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Abstract

Our review summarizes the diagnostic accuracy of plasma and cerebrospinal fluid
(CSF) phosphorylated tau 217 (p-tau217) in detecting amyloid and tau pathology
on positron emission tomography (PET). We systematically reviewed studies that
reported the diagnostic accuracy of plasma and CSF p-tau217, searching MED-
LINE/PubMed, Scopus, and Web of Science through August 2024. The accuracy of
p-tau217 in predicting amyloid and tau pathology on PET was evaluated in 30 stud-
ies. Both plasma and CSF p-tau217 effectively detect amyloid and tau PET deposition.
Plasma p-tau217 showed 82% sensitivity for detecting amyloid and 83% for tau,
with 86% and 83% specificity, respectively. CSF p-tau217 had 79% sensitivity for
amyloid and 91% for tau, with 91% and 84% specificity. p-tau217 effectively iden-
tifies Alzheimer’s disease (AD) pathology. Plasma p-tau217 was comparable to CSF
p-tau217 in detecting amyloid deposition on PET. Despite being less sensitive for
detecting tau deposition on PET, plasma p-tau217 can be an efficient screening tool
for underlying AD pathology.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | BACKGROUND

Novel fluid biomarkers have shown promising results in detecting
Alzheimer’s disease (AD) pathology across the clinical spectrum.’?
Studies have found that individuals with AD have alterations in the
levels of amyloid beta (Ap), total tau (t-tau), and phosphorylated
tau (p-tau) proteins in cerebrospinal fluid (CSF) and plasma. These
alterations can effectively differentiate AD from cognitively healthy
individuals.23~¢ Fluid biomarkers can improve the specificity of AD
clinical diagnosis by detecting biological evidence of AD, especially
readily accessible plasma, which may facilitate earlier diagnosis and
access to new disease-modifying therapeutics.”~?

Amyloid and tau positron emission tomography (PET) scans have
increasingly been used in recent years to detect and quantify accumu-
lation of AB and tau pathology in the brain ante mortem. In addition,
fluid biomarkers, including in CSF and plasma, have shown promise
in detecting AD pathology and can be measured using immunoassays
and mass spectrometry.'? Tau protein has many isoforms and is highly
phosphorylated at many sites, based on age and disease state. p-tau has
different epitopes; up to 30 tau phosphorylation sites have been iden-
tified and > 15 tested in AD.'? Among these, phosphorylated tau 217
(p-tau217) has shown greater accuracy than other p-tau markers, such
as plasma and CSF p-taul181, in differentiating AD from elderly con-
trols and other neurodegenerative disorders.’? Additionally, plasma
p-tau217 has been found to have diagnostic performance comparable
to CSF p-tau217.1314 This suggests that plasma p-tau217 may reduce
the need for invasive lumbar punctures without compromising accu-
racy in diagnosing AD.1>1¢ Despite plasma biomarkers having not yet
been approved for use in clinical settings, they are anticipated to be
simpler, more cost-effective, and easier-to-implement alternatives to
CSF and neuroimaging biomarkers.!”

Alzheimer’s disease, amyloid beta positron emission tomography imaging, cerebrospinal fluid
biomarkers, diagnostic test accuracy, phosphorylated tau 217, plasma biomarkers, positron
emission tomography, tau positron emission tomography imaging

* Plasma phosphorylated tau 217 (p-tau217) serves as a viable biomarker alterna-
tive to cerebrospinal fluid p-tau217 due to the strong concordance between their

e Plasma p-tau217 accurately identifies amyloid and tau positron emission tomogra-
phy (PET) positivity, exhibiting a low rate of false negatives and positives, thereby
establishing it as a reliable diagnostic tool for Alzheimer’s disease (AD).

* Plasma p-tau217 demonstrates slightly higher accuracy in predicting amyloid PET
positivity compared to tau PET positivity.

* Plasma p-tau217 demonstrates higher predictive accuracy in detecting AD pathol-
ogy among cognitively impaired individuals, compared to cognitively unimpaired

individuals, suggesting its enhanced utility as a diagnostic biomarker in clinical

An early, precise, and biologically based diagnosis of AD will gain
further prominence given the recent advent of disease-modifying
treatments.’® Meta-analyses offer a powerful approach for evaluat-
ing diagnostic accuracy by synthesizing data across multiple studies
and sites, which enhances the precision of effect size estimates and
broadens the generalizability of findings.1?-21

Given the promising potential of p-tau217, we conducted a compre-
hensive review of studies that evaluated its effectiveness in detecting
AD pathology using AS and tau PET scans as reference standards. Our
meta-analysis had two primary objectives: first, we sought to assess the
diagnostic test accuracy (DTA) of p-tau217 in identifying AD pathol-
ogy among cognitively impaired (Cl) and cognitively unimpaired (CU)
individuals; second, we explored the efficacy of various assay platforms
for p-tau217 to understand how different tests perform in clinical and
research settings. We comprehensively evaluated the DTA of p-tau217
across different assays and populations. This pooled analysis enables
us to uncover differences in test performance across heterogeneous
cohorts, which may not be apparent in head-to-head comparisons of
assays within a single cohort. Ultimately, our findings aim to inform
and optimize the diagnostic use of p-tau217 in clinical practice, offer-
ing insights into its application across varied populations and assay
methods.

2 | METHODS
2.1 | Search strategy
After registration in PROSPERO—CRD42024503676—the Preferred

Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)

statement was followed during a thorough literature review to cover
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all relevant studies (Figure 1).22 The review aimed to include obser-
vational studies examining the diagnostic precision of p-tau217 as a
biomarker for diagnosing AD, using tau PET and AB PET as the refer-
ence standards. The search was performed on four online databases,
including MEDLINE/PubMed, Scopus, and Web of Science, from
their inception to August 2024, using relevant keywords such as

» o« »

“Alzheimer’s disease,” “primary senile degenerative dementia,” “prese-

» o« » o«

nile dementia,” “preclinical dementia,” “senile dementia,” “p-tau217,”
and “PET scan.” A search strategy was developed for each database
using a combination of keywords with appropriate Boolean operators
(OR/AND). All available literature was retrieved without any restric-
tions based on publication time, study design, language, or country of
publication. Our meta-analysis of 30 studies on p-tau217 biomarkers
spans diverse global regions, including North America, Europe, Asia,

and Oceania (Figure 2).

2.2 | Inclusion and exclusion criteria

The search identified studies of different types, including cross-
sectional, case-control, and cohort studies, which were required to
meet the following criteria to be included in our analysis. The study
had to include participants that were > 18 years, have brain amy-
loid and/or tau PET results, and have reported diagnostic performance
indices including sensitivity and specificity. The analysis excluded any
non-observational studies, such as case reports/series, editorials, com-
ments, correspondence, guidelines, experimental, and interventional
studies, as well as meta-analysis and systematic and narrative reviews.
Additionally, gray literature, articles without available full text, irrele-
vant studies, and studies that did not report diagnostic performance
indices were excluded. We reached out to authors of excluded studies
for supporting data and added those that provided DTA data from their
study to the final inclusion list for this meta-analysis.

2.3 | Study selection process

EndNote 21 software (Clarivate Analytics) was used to import the cita-
tions, and any duplicate entries were eliminated. The first screening
stage involved two reviewers (M.K. and K.S.) who evaluated the titles
and abstracts of studies to identify eligible ones. The second screening
stage involved the same reviewers analyzing the selected articles’ full

text, using inclusion and exclusion criteria.

2.4 | Data extraction

Two investigators (M.K. and K.S.) thoroughly reviewed the studies
included in this final research sample. Using a predefined Microsoft
Excel worksheet, they gathered a comprehensive set of information
including the first author’s name, study period, country of origin,
dataset source, total number, age, sex, Mini-Mental State Examination,

details of the PET method used, and statistical data findings such as
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RESEARCH IN CONTEXT

1. Systematic review: We conducted a literature review
using MEDLINE/PubMed, Scopus, and Web of Science,
focusing on studies evaluating the diagnostic accuracy
of plasma and cerebrospinal fluid (CSF) phosphorylated
tau (p-tau217) to detect Alzheimer’s disease (AD) pathol-
ogy in both cognitively impaired and unimpaired cohorts.
Our meta-analysis is the first to report the accuracy of
p-tau217 in diverse cohorts.

2. Interpretation: p-tau217 is an effective biomarker of AD
pathology. Plasma p-tau217 has comparable accuracy to
CSF p-tau217 indetecting amyloid deposition on positron
emission tomography (PET), although it is slightly less
sensitive in detecting tau deposition on PET. Nonethe-
less, plasma p-tau217 can be a useful screening tool for
detecting underlying AD, particularly with higher predic-
tive value in cognitively impaired individuals, highlighting
its promise as a diagnostic biomarker in clinical settings.

3. Future directions: Future studies should focus on larger,
community-based cohorts to assess p-tau217’s diagnos-
tic accuracy in people with mixed pathologies. Stan-
dardization of methods and further investigation into
specific p-tau217 ratios, such as p-tau217/total tau, is
recommended to enhance diagnostic precision.

true positive (TP), true negative (TN), false positive (FP), and false nega-
tive (FN). If TP, TN, FP, and FN rates were not reported in each study, the
investigators calculated these figures based on the data reported and
the number of participants involved. Any decimal figures were rounded

to the nearest whole number.

2.5 | Quality assessment

We used the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) to evaluate the standard of the studies that were
included.*®> QUADAS-2 is a widely used tool to assess the quality of
non-randomized studies, focusing on four key domains: patient selec-
tion, index test, reference standard, and flow and timing. Each domain
is systematically evaluated for potential biases and categorized as hav-
ing low, high, or unclear risk. Additionally, the tool assesses concerns
regarding the applicability of the study in terms of patient selec-
tion, index tests, and reference standards. The risk of bias assessment
involves answering signaling questions within each domain, which
helps guide the evaluator in determining the level of bias present. The
decisions made during this process, along with specific criteria for each
domain, are crucial for interpreting the results shown in Table S1 in
supporting information and for understanding the quality assessments
applied throughout the manuscript.
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FIGURE 1
Meta-analysis; p-tau, phosphorylated tau.

2.6 | Quantitative meta-analysis and statistical
analysis

The primary objective of this analysis was to assess the diagnostic per-
formance of the studies, with a specific focus on the F1 score, which has
the advantages of combining precision and recall, better accounting for
FNs/FPs and imbalanced data sets. Additionally, we calculated sensitiv-
ity, specificity, the summary receiver operating characteristic (SROC)
curve, and the diagnostic odds ratio (DOR). Point estimates and 95%
confidence intervals (Cis) for these metrics were computed for each
study to ensure consistency. A bivariate meta-analysis of sensitivity
and specificity was conducted to generate the SROC curve (Figure 3),
using R version 4.1.2 (R Foundation for Statistical Computing, 2021)
and RStudio version 1.4.1717. The R packages mada and meta4diag
were used for this purpose.*4*° To account for the methodological dif-
ferences across diagnostic studies, we used a random effects model;
this approach allows for variability between studies, accommodating
potential differences in study design, sample characteristics, and mea-
surement techniques, thereby providing a more generalized estimate

of the effect size.*¢ The ggplot2*” library was used to generate some

—
Records identified through database searching *Inclusion Criteria:  Study types:
c - i -
S (N =259) Cross secho'nal, ca'se con.trol, and.
‘ﬁ cohort studies ¢ Diagnosis: Studying
= Scopus Web of Science PubMed cognitive impairment across
g (n=90) (n =85) (n=84) Alzheimer’s continuum e Imaging:
k] n= n= n= Brain amyloid and/or tau PET results o
Data: Diagnostic performance indices.
*Exclusion Criteria:  Study types:
non-observational studies, Preprints ¢
Review articles: Meta-analyses,
o systematic reviews, and narrative
GJ . .
] Excluded records after the title and abstract reviews e Literature type: Gray
E screening and removing the duplications: literature * Availability: Articles
E without available full text ¢
g (n=200) )
L Relevance: Irrelevant studies ® Data
< reporting: Studies not reporting
S diagnostic performance indices.
Full-text articles assessed for eligibility (n = 59): ) ]
> _Full-text access Twenty:nme articles wert? excluded
=z “English language d.ue to |n.adequate reporting of
%" -Original articles that addressed the diagnostic [~ * d'j“g'f‘osm te.st accuracy (DTA) data or
accuracy of p-Tau217 as a diagnostic biomarker Tnnssn.r1g details concerning PET
across the Alzheimer’s continuum imaging. (Supplemental Table-2)
—
w
g
©
3
i
° Final Included studies
3 (n=30)
g
= (Table-1, 2)
©
i=
£

PRISMA flowchart. PET, positron emission tomography; PRISMA, Preferred Reporting Items for Systematic Reviews and

of the visualizations, including diagnostic performance plots. To assess
potential publication bias, we used a funnel plot. All statistical tests
were two sided, and a p value of <0.05 was considered statistically
significant.

Sensitivity (true positive rate [TPR]): The proportion of actual
positives that are correctly identified.

Sensitivity = TP/(TP + FN)

Specificity (TN Rate): The proportion of actual negatives that are
correctly identified.

Specificity = TN(TN + FP)

DOR: The ratio of the odds of the test being positive in patients with
the disease compared to those without.

DOR = (TP x TN)/(FP x FN)

F1 Score: A harmonic mean of precision and recall, used as the
primary metric in this analysis.

F1score = (2 xPrecision xRecall)/Precision+Recall = (2 x TP)/2TP
+ (FP +FN)

To plot the SROC curve, we calculated the following:

False Positive Rate (FPR): The proportion of actual negatives that
are incorrectly classified as positives.

FPR =FP/(FP + TN)

8SUBD 17 SUOLULIOD @A ERID) @(qedl|dde auy Ag peuenob a1e sappie YO BSN Jo S3|NJ 104 ARIqIT UIIUO 81/ UO (SUORIPUOD-PUR-SULBY/WOY 48] 1MATIq1feul |UO//SdRY) SUORIPUOD Pue S L 3L 885 *[Z02/2T/0E] uo Ariqrauliuo Aoiim ‘wewieded SRLES 7 S90In0sey-3 AISIeAuN [PuIoD Ad 8SyT ZIB/Z00T 0T/I0p/wod"Ae| 1M ARelq1pu! U0 S euINO -z fe//Sdny w0l pepeoiumod ‘0 ‘6.252SST



KHALAFI ET AL.

Alzheimer’s & Dementia® K

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Number of participants

in studies from each region

W Vore than 1000 participants
Between 500 and 1000 participants
Between 200 and 500 participants
Less than 200 participants
NA

Geographic distribution of studi

1o Barcoona

luded in this Met: y

olewen
oSeneva

Dok

o Shanghhl

o Bangiok

FIGURE 2

p-tau217 has been proposed to be the most accurate fluid biomarker of AD pathology among various ethnic, racial, and clinical

groups.2? The map illustrates the geographical distribution of included studies, highlighting the countries of origin of the cohorts included in this
meta-analysis and the number of individuals reported in the included studies, which were from the United States (MCSA, WRAP, UCSF Memory
and Aging Center, Pittsburgh ADRC, Mayo Clinic ADRC, Florida ADRC),1114.18.24-30 Canada (Triad),0.18.31.32 Sweden (Biofinder),112.18:33-36
Switzerland (Memory Center),> Belgium (F-PACK),%” Spain (ALFA),383? China (community-based longitudinal cohort),*° Thailand (Memory
Clinic),** Japan (J-TRC),® and Australia (AIBL, ADNeT).1642 AD, Alzheimer’s disease; ADNeT, Australian Dementia Network; ADRC, Alzheimer’s
Disease Research Center; AIBL, Australian Imaging, Biomarker & Lifestyle Flagship Study of Ageing; ALFA, Alzheimer’s and Families; F-PACK,
Flemish Prevent Alzheimer’s Disease Cohort KU Leuven; MCSA, Mayo Clinic Study on Aging; p-tau217, phosphorylated tau 217; UCSF, University
of California San Francisco, WRAP, Wisconsin Registry for Alzheimer’s Prevention.

TPR: Equivalent to sensitivity, representing the proportion of actual
positives correctly classified.
TPR=TP/(TP +FN)

2.7 | Meta-analysis heterogeneity

In a meta-analysis, the level of variation among the included studies
can be assessed by calculating the between-study variance.*84?
Understanding the variance among studies is essential for interpreting
the differences in outcomes across meta-analyses. In particular, the
presence of heterogeneity can significantly affect the reliability of
pooled estimates, making it crucial to approach the results with
caution. Heterogeneity is quantified using the [2 statistic, which
measures the proportion of total variation across studies that is due
to heterogeneity rather than chance. I2 values range from 0% to 100%,
with higher values indicating greater inconsistency among study
results. An 2 value between 0% and 25% indicates low or negligible
heterogeneity, 25% to 50% indicates moderate heterogeneity, 50% to
75% indicates substantial heterogeneity, and 75% to 100% indicates
high heterogeneity.”® Our analysis revealed substantial variability

across both plasma and CSF studies, with I2 values > 50% in each set,

indicating moderate to high heterogeneity. Heterogeneity was also
observed across most subgroups analyzed, although one subgroup
exhibited a low I2 value and a non-significant p value, suggesting
less variability. The observed heterogeneity in other subgroups
underscores the need for careful interpretation of the findings, as
high 12 values suggest that much of the variability between study
outcomes is likely influenced by differences in study design, popu-
lations, or methodologies, rather than random chance. Forest plots
offer further insights into the degree of heterogeneity, including
precision estimates and p values for each subgroup, allowing for a
more detailed assessment of variability. The level of heterogeneity
observed highlights the complexity of synthesizing results across
diverse studies and emphasizes the importance of accounting for these
differences when drawing conclusions (Figures S1-S5 in supporting

information).

3 | RESULTS

After passing the eligibility criteria of the PRISMA flow diagram,
59 studies were included. Among them, 30 studies (Tables 1 and 2),
including 9787 individuals from 10 countries (Figure 2) that reported
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(A) SROC Curve: Plasma p-Tau217 in predicting Amyloid PET positivity (B) SROC Curve: Plasma p-Tau217 in predicting Tau PET positivity
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(C) SROC Curve: CSF p-Tau217 in predicting Amyloid PET positivity (D) SROC Curve: CSF p-Tau217 in predicting Tau PET positivity
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FIGURE 3 The SROC curve evaluates the performance of p-tau217 in predicting PET positivity. The curve plots sensitivity against the false
positive rate, summarizing the diagnostic accuracy across multiple studies. The curve includes a 95% confidence region to illustrate the
uncertainty in the summary estimates. Each dot represents a study’s individual sensitivity and false positive rate, with the SROC curve capturing
the overall performance trend. A, SROC curve for plasma p-tau217 in predicting amyloid PET positivity, with an AUC of 0.91 and sensitivity of 0.82
(95% Cl:0.79-0.84). B, SROC curve for plasma p-tau217 in predicting tau PET positivity, with an AUC of 0.90 and sensitivity of 0.83 (95% Cl:
0.78-0.87). C, SROC curve for CSF p-tau217 in predicting amyloid PET positivity, with an AUC of 0.88 and sensitivity of 0.79 (95% Cl: 0.73-0.84).
D, SROC curve for CSF p-tau217 in predicting tau PET positivity, with an AUC of 0.95 and sensitivity of 0.91 (sensitivity 95% Cl: 0.87-0.95). AUC,
area under the curve; Cl, confidence interval; CSF, cerebrospinal fluid; PET, positron emission tomography; p-tau217, phosphorylated tau 217;
SROC, summary receiver operating characteristic.

the DTA of p-tau217 in CSF, plasma, or both, were included in the performance of p-tau217 in predicting PET positivity, which includes

final analysis. Twenty-nine studies were excluded due to insufficient a 95% confidence region to illustrate the uncertainty in the summary
data (Table S2 in supporting information). Data from these studies estimates (Figure 3). Due to the importance of investigating FN cases
were reviewed, and the data were entered into a meta-analysis table and using the F1 score in medical diagnostic tests, we used the average
for quantitative analysis. We used the SROC curve to evaluate the F1 score to assess classification.’>
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TABLE 3 Summary of pooled quantitative information showing
the sensitivities, specificities, and F1 scores of plasma versus CSF
p-tau217 by reference standard (PET).

Plasma p-tau217

Reference standard Sensitivity% Specificity% F1score
ABPET positivity 82 86 0.78
ABPETiInCU 76 83 0.65
ABPET in CU+CI 83 88 0.80
ABPETinCl 85 86 0.87

Tau PET positivity 83 83 0.75

Tau PET in CU 79 75 0.48

Tau PET in CU+CI 85 86 0.81

Tau PET in Cl 81 85 0.83
CSF p-Tau217

Reference standard Sensitivity %  Specificity (%) F1score
AB PET positivity 79 91 0.8
ABPETinCU 81 82 0.56
ABPET in CU+CI 79 92 0.84

Tau PET positivity 91 84 0.8

Tau PETinCU 85 84 0.33

Tau PET in CU+CI 91 86 0.83

Tau PET inCl 98 57 0.85

Abbreviations: AjB; amyloid beta; Cl, cognitively impaired; CSF, cere-
brospinal fluid; CU, cognitively unimpaired; PET, positron emission tomog-
raphy; p-tau, phosphorylated tau.

3.1 | Evaluation of plasma p-tau217 for predicting
amyloid PET positivity

We evaluated 23 studies that were conducted using amyloid PET imag-
ing to investigate the accuracy of plasma p-tau217 in detecting AB
pathology. The results indicated a pooled sensitivity of 82% (95% Ci:
78.5%-84.3% 12 = 85%), a pooled specificity of 86% (95% Ci: 84.0%-
87.8% 12= 81%), and an F1 score of 0.77 (95% Ci: 0.741-0.805;
12 = 95%). The weakest performance was observed in detecting Ag in
CU participants with a pooled sensitivity of 76% (95% Ci: 71.4%-80.3%
|2 = 55%), a pooled specificity of 83% (95% Ci: 79%-86% 1% = 86%),
and an F1 score of 0.67 (95% Ci: 0.567-0.716; 12 = 90%; Table 3).
The DTA of p-tau217 in identifying AB in individuals with Cl showed a
pooled sensitivity of 85% (95% Ci: 81.4%-88.2%; |12 = 67%), a pooled
specificity of 86% (95% Ci: 82.8%-88.2%; 12 = 4%), and an F1 score
of 0.87 (95% Ci: 0.847-0.894; I2= 66%). In mixed cohorts of CU
and Cl individuals, plasma p-tau 217 had a pooled sensitivity of 83%
(95% Ci: 77.7%-87.3%; 12 = 89%), a pooled specificity of 88% (95% Ci:
85 5%-90.6%; 12 = 80%), and an F1 score of 0.8 (95% Ci: 0.752-0.841;

90%) in detecting AB (Table 3). The measurement of p-tau217
showed slight variations when different amyloid radiotracers were
used as the reference standard. [11C] Pittsburgh compound B and
[18F] Flutemetamol are more widely reported, and their combined
F1 scores were calculated as 0.79 (95% Ci: 0.862-0.866; 2= 97%)

and 0.77 (95% Ci: 0.596-0.878; 12 = 97%) respectively, for CU and Cl
cohorts.

3.2 | Evaluation of plasma p-tau217 for predicting
tau PET positivity

To evaluate the accuracy of plasma p-tau217 for diagnosis, 11 stud-
ies with tau PET imaging that met inclusion criteria were evaluated.
The pooled sensitivity was 83% (95% Ci: 77.7%-87.2% |2 = 83%), the
pooled specificity was 83% (95% Ci: 79.8%-86.2% |2 = 93%), and the
F1 score was 0.75 (95% Ci: 0.67-0.809; 12 = 74%) for detecting tau
deposition on PET. The pooled sensitivity of detecting tau PET posi-
tivity in CU participants was 79% (95% Ci: 69.7%-85.9%, 12 = 65%),
with a pooled specificity of 75% (95% Ci: 67%-81.9%, 12 = 95%), and
an F1 score of 0.48 (95% Ci: 0.345-0.605; |2 = 95%; Table 3). Among
Cls, p-tau217 demonstrated a pooled sensitivity of 81% (95% Ci:
67.2%-90.1%; 12 = 89%), a pooled specificity of 85% (95% Ci: 76.6%-
90.5% [2= 81%), and an F1 score of 0.83 (95% Ci: 0.788-0.868;
12 = 74%). In mixed CU+CI cohorts, the sensitivity and specificity were
83% (95% Ci: 77.5%-90.5%; 12= 85%) and 86% (95% Ci: 83.3%-
88.6%; 12 = 58%), respectively, with an F1 score of 0.81 (95% Ci:
0.747-0.857; 12 = 83%; Table 3). When using different tau radiotrac-
ers as the reference standard, the best performance of p-tau217 was
observed in studies that used [18F]Flortaucipir with an F1 score of
0.78 (95% Ci: 0.582-0.903; 12 = 98%). F1 scores of plasma p-tau217
were 0.7 (95% Ci: 0.626-0.782; 12 = 92%) and 0.71 (95% Ci: 0.466~-
0.860; I2 = 97%) in studies that used [18FJRO948 and [18F]MK-6240,
respectively.

3.3 | Evaluation of CSF p-tau217 for predicting
amyloid PET positivity

In five studies, amyloid PET imaging was used to evaluate the accuracy
of CSF. The findings demonstrated a pooled sensitivity of 79% (95% Ci:
73.2%-83.8% |2 = 53%) and a pooled specificity of 91% (95% Ci: 85%-
94.1% 12 = 81%), resulting in an F1 score of 0.8 (95% Ci: 0.669-0.885;
12 = 93%). In mixed CU+CI cohorts, the DTA of p-tau217 was shown
to have a pooled sensitivity of 79% (95% Ci: 72.1%-84.4% 12 = 63%),
pooled specificity of 92% (95% Ci: 89.4%-93.2% 12 = 11%), and an F1
score of 0.84 (95% Ci: 0.784-0.877; I2 = 66%) in detecting AS deposi-
tion on PET (Table 3).[18F]Flutemetamol was the most commonly used
ApB PET radiotracer; CSF p-tau217 demonstrated an F1 score of 0.73
(95% Ci: 0.543-0.86; 12 = 95%) compared to this tracer.

3.4 | Evaluation of CSF p-tau217 for predicting tau
PET positivity

Tau PET imaging was used in five studies to determine the DTA of
CSF p-tau217, showing a pooled sensitivity of 91% (95% Ci: 86.5%-
94.6% 12 = 71%), pooled specificity of 84% (95% Ci: 77.1%-88.8%
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I2=91%),and F1 score of 0.8 (95% Ci:0.705-0.869; 12 = 92%). Iniden-
tifying tau deposition among CU+Cl studies samples, p-tau217 had a
pooled sensitivity of 91% (95% Ci: 85.5%-94% 12 = 71%), pooled speci-
ficity of 86% (95% Ci: 81.1%-90.2% 12 = 89%), and F1 score of 0.83
(95% Ci: 0.772-0.87; I2 = 87%; Table 3). CSF p-tau217 demonstrated
the highest concordance with [18F]Flortaucipir with an F1 score of
0.88(95% Ci: 0.848-0.904; I2 = 0%).

3.5 | Plasma p-tau217 assays

In measuring plasma p-tau217, the Meso Scale Discovery (MSD)-
based Lilly immunoassay had a pooled sensitivity of 86% (95% Ci:
80.3%-89.5%; 12= 90%) and a pooled specificity of 86% (95% Ci:
83.1%-88.7%; 12 = 86%) and F1 score of 0.78 (95% Ci: 0.714-0.834;
2= 94%) in 14 studies. The Single Molecule Array (Simoa) ALZ-
path, based on six studies, had a pooled sensitivity of 85% (95% Ci:
80%-89%; 12 = 55%) and a pooled specificity of 84% (95% Ci:
80.7%-86.2%; 12= 40%) and F1 score of 0.78 (95% Ci: 0.692-
0.84; 12= 89%). Simoa Jansson R&D, based on five studies, had a
pooled sensitivity of 81% (95% Ci: 77.2%-83.7%; 2= 52%) and
a pooled specificity of 84% (95% Ci: 80.4%-87.1%; I2= 74%) and
F1 score of 0.77 (95% Ci: 0.704-0.829; 2= 92%). Three studies
used mass spectrometry, which had a pooled sensitivity of 85% (95%
Ci: 78.1%-89.2%; 12 = 81%), a pooled specificity of 90% (95% Ci:
88%-91%; 12 = 0%), and an F1 score of 0.83 (95% Ci: 0.75-0.89;
12 = 93%). Note that grouping these three mass spectrometry studies
provides an approximate estimate of the accuracy of mass spectrom-
etry in measuring p-tau217, although there are differences in these
spectrometry methods: immunoprecipitation-mass spectrometry,”?
liquid chromatography-high resolution mass spectrometry,? and liquid
chromatography-tandem mass spectrometry.?’

3.6 | CSF p-tau217 assays

The MSD-based Lilly immunoassay in measuring plasma p-tau217 had
a pooled sensitivity of 91% (95% Ci: 85%-94.6%; 1= 78%) and a
pooled specificity of 85% (95% Ci: 80%-89%; |2 = 55%) and F1 score
0f 0.79 (95% Ci: 0.699-0.862; I2 = 92%) in five studies.

3.7 | Comparison of p-tau217 assays by cognitive
status

In these studies, the measurement and extraction of p-tau217 were
performed using MSD-based Lilly immunoassay, Simoa ALZpath, Simoa
Jansson R&D, Simoa Honebrew, and mass spectrometry for measuring
CSF and plasma p-tau217.

In plasma p-tau217, MSD-based Lilly, Simoa ALZpath, and Simoa
Jansson R&D showed weaker diagnostic power than mass spectrom-
etry in measuring plasma p-tau 217 among CU individuals, with F1
scores of 0.63 (95% Ci: 0.479-0.761; 1= 92%), 0.54 (95% Ci:

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

0.441-0.642; 1= 18%), and 0.57 (95% Ci: 0.492-0.647; I> = 47%),
respectively, compared to the F1 score of 0.78 for mass spectrometry.
However, Lumipulse Fujirebio with an F1 score of 0.9—based on only
one study—and Simoa-based assays had an F1 score of 0.86 (95% Ci:
0.81-0.892; 12 = 67%) and 0.89 (95% Ci: 0.839-0.925; 12 = 57%) for
ALZpath and Jansson R&D, respectively, in Cis; these were almost sim-
ilar to that of mass spectrometry and better than MSD’s F1 score
of 0.83 (95% Ci: 0.682-0.918; |2= 86%; Table 4). However, given
the limited data for CSF p-tau217, MSD-based-Lilly had satisfactory
results among mixed CU/CI cohorts, with F1 scores of 0.82 (95% Ci:
0.765-0.858; |2 = 85%; Table 5).

3.8 | Quality assessment

To assess potential biases in the selected studies, we used QUADAS-2,
atool that scrutinizes the validity of the research. Our findings revealed
that none of the studies exhibited significantly high risk biases. Reflect-
ing minimal publication bias, the data were symmetrically arranged
around the actual effect in an inverted funnel shape (Figure Sé in
supporting information). Among the 30 studies, the majority demon-
strated low overall risk of bias across all domains, indicating that the
design and conduct of these studies were robust and had minimal
potential for bias. Most studies exhibited low risk in all QUADAS-2
categories. However, a few studies were rated as having a high or mod-
erate risk of bias due to high overall risk, primarily due to concerns
regarding patient selection or the flow and timing of the study proce-
dures. Two studies were evaluated as having moderate overall risk due
toissues related to the index test and reference standard applicability.
Despite these concerns, the overall quality of the evidence is robust,
with most studies meeting the criteria for reliable diagnostic accuracy
of p-tau217 (Table S1).

4 | DISCUSSION

Recent development of novel, sensitive, and specific fluid biomarkers
for AD pathology provides more efficient and cost-effective screen-
ing tools for AD. p-tau species are linked to both amyloid plaque
and neurofibrillary tau tangle formation®#°> and have been investi-
gated as potential early biomarkers of disease. For example, p-tau181,
p-tau217, and p-tau231 have all been reported to be associated
with early amyloid changes, whereas p-tau205 alterations occur at
later stages of the disease.l256-8 Recently, elevated p-tau217 has
been shown to even be detected in CUs who are A3 PET positive,
before tau PET becomes positive.3857¢0 Therefore, p-tau217 has been
shown to be particularly useful in capturing early cerebral AB plaque
deposition.38:6162

Triana-Baltzer et al. demonstrated that plasma and CSF p-tau217
exhibit a moderate correlation, indicating that while they share some

343563 which may be

commonality, their levels do not perfectly align,
due to peripheral dilution and clearance effects, particularly in the set-

ting of chronic renal insufficiency.®* The correlation between CSF and
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plasma p-tau may also reflect differences in permeability across the
blood-brain and blood-CSF barriers.2>~¢7 Notably, these processes
may also vary based on CSF or blood fluid turnover rates, time of day,
and compartment volumes.%8

Some studies have reported that p-tau217 is more precise than
other tau biomarkers in distinguishing between mild cognitive impair-
ment and AD.%79 Our study has focused specifically on analyzing the
utility of p-tau217 in predicting underlying AD pathology, rather than
cognitive status. We conducted a comprehensive search and sepa-
rately analyzed all the data obtained from plasma and CSF to detect
amyloid and tau PET positivity. This analysis was conducted in the
form of a DTA meta-analysis, which differs from prior studies that
were focused on the effect size and ratio of means (ROM). Effect size
meta-analysis and ROM meta-analysis are used to estimate the aver-
age effectiveness of an intervention across different studies; effect size
meta-analysis is used to quantify continuous outcomes, while ROM
meta-analysis focuses on quantifying relationships. On the other hand,
DTA meta-analysis aims to provide an overall summary of the accuracy
of a test.”37172 Because it is crucial to manage FP and FN in medical
testing; we focused on the F1 score (Figure S7 in supporting informa-
tion), which weighs the FP and FN, along with pooled sensitivity and
specificity.

Higher correlation with biomarkers and cognitive measures results
in more accuracy for p-tau217 compared to other p-tau epitopes; it has
demonstrated a 3.3- to 3.9-fold increase in AD, while p-tau181 only
has shown a 1.7-fold increase.?>>461 |n this study, we demonstrated
that p-tau217 closely reflects amyloid and tau burden on PET. Our
pooled results demonstrated that CSF p-tau217 had slightly increased
sensitivity in predicting tau PET positivity compared to plasma p-
tau217. The best performance of plasma p-tau217 was observed in Cls,
which were slightly higher in amyloid PET than in tau PET (F1 score
of 0.87 vs. 0.83). A study by Ossenkoppele et al. using CSF p-tau217
among Cls indicated its strong performance (0.85); consistently, in
CU individuals, CSF and plasma p-tau217 outperformed p-tau181 and
AB 1-42/AB 1-40 in detecting amyloid positivity.2>347% While Jon-
aitis et al.25 reported high DTA for p-tau217 among CU individuals,
our pooled results indicated a weaker performance for p-tau217 in
predicting amyloid and tau PET positivity among CU individuals.

Studies have reported high DTA of p-tau217 in detecting amyloid
PET Centiloid (CL) values'874 and Braak stages on tau PET.2>18 CL
standardization of amyloid PET deposition aids in the harmonization
of the quantification of AB deposition and provides a threshold for
neuritic plaque density across tracers.”> Braak staging, on the other
hand, traditionally used in neuropathology to classify the progression
of neurofibrillary tangles, has been adapted for tau PET imaging by
using the brain regions identified by Braak and Braak to assess the
tau PET signal.”® The revised criteria from the Alzheimer’s Associa-
tion Workgroup recommend using tau PET imaging for in vivo staging,
by characterizing medial temporal region uptake, moderate neocortical
uptake, and high neocortical uptake, which have shown concordance
with traditional Braak staging.””

Which reference PET tracer was used in each study may have

affected the reported DTA in several ways.”® While the tracers demon-

strated similar specific binding patterns and are largely concordant,
there are variations in their dynamic range. These variations are pri-
marily attributed to differences in tracer binding properties (B,ax, Kd)
and clearance rates, rather than specificity.”®”? For instance, MK-6240
shows a greater dynamic range in standardized uptake volume ratio
estimates compared to flortaucipir, which may be advantageous for
detecting early tau pathology or small longitudinal changes.8%-81

The studied laboratory assays for p-tau217 in this meta-analysis
included immunoassays that are conducted by Eli Lilly and Quanterix
using the Simoa platform, while the mass spectrometry is performed
using liquid chromatography-mass spectrometry.5283 In the case of
plasma p-tau217, our results showed that the measurement of this
biomarker using immunoassays and mass spectrometry was almost
similar in CU+Cl and Cl-only cohorts. However, in the case of CU indi-
viduals, mass spectrometry results indicated an F1 score of 0.78, while
the F1 scores obtained from MSD-based Lilly and Simoa HD-X were
lower.2”

Evaluating the DTA of p-tau217 using separate assays in a head-
to-head comparison in the case of Cl individuals, Janssen R&D results
were slightly superior to those of ALZpath while Lumipulse-Fujirebio
provided more accurate results in predicting PET positivity.*%32 Dif-
ferences in assay characteristics may be responsible for the variations
in accurately detecting p-tau217: mass spectrometry may not directly
measure the intact tau protein and targets shorter fragments, whereas

immunoassays focus on longer, well-defined tau peptides.384

4.1 | Limitations and future directions

Our criteria required studies to report the DTA of p-tau217 for detect-
ing amyloid-PET positivity, which may have excluded studies reporting
other outcomes. In addition, our study predominantly included stud-
ies with dementia-based cohorts and high prevalence rates of PET-
positive cases, commonly found in clinical settings. Consequently, our
results may not be generalizable to community-based populations with
lower dementia prevalence and more diverse comorbidities. Despite
efforts to standardize data extraction, we encountered variability in
reporting, with some studies not separating results based on different
radiotracers and varying in their reporting of sensitivity and specificity.
The included studies used various cut-off points and laboratory tech-
niques for p-tau217 assays, reflecting the current lack of standardized
methods across laboratories. Few studies in our review investigated
CSF p-tau217, likely due to the trend toward non-invasive collec-
tion procedures. Additionally, it is essential to interpret the results
with great care, especially when addressing heterogeneity as this is
not a head-to-head comparison study of assays in a distinct cohort.
Heterogeneity reflects variability in study outcomes, which can stem
from differences in study design, populations, or methodologies. This
variability can significantly influence the overall results and conclu-
sions of the meta-analysis, potentially leading to biased or misleading
interpretations.8>8¢ For instance, using different assays on the same
cohort could affect the results, thereby impacting the interpretation of

the findings.
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4.2 | Conclusion

Our data demonstrate that p-tau217 reliably identifies AD pathology
in vivo; plasma and CSF p-tau 217 can detect amyloid and tau PET
imaging positivity, with the highest performance among Cl individuals.
Future studies in larger community-based settings may provide addi-
tional information on the utility of p-tau217 in screening for preclinical
AD.
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