuracy, positive predictive value (PPV), and negative

predictive value (NPV).

Spearman correlations were used to evaluate the continuous rela-

tionships of plasma biomarkers with amyloid PET Centiloid, tau

PET measures, cortical thickness measure, and dementia severity as

measured by the CDR-SB. For partial Spearman correlations, anal-

yses included covariates of age, sex, and APOE genotype. Compar-

isons between Spearman correlations were performed by bootstrap-

ping. When multiple measures were compared, the significance was

adjusted using the Benjamini-Hochberg procedure.42

3 RESULTS

3.1 Participants

The full cohort included data from 392 individuals with a median

age of 78.1 years (interquartile range 72.9–83.3 years); 193 (49.2%)

were female; 132 (33.7%) carried an APOE ε4 allele; 366 (93.4%) self-

identified as their race as white; 191 (48.7%) were amyloid PET posi-

tive; and 192 (49.0%) were cognitively impaired (CDR > 0), (Table 1).

Of the participants with cognitive impairment, 148 (77.1%) had mild

cognitive impairment or very mild dementia (CDR 0.5) and 44 (22.9%)

haddementia (CDR1or higher), (see Tables S1, S2 for characteristics of

the cognitively impaired and unimpaired sub-cohorts).Within 1 year of

plasma collection, all individuals in the full cohort had amyloid PET, 188

had tau PET, 266 had structural brain MRI, and 122 had Elecsys data

for both CSF p-tau181 and Aβ42 (see Tables S3–S5 for characteristics

of the tau PET, structural brainMRI, and CSF sub-cohorts).

3.2 Sensitivity and variance of assays

Of the 392 samples included, 110 samples had p-tau217 values that

were below the level of detection for the C2N PrecivityAD2 assay and

were assigned values of 0.65 pg/mL (half the value of the limit of detec-

tion). Therewere12 sampleswith p-tau217values thatwerebelow the

level of detection for the Fujirebio Lumipulse assay and were assigned

values of 0.030 pg/mL. Analyte values were within range for the other

assays.

The variance in measurements was assessed using aliquots of two

pooled control plasma samples with known higher or lower p-tau217

values that were run with each batch of samples. For most assays, the

coefficient of variance (CV) ranged from 3% to 10% (see Appendix

C). The exception was for Fujirebio Lumipulse p-tau217, which had

CVs of 11% and 34% for the higher and lower controls, respec-

tively. The low control was near the lower limit of quantitation for

the Fujirebio Lumipulse p-tau217 assay, which may explain the higher

imprecision.

3.3 Correlations between plasma biomarkers

Correlations between plasma biomarker levels across platforms were

evaluated with samples from the 392 individuals (Figure 1). C2N

PrecivityAD2%p-tau217 and C2N PrecivityAD2 p-tau217 values

were highly correlated (unadjusted Spearman ρ = 0.94 [95% con-

fidence intervals 0.93–0.95]); notably, the numerator in %p-tau217

is p-tau217, so a high correlation was expected. ALZpath Quan-

terix and Janssen LucentAD Quanterix p-tau217 concentrations

were also highly correlated (ρ = 0.94 [0.92–0.95]). Compared to

https://github.com/WashUFluidBiomarkers/HeadToHeadBloodTestStudy
https://github.com/WashUFluidBiomarkers/HeadToHeadBloodTestStudy


SCHINDLER ET AL. 8079

TABLE 1 Cohort characteristics.

Full cohort Amyloid PET negative Amyloid PET positive

Characteristic n= Values n= Values n= Values p-value

Demographics

Age (years) 392 78.1 (72.9–83.3) 201 76.1 (71.8–81.9) 191 79.0 (74.5–84.2) =0.0026

Sex (n, % female) 392 193 (49.2%) 201 98 (48.8%) 191 95 (49.7%) =0.80

APOE genotype
(22/23/24/33/34/44)

392 1/35/6/224/108/18 201 1/29/1/133/31/6 191 0/6/5/91/77/12 <0.0001

APOE ε4 carrier status (n, % carrier) 392 132 (33.7%) 201 38 (18.9%) 191 94 (49.2%) <0.0001

Years of education 392 16 (14–18) 201 16 (14–19) 191 16 (14–18) =0.10

Race (Black/White/Other) 392 14/366/12 201 8/184/9 191 6/182/3 =0.22

CDR (0/0.5/1+) 392 200/148/44 201 124/47/3 191 76/74/41 =0.025

CDR Sum of Boxes 392 0 (0–1.5) 201 0 (0–1) 191 1 (0–3) <0.0001

Plasma collection to CDR (years) 392 0 (0–0.02) 201 0 (0–0.02) 191 0 (0–0.02) =0.36

Amyloid PET

Amyloid PET Centiloid 392 19 (−2–68) 201 −2 (−9–6) 191 69 (47–99) <0.0001

Plasma collection to amyloid PET

(years)

392 0.02 (0–0.04) 201 0.02 (0–0.04) 191 0.02 (0.003–0.04) =0.88

Tau PET

Early Tau PET 188 1.18 (1.1–1.3) 97 1.14 (1.06–1.23) 91 1.28 (1.15–1.44) <0.0001

Early Tau PET positivity 188 40, 21.3% 97 4, 4.1% 91 36, 39.6% <0.0001

Late Tau PET 188 1.13 (1.07–1.2) 97 1.11 (1.05–1.15) 91 1.17 (1.09–1.32) <0.0001

Late Tau PET positivity 188 29, 15.4% 97 2, 2.1% 91 27, 29.7% <0.0001

Plasma collection to tau PET (years) 188 0.02 (0.003–0.09) 97 0.02 (0.003–0.08) 91 0.02 (0.003–0.11) =0.54

Cortical thickness

Cortical thickness 266 2.8 (2.69–2.89) 144 2.82 (2.75–2.89) 122 2.76 (2.62–2.88) =0.00284

Cortical thickness positivity 266 27, 10.2% 144 5, 3.5% 122 22, 18.0% <0.0001

Plasma collection toMRI (years) 266 0.01 (0–0.04) 144 0.008 (0–0.04) 122 0.01 (0–0.05) =0.053

CSF Elecsys

CSF p-tau181/Aβ42 122 0.0267

(0.0127-0.0506)

52 0.0127

(0.00963-0.0162)

70 0.0482

(0.0304-0.063)

<0.0001

CSF p-tau181 (pg/mL) 123 23.3 (17.7–30.9) 52 19.2 (15.1–24.5) 71 27.1 (22.2–36.6) <0.0001

CSF Aβ42 (pg/mL) 125 860 (647–1360) 55 1360 (1030–1830) 70 691 (528–837) <0.0001

Plasma collection to CSF (years) 122 0 (0–0.005) 52 0 (0–0.005) 70 0 (0–0) =0.49

Note: Continuous values are presented as themedianwith the interquartile range. The significance of differences by amyloid PET status were evaluatedwith

Wilcoxon’s rank-sum tests for continuous variables and chi squared or Fisher’s exact tests for categorical variables. All tests were two sided and not adjusted

for covariates or multiple comparisons. Please see themethods and Appendix A for definitions of early tau PET, late tau PET, and cortical thickness.

C2N PrecivityAD2 p-tau217, C2N PrecivityAD2%p-tau217 had lower

correlations with p-tau217 concentrations as measured by the three

immunoassays: ALZpath Quanterix, ρ = 0.89 versus 0.81, p = 0.0002;

Fujirebio Lumipulse, ρ=0.88 versus 0.81, p=0.001; Janssen LucentAD

Quanterix ρ = 0.88 versus 0.80, p = 0.0002. C2N PrecivityAD2%p-

tau217 had much lower correlations with Roche NeuroToolKit p-

tau181 (ρ = 0.69 [0.63–0.74]) and Quanterix Neurology 4-Plex p-

tau181 (ρ = 0.54 [0.45–0.62]). The four Aβ42/Aβ40 measures had

pairwise correlations that ranged from 0.63 to 0.43; the Fujirebio

Lumipulse andQuanterixNeurology 4-Plex had the highest correlation

(ρ = 0.63 [0.55–0.70]). Roche NeuroToolKit and Quanterix Neurol-

ogy 4-Plex concentrations of GFAP and NfL were highly correlated

(ρ= 0.94 [0.91–0.97] and ρ= 0.96 [0.94–0.97], respectively).

3.4 Differences in plasma biomarkers by amyloid
PET status

Differences in plasma biomarker levels associated with positive amy-

loid PET status were examined. Because plasma biomarker values tend

to be highly skewed and therefore mean levels may overestimate the

degree of abnormality for the typical amyloid PET positive individual,
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F IGURE 1 Correlationmatrix of plasma biomarker measures in the full cohort. All individuals (n= 392) had plasma biomarker measures for
the C2N PrecivityAD2, Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuanterix, and Roche NeuroToolKit assays. A sub-cohort
(n= 342) additionally had plasma biomarker measures for theQuanterix Neurology 4-Plex assays. The unadjusted Spearman correlation of plasma
biomarker measures with one another is shown. Redder colors are used for higher absolute correlations, and bluer colors are used for lower
absolute correlations. Black boxes represent identity.

percent differences were calculated for the median plasma biomarker

levels (Table 2). Compared to the amyloid PET negative group, median

plasmap-tau217washigher in the amyloidPETpositive groupby255%

(Fujirebio Lumipulse), 245% (C2N PrecivityAD2%p-tau217), 228%

(C2N PrecivityAD2 p-tau217), 170% (ALZpath Quanterix), and 139%

(Janssen LucentAD Quanterix). The percent difference in median p-

tau181was 66% (RocheNeuroToolKit) and 55% (QuanterixNeurology

4-Plex). Differences in median plasma Aβ42/Aβ40 levels were much

smaller in magnitude, ranging from 13% to 10% lower in the amyloid

PET positive group, but were still highly significant due to low variance

in values.Median plasmaGFAPandNfLwere higher in the amyloid PET

positive group (64 to 61% for GFAP, 28% to 27% for NfL).
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TABLE 2 Plasma biomarker measures stratified by amyloid PET status.

Full cohort Amyloid PET negative Amyloid PET positive Unadjusted
Percent

differenceCharacteristic n= Values n= Values n= Values p-value

C2NPrecivityAD2

Aβ42 (pg/mL) 392 40.1 (35.5–46.3) 201 42.0 (37.2–47.5) 191 39.2 (34.2–43.8) =0.0001 −6.7%

Aβ40 (pg/mL) 392 441 (390–488) 201 435 (385–487) 191 447 (399–491) =0.23 2.8%

Aβ42/Aβ40 392 0.0915

(0.0852–0.0997)

201 0.0974

(0.0894–0.104)

191 0.0871

(0.0821–0.0936)

<0.0001 −10.6%

p-tau217 (pg/mL) 392 2.27 (0.65–4.29) 201 1.31 (0.65–1.86) 191 4.3 (2.95–6.5) <0.0001 228%

%p-tau217 (%) 392 3.98 (1.86–7.54) 201 2.20 (1.45–3.27) 191 7.58 (5.24–10.5) <0.0001 245%

np-tau217 (pg/mL) 392 54.6 (44.3–66) 201 51.8 (41.4-62.7) 191 58.1 (48.7–71.7) <0.0001 12.2%

Fujirebio Lumipulse

Aβ42 (pg/mL) 392 26.9 (23.4–31) 201 28.1 (24.2–32.6) 191 25.5 (22.2–28.8) <0.0001 −9.3%

Aβ40 (pg/mL) 392 301 (267–342) 201 300 (267–338) 191 307 (267–345) =0.43 2.3%

Aβ42/Aβ40 392 0.0883

(0.0804–0.0965)

201 0.0944

(0.0865–0.102)

191 0.082

(0.0781–0.0887)

<0.0001 −13.1%

p-tau217 (pg/mL) 392 0.158 (0.089–0.326) 201 0.094 (0.065–0.143) 191 0.334 (0.196–0.52) <0.0001 255%

ALZpathQuanterix

p-tau217 (pg/mL) 392 0.432 (0.251–0.746) 201 0.275 (0.202–0.395) 191 0.741 (0.53–1.09) <0.0001 170%

Janssen LucentADQuanterix

p-tau217 (pg/mL) 392 0.059 (0.038–0.1) 201 0.041 (0.029–0.055) 191 0.098 (0.069–0.143) <0.0001 139%

RocheNeuroToolKit

Aβ42 (pg/mL) 392 37.7 (32.4–42.7) 201 39.3 (34.2–44.9) 191 36.1 (30.7–40.9) <0.0001 −8.1%

Aβ40 (ng/mL) 392 0.308 (0.276–0.342) 201 0.305 (0.276–0.339) 191 0.310 (0.278–0.343) =0.54 1.6%

Aβ42/Aβ40 392 0.122 (0.111–0.133) 201 0.131 (0.12–0.141) 191 0.115 (0.108–0.122) <0.0001 −12.2%

p-tau181 (pg/mL) 392 1.15 (0.855–1.58) 201 0.922 (0.739–1.15) 191 1.53 (1.15–1.95) <0.0001 65.9%

GFAP (ng/mL) 392 0.116 (0.0826–0.164) 201 0.0908

(0.0712–0.126)

191 0.149 (0.108–0.192) <0.0001 64.1%

NfL (pg/mL) 392 4.02 (3.11–5.39) 201 3.64 (2.77–4.64) 191 4.64 (3.57–6.12) <0.0001 27.5%

Quanterix Neurology 4-Plex

Aβ42 (pg/mL) 342 6.32 (5.36–7.43) 183 6.68 (5.67–8.09) 159 6.01 (5.04–6.87) <0.0001 −10.0%

Aβ40 (pg/mL) 342 108 (91.8–130) 183 106 (90–130) 159 111 (93.3–130) =0.60 4.7%

Aβ42/Aβ40 342 0.0578

(0.0518–0.0651)

183 0.0617

(0.0556-0.0678)

159 0.0545

(0.0483–0.0589)

<0.0001 −11.7%

p-tau181 (pg/mL) 342 20.3 (14.6–30.8) 183 17.1 (12.4–22.5) 159 26.5 (19.2-36.3) <0.0001 55.0%

GFAP (pg/mL) 342 168 (114–246) 183 134 (103–184) 159 216 (155–283) <0.0001 61.2%

NfL (pg/mL) 342 22.9 (16.6–30.8) 183 20.1 (14.4–26.7) 159 25.6 (19.8–37) <0.0001 27.4%

Note: All individuals (n= 392) had plasma biomarkermeasures for the C2NPrecivityAD2, Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuan-

terix, and Roche NeuroToolKit assays. A sub-cohort (n = 342) additionally had plasma biomarker measures for the Quanterix Neurology 4-Plex assays.

Continuous values are presented as the median with the interquartile range. The significance of unadjusted differences by amyloid PET status were eval-

uated withWilcoxon’s rank-sum tests. All tests were two sided. The percent difference by amyloid PET status in themedian plasma biomarker level is shown

(difference in themedians for amyloid PET positive and negative groups divided by themedian for the amyloid PET negative group times 100).

3.5 Classification of amyloid PET status by
plasma biomarkers

The classification accuracies of individual plasma biomarkers for

amyloid PET status as defined by Centiloid > 20 or ≤20 were eval-

uated using logistic regression models in the full cohort. With the

expectation that companiesmay provide a panel of plasma biomarkers,

models that combined plasma biomarkers from the same company

were also examined (Figure 2 and Figure 3). The highest classification

accuracies of amyloid PET status in the full cohort were achieved by

C2NPrecivityAD2 and Fuijirebio Lumipulsemodels that includedmea-

sures of both p-tau217 and Aβ42/Aβ40 (Table 3). However, the C2N

PrecivityAD2%p-tau217 and Aβ42/Aβ40 combined model (receiver

operating characteristic AUC 0.929 [95% confidence intervals
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F IGURE 2 Receiver operating characteristics area under the
curve plots for amyloid PET status in the full cohort. All individuals
(n= 392) had plasma biomarker measures for the C2NPrecivityAD2,
Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentAD
Quanterix, and Roche NeuroToolKit assays. A sub-cohort (n= 342)
additionally had plasma biomarker measures for theQuanterix
Neurology 4-Plex assays. The best performing plasma biomarker
measure or combination of measures from each company is shown for
unadjustedmodels of amyloid PET> or≤20 Centiloids. The solid black
line represents amodel of covariates alone. The dotted black line
represents chance classification.

0.902–0.956]) was not superior to the model with %p-tau217 alone

(AUC 0.927 [0.900–0.955]), p = 0.54. For C2N PrecivityAD2%p-

tau217, a cutoff of 4.06% yielded a positive percent agreement (PPA)

of 88.5%, a negative percent agreement (NPA) of 87.1%, an overall

percent accuracy of 87.8%, a PPV of 86.7%, and an NPV of 88.8% for

amyloid PET status (Table 4). The Fujirebio Lumipulse p-tau217 and

Aβ42/Aβ40 combined model (AUC 0.911 [0.882–0.940]) did not have

significantly different performance from the C2N PrecivityAD2%p-

tau217 and Aβ42/Aβ40 combined model (p = 0.16), or the model

with Fujirebio Lumipulse p-tau217 alone (AUC 0.896 [0.864–0.928],

p= 0.12), (Table 3). For Fujirebio Lumipulse p-tau217, a cutoff of 0.158

pg/mL yielded a PPA of 84.3%, a NPA of 82.1%, an accuracy of 83.2%, a

PPV of 81.7%, and a NPV of 84.6% (Table 4).

Compared to the C2N PrecivityAD2 combined model, the ALZ-

path Quanterix p-tau217 and Janssen LucentAD Quanterix p-tau217

models had significantly lower performance (ALZpath Quanterix AUC

0.885 [0.851–0.920]; Janssen LucentADQuanterixAUC0.882 [0.848–

0.916]), p = 0.0006 for both versus the C2N PrecivityAD2 combined

model (Table 3). For the Roche NeuroToolKit and Quanterix Neurol-

ogy 4-Plex assays, models including p-tau181, Aβ42/Aβ40, NfL, and
GFAP were most accurate (Roche NeuroToolKit AUC 0.873 [0.838–

0.909]; Quanterix Neurology 4-Plex AUC 0.808 [0.763–0.854]), but

were not significantly better than models including only p-tau181 and

Aβ42/Aβ40 (Roche NeuroToolKit AUC 0.871 [0.834–0.907], p = 0.67

for the two compared to the four analyte model; Quanterix Neurology

4-Plex AUC 0.782 [0.733–0.830], p = 0.083 for the two compared to

the four analyte model), (Table 3). Findings were nearly identical for

models including covariates of age, sex, and APOE genotype (Table 3).

In a sub-cohort of 122 individuals with CSF data available, the

classification accuracies of the plasma biomarker models for amyloid

PET status were directly compared to CSF Elecsys p-tau181/Aβ42.
In this smaller sample, the classification accuracy of the CSF Elecsys

p-tau181/Aβ42 model (AUC 0.915 [0.864–0.967]) was not signifi-

cantly different fromthe classification accuracies of the topperforming

plasma models for all six companies: C2N PrecivityAD2%p-tau217 +
Aβ42/Aβ40 (AUC 0.907 [0.851–0.963], p = 0.67); Fujirebio Lumipulse

p-tau217 + Aβ42/Aβ40 (AUC 0.897 [0.840–0.955], p = 0.58); ALZ-

pathQuanterix p-tau217 (AUC0.883 [0.822–0.945], p=0.22); Janssen

LucentAD Quanterix p-tau217 (AUC 0.858 [0.792–0.924], p = 0.12);

RocheNeuroToolKit p-tau181+Aβ42/Aβ40+GFAP+NfL (AUC0.834

[0.760–0.908], p = 0.098); Quanterix Neurology 4-Plex p-tau181 +
Aβ42/Aβ40+GFAP+NfL (AUC 0.822 [0.740-0.905], p= 0.13), (Tables

S6, S7).

The classification accuracies of plasma biomarker models of amy-

loid PET status as defined by Centiloid > 20 were evaluated in the

sub-cohort of 192 individuals with cognitive impairment (CDR > 0),

which is relevant to clinical practice in which biomarker testing is

limited to patients with cognitive impairment (Figure 4, Table S8). Clas-

sification accuracies were slightly higher than in the full cohort: the

C2N PrecivityAD2%p-tau217 and Aβ42/Aβ40 combinedmodel had an

AUCof 0.958 [0.932–0.985] and the Fujirebio Lumipulse p-tau217 and

Aβ42/Aβ40 combined model had an AUC of 0.952 [0.925–0.980]. In

the cognitively impaired sub-cohort, a C2N PrecivityAD2%p-tau217

cutoff of 4.85% had a PPA of 87.8%, a NPA of 92.2%, and an accuracy

of 89.6%; a Fujirebio Lumipulse p-tau217 cutoff of 0.207 pg/mL had a

PPA of 85.2%, a NPA of 92.2%, and an accuracy of 88.0%; an ALZpath

Quanterix p-tau217 cutoff of 0.462 pg/mL had a PPA of 92.2%, a NPA

of 84.4%, and an accuracy of 89.1%; a Janssen LucentAD Quanterix p-

tau217cutoff of 0.0695pg/mLhadaPPAof87.0%, aNPAof87.0%, and

an accuracy of 87.0%. (Table S9).

Conversely, classification accuracies were lower in the sub-cohort

of 200 individuals who were cognitively unimpaired (CDR = 0), which

is relevant to clinical trials of preventative treatments (Figure 4, Tables

S10, S11). The C2N PrecivityAD2%p-tau217 model had an AUC of

0.892 [0.842–0.942] andwas statistically superior to the best perform-

ing models from other companies including the Fujirebio Lumipulse

combinedmodel, which had an AUC of 0.840 [0.782–0.897], p= 0.024.

If a more abnormal cutoff value were chosen for amyloid PET pos-

itivity (Centiloid > 37), the classification accuracies were similar or

slightly higher for p-tau217 and p-tau181 models and were similar or

slightly lower for Aβ42/Aβ40 models in the full cohort (Tables S12,

S13), cognitively impaired sub-cohort (Tables S14, S15), and cognitively

unimpaired sub-cohort (Tables S16, S17).

Cutoffs for amyloid status that were previously published or

reported by the company were examined in the full cohort (Table S18).
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F IGURE 3 Classification accuracies of individual and combined plasma biomarker measures for key outcomes in the full cohort. All individuals
(n= 392) had plasma biomarker measures for the C2NPrecivityAD2, Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuanterix, and
Roche NeuroToolKit assays. A sub-cohort (n= 342) additionally had plasma biomarker measures for theQuanterix Neurology 4-Plex assays. The
receiver operating characteristics area under the curve (AUC) point estimate (midpoint) and 95% confidence intervals are shown for classification
of amyloid positron emission tomography (PET) status (> or≤20 Centiloids), early tau PET status, cortical thickness status, and cognitive
impairment status (CDR> 0 or= 0) by individual or combined plasma biomarkermeasures. The dashed vertical reference lines represent the AUCs
formodels including only covariates (age, sex, apolipoprotein E [APOE] genotype) as predictors. Please see theMethods section and Appendix A for
definitions of early tau PET status and cortical thickness status.

Notably, these cutoffs were developed in different cohorts and may

have been determined using different standards for amyloid positiv-

ity than in the current study (amyloid PET Centiloid > 20). For C2N

PrecivityAD2%p-tau217, the cutoff of 4.2% for distinguishing amyloid

status that was previously reported25 was similar to the cutoff deter-

mined in the current study (4.06%),with similar accuracy for classifying

amyloid PET status (86.7% for Meyer cutoff, 87.8% for current study

cutoff). For ALZpathQuanterix p-tau217, the cutoff of 0.42 pg/mL that

was previously reported26 was also similar to the cutoff determined

in the current study (0.444 pg/mL), with similar accuracy (82.4% for

Ashton cutoff, 83.7% for current study cutoff).

3.6 Correlations between amyloid PET Centiloid
and plasma biomarkers

Correlations between amyloid PET Centiloid and individual plasma

biomarkers were examined with Spearman correlations because of

expected non-linearity in these relationships (Figure 5). In the full

cohort, amyloid PET Centiloid had the strongest correlation with the

C2N PrecivityAD2%p-tau217 (unadjusted Spearman ρ = 0.771 [95%

confidence intervals 0.735 to 0.804]), which was superior to cor-

relations of analytes from other companies including with Fujirebio

Lumipulse p-tau217 (ρ = 0.715 [0.663 to 0.760], p = 0.011), ALZ-

path Quanterix p-tau217 (ρ = 0.702 [0.649 to 0.748], p = 0.0040),

and Janssen LucentAD Quanterix p-tau217 (ρ = 0.699 [0.647 to

0.748], p = 0.0029) (Figure 6, Table 5). Correlations between amyloid

PET Centiloid and p-tau181 were much lower as compared to C2N

PrecivityAD2%p-tau217: Roche NeuroToolKit p-tau181 (ρ = 0.547

[0.472 to 0.618], p < 0.0001) and Quanterix Neurology 4-Plex p-

tau181 (ρ = 0.438 (0.351 to 0.512), p < 0.0001). Correlations between

amyloid PET Centiloid and Aβ42/Aβ40 were also lower, ranging from

a correlation of ρ = −0.531 (−0.595 to −0.455) for the Roche Neuro-
ToolKit to ρ=−0.404 (−0.486 to−0.316) for the Quanterix Neurology

4-Plex. Findings were similar for models including covariates of age,

sex, and APOE genotype (Table 5).

In the cognitively impaired sub-cohort, the correlation of C2N

PrecivityAD2%p-tau217 with amyloid PET Centiloid was ρ = 0.792

[0.744 to 0.832], which was not significantly different from Fujirebio

Lumipulse p-tau217 (ρ = 0.792 [0.746 to 0.829], p = 0.97), ALZ-

path Quanterix p-tau217 (ρ = 0.768 [0.714 to 0.807], p = 0.35),

or Janssen LucentAD Quanterix p-tau217 (ρ = 0.744 [0.680 to

0.792], 0.087), (Figure 7, Table S19). Correlations between amyloid

PET Centiloid and p-tau181 remained lower as compared to C2N
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TABLE 4 Classification accuracies of individual plasma biomarker measures for amyloid PET status defined by Centiloid> 20 or≤20 in the full
cohort.

Company Analyte AUC Cutoff

Brier

Score PPA NPA Accuracy PPV NPV

C2N

PrecivityAD2

%p-tau217 0.927 (0.900–0.955) 4.06 (%) 0.098 0.885 0.871 0.878 0.867 0.888

p-tau217 0.916 (0.887–0.946) 2.34 (pg/mL) 0.107 0.864 0.871 0.867 0.864 0.871

Aβ42/Aβ40 0.751 (0.703–0.799) 0.0924 0.205 0.717 0.672 0.694 0.675 0.714

Fujirebio

Lumipulse

p-tau217 0.896 (0.864–0.928) 0.158 (pg/mL) 0.129 0.843 0.821 0.832 0.817 0.846

Aβ42/Aβ40 0.787 (0.741–0.833) 0.0869 0.190 0.723 0.751 0.737 0.734 0.740

ALZpath

Quanterix

p-tau217 0.885 (0.851–0.920) 0.444 (pg/mL) 0.129 0.843 0.831 0.837 0.826 0.848

Janssen

LucentAD

Quanterix

p-tau217 0.882 (0.848–0.916) 0.0615 (pg/mL) 0.138 0.806 0.831 0.819 0.819 0.819

Roche

NeuroToolKit

p-tau181 0.815 (0.772–0.858) 1.14 (pg/mL) 0.177 0.775 0.746 0.760 0.744 0.777

Aβ42/Aβ40 0.775 (0.728–0.823) 0.126 0.197 0.864 0.627 0.742 0.688 0.829

GFAP 0.758 (0.710–0.806) 0.113 (ng/mL) 0.203 0.728 0.682 0.704 0.685 0.725

NfL 0.677 (0.624–0.729) 4.29 (pg/mL) 0.228 0.592 0.682 0.638 0.638 0.637

Quanterix

Neurology

4-Plex

GFAP 0.756 (0.704–0.807) 205 (pg/mL) 0.204 0.597 0.814 0.713 0.736 0.700

p-tau181 0.747 (0.694–0.799) 20.5 (pg/mL) 0.211 0.717 0.694 0.705 0.671 0.738

Aβ42/Aβ40 0.734 (0.681–0.787) 0.0582 0.214 0.730 0.689 0.708 0.671 0.746

NfL 0.670 (0.613–0.727) 21.7 (pg/mL) 0.229 0.686 0.574 0.626 0.583 0.677

Note: The receiver operating characteristics area under the curve (AUC) point estimate (midpoint) and 95% confidence intervals are shown for classification

of amyloid PET status (> or ≤20 Centiloids) by plasma biomarker measures. The single cutoff for the plasma biomarker that best distinguishes amyloid PET

status based on the Youden index is shown, as well as the positive percent agreement (PPA) and negative percent agreement (NPA), overall accuracy, Brier

score (confidence of model prediction), positive predictive value (PPV), and negative predictive value (NPV) of the cutoff for amyloid PET status in the full

cohort, which has a 48.7% rate of amyloid PET positivity based on a cutoff of> 20 Centiloids.

PrecivityAD2%p-tau217: Roche NeuroToolKit p-tau181 (ρ = 0.613

[0.519 to 0.685], p < 0.0001) and Quanterix Neurology 4-Plex p-

tau181 (ρ = 0.512 [0.401 to 0.606], p < 0.0001). Correlations between

amyloid PET Centiloid and Aβ42/Aβ40 were also low, ranging from a

correlation of ρ = −0.521 (−0.636 to −0.412) for the Roche Neuro-

ToolKit to ρ=−0.384 (−0.506 to−0.248) for the Quanterix Neurology

4-Plex.

In the cognitively unimpaired sub-cohort, C2N PrecivityAD2%p-

tau217 had a significantly higher correlation with amyloid PET Cen-

tiloid (ρ = 0.679 [0.592 to 0.756]) compared to the other p-tau217

measures: Janssen LucentAD Quanterix (ρ = 0.580 [0.477 to 0.683),

p = 0.030), Fujirebio Lumipulse (ρ = 0.563 [0.447 to 0.661], p = 0.019),

and ALZpath Quanterix (ρ = 0.546 [0.422 to 0.658], p = 0.0078),

(Figure 7, Table S20). Correlations between amyloid PET Centiloid and

p-tau181 dropped much lower in this sub-cohort as compared to C2N

PrecivityAD2%p-tau217: Roche NeuroToolKit p-tau181 (ρ = 0.389

[0.253 to 0.525], p < 0.0001) and Quanterix Neurology 4-Plex p-

tau181 (ρ = 0.293 [0.132 to 0.440], p < 0.0001). In contrast, cor-

relations between amyloid PET Centiloid and Aβ42/Aβ40 remained

relatively similar, ranging from a correlation of ρ = −0.484 (−0.584 to

−0.371) for the Roche NeuroToolKit to ρ=−0.352 (−0.470 to−0.221)
for theQuanterix Neurology 4-Plex.

In a sub-cohort with amyloid PET > 20 Centiloids, Fujirebio

Lumipulse p-tau217 had a correlation of ρ = 0.518 [0.401 to 0.615]

with amyloid PET Centiloid, which was not statistically different than

correlations for the C2N PrecivityAD2%p-tau217 (ρ = 0.494 [0.366 to

0.593], p = 0.70), Janssen LucentAD Quanterix p-tau217 (ρ = 0.509

[0.393 to 0.606], p = 0.83), or ALZpath Quanterix p-tau217 (ρ = 0.496

[0.384 to 0.596], p = 0.62) (Figure 7, Table S21). In a sub-cohort with

amyloid PET≤20 Centiloids, very low levels of amyloid burden had the

highest correlations with Roche NeuroToolKit Aβ42/Aβ40 (ρ=−0.349
[−0.472 to −0.211]), Fujirebio Lumipulse Aβ42/Aβ40 (ρ = −0.248
[−0.372 to −0.109]), and C2N PrecivityAD2%p-tau217 (ρ = 0.245

[0.102 to 0.379]), (Figure 7, Table S22).

3.7 Classification of tau PET status by plasma
biomarkers

The classification accuracies of individual and combined plasma

biomarkers for early tau PET status as defined by flortaucipir signal

in the mesial temporal meta-ROI (entorhinal, parahippocampus, and

amygdala) were evaluated using logistic regression models in the full

cohort (Figure 3, Tables S23, S24). The highest performing models

from each company included either p-tau217 or p-tau181 and were

not significantly different from one another: C2N PrecivityAD2%p-

tau217 (AUC 0.888 [0.836–0.940]), Fujirebio Lumipulse p-tau217

(AUC 0.859 [0.802–0.916]), ALZpath Quanterix p-tau217 (AUC 0.850
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F IGURE 4 Classification accuracies of individual and combined plasma biomarker measures for amyloid PET. Classification accuracies are
shown for the full cohort (n= 392), cognitively impaired sub-cohort (n= 192), and cognitively unimpaired sub-cohort (n= 200). The receiver
operating characteristics area under the curve (AUC) point estimate (midpoint) and 95% confidence intervals are shown for classification of
amyloid positron emission tomography (PET) status (> or≤20 Centiloids) by individual or combined plasma biomarker measures. The dashed
vertical reference lines represent the AUCs for models including only covariates (age, sex, apolipoprotein [APOE] genotype) as predictors.

[0.788–0.912]), Janssen LucentAD Quanterix p-tau217 (AUC 0.846

[0.780–0.912]), Roche NeuroToolKit p-tau181 + Aβ42/Aβ40 + GFAP

+ NfL (AUC 0.874 [0.823–0.925]), and Quanterix Neurology 4-Plex

p-tau181 + Aβ42/Aβ40 + GFAP + NfL (AUC 0.874 [0.819–0.930]).

Notably, the Roche NeuroToolKit p-tau181 (0.823 [0.755–0.891]) and

Quanterix Neurology 4-Plex p-tau181 (0.803 [0.724–0.883]) models

werenot significantly different from themodels combining all four ana-

lytes (p = 0.095 for difference in Roche NeuroToolKit 2 vs. 4 analyte

models; p = 0.10 for difference in Quanterix Neurology 4-Plex 2 vs. 4

analyte models).

In the cognitively impaired sub-cohort, classification accuracies

for early tau PET status were slightly higher, including for the

C2N PrecivityAD2%p-tau217 (AUC 0.921 [0.857–0.985]) and Janssen

LucentAD Quanterix p-tau217 (AUC 0.921 [0.855–0.986]) models,

and again there were no significant differences between the top

performing models from each company (Tables S25, S26). In the cog-

nitively unimpaired sub-cohort, classification accuracies were lower

for the C2N PrecivityAD2%p-tau217 (AUC 0.805 [0.707–0.903]) and

Janssen LucentAD Quanterix p-tau217 (AUC 0.677 [0.522–0.833])

models (Table S27). In the sub-cohort with amyloid PET > 20 Cen-

tiloids, classification accuracies for models of early tau PET sta-

tus were lower than in the full cohort, including for the C2N

PrecivityAD2%p-tau217 (AUC 0.792 [0.694–0.891]) and Janssen

LucentAD Quanterix p-tau217 (AUC 0.744 [0.638–0.850]) models,

(Tables S28, S29).

The classification accuracies of individual and combined plasma

biomarkers for late tau PET status as defined by flortaucipir signal in

the temporal-parietal meta-ROI (entorhinal, parahippocampus, amyg-

dala, fusiform, inferior andmiddle temporal gyri) were evaluated using

logistic regression models in the full cohort (Table S30). The highest

performing models were C2N PrecivityAD2%p-tau217 + Aβ42/Aβ40
(AUC 0.901 [0.823–0.980]), Janssen LucentAD Quanterix p-tau217

(AUC 0.879 [0.796–0.961]), and Fujirebio Lumipulse p-tau217 (AUC

0.878 [0.797–0.958]). As with early tau PET, classification accuracies

for late tau PET status were slightly higher in the cognitively impaired

sub-cohort (Table S31), and lower in the cognitively unimpaired sub-

cohort (Table S32) and sub-cohort with amyloid PET > 20 Centiloids

(Table S33).
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F IGURE 5 Scatterplots of plasma biomarker measures and amyloid positron emission tomography (PET) Centiloid. The best performing
plasma biomarker measure from each company is shown. All individuals (n= 392) had plasma biomarker measures for the C2N PrecivityAD2,
Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuanterix, and Roche NeuroToolKit assays. A sub-cohort (n= 342) additionally had
plasma biomarker measures for theQuanterix Neurology 4-Plex assays. Point colors represent the following: blue, cognitively unimpaired and
amyloid PET negative; green, cognitively impaired, and amyloid PET negative; orange, cognitively unimpaired and amyloid PET positive; red,
cognitively impaired, and amyloid PET positive.
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F IGURE 6 Correlations between individual plasma biomarker measures and key outcomes in the full cohort. All individuals (n= 392) had
plasma biomarker measures for the C2NPrecivityAD2, Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuanterix, and Roche
NeuroToolKit assays. A sub-cohort (n= 342) additionally had plasma biomarker measures for theQuanterix Neurology 4-Plex assays. The
unadjusted Spearman correlation point estimate (midpoint) and 95% confidence intervals with plasma biomarker measures is shown for amyloid
positron emission tomography (PET) Centiloid, the early tau PETmeasure, cortical thickness, and dementia severity by the Clinical Dementia
Rating Sum of Boxes. The dashed vertical reference lines are arbitrary and presented to aide in visual interpretation.

TABLE 5 Correlations between individual plasma biomarker measures and amyloid PET Centiloid in the full cohort.

Unadjusted for covariates Adjusted for covariates

Company Measure

Spearman rho

(95%CI) p-value
Partial Spearman rho

(95%CI) p-value

C2N

PrecivityAD2

%p-tau217 (%) 0.771 (0.735 to 0.804) REFERENCE 0.723 (0.674 to 0.767) REFERENCE

p-tau217 (pg/mL) 0.757 (0.713 to 0.798) =0.25 0.717 (0.661 to 0.762) =0.66

Aβ42/Aβ40 −0.447 (−0.521 to−0.372) <0.0001 −0.355 (−0.444 to−0.260) <0.0001

Fujirebio

Lumipulse

p-tau217 (pg/mL) 0.715 (0.663 to 0.760) =0.011 0.674 (0.615 to 0.732) =0.054

Aβ42/Aβ40 −0.507 (−0.574 to−0.433) <0.0001 −0.427 (−0.503 to−0.347) <0.0001

ALZpath

Quanterix

p-tau217 (pg/mL) 0.702 (0.649 to 0.748) =0.0040 0.669 (0.605 to 0.725) =0.037

Janssen

LucentAD

Quanterix

p-tau217 (pg/mL) 0.699 (0.647 to 0.748) =0.0029 0.653 (0.581 to 0.711) =0.0099

Roche

NeuroToolKit

p-tau181 (pg/mL) 0.547 (0.472 to 0.618) <0.0001 0.509 (0.416 to 0.589) <0.0001

Aβ42/Aβ40 −0.531 (−0.595 to−0.455) <0.0001 −0.445 (−0.527 to−0.359) <0.0001

GFAP (ng/mL) 0.438 (0.356 to 0.516) <0.0001 0.393 (0.302 to 0.477) <0.0001

NfL (pg/mL) 0.260 (0.159 to 0.363) <0.0001 0.234 (0.133 to 0.328) <0.0001

Quanterix

Neurology

4-Plex

p-tau181 (pg/mL) 0.438 (0.351 to 0.512) <0.0001 0.386 (0.285 to 0.475) <0.0001

GFAP (pg/mL) 0.428 (0.335 to 0.516) <0.0001 0.369 (0.267 to 0.460) <0.0001

Aβ42/Aβ40 −0.404 (−0.486 to−0.316) <0.0001 −0.307 (−0.404 to−0.211) <0.0001

NfL (pg/mL) 0.254 (0.146 to 0.351) <0.0001 0.194 (0.081 to 0.298) <0.0001

Note: The unadjusted Spearman correlation with amyloid PET Centiloid, and the partial Spearman correlation adjusting for age, sex, and APOE genotype, are
shownwith 95% confidence intervals. Correlations between the top performingmeasure and othermeasures were compared by bootstrapping.
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F IGURE 7 Correlations between individual plasma biomarker measures and amyloid positron emission tomography (PET) Centiloid in
sub-cohorts. All individuals (n= 392) had plasma biomarker measures for the C2N PrecivityAD2, Fujirebio Lumipulse, ALZpathQuanterix, Janssen
LucentADQuanterix, and Roche NeuroToolKit assays. A sub-cohort (n= 342) additionally had plasma biomarker measures for theQuanterix
Neurology 4-Plex assays. The unadjusted Spearman correlation point estimate (midpoint) and 95% confidence intervals are shown for amyloid
PET Centiloid, the early tau PETmeasure, cortical thickness, and dementia severity by the Clinical Dementia Rating Sum of Boxes. The dashed
vertical reference lines are arbitrary and presented to aide in visual interpretation.

3.8 Correlations between tau PET and plasma
biomarkers

Correlations between the early tau PETmeasure and individual plasma

biomarkers were examined with Spearman correlations because of

expected non-linearity in these relationships (Figure 8). In the full

cohort, the early tau PET measure had the highest correlation with

C2N PrecivityAD2 p-tau217 (ρ = 0.579 [0.468 to 0.666]), which was

not different from correlations with Fujirebio Lumipulse p-tau217

(ρ = 0.526 [0.416 to 0.620], p = 0.11), but was stronger than correla-

tions with Janssen LucentADQuanterix p-tau217 (ρ = 0.499 [0.384 to

0.594], p = 0.022), ALZpath Quanterix p-tau217 (ρ = 0.490 [0.371 to

0.586], p = 0.011), Roche NeuroToolKit p-tau181 (ρ = 0.459 [0.341 to

0.568], p = 0.0061) and Quanterix Neurology 4-Plex p-tau181 (0.411

[0.266 to 0.535], p= 0.013), (Figure 6, Table S34).

In the cognitively impaired sub-cohort, correlations with the early

tau PET measure were stronger, including for C2N PrecivityAD2 p-

tau217 (ρ = 0.755 [0.626 to 0.833]) and Fujirebio Lumipulse p-tau217

(ρ = 0.726 [0.591 to 0.818]), (Table S35). In the cognitively unim-

paired cohort, correlations with the early tau PETmeasure were much

weaker including for C2N PrecivityAD2 p-tau217 (ρ = 0.401 [0.249

to 0.548]) and Fujirebio Lumipulse p-tau217 (ρ = 0.324 [0.154 to

0.473]), (Table S36). In the sub-cohort with amyloid PET > 20 Cen-

tiloids, correlations with the early tau PET measure were lower, but

still strong for C2N PrecivityAD2 p-tau217 (ρ = 0.600 [0.450 to

0.719]), Fujirebio Lumipulse p-tau217 (ρ= 0.543 [0.395 to 0.663]), and

Janssen LucentAD Quanterix p-tau217 (ρ = 0.545 [0.391 to 0.676]),

(Table S37).

Correlations were also examined for the late tau PET measure. In

the full cohort, the late tau PET measure had similar patterns of cor-

relations as the early tau PET measure but weaker correlations: the

highest correlations were with C2N PrecivityAD2 p-tau217 (ρ= 0.377

[0.243 to0.507]) andFujirebio Lumipulse p-tau217 (ρ=0.327 [0.187 to

0.456]), (Table S38). Patterns of correlations for the late tau PET mea-

sure were also similar but weaker than with the early tau PETmeasure

in the cognitively impaired sub-cohort (Table S39) and the sub-cohort

with amyloid PET > 20 Centiloids (Table S40). Correlations between

the late tau PET measures and plasma biomarkers in the cognitively

unimpaired sub-cohort were not significant.

3.9 Classification of cortical thickness status by
plasma biomarkers

Cortical thickness status was evaluated using logistic regression mod-

els in the full cohort (Figure 3, Tables S41, S42). As with tau PET,

the highest performing models from each company included either p-

tau217 or p-tau181 and did not vary significantly from one another

in classification accuracy: Janssen LucentAD Quanterix p-tau217

(AUC 0.849 [0.765–0.933]), Fujirebio Lumipulse p-tau217 (AUC 0.841

[0.765–0.916]), C2NPrecivityAD2p-tau217+Aβ42/Aβ40 (AUC0.840

[0.765–0.914]), Roche NeuroToolKit p-tau181 + Aβ42/Aβ40 + GFAP
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F IGURE 8 Scatterplots of plasma biomarker measures and the early tau positron emission tomography (PET) measure. The best performing
plasma biomarker measure from each company is shown. All individuals (n= 188) had plasma biomarker measures for the C2N PrecivityAD2,
Fujirebio Lumipulse, ALZpathQuanterix, Janssen LucentADQuanterix, and Roche NeuroToolKit assays. A sub-cohort (n= 161) additionally had
plasma biomarker measures for theQuanterix Neurology 4-Plex assays. Point colors represent the following: blue, cognitively unimpaired and
amyloid PET negative; green, cognitively impaired, and amyloid PET negative; orange, cognitively unimpaired and amyloid PET positive; red,
cognitively impaired, and amyloid PET positive.
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+ NfL (AUC 0.838 [0.774–0.902]), ALZpath Quanterix p-tau217 (AUC

0.833 [0.755–0.912]), and Quanterix Neurology 4-Plex p-tau181 +
Aβ42/Aβ40 + NfL (AUC 0.783 [0.707–0.860]). In contrast, classifica-

tion accuracyof cortical thickness statuswas lower for plasmaNfL than

covariates alone (AUC 0.758 [0.664–0.852] for covariates; AUC 0.743

[0.663–0.823] for Roche NeuroToolKit NfL; AUC 0.745 [0.662–0.829]

for Quanterix Neurology 4-Plex NfL). Classification accuracies were

very similar in the cognitively impaired sub-cohort (Tables S43, S44)

and similar but slightly lower in the sub-cohort with amyloid PET > 20

Centiloids (Tables S45, S46), with no significant differences between

the top performingmodels for each company.

3.10 Correlations between cortical thickness and
plasma biomarkers

Correlations between the cortical thickness measure and individual

plasma biomarkers were examined with Spearman correlations. In the

full cohort, the cortical thickness measure had the highest correlation

with Janssen LucentAD Quanterix p-tau217 (ρ = −0.327 [−0.436 to

−0.217]), which was not different from correlations with Roche Neu-

roToolKit p-tau181 (ρ = −0.275 [−0.386 to −0.165], p = 0.10) or C2N

PrecivityAD2 p-tau217 (ρ = −0.274 [−0.388 to −0.159], p = 0.79),

but was higher than correlations with ALZpath Quanterix p-tau217

(ρ = −0.273 [−0.383 to −0.166], p = 0.016), Fujirebio Lumipulse

p-tau217 (ρ = −0.256 [−0.369 to −0.138], p = 0.018), or Quan-

terix Neurology 4-Plex p-tau181 (ρ = −0.194 [−0.317 to −0.066],
p = 0.010), (Table S47). Correlations between the cortical thickness

measure and NfL were inferior to Janssen LucentAD Quanterix p-

tau217 (ρ = −0.198 [−0.314 to −0.085] for Roche NeuroToolKit NfL,

p = 0.041; ρ = −0.114 (−0.234 to 0.000) for Quanterix Neurology

4-Plex NfL, p= 0.0008).

In the cognitively impaired sub-cohort, correlations with cortical

thicknessmeasurewere higher, including for Janssen LucentADQuan-

terix p-tau217 (ρ = −0.425 [−0.568 to −0.277]), Fujirebio Lumipulse

p-tau217 (ρ = −0.384 [−0.520 to −0.222], and C2N PrecivityAD2

p-tau217 (ρ=−0.356 [−0.497 to−0.196]), (Figure 6, Table S48). Corre-
lationswere even higher in the sub-cohort with amyloid PET> 20Cen-

tiloids, with the strongest correlations for Janssen LucentAD Quan-

terix p-tau217 (ρ = −0.527 [−0.650 to −0.386]), Fujirebio Lumipulse

p-tau217 (ρ = −0.477 [−0.608 to −0.334]), and C2N PrecivityAD2

p-tau217 (ρ=−0.458 [−0.585 to−0.317]), (Table S49).

3.11 Classification of cognitive status by plasma
biomarkers

Cognitive status (CDR > 0, cognitively impaired; CDR = 0, cogni-

tively normal) was evaluated using logistic regression models in the

full cohort (Figure 3, Tables S50, S51). The classification accuracy

of all models was relatively low. The highest performing model was

C2N PrecivityAD2 p-tau217+Aβ42/Aβ40 (AUC 0.680 [0.627-0.733]),

but it was not significantly different from the top performing mod-

els from the other companies: Janssen LucentAD Quanterix p-tau217

(AUC 0.670 [0.615–0.724], p = 0.46); Fujirebio Lumipulse p-tau217

(AUC 0.667 [0.613–0.721], p = 0.40); ALZpath Quanterix p-tau217

(AUC 0.664 [0.610–0.718], p = 0.40); Roche NeuroToolKit p-tau181 +
Aβ42/Aβ40 +NfL (AUC 0.648 [0.593-0.703], p = 0.40); and Quanterix

Neurology 4-Plex p-tau181 + Aβ42/Aβ40 + GFAP + NfL (AUC 0.635

[0.576-0.695], p = 0.40). Classification accuracies were slightly higher

in the sub-cohort with amyloid PET > 20 Centiloids, but there was still

no distinction between the top performingmodels (Tables S52, S53).

3.12 Correlations between dementia symptoms
and plasma biomarkers

Correlations between dementia symptoms as measured by the CDR-

SB and individual plasma biomarkers were examined with Spearman

correlations. In the full cohort, dementia symptoms had the high-

est correlation with C2N PrecivityAD2 p-tau217 (ρ = 0.414 [0.325

to 0.505]), which was not different from correlations with Fujirebio

Lumipulse p-tau217 (ρ = 0.403 [0.311 to 0.490], p = 0.65), Janssen

LucentAD Quanterix p-tau217 (ρ = 0.391 [0.295 to 0.482], p = 0.34),

or ALZpathQuanterix p-tau217 (ρ=0.374 [0.280 to 0.461], p=0.074),

but was stronger than correlations with RocheNeuroToolKit p-tau181

(ρ = 0.331 [0.237 to 0.415], p = 0.0038), Roche NeuroToolKit NfL

(ρ = 0.261 [0.164 to 0.351], p = 0.0022), Quanterix Neurology 4-Plex

p-tau181 (ρ= 0.234 [0.131 to 0.332], p< 0.0001), and Quanterix Neu-

rology 4-Plex NfL (ρ = 0.224 [0.118 to 0.321], p = 0.0006), (Table S54).

In the sub-cohort with amyloid PET > 20 Centiloids, correlations were

slightly higher and the findings were similar, with stronger correlations

between dementia symptoms and p-tau217 as compared to p-tau181,

(Table S55).

4 DISCUSSION

Head-to-head studies are essential to compare the performance of

plasma assays and analytes. For the current study, the FNIHBiomarker

Consortium sought to compare several leading commercial assays for

plasma Aβ42/Aβ40, p-tau181, and p-tau217. Two assays for GFAP and

NfL were also included. Based on CSF biomarker groupings described

in the 2018 NIA-AA AT(N) research framework for AD,43 it might

have been expected that plasma Aβ42/Aβ40 would best classify amy-

loid PET, that plasma p-tau217 and p-tau181 would be most strongly

associated with tau PET, and that plasma NfL would have highest cor-

relations with cortical thickness and dementia severity. However, the

major finding of this study was that regardless of the specific assay,

plasma p-tau217 had the highest classification accuracies and corre-

lations with all key outcomes studied—amyloid PET, tau PET, cortical

thickness, anddementia severity. Thus, it is possible that research stud-

ies and clinical trials could rely on a single or limited number of BBM

tests that reflect multiple aspects of AD.

The models with the highest classification accuracy for amyloid

PET status included both a plasma p-tau217 measure (%p-tau217 for
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PrecivityAD2, p-tau217 for Fujirebio Lumipulse) and Aβ42/Aβ40,
although these models were not statistically superior to the p-tau217

measure alone in either the full cohort or the cognitively impaired sub-

cohort. Both the C2N PrecivityAD2 and Fujirebio Lumipulse p-tau217

assays had limited sensitivity, resulting in imputed values for samples

with very low values (28% of samples for C2N PrecivityAD2 and 3%

of samples for Fujirebio Lumipulse). The limited ability of these assays

to measure very low values of p-tau217 did not seem to affect the

classification accuracy for AD outcomes such as amyloid PET status,

because the thresholds for positivity were much higher than the lower

limits of quantitation. Notably, C2N PrecivityAD2%p-tau217 had the

highest continuous correlation with amyloid PET burden despite lim-

ited sensitivity. In the cognitively unimpaired cohort, models including

C2N PrecivityAD2%p-tau217 had superior performance in classifying

amyloid PET status and C2N PrecivityAD2%p-tau217 had the highest

correlationswith amyloidPETburden.Notably, plasmaAβ42/Aβ40had
much lower classification accuracies for amyloid PET status in the full

cohort, likely because of the low magnitude of change in Aβ42/Aβ40
levels associatedwith amyloid pathology (10-13%) thatmay be related

to non-brain derived Aβ in the plasma.44,45 However, in the sub-cohort

considered amyloid PET negative (≤20 Centiloids), the low level of

amyloid PET signal that was present had the highest correlations with

Aβ42/Aβ40, suggesting that Aβ42/Aβ40 is altered very early in the

course of amyloid deposition.

In addition to superior classification of amyloid PET status, plasma

p-tau217 assays also had high classification accuracies for early tau

PET status, but these accuracies were lower when only amyloid

PET positive individuals were considered. Notably, levels of plasma

p-tau217 increase starting very early in the AD disease course in

response to amyloid pathology at a time when neurofibrillary tangles

are not yet present in high amounts,46,47 indicating that plasma p-

tau217 levels do not only reflect neurofibrillary tangles. High plasma

p-tau217 levels likely mainly reflect significant amyloid burden, which

is often associated with tau pathology.48 Novel fluid biomarkers of

AD, such as MTBR-tau24311 and N-terminal containing tau fragments

(NTA-tau),49 may be less associated with amyloid pathology and more

reflective of tau pathology.

While plasma NfL is often used to represent neurodegeneration,

measures of p-tau217 had stronger associations with cortical thick-

ness and cognitive impairment, although even these associations were

relatively weak. Novel fluid biomarkers of AD such as MTBR-tau243

and NTA-tau may have stronger associations with brain structure and

cognition.11,49 However, structural brain changes and cognitive impair-

ment, including in patients with AD pathology, may be complicated by

the presence of other conditions such as cerebrovascular disease and

non-AD neurodegenerative diseases. Therefore, plasma biomarkers of

non-AD causes of cognitive impairment, including those that reflect

cerebrovascular disease, TDP-43, and α-synuclein pathology,1 could

potentially be very helpful in improving prediction of brain structure

and cognition.

As AD clinical trials and treatments continue to evolve, it is likely

that different treatments will be targeted to individuals based on dis-

ease stage.50 For example, the TRAILBLAZER-ALZ2 study enrolled

participants with amyloid PET Centiloids≥37 and tau PET positivity,

and individuals with low/medium tau had a greater slowing of disease

progression compared to individuals with high tau.4 Plasma biomark-

ers including p-tau217 will be very helpful in identifying cognitively

impaired patients who are likely to benefit from specific treatments,48

and in the future may also be helpful in identifying cognitively unim-

paired individuals who are likely to progress to dementia and are

candidates for preventative treatments.51–53 Further, it may be pos-

sible to stage individuals with plasma biomarkers to understand their

location on a disease progressionmodel.46,54

Beyond their use in research and clinical trials, AD blood tests

are increasingly being used in clinical practice to assist clinicians in

determining whether AD pathology is present and may be causing or

contributing to a patient’s cognitive impairment.3,55–57 AD biomarker

testing is now of greater importance in clinical practice to deter-

mine if patients may be candidates for new FDA-approved AD-specific

treatments.58 The assays examined in this study are either currently

available for clinical use (C2N PrecivityAD2, Fujirebio Lumipulse, ALZ-

pathQuanterix, and JanssenLucentADQuanterix) or are in theprocess

of being developed for clinical use (Roche NeuroToolKit and Quan-

terix Neurology 4-Plex). In cognitively impaired individuals, the four

p-tau217 assays had a PPA, NPA, and accuracy for amyloid PET status

of approximately 90%, which is similar to the performance of FDA-

approved CSF tests and is the recommendedminimum performance of

clinical AD blood tests.7,59 Use of a two cutoff approach may enable

even higher levels of accuracy.1,14 It will be important for clinicians to

use only accurate andwell-validated tests for clinical care, as these test

results havemajor implications for patients and their families, and clin-

icians should consider the predictive value of the test after integration

with all other clinical findings.7

Limitations of the current study include a relatively small sample

size for some sub-cohorts, which affects the statistical power to dis-

cern potential differences between measures. In particular, the CSF

sub-cohort (n = 122) did not provide adequate power to definitively

determine whether the blood tests had equivalent performance to

CSF tests in classification of amyloid PET status. The combinations of

biomarkers tested were pre-specified and limited to a single company,

with the expectation that the company would offer their analytes as a

panel and did not evaluate combinations that might be possible across

companies such as p-tau217 combined with NfL or GFAP. Additionally,

various methods for deriving cutoffs, such as the two cutoff approach,

were not examined.1 Further, although analyses adjusting for covari-

ates (age, sex, APOE genotype) were provided for review, the focus of

this study was on unadjusted models. Previous studies have reported

that some medical conditions have major effects on plasma biomarker

concentrations, including p-tau217 and p-tau181,60,61 while other

biomarker measures such as Aβ42/Aβ40 and the %p-tau217 may be

less affected.61,62 Additional studies are needed that carefully examine

the effects of age, sex, APOE genotype, medical conditions, medica-

tions, race, and social determinants of health on plasma biomarker

levels and test performance. Another limitation of the current study is

very lowracial diversity; only14of392participants (4%) self-identified

as Black. In recent years, the ADNI has made major efforts to increase
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the diversity of their cohort,63 but because this project only included

individuals with longitudinal data, it did not benefit from more recent

improvements in cohort diversity. Studies are needed to determine

whether the performance of plasma biomarkers varies in different

racial and ethnic groups.

While this cohort and the FNIH Biomarkers Consortium project

was designed to evaluate the longitudinal trajectories of AD blood

biomarkers in relation to amyloid PET, the current study was a cross-

sectional head-to-head comparison of leading commercially available

blood tests. We expect these analyses will be helpful to other investi-

gators and to clinicians as they seek to understand the important but

increasingly complex topic of AD blood tests. Given that these plasma

biomarker data will be widely available to investigators via ADNI, the

current study is intended to provide a starting point for many future

studies that will analyze these data in much greater detail. It is our

hope that these data will accelerate the development of additional

diagnostics and treatments for Alzheimer disease.
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