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ABSTRACT

INTRODUCTION: Studies suggest excellent performance of plasma p-tau217 for detecting
amyloid pathology, though studies in more diverse populations are needed to validate previously
determined cutpoints.

METHODS: Plasma p-tau217 utility for detecting amyloid pathology (Af) via amyloid PET
(n=598) and/or cerebrospinal fluid (CSF; n=154) was assessed in a heterogeneous, community-
based cohort in the Wake Forest Alzheimer's Disease Research Center (WFADRC). Participants
(n=598) were 21% Black; 313 cognitive unimpaired (CU), 214 mild cognitive impairment
(MCI), and 64 dementia (DEM); 49% prediabetic, 44% hypertensive; 29% overweight/obese;
and 64% with mild-to-moderate kidney disease. Gaussian-mixture models, logistic regression,
and receiver operating curve analyses were performed.

RESULTS: Plasma p-tau217 was associated with elevated AP deposition and accurately
classified AB-positive participants (PET: AUC: 94%-97%, cutpoint>.338 pg/mL; CSF: AUC =
.84, cutpoint>.307 pg/mL).

DISCUSSION: Plasma p-tau217 is an accurate indicator of amyloid pathology in a
heterogeneous cohort, and superior to other plasma biomarkers assessed. Longitudinal analyses
assessing impact of comorbidities on p-tau217 utility for disease progression are underway.

HIGHLIGHTS
e The WFADRC is a diverse and heterogeneous cohort.

e P-tau217 levels were lower, on average, in cognitively unimpaired participants, females,
and Black participants.

e Plasma p-tau217 classified amyloid PET positive individuals with high precision and
performed better than p-taul81.

o Cutpoints and reference ranges of plasma p-tau217 were lower compared to recently
published thresholds.

o Combining cutpoint approaches, a 4-tier system captured cohort heterogeneity.
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1 BACKGROUND

Plasma biomarkers are a minimally invasive and cost-effective means of detecting Alzheimer’s
disease (AD) pathology [1-3]. Plasma phosphorylated tau 217 (p-tau217) has been shown to be a
sensitive peripheral marker of brain amyloid plaque deposition [4—15]. Recent studies suggest
excellent performance of plasma ALZpath p-tau217 for detecting elevated amyloid PET
[10,16,17]. However, studies incorporating more heterogeneous populations are needed to
further validate the previously examined cutpoints and develop a range of biomarker thresholds.

As previously described [1,7,18], comorbidities such as BMI and chronic kidney disease (CKD)
can influence plasma biomarker levels due to physiological reasons (i.e. renal function or blood
volume) and which may result in false positive diagnoses of AD pathology [19]. Additional
metabolic factors such as insulin resistance and hypertension have been linked to altered amyloid
levels as detected by PET [20-23]. Importantly, these comorbidities have a higher prevalence
among underrepresented minorities, but few studies have examined the accuracy of ALZpath p-
tau217 in diverse and heterogeneous community cohorts where multiple comorbidities may be
present [19].

Using data from the Wake Forest Alzheimer’s Disease Research Center (WFADRC), we
comprehensively examined the utility of plasma p-tau217 for detecting amyloid pathology (Ap)
detected in-vivo using both positron emission tomography (PET) and cerebrospinal fluid (CSF)
among a diverse and heterogeneous community-based cohort. We also considered the impact of
chronic disease and other health factors at baseline. Participants in the WFADRC (n = 598) were
adjudicated as either cognitively unimpaired (52.51%; n = 314), having mild cognitive
impairment (35.62%; n = 213), dementia (10.7%; n = 64), or other impairment not specified (<1
%; n = 7). From the overall cohort, 21% were Black/African American, 12% with CKD (64%
with early-stage kidney disease), 12% diabetic (49% prediabetic), 29% overweight or obese; and
43% were hypertensive.

2 METHODS & MATERIALS
2.1 Participants

All participants were enrolled in the WFADRC, a cohort that includes cognitively unimpaired
participants as well as those in the early stages of cognitive impairment and dementia. As
previously described, adults between the ages of 55 and 85 were recruited from the surrounding
community and by referral through our memory clinic into the WFADRC (2016-2022) via the
WFADRC Clinical Core supported by efforts of the Outreach, Engagement & Recruitment Core
[1,24]. Participants underwent a standard evaluation, including the National Alzheimer’s
Coordinating Center (NACC) protocol for clinical research data collection, clinical exams,
neurocognitive testing, neuroimaging, and genotyping for the apolipoprotein E (4POE) €4 allele.
Exclusion criteria included a history of large vessel stroke (participants with lacunae or small
vessel ischemic disease were eligible); other significant neurologic diseases; uncontrolled
chronic medical or psychiatric conditions (such as advanced liver or severe kidney disease
[eGFR < 30]; poorly controlled congestive heart failure, chronic obstructive pulmonary disease
or sleep apnea; active cancer treatment; uncontrolled clinical depression, or psychiatric illness;
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current use of insulin; and history of substance abuse or heavy alcohol consumption within the
previous ten years). The Wake Forest Institutional Review Board approved all activities as
described; written informed consent was obtained for all participants and/or their legally
authorized representatives.

2.2 Adjudication

An expert panel of investigators including neuropsychologists, neurologists, and geriatricians,
provided adjudication of cognitive status. Following determination of clinical cognitive
diagnosis for cognitively unimpaired (CU), mild cognitive impairment (MCI) [25], dementia
(DEM) [26], and other impairment not specified (OTHER), adjudication of cause/type of
cognitive impairment or dementia was assessed using neuroimaging and fluid biomarkers.

Table 1. Participant Characteristics

Overall cu Mmcl DEM OTHER
(n=598)* (n=314)* (n=213)* (n=64)! (n=7)! p?
Age (Baseline) 69.89 (7.99) 68.53 (7.97) 71.32(7.37) 71.75(8.80)  70.00(9.63) <.001
Female 388 (65%) 225 (72%) 126 (59%) 32 (50%) 5(71%) <.001
Race - Black 124 (21%) 63 (20%) 52 (24%) 8 (13%) 1(14%) .100
Education (Years) 15.81 (2.55) 16.14 (2.36) 15.42 (2.68) 15.64 (2.84) 14.57 (2.76) .015
APOE-£4+ 187 (32%) 80 (26%) 77 (37%) 30 (50%) 0 (0%) <.001
Comorbidities & Health Factors
eGFR 77.95(14.91) 79.26(13.89) 76.75(16.23) 75.42(14.94) 76.00 (16.71) .300
BMI 27.86 (5.61) 28.11 (5.93) 27.90(5.36) 26.86(4.86)  25.07(3.03) .200
Glucose 104.10(23.85) 102.94 (24.96) 106.42 (22.08) 103.25(25.33) 89.17(7.00) .003
Hemoglobin Alc 5.71(0.51) 5.72 (0.53) 5.75 (0.50) 5.64 (0.42) 5.35(0.30) .200
LDL Cholesterol 103.39(33.79) 107.36(34.44) 98.63(32.99) 98.52(33.06) 108.25(15.39) .073
HDL Cholesterol 61.75(20.04) 64.14(20.15) 58.26(19.11) 61.39(21.19) 71.00(20.80) .033
OGTT (Baseline) 95.98 (17.02) 95.27 (15.46) 97.74(20.17) 93.54(12.57) 96.98 (12.56) .300
OGTT (120) 138.90(43.57) 137.14 (41.92) 141.37 (46.61) 141.25 (41.66) 134.70 (50.06) .900
cmi -0.82 (0.50) -0.86 (0.52) -0.79 (0.46)  -0.72 (0.49) -0.85(0.44) .080
Pre/Diabetic 358 (60%) 188 (60%) 130 (61%) 36 (56%) 4 (57%) .900
HTNHX 260 (43%) 113 (36%) 114 (54%) 31 (48%) 2 (29%) <.001
Plasma & Amyloid PET Biomarkers
p-taul8l 3.46 (2.00) 3.04 (1.69) 3.74 (2.25) 4.87 (1.86) 2.61(1.22) <.001
p-tau217 0.44 (0.36) 0.32 (0.21) 0.49 (0.39) 0.85 (0.50) 0.39(0.34) <.001
SUVr 1.39 (0.44) 1.23 (0.30) 1.50 (0.50) 1.79 (0.48) 1.33(0.29) <.001
Centiloids 27.11(43.77) 11.15(29.57) 37.89(49.33) 68.79 (46.54) 23.38(25.24) <.001

Blood-PET Interval* -382.67 (623.7) -446.42 (703.8) -338.94 (551.9)-225.28 (356.9) -213.75 (333.7) .500
1 Mean (SD); n (%) 2Kruskal-Wallis rank sum test; Fisher’s exact test
* Blood-PET Interval: Time interval (in days) between blood collection and amyloid PET scan

Note: Characteristics of the WFADRC are presented (see Table S1 to see that cohort stratified amyloid PET
positivity). Bold values are significant at p <.05. Abbreviations: CU=Cognitively Unimpaired; MCI=Mild
Cognitive Impairment; DEM=Dementia; eGFR=estimated glomerular filtration rate; BMI=Body-mass index;
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LDL=Low-density Lipoprotein, HDL=High-density Lipoprotein; OGTT = Oral Glucose Tolerance Test; CMI
= Cardiometabolic Index; HTNHX =History of Hypertension; SUVr=Standardized uptake value ratio

2.4.4. Assessment of demographics and health conditions.

Age, race/ethnicity (e.g., Black/White; Non-Hispanic), sex (e.g., male/female), and years of
education were self-reported. APOE genotype was obtained by Tagman using single nucleotide
polymorphisms (rs429358 and rs7412) to determine haplotypes of €2, €3, and €4. APOE was
dichotomized to represent the presence or absence of one or more €4 alleles (e.g., carrier vs. non-
carrier; APOE-¢4). Total body-mass index (BMI) was calculated as weight (1b)/[height (in)]* x
703. Kidney function was evaluated in blood from individuals free from severe CKD using the
estimated glomerular filtration rate (eGFR; severe [Stage G4-GS5; National Kidney Foundation]
CKD defined as eGFR < 30; also see participant characteristics) via Labcorp assay presented in
units of mL/min/1.73m"2. Fasting blood glucose levels were measured via an oral glucose
tolerance test (OGTT) from serial blood draws; impaired glucose tolerance was defined by
glucose > 140 mg/dL at 120 minutes of OGTT or hemoglobin Alc > 5.7% as previously
described [27]. Diabetic status (normal; prediabetic; diabetic) was determined using a
combination of OGTT tests (either baseline or 120) and hemoglobin Alc levels. Specifically,
participants were coded as diabetic if A1C > 6.5, OGTT (baseline) > 126, or OGTT (120
minutes) > 200, or as prediabetic if meeting the following criteria 5.7 < Alc < 6.5 or 100 <
OGTT (baseline) < 126 or 140 < OGTT (120 minutes) < 200 (all remaining participants were
coded as normal). Hypertension status (HTN) was defined according to 2017 ACC/AHA
guidelines as seated blood pressure > 130 mmHg, diastolic blood pressure > 80 mmHg, and/or
current use of antihypertensive medications as described elsewhere [1]. Cardiometabolic index
(CMI) was calculated using the product of two ratios (waist/height x triglycerides/HDL) [28].
Participant medical histories including an active or recent history of stroke (CBSTROKE),
traumatic brain injury (TBI), or myocardial infarction (MYOINF) were captured using the
Uniform Data Set Version 3 (UDSv3) [29].

2.4 Biomarkers

2.4.1 MRI Imaging. Participants were scanned on a research-dedicated 3-Tesla Siemens Skyra
magnetic resonance imaging (MRI; 32-channel head coil) scanner. Detailed image acquisition
parameters have been previously published [24,27].

2.4.2 AB-PET Imaging

As previously described [1,30] fibrillar A brain deposition on PET was assessed with [!!C]-
Pittsburgh compound B (PiB) [31]. Following a computed tomography (CT) scan for attenuation
correction, participants were injected with an intravenous bolus of ~10mCi (approximately 370
MBq) PiB and scanned from 40-70 minutes (6x5-min frames) post-injection on a 64-slice GE
Discovery MI DR PET/CT scanner. Each participant’s CT image was coregistered to their
structural MRI, and PET frames were coregistered to MRI space using the affine matrix from the
CT-MRI coregistration. SUVr images were co-registered and resliced to the T1 structural MRI
closest in time within ~6 months on average (Months: M=.98; SD = 5.9). AP deposition was
quantified using a voxelwise standardized uptake volume ratio (SUVr), calculated as the PiB
SUVr (40-70 min, cerebellar grey reference) signal averaged from a cortical meta-ROI sensitive
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to the early pathogenesis of AD relative to the uptake in the cerebellum, using FreeSurfer-
segmented (v7.2; https://surfer.nmr.mgh.harvard.edu) regions [30,32]. Centiloid (CL) values
were also calculated to facilitate harmonization across ligands and centers [33]. CL analysis was
conducted in PMOD v4.1 (PMOD LLC Technologies, Switzerland). The 3D T1-weighted MRI
and aligned average PET scan were input into the PMOD PNEURO Step-wise Maximum
Probability Atlas workflow using the Centiloid atlas template validated using the Global
Alzheimer’s Association Interactive Network (GAAIN) data set. Briefly, MRIs were normalized
to the MNI-space template and segmented. Coregistered PETs were normalized to MNI space
using MRI parameters. A PMOD SUVr was calculated using the standard MNI-space Centiloid
ROI with the whole cerebellum as a reference region. Centiloid scores were then calculated
using Klunk et al. equation 1.3b. CL =100(pibSUVTIND-1.009)/1.067. Visual reads were
conducted by (MMR, SNL, and JRB) following published criteria [34,35].

Global PiB (AB-PET; [FreeSurfer] SUVr and CL) served as a biomarker of amyloid burden used
in all analyses. Amyloid positivity (Ap— & AP+) was assessed using a combination of (1) visual
reads, (2) several previously defined thresholds set a priori for both SUVr and Centiloid scales
(SUVr>1.21; CL > 12 and CL > 24) [36-38], and (3) and a sample-specific data-driven
threshold (CL > 32). We report results for all amyloid PET thresholds assessed. However, we
primarily focus on CL > 24 to define amyloid PET positivity to be consistent with recently
published work assessing the ALZpath p-tau217 assay [10].

2.4.3 Plasma and Fluid Biomarkers

Plasma and CSF biomarkers were collected from subjects after a minimum 8 hour (water only)
fast and processed according to National Centralized Repository for Alzheimer's Disease
(NCRAD) protocols.

2.4.3.1 Plasma biomarkers

Blood was processed within 30 minutes of collection as described previously [1]. For plasma,
EDTA-treated tubes were inverted 10 times and placed on wet ice before centrifugation at 2000g
at 4°C for 15 minutes. Processed plasma was then aliquoted into polypropylene tubes and stored
at -80°C until analysis. Plasma p-tau217 samples, collected from 2017-2023, were processed in
duplicate using ALZpath Simoa p-tau 217 v2 assay kits on a Quanterix HD-X at Neurocode
(Bellingham WA). Duplicates with CVs>20% or missing one value were repeated. Kit QC
controls were run with each plate. The coefficient of variation (CV; Mean = 4.47; SD = 3.64) for
p-tau217 was well within previously established reference ranges (maximum CV of 20) and in-
line with other cohorts as recently published [10]. All samples were processed in duplicate per
the manufacturer’s instructions. For plasma p-taul81, analyses were conducted at NCRAD as
previously described [1] Plasma pTaul81 was assessed using the Quanterix SIMOA pTaul81
version 2 Advantage Kits. Blood samples and PET data were acquired at different timepoints;
thus, we evaluated if the time interval between blood collection and PET acquisition at baseline
impacted relationships between plasma p-tau217 and AP deposition or AP positivity.

2.4.3.2 CSF biomarkers
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Following local anesthesia, a 22-gauge Sprotte needle was used to perform lumbar puncture (LP)
for the collection of CSF by the gravity method from the L3-4 (~80%) or L4-5 (~20%)
interspace while participants rested in the seated or lateral decubitus position. CSF was
transferred into pre-chilled low protein binding Sarstedt polypropylene tubes (Cat. 72.703.600)
and stored frozen at —80°C until time of analysis. CSF levels of AB42, AB40, total tau, and
phospho-tau (pTaul81) were measured from 1st thawed samples using a Lumipulse G1200
Chemiluminescence Enzyme Immunoassay (CLEIA) System and reagents and calibrators from
the manufacturer (Fujirebio Diagnostics Inc., Malvern, PA). Performance of kit controls are as
follows, for AB42, AB40, and ptaul81, intraassay CVs were < 3.1%, for total tau the CVs were
<5.1%. The ratio of Ap42/AP40 was used to define CSF amyloid positivity in our cohort [39,40].
Amyloid positivity was determined using the AB42-to AB40 ratio (AP42/40) from CSF using an
in-house threshold (CSF AB42/40 <.058) [41,42].

2.5 Statistical Analysis

Raw unadjusted and Winsorized Pearson and Spearman correlation coefficients are provided in
the supplemental material for all primary continuous measures of interest. General linear models
assessed associations between p-tau217 and amyloid PET positivity before and after covariate
adjustment (Model 1 [unadjusted]: Model 2 [adjusting for age, sex, race, education, APOE
status, BMI, and eGFR]: Model 3 [Model 2 covariates plus cognitive status, diabetes group,
hypertension, TBI, stroke, and myocardial infarction]). All variables were z-transformed prior to
analysis using multivariable logistic regression. Sample-derived (e.g., data-driven; AB-PET
agnostic) positivity cutoffs were derived using gaussian-mixture modeling (GMM) [36,43,44].
GMMs were constructed using the normalmixEM function from the mixtools R package [45].
Receiver-operating curve (ROC) analyses were used to derive cutpoints for p-tau217 that
maximized concordance with AB-PET positivity estimates (SUVr & CL). Cutpoints were
derived using the cutpointr function from the Cutpointr R package [46] specifying 10,000
bootstrap iterations and maximizing the sum of sensitivity and specificity (e.g., Youden index).
Two-point detection thresholds (e.g., two cutoff model) maximizing sensitivity and specificity at
the lower and upper bound of the ROC 95% confidence interval, hereafter referred to as max-
sensitivity and max-specificity, were generated using pROC R package [47] as previously
described [10]. For all models, we report the area-under-the-receiver-operating curve (AUC) and
their respective bootstrapped confidence intervals, sensitivity and specificity, positive and
negative predictive values, average accuracy, and prevalence of a given outcome (e.g., amyloid
positivity). Confidence intervals for the optimal cutpoints and AUC values were extracted using
the boot_ci function. Non-parametric Wilcoxon signed rank tests, were performed to provide
effect size (ES) estimates comparing biomarkers levels after stratifying the sample by clinical
diagnosis, sex, race, APOE-¢4 carriership, diabetic status, and CKD. Corresponding effect sizes
were reported to aid with interpretation when there are a limited number of observations (e.g.
race). Effect sizes were interpreted using established guidelines (Wilcoxon 7: negligible < .10,
small (S) =.10-.30, moderate (M) = .30-.50, large (L) > .50; Cohen’s d: negligible < .20, small <
.50, medium < .80; large > .80) [48]. Multiple comparisons corrections were performed using the
Benjamini-Hochberg false-discovery rate (p-FDR) [49]. All analyses were conducted in R
(RStudio Team, 2020).

3 RESULTS
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3.1 Participants

Participant characteristics are provided in Table 1. The mean (standard deviation, SD) age of
participants at baseline was 69.89 + 7.99; 21% self-identified as Black/African American; 65%
as female; and 32% were APOE &4 carriers. Approximately 71% of participants had mildly
decreased eGFR (60-90) and 15% met criteria for monitoring of early-stage kidney disease
(eGFR < 60) [50,51]. 60% of participants had or were at risk for diabetes at their baseline visit
(11.5% diabetic; 48.5% prediabetic), 44% were hypertensive, and 29% were classified as either
obese or overweight. Approximately 34% were amyloid PET positive at baseline (CL > 24; see
Table S1 for a characteristic breakdown of the cohort stratified by amyloid PET positivity).

3.2 Primary Analyses
3.2.1 General Linear Models

Plasma p-tau217 levels were elevated in: (1) males compared to females (0.470 vs. 0.419; p =
.006; ES =.109); (2) White versus Black participants (0.467 vs. 0.331, p <.001; ES=0.196); and
(3) in APOE-€4 carriers vs. non-carriers (0.541 vs. 0.379, p <.001; ES=0.236). Baseline plasma
p-tau217 was positively correlated with age (rho =.36, p <.001) and negatively correlated with
eGFR (rho =-.23, p <.001) and with BMI (rho = -.16, p <.001). Baseline plasma p-tau217 and
p-taul81 were positively correlated (rh0=.75; p <.001). Baseline plasma p-taul81 and p-tau217
were positively correlated with AB-PET deposition (Figure 1; p-taul81 [Figure 1, panel a]:
overall rho=.49, p < .001; p-tau217 [Figure 1, panel b]: overall rho =.70, p<.001).


https://doi.org/10.1101/2025.01.20.25320851
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.01.20.25320851; this version posted January 20, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Figure 1. Associations between amyloid PET deposition (Centiloids) and plasma p-taul81 and
p-tau217
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Note: Associations between amyloid PET deposition (Centiloids) and plasma p-taul81 (panel a) and p-
tau217(panel b). Scatterplots highlight a stronger correlation between p-tau217 and amyloid PET deposition
across cognitive status groups compared to p-taul81 and amyloid PET. Dotted lines represent optimal (binary)
and two-point detection cutpoints for each p-tau variable observed when classifying amyloid PET positivity.
Data points are color-coded by diagnosis and of different shapes based on eGFR status (Stage 1 [Normal High]
eGFR >= 90; Stage 2 [Mild] > 60 eGFR < 90; Stage 3 [Mild-Moderate] > 45 eGFR < 60; Stage 4 [Moderate
Severe] eGFR < 45); Abbreviations: CU = Cognitively Unimpaired; MCI = Mild Cognitive Impairment; DEM
= Dementia; CL = Centiloids; SENS = Sensitivity; SPEC = Specificity; eGFRg = Estimated Glomerular
Filtration Rate.

Baseline plasma p-taul 81 and p-tau217 were positively correlated with AB-PET positivity (e.g.,
higher in AB-positive participants) here defined as CL > 24 before and after covariate adjustment
(all p <.05; Table 2). For p-taul81, several covariates significantly contributed to model
performance (Model 2: Age and APOE-¢4 carriership; Model 3: Age, sex, race, APOE-¢4
carriership, and diagnostic status; all p-FDR <.05). For p-tau217, sex was significant prior to
FDR correction (p = .031) in the fully adjusted model only (Model 3). All other covariates p >
.05 before and after FDR correction.
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Table 2. Logistic regression results assessing associations between amyloid PET positivity (CL
> 24) and plasma p-taul81 and p-tau217

p-taul81 (scaled) p-tau217 (scaled)
n OR! 95%CI p  p-FDR? Tjur'sR2| n OR!  95%CI* p  p-FDR? Tjur's R2
Model 1 264 4.86 3.05,8.18 <.001 <.001 .23 307 30.2 14.20,72.80 <.001 <.001 .58
Model 2 246 4.35 2.47,8.24 <.001 <.001 .36 286 334 13.40,100 <.001 <.001 .62
Model 3 245 3.60 2.03,6.89 <.001 <.001 41 283 32.7 123,106 <.001 <.001 .63

! OR = Odds Ratio, CI = Confidence Interval; > False discovery rate correction for multiple testing;

Model 1 = unadjusted; Model 2 = Adjusted for age, sex, race, education, APOE-¢4 carriership, body-mass
index, and estimated glomerular filtration rate; Model 3 = Model 2 covariates plus cognitive status, diabetes
group, history of hypertension, TBI, stroke, and myocardial infarction

3.2.2 Classification & Cutpoint Analysis

Table 3 and Figure 2 depicts cutpoints for both plasma p-taul81 and p-tau217, derived using
receiver operating curve analyses and gaussian-mixture models, and include optimal and two-
point ROC detection cutpoints. Positive and negative predictive values ranged from .75-.84 for
p-taul81 and .89-.97 for p-tau217. Additional details and a full table of classification results
across amyloid PET thresholds can be found in Table S2. Plasma p-taul81 classified AB-PET
positivity (AUC: 77-82%) across thresholds (Figure 2, panel a;). Baseline plasma p-tau217
accurately classified AB-PET positivity (Table 3, Figure 2, panel b; AUC: 91-96%) across
thresholds.

For p-tau217, combining optimal (Youden index = .338 pg/mL) and two-point detection
thresholds (max-sensitivity = .253; max-specificity = .472) stratified the cohort into four zones:
(1) Negative [<.253; n=241 (40%)]; (2) Intermediate-Low [.253-.338; n=109 (18%)]; (3)
Intermediate-High [.338-.472; n=77 (13%)]; and (4) Positive [>.472; n=171 (29%)]). Descriptive
statistics by these four zones are provided in Table S3. GMM-based cutpoints based on the
distribution of observed plasma p-tau217 values were higher than those reported above for
classifying amyloid PET positivity in the full sample and when restricting the sample to CU
participants (see Figure S1).

Table 3. Optimal cutpoints and two-point detection thresholds for p-tau217 when
classifying amyloid PET positivity (= 24 Centiloids)

TWO-POINT DETECTION THRESHOLD

Optimal Cutpoints (Youden lndEX) MAX-SENS MAX-SPEC
(LOWER BOUND) (UPPER BOUND)
n prev cp bootCP auc bootAUC sens spec |thresh sens spec ppv npv |threshsens spec ppv npv

All (307) .342.338.322-.460.942 .914-.966 .914 .856 | .253 .952 .624 .568 .962 | .472 .743 .950 .886.878
CU (162).185.338.234-.371.898 .833-.949 .800 .879 | .242 .933 .591 .341 .975| .405 .600 .946 .720.912

Blood-PET Interval < 14 months

All (214) .363.338.322-.460.967 .943-.986 .974 .867 | .348 .948 .882 .820 .968 | .460 .831 .949 .901.908
CU (96) .156.305.305-.371.934 .881-.979 1.00 .790 | .319 .933 .850 .538 .985| .366 .667 .950 .714.938
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Note: Greater details can be found in Table S2. Abbreviations: PREV = Prevalence (Amyloid PET Positivity
[CL > 24]; CP =Cutpoint; BOOT = Bootstrap; AUC = Area Under the Receiver Operating Curve; SENS =
Sensitivity; SPEC = Specificity; PPV = Positive Predictive Value; NPV = Negative Predictive Value; CU =
Cognitively Unimpaired

Figure 2. Performance of p-taul81 and p-tau217 for classifying amyloid PET positivity defined
as > 24 Centiloids.

a) p-tau181 (pg/mL) b) p-tau217 (pg/mL)

AUROC: 77-82% 2.5 AUROC: 91-94%
(96% blood-PET interval =14m)
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AB-PET (Centiloids = 24)

Note: Figure 2 depicts cutpoints derived using receiver operating curve analyses and gaussian-mixture models
for both plasma (a) p-taul81 and (b) p-tau217. Optimal (e.g., binary; Youden index = .338 pg/mL) and two-
point ROC detection thresholds (MAX-SENS=.253 pg/mL; MAX-SPEC=.472 pg/mL) were combined
resulting in a 4-tier system: (1) Negative [<0.253; N~39%]; (2) Intermediate-Low [0.253-.338; N~20%]; (3)
Intermediate-High [0.338-.472; 13%]; and (4) Positive [>0.472; 28%]. Abbreviations: Ap = Amyloid Beta; CL
= Centiloids; SENS = Sensitivity; SPEC = Specificity; GMM = Gaussian-Mixture Models; NA = Missing
(e.g., Plasma p-tau217 datapoints without a corresponding amyloid PET scan).

3.2.2.1 Blood-PET Interval

The average time between the date of plasma collection and amyloid PET scan acquisition was
305 days (SD = 605 days; Figure S2). Approximately 75% of the cohort had their first PET scan
within 1-2 years of their initial blood draw (< 1 year: 209 (67%), 1-2 years: 21 (6.7%), 2-3 years;
34 (11%); 3-4 years: 23 (7.3%); > 4 years: 26 (8.3.4%). The time between the date of blood
collection and PET scan acquisition was greater than 1 year for 15 of the 38 (~40%) discordant
cases identified (see Supplemental Materials Section 2.2 for additional details).
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The time interval between blood collection and initial amyloid pet scan did not correlate with
plasma or neuroimaging biomarker levels (p-tau217: rtho=-.08, p = .128; SUVr: rho=-.06, p =
.992; CL: tho=-.01, p =.797) and did not differ by either cognitive status or amyloid PET
positivity when stratifying the cohort by sex, race, APOE, diabetes or hypertension, or kidney
functioning (all p > .05). Excluding participants with intervals greater than or less than 14
months increased the precision of p-tau217 to classify AB-PET+ across thresholds evaluated
(AUC: Visual Read = 97%; SUVr > 1.21 = 93%; CL > 12 = 96%; CL > 24 =97%; CL > 32 =
97%). The optimal binary cutpoint remained consistent at .338 pg/mL.

3.2.2.2 Discordance

There were 38 participants classified as discordant between the plasma and PET measure (p-
tau217+/AB-PET-: n=29; p-tau217-/AB-PET+: n=9). High discordance values were defined
using the upper (p-tau217 > .472 pg/mL/AB-PET-: n=10) and lower (p-tau217 < .253 pg/mL/ApB-
PET+: n=5) two-point detection points. Discordance across amyloid PET thresholds is provided
in Table S4. Descriptive characteristics for discordant cases, before and after excluding cases
based on the time between blood collection and initial PET scan, are provided in Table S5 and
Table S6. Briefly, we observed an interesting pattern such that participants with higher baseline
levels of p-tau217 who were AB-PET negative (p-tau217+/AB-PET-) were more likely to have a
history of hypertension, whereas the few participants with low p-tau217 levels considered Ap-
PET positive (p-tau217-/AB-PET+) had poorer cardiometabolic health, were Black, and female.

3.2.3 CSF-derived amyloid positivity

We further evaluated p-tau217 cutpoints using CSF positivity in a smaller subset of participants
(n=154). The performance of plasma p-tau217 was slightly lower (AUC=.844) and more variable
when classifying amyloid positivity defined using CSF compared to AB-PET (Table 4).
Likewise, binary (e.g., Youden) cutpoints were similar, albeit lower, to the cutpoints derived
using AB-PET in our cohort given the smaller sample size and prevalence of AB+ individuals.

Table 4. Performance of ALZpath p-tau217 to classify amyloid positivity defined by CSF
AB42/40

CSF prev cp bootCP AUC bootAUC sens spec acc
All (n = 154) 41 0.307 0.248-0.535 .844 .780-.903 .810 747 .770
CU (n=96) .29 0.307 0.234-0.361 727 .594-.847 .783 .783 .750

Note: Optimal cutpoints obtained using an in-house cutpoint (CSF AB+ < .058). Abbreviations: CSF =
Cerebrospinal Fluid; CP = Cutpoint; Boot = Bootstrapped; AUC = Area Under the Receiver Operating Curve;
SENS = Sensitivity; SPEC = Specificity; ACC = Accuracy; PREV = Prevalence; CU = Cognitively
Unimpaired

3.2.3 Cognitive Status

As in Table 1, p-tau217 significantly differed on average between CU, MCI, and dementia
groups (p <.05). In terms of classification accuracy, p-tau217 best distinguished CU vs DEM
participants (AUC=83%; CU vs MCIL: AUC=63%; MCI vs DEM: AUC=73%). Results were
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comparable after excluding large blood-PET intervals (CU vs MCI: AUC=69%; CU vs DEM:
AUC=83%; MCI vs DEM: AUC=70%).

3.2.4 Sensitivity Analyses

Several additional sensitivity analyses were conducted. Table S7 examined p-tau217 cutpoints
before and after excluding large intervals between blood collection and scan acquisition (see
Table 1 for cognitive status). Figures S3-S7 provide optimal cutpoints of p-tau217 when
stratified by clinical diagnosis, sex, race, and APOE. Overall, we observed similar performance
when classifying amyloid PET positivity across the various strata. Correspondingly, marginal
group differences were observed for plasma p-tau217 and amyloid PET deposition when
stratifying the cohort based on sex, race, and kidney function (see Tables S11-S12 and Figures
S3-S7).

4 DISCUSSION

Our primary finding is that plasma p-tau217, measured with the ALZpath antibody, is strongly
associated with elevated amyloid PET deposition and accurately classified amyloid positive
individuals in a diverse and heterogenous cohort. This finding is consistent with a recent study
from a more homogenous cohort (Ashton et al., 2024). However, the cutpoint that we identified
was lower. In addition, and similar to other studies, we also found that p-tau217 was superior to
p-taul81 for classifying amyloid PET positivity across diagnostic groups, and was largely
independent of demographic factors, comorbidities, and other health-related factors (Benedet et
al., 2022; Janelidze et al., 2023; Mielke et al., 2022; Mila-Aloma et al., 2022). Ashton and
colleagues (2024) previously assessed the utility of the ALZpath p-tau217 to classify amyloid-
PET positivity across three independent cohorts including Translational Biomarkers in Aging
and Dementia (TRIAD), Wisconsin Registry for Alzheimer’s Prevention (WRAP), and the Sant
Pau Initiative on Neurodegeneration (SPIN). Although the mean ALZpath p-tau217 levels
obtained in the current cohort were comparable to the WRAP cohort, they were lower than those
obtained in the TRIAD and SPIN cohorts. In addition, the cutpoint derived in the current cohort
(Youden index = .338 pg/mL) was lower that the cutpoints previously identified by Ashton and
colleagues (positive: >0.63 pg/mL; intermediate: 0.4 — 0.63; pg/mL; negative: <0.4 pg/mL) [10].

Several factors must be considered when comparing absolute cutoffs between cohorts. First, the
prevalence of AB-PET+ in the WFADRC was approximately 32%-42% across the various
amyloid PET thresholds examined. This is a higher prevalence than that reported by Ashton et al.
in the WRAP cohort (21% were AB-PET+ (CL> 24)) Second, we observed lower plasma p-
tau217 cutpoints regardless of how AB-PET positivity was defined and when stratifying the
cohort by cognitive status, sex, race, APOE-¢4 carriership, and either hypertensive or diabetic
status. Restricting our cohort to cognitively unimpaired participants with amyloid PET with
blood-PET interval < 14 months, resulted in the lowest optimal cutpoint (p-tau217 >.305
pg/mL).

Second, the recruitment methods and cohort characteristics can impact the cutpoint. As
background, the WFADRC focuses on the transition from normal aging to MCI and then to AD
and ADRD, with emphasis on understanding the contribution of metabolic and vascular factors
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to these transitions. Recruitment efforts target cognitively unimpaired or MCI patients with
special emphasis on recruitment of persons from underrepresented groups. In general, the cohort
matches the racial, ethnic, comorbidity, educational and sociodemographic characteristics of the
surrounding community. As part of the adjudication process, cases with clinical/biomarker
discordance or severity were often referred for additional assessments. These recruitment
decisions may skew the cohort distribution of PET biomarker data points, and thus affect
positivity thresholds. As noted in the introduction, 48% of the WFADRC cohort is pre-diabetic
and 46% is hypertensive. Black participants make up ~21% of the cohort assessed here and
tended to have poorer cardiometabolic health on average as here indexed by the cardiometabolic
index (waist/height x triglycerides/HDL). Thus, it remains crucial to investigate multiple
biomarker positivity thresholds to robustly assess overall positivity in diverse settings and
cohorts.

Third, the observed cutpoints may differ between cohorts due to natural variation in biomarker
levels. That is, though beyond the scope of this paper, additional factors pertaining to the
collection, storage, and processing of blood or plasma samples may prove to be critical if the
ultimate goal is to determine a set of universal cutpoints [52,53] that generalize across cohorts
and real-world samples. In the present study, plasma p-tau217 sample were assayed with the
same platform at the same time from all participants. Ongoing harmonization efforts and
standardized protocols are likely to partially help mitigate any cross-cohort discrepancies in
detected plasma levels and cutpoints [52,54—56]. Our results suggest thresholds for p-tau217,
based on PET and CSF biomarkers, should consider what impact covariates such as age, sex,
race, cognitive status, and overall health including kidney functioning have on cohort-specific
biomarker levels.

The prevalence of amyloid positivity directly impacts biomarker classification performance and
the number of specific cases that may be considered discordant at any given timepoint.
Therefore, in the present study we considered multiple established and cohort-specific amyloid
PET thresholds. However, differences in tracers used to quantify amyloid PET deposition also
warrant consideration. A small study reported near-identical performance when comparing 11C-
PiB (utilized in the current study) and 18F-AZD4694 (TRIAD, WRAP, and SPIN cohorts) to
detect cortical amyloid [57]. Thus, while the specific tracer may not largely influence a single
cutpoint, it remains unknown whether specific tracers perform differently in the presence of
multiple comorbidities and health-related risk factors Therefore, it remains critical for studies to
(1) recruit and retain participants from underrepresented groups; (2) ensure robust reporting of
cohort demographics and health histories, especially kidney function, and (3) provide detailed
methodological reporting (e.g., biomarker collection, storage, processing, handling, and timing)
[5,52,54]. Likewise, in our cohort, p-tau217 better classified amyloid positivity defined by
amyloid PET as compared to CSF AB42/40, which may be attributed to the restricted CSF-
sample, however, recent work suggests PET may better capture earlier brain AP deposition [58].

We also observed that plasma p-tau217 performed relatively worse when attempting to
distinguish participants based on cognitive status. When the goal is to screen a participant for
potential treatment with an anti-amyloid monoclonal antibody therapy, a single cutpoint is
desirable, however, health-related risk factors need to be considered, in particular when cases are
just above or below a specified cutpoint falling into an intermediary zone. Within a given cohort,
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reference ranges and corresponding intermediary zones can help facilitate the development of a
research-oriented system that would require fewer confirmatory AB-PET scans, freeing up
potential resources that can be allocated toward acquiring tau-PET or other ADRD biomarkers
[8]. As noted above, combining optimal (Youden index = .338 pg/mL) and two-point ROC
detection thresholds (max-sensitivity = .253; max-specificity = .472) stratified the cohort into
four zones that best defined amyloid positivity at baseline, and captured the heterogeneity in our
cohort, and further helped minimize and refine an intermediary zone. In the current study,
exploratory stratification analyses were provided in the supplemental materials to permit general
comparisons across studies and to provide a detailed account of how demographic and health
factors contribute to the cutpoints and range of thresholds we observed using the entire cohort.
This descriptive approach is meant to provide a foundation for assessing the extent to which
cutpoints and reference ranges are stable over time and sensitive to amyloid accumulation. We of
course recognize that model-based approaches are preferred when cutpoints are to be used for
clinical decision-making, and to predict dementia risk, to circumvent additional sampling biases.

A strength of the study is the comprehensive assessment of demographics and chronic conditions
on cutpoints and discordance, as well as the consideration of the time interval between the blood
draw and PET scan. Although the interval between blood collection was not associated with
biomarker levels nor impact any of the GLMs, restricting analyses to scans within 14 months of
blood draw provided the greatest discrimination of AB-PET- from AB-PET+ participants across
amyloid PET thresholds. In exploratory analyses, we observed an interesting pattern such that
participants with higher baseline levels of p-tau217 who were AB-PET negative (p-tau217+/AB-
PET-) were more likely to have a history of hypertension, whereas the few participants with low
p-tau217 levels considered AB-PET positive (p-tau217-/AB-PET+) had poorer cardiometabolic
health, were Black, and female. Further, p-tau217 levels and cutpoints were slightly lower, on
average, in cognitively unimpaired participants and those who self-identified as female or as
Black or African American, and was as in APOE-g4 non-carriers. However, the number of
discordant cases were relatively small, and validation of this finding is needed. However,
limitations also warrant consideration. This study was cross-sectional. Processing of longitudinal
blood samples is ongoing and will allow for a long-term assessment of p-tau217 cutpoints and
reference ranges and individual trajectories in our cohort.

CONCLUSION

As previously reported, p-tau217 is a highly specific marker of cerebral amyloid burden. When
evaluating the utility of p-tau217 to robustly capture AB-PET deposition, studies should
minimize the time elapsed between blood sample collection and amyloid-PET scan acquisition.
In addition to considering how sex, race, APOE jointly interact to convey risk for amyloid
pathology and dementia, common comorbidities and health risk factors such as BMI and kidney
function and cardiometabolic health should be evaluated carefully, particularly when monitoring
intermediate (positive and negative) cases. Additional longitudinal analyses assessing how
vascular and metabolic factors may impact disease progression captured by p-tau217 are needed,
particularly in more diverse and heterogeneous cohorts [7,59-61].
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