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Abstract

INTRODUCTION: Plasma biomarkers of Alzheimer’s disease (AD) represent acces-
sible alternatives to positron emission tomography (PET) and cerebrospinal fluid
(CSF)-based biomarkers in well-characterized cohorts. It remains to be determined
whether performance is maintained in outpatient clinics comprised of patients with
multiple causes of cognitive impairment.

METHODS: Plasma phosphorylated tau217 (p-tau217) and amyloid beta (Ag) 42/40
were measured in 509 patients evaluated in a tertiary-care memory clinic. Biomarker
performance was compared across diagnoses, referencing established cutpoints for
positive and negative biomarkers.

RESULTS: Plasma p-tau217 distinguished patients with diagnoses of symptomatic
AD with 95% sensitivity and 82% specificity. Integration of AB42 measurements
(p-tau217/AB42) incrementally improved specificity (86%). Plasma p-tau217 and p-
tau217/AB42 concentrations closely associated with established CSF biomarkers of
AD (area under the curve [AUC]: 0.94 and 0.96, respectively). Reduced kidney func-
tion associated with elevated plasma p-tau217 and p-tau217/AB42 concentrations in
patients without AD (referencing CSF biomarkers).

DISCUSSION: Plasma p-tau217 and p-tau217/A342 concentrations demonstrated
robust diagnostic performance in a heterogeneous clinical cohort; interpretation

requires consideration of kidney function.
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Highlights
* Plasma phosphorylated tau217 (p-tau217) reliably identified clinic patients with
Alzheimer’s disease.

» Atwo-cutpoint strategy yielded definitive results in 86% of patients.
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* Integration of plasma amyloid beta (Ag; p-tau217/AB42) minimally improved diag-

nostic performance.

* Plasma p-tau217 levels were increased in patients with kidney dysfunction.

1 [ BACKGROUND

The advent of biomarkers that directly (e.g., amyloid positron emission
tomography [PET]) or indirectly (e.g., cerebrospinal fluid [CSF] phos-
phorylated tau [p-tau] and amyloid beta [AB] 42/40) measure cerebral
amyloid deposition and accumulation,>? have enabled accurate ante
mortem diagnosis of symptomatic Alzheimer’s disease (AD) in research
and clinical settings.®~> However, the broad application of these estab-
lished biomarkers is limited by high costs or perceived invasiveness.®?
This limitation emphasizes the need for reliable, accessible, non-
invasive, and cost-effective biomarkers that can be broadly applied to
support AD diagnoses in clinical settings.

Blood-based biomarkers represent promising alternatives to PET
and CSF-based markers of AD neuropathology, with increasingly
robust data supporting the ability of plasma AB42/40 and p-tau217 to
identify cognitively impaired individuals with “positive” amyloid PET
scans.19-12 These biomarkers have been primarily validated in well-
characterized cohorts comprised of participants with typical amnestic
AD (mild cognitive impairment [MCI] / dementia) and cognitively nor-

12-21

mal controls, with few exceptions.?2 23 There is a need to assess

biomarker performance in populations that more closely reflect clinical

24,25 including patients with early- and late-onset cogni-

experience,
tive impairment, typical (i.e., amnestic) and atypical (i.e., non-amnestic)
presentations of AD, other common neurodegenerative diseases (e.g.,
Lewy body disease [LBD], frontotemporal lobar degeneration [FTLD]),
vascular cognitive impairment, and comorbidities known to influence
plasma biomarker concentrations (i.e., kidney disease).2126-29 This
need is further accentuated by the recent approval of putative disease-
modifying therapies (i.e., lecanemab and donanemab) for patients
with early-symptomatic AD,3° 31 which is expected to increase clin-
ical demand for reliable and accessible diagnostic measures of AD
neuropathology.

We measured plasma ApB42/40, p-tau217, and p-tau217/AB42 in
consecutive patients who underwent a diagnostic lumbar puncture
for the evaluation of cognitive symptoms in a tertiary care memory
disorder clinic. We applied an established “two-cutpoint strategy” to
identify individuals with “positive” or “negative” plasma biomarker pro-
files with high sensitivity and specificity, while flagging individuals with
“intermediate” results (i.e., concentrations between two cutpoints)
who require additional testing.!%24 32 We further considered associ-
ations between emergent plasma biomarker concentrations (Ag42/40,
p-tau217, and p-tau217/AB42) and clinical diagnoses, established CSF
biomarkers of AD, and kidney function that may influence the clearance

of plasma proteins.2”-2?

2 | METHODS
2.1 | Patient selection

Consecutive patients completed comprehensive clinical evaluations
from March 2020 to July 2024 via an outpatient memory clinic at Mayo
Clinic in Florida (Jacksonville, FL). Adult participants (> 18 years-old)
undergoing clinical assessments for cognitive symptoms were invited
to participate in this study if a diagnostic lumbar puncture was planned.
Participants or their legally authorized representative provided writ-
ten informed consent, including provisions for research collection and
banking of blood and CSF. The study was approved by the Mayo Clinic
Institutional Review Board and performed in accordance with the ethi-
cal standards laid down in the 1964 Declaration of Helsinki and its later
amendments.

2.2 | Establishing clinical diagnoses

Participants completed one or more clinical evaluations with a behav-
ioral neurologist. Structural neuroimaging (typically brain magnetic
resonance imaging [MRI]), neuropsychological testing, CSF analyses
(including p-tau181, total tau, and AB42 measured via Roche Elec-
sys assays; Mayo Clinic Laboratories, Rochester, MN), and serum tests
(including estimated glomerular filtration rate [eGFR] as a measure
of kidney function) were completed per standard-of-care. We applied
previously validated CSF p-tau181/AB342 cutpoints to identify patients
likely to have moderate or greater cerebral amyloid plaque accumula-
tion on amyloid PET.33 Roche Elecsys Generation 1 assays were used
from March 2020 to May 2023, with “positive” p-tau181/A342 > 0.023.
Generation 2 assays were implemented June 2023, with “positive”
threshold > 0.028.3* When measurements were outside acceptable
ranges (n = 37, p-taul81 < 8.0 or AB42 > 1700 [or 2500] pg/mL),
CSF ratios were manually calculated using adjusted p-tau181 and AB42
values (7.9 and 1701 [or 2501] pg/mL, respectively). Analyses were lim-
ited to CSF and blood samples obtained within 1 year of each other
(n=426).

Syndromic diagnoses were assigned by evaluating clinicians at the
time of consent, including subjective cognitive impairment, amnes-
tic MCI or amnestic-predominant dementia (including AD dementia),
non-amnestic MCl or non-amnestic dementia (including dementia with
Lewy bodies and Parkinson disease dementia), progressive supranu-
clear palsy, corticobasal syndrome, behavioral variant frontotemporal
dementia (bvFTD), primary progressive aphasia, vascular cognitive
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impairment, posterior cortical atrophy, normal pressure hydrocephalus
(NPH), and “other” diagnoses (e.g., depression). Etiologic diagnoses
were assigned by assessing clinicians integrating clinically available
data (including CSF biomarker studies and, when available, amyloid
[n = 11] and fluorodeoxyglucose [FDG]-PET [n = 117] brain imag-
ing) and referencing established criteria for AD,3>3¢ LBD,3” FTLD
(including progressive supranuclear palsy and corticobasal degenera-
tion), 38-40 cerebrovascular disease,** NPH,*2 and limbic-predominant
age-related TDP-43 encephalopathy (LATE).#34* Electronic medical
records were reviewed by a second behavioral neurologist who inde-
pendently assigned syndromic and etiologic diagnoses. Diagnostic dis-
agreements concerning syndrome or etiology were resolved through
consensus discussion involving a minimum of three behavioral neurol-
ogists. Evaluating clinicians and reviewers were blinded to the results

of plasma AD biomarkers.

2.3 | Assessment of kidney function

Electronic medical records were reviewed and laboratory values mea-
sured within 1 year of research blood draw were recorded, including
creatinine and estimated glomerular filtration rate (eGFR). Normal val-
ues were assigned in accordance with clinical laboratory standards
(eGFR > 60 mL/min/1.73 mZ; Mayo Clinic Laboratories; Rochester,
MN). Participants were stratified by CSF p-tau181/A342 concentra-
tions into patients with and without AD neuropathology, and the
associations between kidney function (normal or impaired) and plasma
AD biomarkers were assessed.

2.4 | Interpretation of plasma AD biomarkers

Blood samples collected for research purposes were processed and
divided into 250 pL aliquots within 2 h of collection. Single aliquots of
ethylenediaminetetraacetic acid (EDTA) plasma were transferred into
1.5 mL polypropylene tubes and frozen at —80°C. Immediately prior to
testing, single aliquots of plasma were defrosted (single freeze-thaw)
at room temperature and processed according to established labora-
tory protocols (i.e., vortex mixing and centrifugation at 4000 x g for
5 min). Plasma biomarker measures were performed via the Fujirebio
Lumipulse G1200 automated immunoassay analyzer using Lumipulse
G kits for p-tau 217 Plasma (catalog number: 81472, lot number:
4129), B-Amyloid 1-42 Plasma (catalog number: 81301, lot number:
5028), and p-Amyloid 1-40 Plasma (catalog number: 81298, lot num-
ber: 5081). Samples with insufficient volume (n = 13) or questionable
preanalytic stability (n= 1) were excluded. Plasma p-tau217 concentra-
tions were available for all patients (n = 509); AB42/40 concentrations
were available for 495 patients (97.3%). Laboratory personnel were
blinded to clinical information, including CSF AD biomarker results.
Plasma p-tau217 cutpoints were previously established referencing
amyloid status determined by amyloid PET.1! Using the same research
dataset, which included concurrent measurements of AB42, Ag40, and
p-tau217, we calculated cutpoints for p-tau217/Ap42 and AB42/40
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RESEARCH IN CONTEXT

1. Systematic review: Literature review was performed
using traditional sources (e.g., PubMed) and meeting
abstracts/presentations. The diagnostic applications of
plasma phosphorylated tau217 (p-tau217) and amyloid
beta (AB) 42/40 have been studied in cohorts com-
prised predominantly of highly characterized individuals
with symptomatic Alzheimer’s disease (AD). Evaluation
is needed in clinically representative populations with
diverse cognitive concerns and comorbidities that may
affect diagnostic performance.

2. Interpretation: Plasma p-tau217 outperformed A342/40
and reliably identified patients with symptomatic AD
and CSF biomarkers of AD assessed via a representative
outpatient memory clinic. Elevated plasma p-tau217 con-
centrations were observed in patients with kidney dys-
function, requiring caution when interpretating plasma
biomarker results in patients witht kidney disease.

3. Future directions: This study validates plasma p-tau217
for AD detection in patients assessed via a subspecialty
memory clinic with only a small subset potentially need-
ing additional diagnostic tools. These findings suggest
potential utility in primary care settings, where accessi-
ble blood testing would be valuable given limited access
to established diagnostics and emerging anti-amyloid

treatments.

ratios. Consistent with established p-tau217 cutpoints, we used the
same performance criteria: a fixed sensitivity of 92% at the lower cut-
point and specificity of 96% at the upper cutpoint. This level of fixed
sensitivity and specificity at the lower and upper cutpoints was cho-
sen to support comparisons of plasma biomarkers at the same level of
overall accuracy, expecting that the proportion of intermediate results
would differ between the assays. Plasma AD biomarker cutoffs were
applied to classify patients as “positive” (p-tau217 > 0.325 pg/mL;
AB42/40 < 0.0777; p-tau217/Ap42 > 0.0132), “negative” (p-tau217 <
0.185 pg/mL; AB42/40 > 0.0997; p-tau217/AB42 < 0.0074), or “inter-
mediate” (p-tau217 = 0.186-0.324 pg/mL; AB42/40 = 0.0778-0.0996,
p-tau217/A842 = 0.0075-0.0131).11

2.5 | Statistical analyses

Demographics, clinical presentation, test results, and diagnoses were
summarized using descriptive statistics. The distribution of continuous
variables were compared using independent t-tests; categorical vari-
ables distributions were analyzed using chi-squared tests and reported
as odds ratios (with 95% confidence intervals [Cl]). Inter-rater reliabil-

ity was assessed using the kappa coefficient. The sensitivity, specificity,
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and positive and negative predictive values of plasma AD biomarkers
were assessed referencing established clinical diagnoses and (sepa-
rately) CSF AD biomarkers. Patients with “intermediate” biomarker
concentrations were withheld from these analyses, asserting that an
“intermediate” test result implies the need for further evaluation (i.e.,
amyloid PET or CSF biomarkers). Receiver operating characteristic
analyses assessed the accuracy of individual biomarkers referenc-
ing clinical diagnoses of AD (vs. non-AD) and the presence/absence
of AD neuropathology, established via CSF p-tau181/AB42. Associa-
tions between kidney dysfunction (reduced eGFR; [normal vs. 45 <
eGFR < 60 or < 45 mL/min/1.73 m2]), and plasma AD biomarkers
concentrations were assessed using independent t-tests. Finally, we
considered the correlation between AD plasma biomarkers and CSF
p-tau181/AB42 using Spearman correlation coefficients.

Estimates, 95% Cl, and figures were produced using Analyse-it, ver-
sion 6.15 for Microsoft Excel; Stata MP, version 18; and the R language
and environment for statistical computing, version 4.4.2 (R Foundation
for Statistical Computing), or the ggplot2 package for data visualiza-
tion. Other analyses were conducted using SPSS (version 28.0, IBM
Corp, Armonk, NY)

3 | RESULTS
3.1 | Patient characteristics

Table 1 outlines patient characteristics, clinical syndromes, and pre-
sumed causes of cognitive impairment in 509 patients who completed
memory clinic assessments. Patient ages spanned the adult life course
(range: 32.7-89.4 years-old), with mean age-at-symptom onset of
65.5 + 9.8 years. Twelve patients were younger than 50 years-old
(2.4%). Most patients were non-Hispanic White (n = 465, 91.3%)
individuals. Sex-distribution was balanced (53.0% male). Memory con-
cerns predominated in this clinic-based cohort, with 274 (53.8%)
patients diagnosed with amnestic-predominant cognitive impairment.
NPH (n = 64, 12.6%) and non-amnestic cognitive impairment (n = 51,
10.0%) were the next most common clinical syndromes.

In 285 patients (56.0%), AD was determined to be the underlying
cause of cognitive symptoms, including 237 patients (83.2%) with an
amnestic presentation, 23 patients (8.1%) with primary progressive
aphasia, 13 patients (4.5%) with visual variant (i.e., posterior corti-
cal atrophy), 7 patients (2.4%) with another non-amnestic syndrome,
3 patients (1.1%) with a motor-predominant presentation (i.e., corti-
cobasal syndrome), and 1 patient each (0.35%) with cerebral amyloid
angiopathy (incidentally discovered on MRI performed for another
indication) and preclinical/prodromal AD (subjective cognitive impair-
ment). The remaining patients (224, 44.0%) had primary etiologies
that broadly reflected the spectrum of disorders associated with age-
related cognitive decline. Patients with NPH were overrepresented
(n = 66, 29.5%), reflecting our center’s expertise and the priority
placed on large-volume lumbar punctures in the diagnostic evaluation
of patients with suspected CSF flow dynamic disorders. In patients

with typical neurodegenerative diseases, LBD (n = 30, 13.4%) and

TABLE 1 Patient characteristics, clinical syndromes, and causes of
cognitive impairment.

n=>509
Demographics
Age at symptom onset, mean (SD) 65.5(9.8)
Age at lumbar puncture, mean (SD) 68.5(9.2)
Age at blood draw, mean (SD) 68.6(9.3)
Female, n (%) 239 (47.0)
Race, n (%):
Black/African American 17 (3.3)
White 471(92.5)
Other 21(4.1)
Hispanic ethnicity, n (%): 12 (2.4)
Clinical syndrome, n (%)
Amnestic MCl/dementia 274 (53.8)
Normal pressure hydrocephalus 64 (12.6)
Non-amnestic MCl/dementia 51(10.0)
Subjective cognitive decline 51(10.0)
Primary progressive aphasia 30(5.9)
Logopenic 22(73.4)
Non fluent/agrammatic 4(13.3)
Semantic 3(10.0)
Other (apraxia of speech) 1(3.3)
Posterior cortical atrophy 14 (2.8)
Corticobasal syndrome 8(1.6)
Progressive supranuclear palsy 5(1.0)
Behavioral variant FTD 4(0.8)
Vascular MCl/dementia 1(0.2)
Other* 7(1.3)
Etiology, n (%)
Alzheimer’s disease 285 (56.0)
Normal pressure hydrocephalus 66(13.0)
Lewy body disease 30(5.9)
Frontotemporal lobar degeneration 28(5.5)
Vascular cognitive impairment 9(1.8)
Hippocampal sclerosis/LATE 6(1.2)
Other 85(16.7)
Degenerative' 6(7.1)
Non-degenerative* 61(70.9)
Unknown/no clear etiology 18(20.9)

Abbreviations: MCI, mild cognitive impairment; FTD, frontotemporal
dementia; LATE, limbic-predominant amnestic TDP-43 encephalopathy.
Other*: Parkinson disease (nh = 3), epilepsy (n = 2), and undefined clinical
syndrome (n = 2).

"Chronic traumatic encephalopathy (n = 2), multiple system atrophy (n = 2),
cerebral amyloid angiopathy (n = 1), primary lateral sclerosis (n = 1).
fDepression/anxiety (n = 28), no pathology/healthy (n = 14), obstructive
sleep apnea (n = 5), encephalitis (n = 4), traumatic brain injury (n = 3), con-
genital hydrocephalus (n = 2), epilepsy (n = 2), space occupying lesion (n = 2),
Wernicke encephalopathy (n = 1).
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FIGURE 1 Distribution of plasma AD biomarkers by diagnosis and CSF p-tau181/A342. Density plots showing the distribution of plasma AD
biomarkers: AB42/40 (top), p-tau217 (middle), and p-tau217/AB42 (bottom). (A) Plasma biomarker values in patients with (red) and without a
clinical diagnosis of AD (green). (B) Plasma AD biomarkers in patients with (red) and without (green) CSF p-tau181/AB42 consistent with AD. The
x-axis represents z-scores of log2-transformed biomarker values; the y-axis shows density (i.e., proportion of patients). Histograms with fitted
normal distribution curves demonstrate the separation between groups for each biomarker. AB, amyloid beta; AD, Alzheimer’s disease; CSF,

cerebrospinal fluid; p-tau, phosphorylated tau.

FTLD were the next most common diagnoses (n = 28, 12.5%). Patients
with non-degenerative causes of cognitive complaints (e.g., depression)
comprised 27.2% of patients (n = 61).

3.2 | Diagnostic performance of plasma AD
biomarkers

Plasma AB42/40 concentrations were lower in patients with AD ver-
sus without AD (mean difference 0.0094, 95% Cl: 0.0065, 0.0123;
p < 0.001). Plasma p-tau217 concentrations (mean difference 0.572
pg/mL, 95% Cl: 0.492,0.651; p < 0.001) and p-tau217/AB42 (mean dif-
ference 0.0234, 95% Cl: 0.0200, 0.0267; p < 0.001) were increased
in patients with AD versus without AD (Figure 1A). Similar patterns
were observed when comparing between patients with and with-
out AD neuropathology, determined by established CSF biomarkers
(Figure 1B; AB42/40: mean difference -0.0096, 95% Cl: -0.0065, -
0.0127; p < 0.001; p-tau217: mean difference 0.566 pg/mL, 95%Cl:
0.481, 0.650; p < 0.001; p-tau217/AB42: mean difference 0.0230,
95%Cl:0.0195,0.0264; p < 0.001).

We further considered diagnostic applications of plasma AD
biomarkers. Plasma AB42/40 concentrations were “positive” (<
0.0777) in 47/495 (9.5%) patients and “negative” (> 0.0997) in
235/495 (47.5%) patients. Results were “intermediate” (0.0778-

0.0996) in 213/495 patients (43.0%), implying the need for further
testing to inform the likelihood of AD neuropathologic change.
Limiting analyses to patients with definitive results, AB42/40 concen-
trations were “positive” in 38/129 patients with cognitive impairment
attributed to AD (sensitivity, 29%; Table 2). “Positive” results were
also reported in 9/153 patients with alternate (non-AD) diagnoses
(specificity, 94%), including patients with NPH (5/66, 7.6%), LBD (1/30,
3.3%), and “other” conditions (3/80, 3.8%; Table 3). “Positive” results
were associated with a clinical diagnosis of AD in 38/47 patients
(positive predictive value [PPV], 81%). A “negative” value excluded
AD as the cause for cognitive concerns in 144/235 patients (negative
predictive value [NPV], 61%).

Plasma p-tau217 concentrations were “positive” (> 0.325 pg/mL)
in 267/509 (52.4%) patients, “negative” (< 0.185 pg/mL) in 172/509
(33.8%) patients, and “intermediate” (0.186-0.324 pg/mL) in 70/509
(13.8%) patients. Limiting analyses to patients with definitive results,
p-tau217 concentrations were “positive” in 233/246 patients with
cognitive impairment attributed to AD (sensitivity, 95%), and 34/193
patients with alternate (non-AD) diagnoses (specificity, 82%), including
LATE (3/6, 50%), LBD (10/30, 33.3%), vascular cognitive impairment
(2/9,22.2%),NPH (8/66,12.1%), FTLD (1/28, 3.6%), and “other” causes
(10/85, 11.8%). “Positive” values were associated with a diagnosis of
AD in 233/267 patients (PPV, 87%); “negative” values excluded the
diagnosis in 159/172 patients (NPV, 92%).
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TABLE 2 Diagnostic performance of plasma AD biomarkers,
referencing consensus clinical diagnoses (AD vs non-AD) and results
of established CSF AD biomarkers.

Plasma
biomarkers, n (%) AD Non-AD
AB42/AB40* 277 218
Positive 38(13.7) 9(4.1)
Negative 91(32.9) 144 (66.1)
Intermediate 148 (53.4) 65(29.8)
p-tau217 285 224
Positive 233(81.7) 34(15.2)
Negative 13(4.6) 159 (71.0)
Intermediate 39(13.7) 31(13.8)
p-tau217/Ap42* 277 218
Positive 224(80.9) 26(11.9)
Negative 13(4.7) 165 (75.5)
Intermediate 40(14.4) 27 (12.7)
CSF p-tau181/ CSF p-tau181/
AB42 (+) Ap42(-)
AB42/ABA0T 263 149
Positive 26(9.9) 4(2.7)
Negative 86(32.7) 111(74.5)
Intermediate 151(57.4) 34(22.8)
p-tau217 270 156
Positive 218(80.7) 14(9.0)
Negative 18 (6.7) 118 (75.6)
Intermediate 34(12.6) 24 (15.4)
p-tau217/Ap42° 263 149
Positive 208 (79.1) 7(4.7)
Negative 16 (6.1) 124 (83.2)
Intermediate 39(14.8) 18(12.1)

Note: Measures performed in 495/509 (97.3%)* and 412/426 (96.7%)*
of patients. Fourteen samples were excluded: thirteen had insufficient
volume for measurement and one due to preanalytic AS instability. CSF
p-tau181/AB42 considered positive > 0.0023 (March 2020-May 2023); >
0.0028 (after May 31, 2023), Mayo Clinic Laboratories (Rochester, MN).
Abbreviations: Af, amyloid-beta; CSF, cerebrospinal fluid; p-tau, phospho-
rylated tau.

The ratio of p-tau217/AB42 was “positive” (> 0.0132) in 250/495
(50.5%) patients, “negative” (< 0.0074) in 178/495 (36.0%) patients,
and “intermediate” (0.0075-0.0131) in 67/495 (13.5%) patients. Lim-
iting analyses to patients with definitive results, p-tau217/A842 was
“positive” in 224/237 patients with cognitive impairment attributed to
AD (sensitivity, 95%), and “positive” in 26/191 with alternate diagnoses
(specificity, 86%), including LBD (10/30, 33.3%), LATE (1/6, 16.7%), vas-
cular cognitive impairment (1/9, 11.1%), NPH (5/66, 7.6%), and “other”
causes (9/80, 11.3%). “Positive” values were associated with AD diag-
noses in 224/250 (PPV, 90%); “negative” values excluded the diagnosis
in 165/178 patients (NPV, 93%).

3.3 | Diagnostic performance of plasma AD
biomarkers stratified by age

The diagnostic performances of plasma AD biomarkers were compared
in patients younger (n = 186, 36.5%) and older than 65 years (n = 323,
63.5%; Table S1). Definitive plasma biomarker results (“positive” or
“negative”) were reported in a higher proportion of younger versus
older patients for AB42/40 (64.2% vs. 52.8%; p = 0.010), p-tau217
(92.5% vs. 82.7%; p = 0.002), and p-tau217/AB42 (92.2% vs 83.2%;
p = 0.006); that is, “intermediate” results were more common in older
patients. The sensitivities (AB42/40: 34% vs. 25%, p = 0.332; p-tau217:
97% vs. 93%, p = 0.252; p-tau217/AB42: 98% vs. 92%, p = 0.079)
and specificities (AB42/40: 95% vs. 94%, p > 0.99; p-tau217: 84% vs.
82%, p = 0.846; p-tau217/Ap42: 83% vs. 88%, p = 0.283) of plasma
biomarkers were similar in younger and older patients.

3.4 | Plasma versus CSF AD biomarkers

Correlations between plasma and CSF AD biomarkers were consid-
ered in the 426/468 patients (88.2%) with paired samples, including
412/426 (96.7%) patients with plasma AB42/40 and 426/426 (100%)
patients with plasma p-tau217 results (Figures 2, 3). Plasma AB42/40
concentrations were negatively correlated (rho = -0.4) with CSF p-
tau181/AB42 (i.e., lower concentrations of plasma AB42/40 associated
with higher [i.e., more positive] CSF p-tau181/AB42concentrations).
Plasma p-tau217 concentrations were positively associated with CSF
AD biomarkers, with increases in plasma p-tau217 (rho = 0.742) and p-
tau217/AB42 (rho = 0.761) associated with higher CSF p-tau181/A342
concentrations.

We further evaluated the concordance between definitive (i.e., “pos-
itive” and “negative”; see the Methods section) plasma AD biomarkers
and established CSF measures of AD neuropathology (Table 2), strat-
ified by etiologic diagnoses (Table S2). There was poor overall agree-
ment between binarized (i.e., “positive” <0.0777 pg/mL vs. “negative” >
0.0997) plasma AB42/40 and CSF p-tau181/Ap42 results. Plasma and
CSF AD biomarker results were concordant in 137/227 patients (accu-
racy 60%; x = 0.199, p < 0.001), including 26/263 (9.9%) patients with
and 111/149 (74.5%) patients without AD neuropathology (defined by
CSF AD biomarkers). Agreement was highest in patients with “other”
causes of cognitive impairment (accuracy 98%; x = 0.791, p < 0.001)
and lowest in patients with symptomatic AD (accuracy 27%, x = 0.009,
p=0.707).

Agreement was substantially higher for plasma results incorporat-
ing measures of p-tau217. When p-tau217 was considered in isolation,
results were concordant in 336/368 patients (91% accuracy; x=0.812,
p < 0.001), including 218/236 (93%) patients with AD neuropathology
and 118/132 (89%) patients without AD neuropathology (defined by
CSF AD biomarkers). Agreement was highest in patients with AD as
the cause of cognitive impairment (96% accuracy; k =0.479,p < 0.001)
and lowest in patients with presumed hippocampal sclerosis/LATE
(60% accuracy; ¥ = 0.286, p = 0.361). Integration of plasma Ap42
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TABLE 3 Plasma AD biomarkers stratified by etiologic diagnosis.

Hippocampal
Etiology, n (%) AD LBD FTLD Vascular NPH sclerosis/LATE Other’
Plasma AB42/40, n (%)* 277 30 27 9 66 6 80
Positive 38(13.7) 1(3.3) 0(/) 0(/) 5(7.6) 0(/) 3(3.8)
Negative 91(32.9) 14 (46.7) 19 (70.4) 6(66.7) 40 (60.6) 3(50.0) 62(77.6)
Intermediate 148 (53.4) 15(50.0) 8(29.6) 3(33.3) 21(31.8) 3(50.0) 15(18.6)
Plasma p-tau217, n (%) 285 30 28 9 66 6 85
Positive 233(81.8) 10(33.3) 1(3.6) 2(22.2) 8(12.1) 3(50.0) 10(11.8)
Negative 13(4.6) 17 (56.7) 23(82.1) 4(44.5) 44 (66.7) 2(33.3) 69(81.2)
Intermediate 39(13.6) 3(10.0) 4(14.3) 3(33.3) 14(21.2) 1(16.7) 6(7.0)
Plasma p-tau217/AB42,n (%)* 277 30 27 9 66 6 80
Positive 224(80.9) 10(33.3) 0(/) 1(11.2) 5(7.6) 1(16.7) 9(11.3)
Negative 13(4.3) 18 (60.0) 24(88.9) 6(66.7) 48(72.7) 3(50.0) 66(82.5)
Intermediate 40(14.4) 2(6.7) 3(11.1) 2(22.2) 13(19.7) 2(33.3) 5(6.)

Abbreviations: AD, Alzheimer’s disease; FTLD, frontotemporal lobar degeneration; LBD, Lewy body disease; NPH, normal pressure hydrocephalus;
LATE, limbic-predominant age-related TDP-43 encephalopathy.

*Biomarker measures performed in 495/509 (97.2%) patients. Fourteen samples were excluded: thirteen had insufficient volume for measurement and one
due to preanalytic AB instability.

Other’ = depression/anxiety (n = 28), no pathology/healthy (n = 14), obstructive sleep apnea (n = 5), encephalitis (n = 4), traumatic brain injury (n = 3), chronic
traumatic encephalopathy (n = 2), multiple system atrophy (n = 2), congenital hydrocephalus (n = 2), epilepsy (n = 2), space occupying lesion (n = 2) cerebral
amyloid angiopathy (n = 1), primary lateral sclerosis (n = 1), Wernicke encephalopathy (n = 1), unknown/no clear etiology (n = 18).
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FIGURE 2 Correlation between plasma and CSF AD biomarker concentrations. Spearman’s correlation coefficients (rho) are shown between
CSF ratio values (y-axis) and plasma measures of AB42/40 (A), p-tau217 (B), and p-tau217/AB42 (C). Results are stratified by the presence (blue
triangles) and absence (green squares) of AD neuropathology, defined by CSF p-tau181/AB42 concentrations. AB, amyloid beta; AD, Alzheimer’s

disease; CSF, cerebrospinal fluid; p-tau, phosphorylated tau.

marginally improved agreement. Plasma p-tau217/Ap42 (> 0.0132)
and CSF AD biomarkers results were concordant in 332/355 patients
(93% accuracy; x=0.863, p < 0.001).

3.5 | Comparative diagnostic performance of
plasma AD biomarkers

The diagnostic performances of plasma AD biomarkers were compared
using receiver operating characteristics (Figure 4), referencing clinical
diagnoses (AD vs. non-AD; panel A) and established CSF AD biomark-

ers (panel B). Although all plasma biomarkers identified patients with
AD at frequencies greater than chance, the performance of plasma
biomarkers incorporating p-tau217 were superior to isolated mea-
sures of plasma AB42/40. Plasma AB42/40 measures exhibited fair
ability to distinguish patients with symptomatic AD (area under the
curve [AUC] = 0.73, 95% Cl: 0.68, 0.77). Plasma p-tau217 concentra-
tions, by comparison, reliably identified patients with symptomatic AD
(AUC =0.91, 95% Cl: 0.88, 0.93); results were incrementally improved
when combining measures (p-tau217/AB42, AUC = 0.92, 95% ClI:
0.89, 0.94). Results were similar when assessing the ability of plasma
biomarkers to discern patients with and without AD neuropathology
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FIGURE 3 Distribution of plasma versus CSF AD biomarkers concentrations stratified by CSF p-tau181/Ap42 status. Scatterplots show the
relationship between CSF p-tau181/ApB42 ratio (y-axis) and plasma AB42/40 ratio (A), p-tau217 concentrations (B) or p-tau217/AB42ratio (C).

Green circles and red triangles represent CSF-negative and CSF-positive c

ases, respectively. Gray areas indicate intermediate zones between

established cutoff values for plasma biomarkers (AB42/40: 0.0778-0.0996; p-tau217: 0.186-0.324 pg/mL; p-tau217/AB42: 0.0075-0.0131). AB,
amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; p-tau, phosphorylated tau.
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FIGURE 4 Comparative diagnostic performance of plasma AD biomar
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diagnostic performance of plasma AD biomarkers, referencing clinical consensus diagnoses (A) and established CSF AD biomarkers (“positive” CSF
p-tau181/ApB42; B). AB, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; p-tau, phosphorylated tau.

established via CSF AD biomarkers (plasma Ag42/40, AUC =0.78, 95%
Cl:0.74,0.83; plasma p-tau217, AUC =0.94, 95% Cl1:0.91,0.96; plasma
p-tau217/AB42, AUC = 0.96, 95% Cl: 0.94,0.98).

3.6 | Influence of kidney function on diagnostic
performance of plasma AD biomarkers

The association between plasma AD biomarkers and kidney dysfunc-
tion (i.e., decreased creatinine clearance) was assessed using eGFR
(Table S3). CSF AD biomarkers were used to stratify patients into
groups with and without AD neuropathology. Analyses were con-
strained to patients with eGFR measures completed within 1 year

of the date of plasma collection for AD biomarkers (median 1.6

months between measures, range 0.0-12.0). Data were available from
340/426 (79.8%) patients.

Plasma AB42/40 concentrations were not influenced by decreased
creatinine clearance (Figure 5A-C). In patients without AD neu-
ropathology (131/156, 84.0%), modest declines in creatinine clearance
(eGFR < 60 mL/min/1.73 m?2; n = 28, 21.4%) were associated with
elevations in p-tau217 (mean difference: 0.142 pg/mL, 95%Cl: 0.072,
0.212; p < 0.001) and p-tau217/AB42 (mean difference: 0.0038,
95%Cl: 0.0008, 0.0066; p = 0.012). Greater impairments in creatinine
clearance (eGFR < 45 mL/min/1.73 m?2; n = 7, 5.3%) were associated
with greater elevations in plasma p-tau217 (mean difference 0.156,
95% Cl: 0.022, 0.289; p = 0.022). A similar association was noted in
patients with AD neuropathology (209/270, 77.4%) and decreased
creatinine clearance (eGFR < 45 mL/min/1.73 m?%; n = 8, 3.8%), with
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FIGURE 5 The association between creatinine clearance and plasma AD biomarker concentrations. Box and scatter plots depict plasma
concentrations of AB42/40 (A), p-tau217 (B), and p-tau217/AB42 (C) in patients with normal creatine clearance (eGFR > 60 mL/min/1.73 m?, blue),
and mild (45 < eGFR < 60 mL/min/1.73 m2, yellow) and severe kidney dysfunction (eGFR < 45 mL/min/1.73 mZ, red). Analyses are stratified by the
presence (CSF AD +) and absence (CSF AD -) of AD neuropathology, referencing CSF p-tau181/AB42 concentrations. Red dashed lines depict
established cutpoints for plasma biomarkers (abnormal values: AB42/40 < 0.0777 [“positive”], < 0.0996 [“intermediate”]; p-tau217 > 0.325 pg/mL
[“positive”], > 0.186 pg/mL [“intermediate”]; p-tau217/AB42 > 0.0132 [“positive”], > 0.0075 [“intermediate”]).11- A, amyloid beta; AD, Alzheimer’s
disease; CSF, cerebrospinal fluid; eGFR, estimated glomerular filtration rate; p-tau, phosphorylated tau.

mean elevations in plasma p-tau217 of 0.350 compared to patients
with normal creatinine clearance (95%Cl: -0.015,0.707, p = 0.060).

4 | DISCUSSION

Plasma p-tau217 concentrations reliably identified patients with
symptomatic AD (95% sensitivity, 82% specificity) and closely paral-
leled results from established CSF biomarkers of AD neuropathology
in patients assessed in a tertiary care memory disorder clinic. Strong
correlations (rho = 0.74) and high diagnostic agreement were observed
between plasma p-tau217 and CSF p-tau181/AB42 when applying
biomarker cutpoints optimized to identify individuals with and without
AD neuropathology (91% accuracy; ¥ = 0.812, p < 0.001). The diag-
nostic performance of plasma p-tau217 (clinical concensus diagnosis:
AUC 0.91; 95% CI 0.88, 0.93; CSF AD biomarkers: AUC 0.94; 95% Cl
0.91, 0.96) was superior to measures of AB42/40 alone (clinical con-
census diagnosis: AUC 0.73; 95% Cl 0.68, 0.77; CSF AD biomarkers:
AUC 0.78; 95% C1 0.74,0.83). Similar results were obtained when inte-
grating plasma measures of AB42 (p-tau217/AB42, clinical concensus
diagnosis: AUC 0.92; 95% C10.89,0.94; CSF AD biomarkers: AUC 0.96;
95% C10.94,0.98).

These findings add to a rapidly expanding literature affirm-
ing strong concordance between plasma p-tau217 measures
and established markers of AD neuropathology, including
amyloid PET1216,17,19.26,45-47 3nd CSF AB42/40, p-taul81, p-
tau217,16.18.21,22,28 3nd post mortem measures of neuritic plaques and
tau neuropathology.*®4? Our findings similarly attest to the superior
performance of plasma p-tau217 versus A342/40 biomarkers in iden-
tifying patients with conventional biomarkers of AD neuropathology
(i.e., CSF biomarkers measured here and amyloid PET scans measured
elsewhere).12-14.50 Bjofluid measures of Ag are influenced by sev-

eral patient-specific factors (e.g., time-of-day of sampling! fasting

status®2) and lab-based variables (e.g., collection tube,>® freeze-thaw
cycles,”* storage time®?), which may contribute to variability in plasma
biomarker measures and lower diagnostic accuracy. By contrast,
plasma p-tau217 measures are relatively impervious to preanalytic
factors,2* including centrifugation and thawing temperatures,®®
with similar performance reported in head-to-head studies utilizing
various platforms (e.g., mass spectrometry, liquid chromatography,
and commercially available assays [Fujirebio Lumipulse or Quanterix
single-molecule assay {SIMOA}]).>” The potential pre-analytical and
analytical technical challenges and increased costs associated with
AB measurements call into question the value added by integration of
biomarkers of A342/40 in clinical practice. In our clinic, the downsides
and costs associated with consistent measurement of plasma AS
appear to outweigh the modest (i.e., clinically negligible) improvements
in diagnostic performance associated with integrated measures (i.e.,
p-tau217/AB42). This may change as assays and clinical algorithms
evolve.

Prior studies evaluating plasma p-tau217 were limited to highly
selected research populations with amyloid and tau status vali-
dated by CSF- or imaging-based assessments,2-1416.24.45,46 \yith
few exceptions.?223.26.48.49 Oyr study expands upon these well-
characterized cohorts by measuring plasma p-tau217 concentrations
in patients presenting for evaluation of cognitive concerns to an
established outpatient memory clinic. In this context, elevated plasma
p-tau217 identified most patients with symptomatic AD (95%) and
CSF-established AD pathology (92%)—similar to findings in a prior
study including patients undergoing diagnostic evaluation of demen-
tia in primary care clinics in Europe.?? The specificity of p-tau217 for
symptomatic AD diagnosis was somewhat reduced (82%), compared
to previous studies (94%).18 These differences may reflect differences
in cohort characteristics, noting that our cohort included substantial
proportions of older patients with AD-related dementias known to

associate with AD co-pathology.”87¢9 In support of this statement,
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plasma p-tau217 specificity was lowest (< 65%) in patients with AD-
related dementias associated with high rates of AD co-pathology
(i.e., LATE, LBD, and vascular cognitive impairment),®1-¢* and highest
(> 85%) in patients with cognitive impairment attributed to FTLD and
“other” causes of dementia.

We used a two-cutpoint approach validated in research partic-
ipants with and without “positive” amyloid PET scans.!l 1532 This
approach was selected to maximize sensitivity and specificity (> 90%;
i.e., diagnostic accuracy), while minimizing the proportion of individu-
als with “intermediate” (or indeterminate) results.2* Our findings attest
to the merits of this approach. Definitive plasma p-tau217 results
were obtained in 86% of patients in our series. Accordingly, plasma
AD biomarker findings would have informed the clinical care of most
patients with amnestic and non-amnestic concerns assessed in our
outpatient memory clinic, with < 15% requiring additional testing
to inform next steps in the clinical evaluation (e.g., conventional AD
biomarkers, such as amyloid PET or CSF AD biomarkers). This approach
can be further refined by integrating blood based biomarker results and
knowledge of disease prevalence to inform the pretest probability of
an AD diagnosis, with PPV > 95% in multicenter research cohorts com-
prised of individuals with AD dementia, and NPV > 90% in individuals
with non-AD dementia syndromes.®® These reports are particularly
timely given the increasing demand for anti-amyloid treatments, and
the increasingly pressing need for accessible, scalable, non-invasive,
and reliable biomarkers to identify patients who may benefit from
these emergent therapies.2®

Impaired kidney function (eGFR < 60 mL/min/1.73 m?2) was associ-
ated with increased plasma p-tau217 concentrations in our study and
others.2126-29 Recent publications from our center further establish a
non-linear relationship between plasma p-tau217 concentrations and
kidney dysfunction, with plasma p-tau217 concentrations increasing to
greater degree below an eGFR of 45 mL/min/1.73 m? than between
an eGFR of 60 and 45 mL/min/1.73 m2.2? These findings empha-
size the need to measure kidney function (i.e., creatinine or eGFR)
contemporaneously with plasma AD biomarkers and integrate results
when interpreting plasma biomarkers. Whereas low (i.e., “negative”)
biomarker concentrations remain informative, elevated plasma p-
tau217 concentrations should be interpreted with caution. In patients
with eGFR below 45 mL/min/1.73 m? (stage 3b chronic kidney dis-
ease) and elevated plasma p-tau217, CSF AD biomarkers or amyloid
PET should be obtained, similar to patients with “intermediate” plasma
p-tau217 results. Further studies are needed to establish reliable cut-
offs for interpreting increased p-tau217 in individuals with impaired
kidney function and to elucidate the mechanisms that underpin this
relationship.

Our study has limitations. Our clinic-based cohort included patients
across the adult lifespan, with balanced sex distribution, and a broad
spectrum of amnestic and non-amnestic phenotypes that are com-
monly seen in clinical practice; yet most patients were non-Hispanic
White individuals. Although early studies suggest that biomarker per-
formance does not vary by race or ethnicity,%¢ it is important to
evaluate plasma biomarker measures in representative cohorts,2*

including greater proportions of Black / African American and His-

panic / Latino individuals who experience disproportionate burdens
of dementia,®’ medical comorbidities that may influence biomarker
performance (including kidney impairment),® ¢? and diagnostic delays
and misdiagnoses®® 79772 compared to non-Hispanic White Ameri-
cans. Additionally, our setting as a large academic referral center with
recognized expertise in NPH likely influenced referral patterns, con-
tributing to overrepresentation of patients with NPH compared to
that expected in community-based practices. Twelve patients (2.4%)
in our cohort were < 50 years old. Additional research is needed to
validate plasma AD biomarker cutpoints in younger patients, noting
that this study applied biomarker cutpoints that were previously vali-
dated inindividuals > 50 years old.1! Furthermore, in this study, kidney
function was categorized using eGFR values obtained within 1 year of
plasma p-tau217 measurement and not simultaneously. Kidney func-
tion may fluctuate over time, especially in older adults, emphasizing
the importance of assessing plasma biomarkers and kidney function
contemporaneously in the future. Finally, our study relied on clinical
consensus diagnoses, integrating findings from established CSF AD
biomarkers. Neuropathology remains the gold standard for definitive
diagnosis. Further study in cohorts followed to autopsy will be nec-
essary to definitively determine diagnostic outcomes in patients with
“positive”, “negative”, and “intermediate” plasma AD biomarker results.

Plasma p-tau217 and p-tau217/AB42 concentrations demonstrated
robust diagnostic performance in a heterogeneous clinical cohort, with
high sensitivity and specificity, similar performance in patients older
and younger than 65-years, and excellent correlation with CSF-based
biomarkers of AD neuropathology. Our findings suggest that plasma
p-tau217 concentrations may serve as a standalone biomarker to
improve diagnostic accuracy in appropriate patients, with additional
testing (CSF analysis or amyloid PET) prioritized in the < 15% of cases
with indeterminate results or in patients with impaired kidney function
and abnormal plasma biomarkers.
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ing Information section at the end of this article.
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