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Abstract

BACKGROUND: This systematic review and meta-analysis aimed to assess the diag-
nostic test accuracy of blood-based biomarkers (BBMs) for detecting Alzheimer’s
disease (AD) pathology in cognitively impaired individuals in specialized care settings.
The overarching goal is to inform the development of a clinical practice guideline, led
by the Alzheimer’s Association, for use in clinical practice.

METHODS: A systematic search of MEDLINE, Embase, and Cochrane Library was con-
ducted from January 2019 to November 2024. Studies evaluating the diagnostic test
accuracy of plasma phosphorylated tau (p-tau) and amyloid beta (AB) tests (p-tau217,
%p-tau217, p-taul81, p-tau231, and AB42/AB40) compared to reference standard
tests (cerebrospinal fluid [CSF] AD biomarkers, amyloid positron emission tomogra-
phy [PET], or neuropathology) in individuals with cognitive impairment (mild cognitive
impairment or dementia) in specialized care settings were included. Pooled diagnostic
test accuracy measures were calculated, including sensitivity, specificity, and likelihood
ratios. Across a range of pre-test probabilities, we evaluated how much a positive or a
negative test result would lead to a change in the probability of having amyloid pos-
itivity (post-test probability). All analyses were conducted for each test within each
biomarker. The Quality Assessment of Diagnostic Accuracy Studies 2 tool was used
to evaluate the risk of bias, and the certainty of the evidence was assessed using the
Grading of Recommendations, Assessment, Development, and Evaluation approach.
RESULTS: Across 49 observational studies meeting eligibility criteria, 31 different
BBM tests were examined. When evaluated using a single cut-point, the diagnos-
tic test accuracy varied considerably across tests: the pooled sensitivity ranged from
49.3% (95% confidence interval [Cl]: 41.2-57.4) to 91.4% (95% Cl: 86.6-94.6), and the
pooled specificity ranged from 61.5% (95% Cl: 45.6-75.3) to 96.7% (95% Cl: 87.8-
99.2). Differences in post-test probability based on a range of pre-test probabilities
varied greatly across tests. Furthermore, the certainty of evidence across tests ranged
from moderate to very low. Most included studies were judged to be at high risk of bias,
particularly in domains related to patient selection, index test conduct, and reference
standard.

CONCLUSION: This systematic review provides a comprehensive synthesis of the
current evidence on the diagnostic accuracy of BBMs for detecting AD pathology in
cognitively impaired individuals in specialized care settings. The findings serve as a
foundation for an accompanying clinical practice guideline that provides evidence-
based recommendations for BBM use in the clinical diagnostic pathway. Given
continuous developments in this rapidly evolving field, ongoing evaluation will be crit-
ical to ensure the synthesized evidence and clinical guidelines remain up to date and

maintain clinical relevance.
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Highlights

* This is the first comprehensive systematic review and meta-analysis to evaluate the
diagnostic accuracy of blood-based biomarker (BBM) tests specifically in individuals
with objective cognitive impairment seen in specialized care settings.

» Across 49 studies, BBM test performance varied widely. Pooled sensitivity ranged
from 49.3% to 91.4% and specificity from 61.5% to 96.7%, depending on the analyte
and assay platform.

* This review followed the Cochrane Handbook for Systematic Reviews of Diagnos-
tic Test Accuracy, the Grading of Recommendations, Assessment, Development, and
Evaluation approach to assess the certainty of evidence.

* This review served as the evidence base for the Alzheimer’s Association’s new clini-
cal practice guidelines on BBMs, providing structured, evidence-based guidance for
implementing BBMs in the diagnostic workup of suspected Alzheimer’s disease.

* The review underscores that BBM test performance is assay- and platform specific
and advises clinicians and laboratory directors to interpret results in the context
of the specific test used and integrate the results with a comprehensive clinical

assessment.

1 | INTRODUCTION

Clinical biomarker tests used to confirm Alzheimer’s disease (AD)
pathology in vivo have traditionally relied on positron emission tomog-
raphy (PET) with radiotracers that bind to amyloid plaques or insoluble
tau aggregates, or on cerebrospinal fluid (CSF) assays that measure
biomarkers like amyloid beta (AB)42, AB40, total tau (t-tau), and
phosphorylated tau (p-tau).! Despite the high diagnostic accuracy of
these tools, limitations including high costs in some countries, low
accessibility, and perceived invasiveness make them impractical for
widespread use in clinical practice.2 However, in vivo confirmation of
AD pathology is essential for accurately diagnosing the etiology of cog-
nitive impairment, informing appropriate treatment and care planning,
offering prognostic insights,>* and identifying eligibility for emerging
amyloid-targeting therapies.>®

Recently, blood-based biomarkers (BBMs) have emerged as promis-
ing alternatives for detecting AD pathology. Multiple BBMs—such as
AB42/AB40 and tau phosphorylated at different sites (p-taul81, p-
tau217, and p-tau231)—have been shown to strongly correlate with
AD pathology. Compared to PET and CSF testing, BBMs are less costly,
more accessible, and more acceptable for patients. Additionally, BBMs
are uniquely positioned to address the growing diagnostic demands
driven by the introduction of amyloid-targeting therapies.”

While several BBM tests are now commercially available, their
diagnostic performance differs across assays,®’? and their use in
clinical settings remains unstandardized. Prior expert efforts have
provided preliminary recommendations for BBM implementation in
different settings, such as the field’s first Appropriate Use Recom-
mendations for BBMs in clinical settings and clinical trials led by

the Alzheimer’s Association,'© the “Revised Criteria for Diagnosis

and Staging AD, Alzheimer’s Association Workgroup,”!! the Global
CEO Initiative (CEOi) on Alzheimer’s Disease BBM Workgroup recom-
mendations outlining the minimum acceptable performance standards
for BBMs’ and the World Health Organization’s Preferred Product
Characteristics of BBMs in diagnostics of AD.12

While these efforts provide a valuable foundation, they are not
based on a formal systematic review of the evidence. To our knowl-
edge, no prior systematic review has comprehensively evaluated the
diagnostic performance of BBMs for detecting AD pathology in cog-
nitively impaired individuals across available assays, nor has a clinical
practice guideline (CPG) been developed using a systematic, evidence-
based approach. Therefore, evidence-based CPGs to guide decision
making in specific clinical scenarios are urgently needed to enable
consistent standards of care. To address this need, we conducted a
systematic review and meta-analysis to synthesize the available evi-
dence and inform the development of a CPG for BBM use in the
diagnostic workup of suspected AD in specialty care settings.!® Both
the systematic review and the CPG were led by the Alzheimer’s
Association, and the CPG was developed using the Grading of Rec-
ommendations, Assessment, Development, and Evaluation (GRADE)

approach.'*

2 | METHODS

We adhered to the guidance from the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist for Diag-
nostic Test Accuracy ! to report this review and followed the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy.'®
We have not published a protocol for this systematic review. Three
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methodologists (S.Pahlke, L.A.Kahale, M.PT.) oversaw all methodolog-
ical aspects of the review.

2.1 | Clinical question

To facilitate a structured and comparative approach to evidence syn-
thesis, the associated guideline panel formulated the clinical questions
using the PICO (Population or Patient, Intervention or Exposure, Com-
parison, and Outcome) format. The PICO question of interest for this
systematic review was: “Can a certain BBM test accurately detect amy-
loid pathology—as measured with amyloid PET, CSF AD biomarker
analysis, or neuropathology when used in individuals with objective
cognitive impairment (MCI [mild cognitive impairment] or dementia,
determined by clinical assessment, and/or cognitive testing) presenting

to specialized care for memory disorders?”

2.2 | Eligibility criteria

The panel defined the eligibility criteria as follows. Types of stud-
ies included were: peer-reviewed observational studies, including
prospective and retrospective cohort, cross-sectional, and case-
control studies. Participants included individuals with cognitive impair-
ment (dementia or MCI). Definitions of cognitive impairment were
accepted as reported by the primary study authors when explicitly
stated in the original publications. Studies that included both cog-
nitively impaired and unimpaired individuals were only included if
test accuracy data could be separately extracted for the cognitively
impaired subgroup. This decision was made to maintain directness to
the population of interest and to avoid the potential inflation of test
performance in populations consisting primarily of individuals with
either very low (cognitively unimpaired) or very high (AD-like demen-
tia) amyloid levels. Interventions (index tests) included plasma p-tau
and A tests measuring the following analytes using any immunoassay
or mass spectrometry: p-tau217, the ratio of p-tau217 to non-p-
tau217 x 100 (expressed as percentage p-tau217 [%p-tau217]), p-
taul81, p-tau231, and AB42/AB40. Amyloid PET imaging (using either
visual read or quantitative cutoffs), neuropathological assessment,
and/or CSF analysis of AB42/AB40 or combinations of AB42 and p-tau
were included as comparators (reference tests). Diagnostic test accu-
racy outcomes or the raw data allowing for their computation included:
sensitivity (Sn), specificity (Sp), area under the receiver operating char-
acteristic curve (AUROC), accuracy, and likelihood ratios. Additionally,
patient-important outcomes were of interest such as downstream con-
sequences for patients including: progression of the disease, rate of
decline (accomplished through early detection using accurate tests
and/or routine monitoring), improvement of symptoms (symptom man-
agement), misattribution of cognitive symptoms entirely to AD (mask-
ing other underlying condition), increased anxiety related to false-
positive results at the triage level, reduced anxiety when disease is
ruled out, and level of pain or anxiety related to the invasiveness of the

procedure. Settings included specialty care settings, such as memory

clinics or research centers. Studies that assessed only the accuracy of
combination of different types of analytes (e.g., p-tau217/Ap42), rather
than individual analytes or ratios of similar analytes (e.g., AB42/A40),
or those that only presented accuracy for models combining BBMs with
other variables such as age, sex, and apolipoprotein E (APOE) genotype
were excluded. Additionally, case reports, editorials, letters, comments,
conference abstracts, and non-English studies were excluded.

2.3 | Database and search strategy

The panel consulted with a medical librarian (M.B.M.) to assist in draft-
ing the search strategy for the various databases. The panel met to
discuss keywords, Medical Subject Heading (MeSH) terms, and other
terminology related to the identified PICO questions. A list of search
strategy terms was generated by the librarian, reviewed, and edited
by the panel of experts. Keywords and subject heading terms around
AD and cognitive impairment, early detection, and current index test-
ing were included. Gold-standard articles previously identified by the
panel were used to verify the Sn and Sp of the final search strategy.
These articles were also used to mine potential keywords and sub-
ject headings in the development of the search strategy. The search
strategy is provided in the Supplementary Materials in supporting
information.

MEDLINE (via PubMed), Embase (via Elsevier), and Cochrane
Library databases were searched from January 1, 2019 to November
3, 2024. The start date was selected to coincide with the emergence
of blood-based p-tau measurements. We checked the reference lists of
any relevant systematic reviews for additional studies.

2.4 | Study selection

Pairs of reviewers (S.Pahlke, L.A.Kahale, JC, TC., AH,
L.A.Kuchenbecker, and N.W.) independently screened the titles
and abstracts of references identified through the search strategy
using Covidence.'” Full-text articles included in this initial screening
phase were then independently assessed in duplicate by the same
reviewers against the eligibility criteria. Any discrepancy between the
pairs of reviewers regarding study eligibility was resolved through

consultation with third reviewers (S.Pahlke and L.A.Kahale).

2.5 | Data extraction
Data extraction was carried out independently by pairs of reviewers
(S.Pahlke, L.A.Kahale, J.C., T.C., AH., L. A.Kuchenbecker, NW, YY., and
L.S.M.) using a piloted form in Microsoft Excel. To ensure accuracy, four
additional reviewers (S.Pahlke, L.A.Kahale, L.S.M., and Y.Y.*) conducted
an independent verification of the extracted data. Disagreements were
resolved through consensus discussions among the team.

The extracted variables from each study included conflicts of

interest (COI), funding sources, study location, setting, study design,
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number of participants, research cohort information, participant
eligibility criteria, relevant risk factors (e.g., obesity), age, sex, cognitive
status (MCI, dementia, or MCI and dementia combined), information
about the BBM test analyte and assay, single analytical cutoff to deter-
mine test positivity, method used to determine cutoff (e.g., Youden
index), reference test details, and prevalence of AD. Extracted data
related to diagnostic test accuracy included Sn, Sp, accuracy, number
of true positives (TPs), true negatives (TNs), false negatives (FNs), false
positive (FP) results, AUROC, and likelihood ratio tests. For studies
that did not report TP, TN, FP, FN, or sufficient data to construct a 2 x
2 contingency table—as well as details on BBM test cutoff values and
methods, the review authors contacted the primary study authors to
request the missing information. If the required data were not pro-
vided and the authors did not respond, Sn and Sp values corresponding
to the Youden index were estimated from reported receiver operating

characteristic (ROC) curves using WebPlotDigitizer, when available.'®

2.5.1 | Assessment of risk of bias

We used the Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) tool to evaluate the risk of bias (RoB) in the included
diagnostic test accuracy studies.’” QUADAS-2 assesses four domains:
patient selection, index test, reference standard, and flow and timing
(including the time between blood testing and reference testing). Two
reviewers (Y.Y. and L.5.M.) independently applied the tool, with any dis-
agreements resolved through discussion or consultation with a third
reviewer (L.A. Kahale).

2.6 | Data synthesis

Meta-analyses of diagnostic test accuracy were conducted using
bivariate random effects logistic regression models. When bivariate
models did not converge due to sparse data, univariate random effects
logistic regression models were fitted to independently pool Sn and Sp,
which are valid in situations with few studies.2° Summary Sn, Sp, likeli-
hood ratios, and accuracies were calculated in both cases. Based on the
pooled likelihood ratios, we modeled the impact of positive and nega-
tive test results for each biomarker assay on pre-test probabilities (i.e.,
across a range of pre-test probabilities, we evaluated how much a pos-
itive or a negative test result would lead to a change in the probability
of having the outcome). All analyses were conducted for each analyzed
test within each biomarker.

In our main analysis, we considered the results obtained (Sn, Sp,
or the raw data to calculate them) at the Youden index for each test,
because this was the most commonly reported method for establish-
ing the cutoff. In studies in which such information was not explicitly
reported, we retrieved it from ROC curves. Additional sensitivity anal-
yses were conducted to assess the robustness of the data: (1) using only
information reported in the manuscript text or tables (i.e., using any
cutoff for the index test and not graphically retrieving information from

ROC curves), (2) using information reported in the manuscript text or

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

tables (using any cutoff for the index test) plus, when such data were
missing, information retrieved from curves at Youden index, and (3) fix-
ing cutoffs at 75% Sp, (4) fixing cutoffs at 90% Sp, and (5) fixing cutoffs
at 90% Sn. For the sensitivity analyses with fixed cutoffs, data were
obtained either from the primary study (reported in the manuscript or
provided by authors) or graphically retrieved from ROC curves.

2.7 | Certainty of the evidence
The certainty of the evidence was assessed using the GRADE
approach.?! The certainty of the evidence can be judged as “high,”

»

“moderate,” “low,” or “very low.” For systematic reviews of diagnostic
test accuracy, the certainty of the evidence starts at “high” for obser-
vational studies?2 and can then be rated down for concerns on RoB,
inconsistency, indirectness, imprecision, and publication bias. Assess-
ment of the RoB with the QUADAS-2 tool is described above. The sen-
sitivity analysis helped determine whether the RoB should be further
downgraded by evaluating whether the pooled Sn and Sp consistently
met predefined accuracy thresholds across the various scenarios. If the
estimates fell below these thresholds in any of the sensitivity analy-
ses, this was considered evidence of potential bias, warranting further
downgrading. Inconsistency and imprecision were assessed separately
for Sn and Sp and were evaluated following a method proposed to
disentangle them by comparing the results of the random effects and
fixed effects meta-analyses.2® Inconsistency was considered serious if
decision thresholds for Sn or Sp were crossed by the 95% confidence
interval (Cl) of the meta-analytical measure in the random effects
meta-analysis but not in the fixed effects meta-analysis. Sensitivity was
judged to be imprecise if the 95% Cl crossed a predefined decision
threshold of 0.90 in the fixed effects meta-analysis, and Sp was judged
to be imprecise if the 95% Cl crossed a predefined threshold of 0.90 for
confirmatory contexts, or 0.75 in triaging contexts.

3 | RESULTS

3.1 | Literature search

The search resulted in 1050 single citations, of which 356 full-text
papers were assessed for eligibility. Of these 356 studies, 307 were
excluded, and a total of 49 studies were included®?24-70 (Figure 1).
Common reasons for exclusion were: data not available for the pop-
ulation of interest (cognitively unimpaired only, cognitively impaired
and unimpaired combined, or other population) or no diagnostic test
accuracy data available. The list of excluded studies with reasons for

exclusion are available in Table S1 in supporting information.

3.2 | Characteristics of included studies

The 49 eligible studies assessed the validity of plasma biomarkers for
identifying AD pathology defined using PET or CSF analysis. Full details
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Studies from databases
c -
= (n=1484) References removed (n = 434)
© PubMed (n = 187) . . . _
o Embase (n = 184) - » Duplicates identified manually (n = 13)
= Duplicates identified by Covidence (n = 421)
5 Cochrane (n =22)
) Unspecified (n = 1091)
e’
N i
Studies screened at .
Studies excluded (n = 694
title/abstract (n = 1050) - ( )
2 Full-text articles retrieved . .
= Studies not retrieved (n=0
£ (n = 356) — (n=0)
o
o
i }
Studies assessed at full-text for
eligibility (n = 356) Studies excluded (n = 307)
At least one reference standard not used (CSF,
PET, neuropathology) (22)
i Cognitive status of participants not defined (3)
N
Test accuracy data of BBM not available
© .
% Studies included in review independent of larger model (10)
S -
= n =49
g ( ) No BBMs of interest investigated (10)
— No test accuracy data reported (88)
Not a peer-reviewed article (11)
Study not conducted in specialty care (1)
Poster or conference abstract (11)
Data not available for population of interest
(cognitively unimpaired only, cognitively
impaired and unimpaired combined, or other
population) (151)
FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the screening and study selection

process. BBM, blood-based biomarker; CSF, cerebrospinal fluid; PET, positron emission tomography.

of the characteristics of the included studies can be found in Table S4.
All studies were either cross-sectional or cohort design. Several of
the studies were based on data from research cohorts, with the most
common ones being data from the Alzheimer’s Disease Neuroimaging
Initiative (ADNI; 12% of studies), the Australian Imaging Biomarkers
and Lifestyle Study of Ageing (AIBL; 4%), the Advancing Research and
Treatment in Frontotemporal Lobar Degeneration study (ARTFL; 4%),

BioFINDER-1 (16%), BioFINDER-2 (24%), Mayo Clinic Study of Aging
(MCSA; 6%), Mission AD (4%), PARIS subset of Imaging Dementia—
Evidence for Amyloid Scanning study (IDEAS; 4%), and University of
California San Francisco (UCSF; 4%). Reporting data from the same
individuals more than once was not a concern because the same indi-
vidual would not get the same index test more than once, as confirmed

by the expert panelists.
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In 14% of studies, demographic data (e.g., age and sex) were
reported only for the cognitively impaired and unimpaired populations
combined (not stratified). The mean sample size across studies was 560
participants (range: 70 to 2244). Mean age across studies ranged from
62.6 to 85.9 years, and the percentage of males ranged from 33.8%
to 60.0%. Across the 32 studies that evaluated and reported APOE ¢4
genotyping, carriers ranged from 27.1% to 56.2% of the population.

Table 1 lists the 31 BBM tests (assays and analyte combinations) that
were assessed across all included studies.

3.3 | Assessment of RoB in included studies

As shown in the RoB traffic plot (Figure 2), the majority of included
studies were judged to be at high RoB, particularly across domains
related to patient selection, index test, and the reference standard.
Commonly reported bias included insufficient information on patient
enrollment (e.g., whether recruitment was consecutive or random), lack
of clarity regarding blinding during the interpretation of index or refer-
ence results, and no report on the time of interval between tests. For
the index test specifically, many studies did not disclose the thresh-
old used. A smaller number of studies had unclear RoB, and only a
few demonstrated low RoB across key domains. Applicability concerns
were rated low for almost all studies. Most of these judgments were
based on insufficient reporting of supporting evidence in the primary

studies.

3.4 | Diagnostic test accuracy

Results of the meta-analyses and narrative synthesis for each BBM test
can be found in Table S2 in supporting information, including pooled Sn,
Sp, accuracy, and certainty of the evidence. Across all tests, pooled Sn
ranged from 49.3% (95% Cl: 41.2-57.4) to 91.4% (95% Cl: 86.6-94.6),
and pooled Sp ranged from 61.5% (95% Cl: 45.6-75.3) to 96.7% (95%
Cl: 87.8-99.2; Figure 3). Overall, the certainty of the evidence for Sn
was moderate for 19 tests, low for 9 tests, and very low for 3 tests. The
certainty of the evidence for Sp was moderate for 20 tests, low for 8
tests, and very low for 3 tests.

Figures S1.1-S1.31insupporting information display the forest plots
for pooled Sn and Sp for each BBM test. Figures S2.1-52.31 in support-
ing information show the relationship between pre-test probability and
changes in post-test probability for each BBM test after a positive or
negative test result. An interpretation guide and example are available
in Box 1.

For AB42/AB40, we identified 11 different test platforms as noted
in Table 1. The number of studies contributing data to each analysis
ranged from one study (for immunoprecipitation mass spectrometry
[IP-MS; UGOT], Immunoassay [Simoa, Quanterix single plexes], and
Immunoassay [Simoa, Quanterix Neuro 3-plex A kit]) to seven studies
for Immunoassay (Lumipulse, Fujirebio; Table 1). Across test platforms,
the pooled Sn of AB42/AB40 varied, ranging from 59.3% (95% ClI:
45.8%-71.5%) for the IP-MS (UGQOT) test to 90.1% (95% Cl: 71.0%-

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

97.1%) for the Immunoassay (HISCL, Sysmex). Similarly, the pooled
Sp ranged from 61.5% (95% Cl: 45.6%-75.3%) for the Immunoassay
(Simoa, Quanterix single plexes) to 83.3% (95% Cl: 77.4%-87.9%) for
the Immunoassay (HISCL, Sysmex). Overall, IP-MS (UGQOT) was the test
displaying the lowest accuracy (63.7%; 95% Cl: 54.5%-72.0%), while
Immunoassay (HISCL, Sysmex) presented the highest accuracy (85.8%;
95% Cl: 78.4%-90.9%). Immunoassay (HISCL, Sysmex) was also the
test in which negative or positive results could potentially lead to the
highest changes in post-test probabilities (> 40 percentage points;
Figure S2.11).

For p-tau181, we identified eight different test platforms (Table 1).
The number of studies contributing data to each analysis ranged from
1 study (for Immunoassay [Simoa, Quanterix 4plexE] and Immunoas-
say [Simoa ADx Neurosciences]) to 12 studies (for Immunoassay
[Simoa, Quanterix p-tau181 Advantage Kit]; Table 1). Across test plat-
forms, the pooled Sn of p-tau181 varied, ranging from 66.9% (95%
Cl: 51.0%-79.7%) for the Immunoassay (S-PLEX, MSD) to 86.1%
(95% Cl: 71.0%-94.1%) for the Immunoassay (Lilly, MSD). The lat-
ter was also the test in which a negative result could potentially
lead to the highest decrease in the post-test probability (> 40 per-
centage points for pre-test probabilities ~ 70%; Figure S2.12). The
pooled Sp also varied across test platforms, ranging from 67.5% (95%
Cl: 62.6%-72.1%) for the Immunoassay (Simoa, Quanterix UGOT) to
89.1% (95% Cl: 78.8%-94.7%) for the Immunoassay (Simoa, ADx Neu-
rosciences). The latter was also the test in which a positive result
could potentially lead to the highest increase in the post-test prob-
ability (> 40 percentage points for pre-test probabilities between
20% and 40%; Figure S2.18). Overall, Immunoassay (MSD S-PLEX)
was the test displaying the lowest accuracy (67.9%; 95% Cl: 61.3%-
73.9%), while Immunoassay (MSD Lilly) presented the highest accuracy
(84.7%; 95% Cl: 75.5%-90.8%).

We identified one test (Immunoassay [Simoa, Quanterix UGOT]) on
p-tau231, which was assessed by two studies included in the meta-
analysis (Table 1). The pooled Sn was 82.3% (95% Cl: 64.4%-92.3%),
the Spwas 82.1% (95% Cl: 71.7%-89.2%), and the accuracy was 82.5%
(95% Cl: 69.9%-90.5%). For some pre-test probability values, either
a negative (46.9%-85.7% of pre-test probability) or a positive result
(15.2%-54.2%) was able to lead to changes of > 30 percentage points
in the post-test probability (Figure $2.20).

For p-tau217, we identified seven different test platforms (Table 1).
The number of studies contributing data to each analysis ranged from
1 study (for Immunoassay [S-PLEX, MSD] and IP-MS [WashU]) to 12
studies (for Immunoassay [Lilly assay, MSD]; Table 1). Across test plat-
forms, the pooled Sn of p-tau217 varied, ranging from 49.3% (95% ClI:
41.2%-57.4%) for the Immunoassay (Elecsys prototype, Roche [mid-
domain]) to 91.4% (95% Cl: 86.6%-94.6%) for the IP-MS (Precivity,
C,N Diagnostics). The latter was also the test in which a negative result
could potentially lead to the highest decrease in the post-test probabil-
ity (> 50 percentage points for pre-test probabilities of ~ 80%; Figure
$2.22). The pooled Sp ranged from 75.0% (95% Cl: 64.9%-82.9%)
for Immunoassay (Elecsys prototype, Roche [N-terminal]) to 96.7%
(95% Cl: 87.8%-99.2%) for the Immunoassay (S-PLEX, MSD). The lat-

ter was also the test in which a positive result could potentially lead
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TABLE 1

Analyte
AB42/AB40

p-tau181

PAHLKE ET AL.

List of BBM tests and studies included for each test.

Assay

Immunoprecipitation mass spectrometry (IP-MS)
(Washington University [WashU])

IP-MS (Amyloid MS, Shimadzu)

IP-MS (Precivity, C,N Diagnostics)

IP-MS (University of Gothenburg [UGOT])

High-performance liquid chromatography
differential mobility spectrometry tandem mass
spectrometry (HPLC-DMS-MS/MS) (Araclon
Biotech)

Immunoassay (Simoa, Quanterix 4plexE)

Immunoassay (Simoa, Quanterix single plexes)

Immunoassay (Simoa, Quanterix Neuro 3-plex A kit)

Immunoassay (Lumipulse, Fujirebio)

Immunoassay (Elecsys, Roche)

Immunoassay (HISCL, Sysmex)

Immunoassay (Lilly assay, Meso Scale Discovery
[MSD])

Immunoassay (S-PLEX, MSD)

Number of eligible studies (# of
participants)

Three studies (860)
Ashton 2022
Benedet 2022
Tosun 2021

One study; two cohorts (206)
Niimi 2024 (two cohorts)

Four studies; five cohorts (1818)
Hu 2022 (two cohorts)

Meyer 2024

Schindler 2024

Devanarayan 2024

One study (68)
Benedet 2022

Two studies; four cohorts (650)
Janelidze 2022 (two cohorts)
Jang 2021 (MClI and dementia separate)

Five studies (583)
Benedet 2022
Bermudez 2023
Bucci 2023
Chatterjee 2023
Schindler 2024

Two studies (192)
Fowler 2022
Dakterzada 2024

Two studies (206)
Ni 2023
Quaresima 2024

Seven studies; eight cohorts (1177)
Giuffre 2024

Cecchetti 2024

Figdore 2024

Dakterzada 2024

Schindler 2024

Arranz 2024

Quaresima 2024

Three studies (1151)
Palmqvist 2019
Palmqvist 2023
Schindler 2024

One study; two cohorts (397)
Yamashita 2022 (two cohorts)

Four studies (295)
Ashton 2022
Mielke 2021
Thijssen 2020
Thijssen 2021

Two studies (243)
Janelidze 2023
Dyer 2024

(Continues)
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TABLE 1 (Continued)

p-tau231 Immunoassay (Simoa, Quanterix UGOT) Five studies (455)
Ashton 2022
Bucci 2023
Janelidze 2023
Mielke 2021
Fowler 2022

(Continues)
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TABLE 1 (Continued)

Analyte Assay

Immunoassay (Lilly assay, MSD)

Immunoassay (S-PLEX, MSD)

Immunoassay (Simoa, Quanterix Janssen)

Immunoassay (Simoa, ALZpath)

Immunoassay (Elecsys prototype, Roche
[N-terminal])

Immunoassay (Elecsys prototype, Roche
[mid-domain])

Immunoassay (Lumipulse, Fujirebio)

%p-tau217 IP-MS (WashU)

IP-MS (Precivity, C,N Diagnostics)

Number of eligible studies (# of
participants)

Twelve studies (2055)
Ashton 2022

Brum 2023

Groot 2022

Janelidze 2022 (two cohorts)
Janelidze 2023
Mattsson-Carlgren 2024
Mielke 2021

Palmqvist 2020

Thijssen 2021
Warmenhoven 2024
Niimi 2024 (two cohorts)
Howe 2024

One study (108)
Dyer 2024

Four studies (958)
Janelidze 2023
Groot 2022
Warmenhoven 2024
Schindler 2024

Four studies (1177)
Warmenhoven 2024
Figdore 2024
Schindler 2024
Gildengers 2024

One study (427)
Palmqvist 2023

One study (427)
Palmqvist 2023

Five studies; six cohorts (1173)
Arranz 2024

Cecchetti 2024

Figdore 2024

Schindler 2024

Feizpour 2024

Three studies; four cohorts (1371)
Barthelemy 2024

Janelidze 2023

Warmenhoven 2024

Four studies (2153)
Meyer 2024
Palmqvist 2024
Devanarayan 2024
Schindler 2024

Abbreviations: A3, amyloid beta; BBM, blood-based biomarker; p-tau, phosphorylated tau.

to the highest increase in the post-test probability (> 60 percentage
points for pre-test probabilities of ~ 20%; Figure S2.24). Among these
tests, Immunoassay (Elecsys prototype, Roche [mid-domain]) was the
test displaying the lowest accuracy (63.4%; 95% Cl: 57.0%-69.3%),
while IP-MS (WashU) presented the highest accuracy (89.3%; 95% ClI:
84.4%-92.8%).

For %p-tau217, we identified two different test platforms—IP-
MS (WashU) and IP-MS (Precivity, C,N Diagnostics)—which were

evaluated in three and four studies, respectively (Table 1). The two
tests displayed similar pooled sensitivities (89.5% [95% Cl: 86.67%-
91.79%] for IP-MS [C,N] and 91.4% [95% Cl: 88.2%-93.8%] for
IP-MS [WashU]). However, pooled specificities (86.4% [95% Cl: 82.1%-
89.8%] for IP-MS [C,N] and 92.2% [95% Cl: 88.7%-94.7%] for IP-MS
[WashU]), and accuracies (87.9% [95% Cl: 84.9%-90.4%)] for IP-MS
[CoN] and 91.8% [95% ClI: 89.5-93.6] for IP-MS [WashU]) were less
comparable. The IP-MS (WashU) test showed the largest variations in
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Box 1. Interpretation guide and example of the relationship between pre-test probability and changes in post-test probability

An example plot describing the relationship between post-test probability and pre-test probability for the p-tau181 Immunoassay Lilly

assay, Meso Scale Discovery (MSD) is displayed below (also available in Figure $2.12 in supporting information). The same context is

applicable to all the other results presented in Figures S1.1-S1.31 in supporting information.

<
o

0.0

-0.2

Difference in post-test probability
0.4

-0.6

0.0 0.2 0.4

0.8 1.0

Pre-test probability

The horizontal axis represents the range of pre-test probabilities. The pre-test probability corresponds to the probability of an individual
having amyloid pathology before being subject to the assay (i.e., based on all previously collected information available at the time of
evaluation).

The vertical axis displays the absolute change in probability of having amyloid pathology if the assay result is positive or negative (post-test
probability). This absolute change, computed based on likelihood ratios, is not uniform but varies depending on the pre-test probability.
For example, consider two individuals: (1) individual A, with a pre-test probability of 20% of having amyloid pathology, and (2) individual
B with a pre-test probability of 80%.

For individual A, a positive result would increase the probability of amyloid pathology by 38% resulting in a post-test probability of 58%
(20% + 38%). Conversely, a negative test result decreases the probability of amyloid pathology by 16%, yielding a post-test probability of
4% (20%-16%).

For individual B, a positive result increases the probability of having amyloid pathology by 16%, giving a post-test probability of 96%
(80% + 16%). On the other hand, a negative result decreases the probability of having amyloid pathology by 47%, leading to a post-test

probability of 33%.

post-test probabilities after either a negative or positive result (Figure
$2.30). Nevertheless, for both tests, a positive or negative result led
to changes of > 40 percentage points in post-test probability across
certain ranges of pre-test probabilities. For IP-MS (C,N), the values of
pre-test probabilities that were more subject to change ranged from
16.4% to 43.0% (before a positive result) and 51.5% to 86.0% (before
a negative result; Figure $2.31). For IP-MS (WashU), these values were
6.7% and 52.4% (before a positive result) and 47.3% to 92.1% (before a
negative result; Figure 52.30).

3.5 | Sensitivity analysis
The results of our sensitivity analyses for all evaluated tests are dis-
played in Table S3 in supporting information. Overall, similar results to
those of our main analyses were obtained when considering reported
data in the manuscript text or tables at any cutoff (complemented or
not by the graphical retrieval of information from ROC curves).

Fixing the Sn at 90%, we identified one test reaching a Sp of > 90%
(IP-MS [WashU] for %p-tau217)—as well as six tests reaching a Sp
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Study/question

Arranz et al. 2024
Ashton et al. 2022
Barthelemy et al. 2024
Benedet et al. 2022
Bermudez et al. 2023
Brum et al. 2023
Bucci et al. 2023
Cecchetti et al. 2024
Chatterjee et al. 2022
Cousins et al. 2024
Dakterzada et al. 2024
Devanarayan et al. 2024
Dyer et al. 2024
Feizpour et al. 2024
Figdore et al. 2024
Fowler et al. 2022
Giacomucci et al. 2024
Gildengers et al. 2024
Giuffré et al. 2024
Groot et al. 2022
Howe al. 2024

Hu et al. 2022
Janelidze et al. 2022
Janelidze et al. 2023
Jang et al. 2021
Karikari et al. 2020
Karikari et al. 2021
Kwon et al. 2023
Lehmann et al. 2023
Mattsson-Carlgren et al. 2024
Meyer et al. 2024
Mielke et al. 2021
Moscoso et al. 2022
Ni et al. 2023

Niimi et al. 2024
Palmaist et al. 2019
Palmaqvist et al. 2020
Palmqvist et al. 2023
Palmquist et al. 2024
Parvizi et al. 2024
Quaresima al. 2024
Quispialaya et al. 2024
Schindler et al. 2024
Thijssen et al. 2020
Thijssen et al. 2021
Tosun et al. 2021
Warmenhoven et al. 2024
Yamashita et al. 2022

Yang et al. 2023

FIGURE 2 Risk of bias summary plot for all included studies.

1

2

3 4 Overall risk per study
High
High
High
High
High
High
High
High
High

Unclear
Unclear
High
High
High
Unclear
High
High
High
High
High
High
Low
High
High
High
High
High
High
High

High

High
High
High
High
High
Low
High
High
High
High
High
High
High
High
High
High

Unclear
High

Domains Judgement

1: Bias due to patient selection. High
2 Bias duo o index lost.

Unclea
3: Bias duo 1o reference standard, =
4: Bias due to flow and timing. Low

PAHLKE ET AL.

between 75% and 90%. These included three tests for p-tau217 (IP-MS
[Precivity, C,N Diagnostics], immunoassay [ALZpath], and Immunoas-
say [Lumipulse, Fujirebio]), one test for %p-tau217 (IP-MS [C,N]),
one test for p-taul81 (Immunoassay [Lilly, MSD]), and one test for
AB42/AB40 (Immunoassay [HISCL, Sysmex]).

Fixing the Sp at 75%, we identified seven tests reaching a Sn of
at least 90%, including three for p-tau217 (IP-MS [Precivity, C,N
Diagnostics], Immunoassay [Lumipulse, Fujirebio], and Immunoassay
[S-PLEX, MSD]), two for %p-tau217 (IP-MS [Precivity, CoN Diagnos-
tics] and IP-MS [WashU]), one for p-tau181 (Immunoassay [Lilly, MSD]),
and one for AB42/AB40 (Immunoassay [HISCL, Sysmex]). On the other
hand, there was only one test with a Sn of at least 90% when fixing the
Sp at 90% (IP-MS [WashU] for %p-tau217).

The results of this systematic review will be periodically updated
with the emergence of new evidence. The most up to date results will

be available at [https://app.magicapp.org/#/guideline/nyO1Yj].

4 | DISCUSSION

In this systematic review, we applied a rigorous GRADE methodol-
ogy to evaluate the diagnostic performance of BBMs for detecting AD
pathology in cognitively impaired individuals within specialized care
settings. Across 49 eligible observational studies, a total of 31 dis-
tinct BBM tests were assessed. When analyzed using a single cut-point
per test, diagnostic accuracy showed substantial variability: pooled Sn
ranged from 49.3% (95% Cl: 41.2-57.4) to 91.4% (95% Cl: 86.6-94.6),
while pooled Sp ranged from 61.5% (95% Cl: 45.6-75.3) to 96.7% (95%
Cl: 87.8-99.1). The findings of this systematic review directly inform
the accompanying CPG document,'® which provides evidence-based
recommendations for the use of BBM tests in the diagnostic workup
of suspected AD within specialized care settings. While the current
evidence base is limited and the field is evolving, this work highlights
several promising BBMs with sufficient preliminary data to support
cautious clinical use.

To our knowledge, this is the first systematic review to focus on
the diagnostic test accuracy of various BBMs in detecting AD pathol-
ogy among cognitively impaired individuals in specialized care settings.
A recent systematic review by Therriault et al. similarly assessed the
diagnostic performance of plasma p-tau biomarkers for AD across both
cognitively impaired and unimpaired individuals.”* While both reviews
applied rigorous methodologies, including the GRADE approach, the
scope and design of the present study differ in several key respects.
First, our review was restricted to literature published in the past
5 years and focused exclusively on cognitively impaired populations,
aligning closely with the intended use population of the accompanying
CPG. Second, this review did not include tau PET imaging as areference
standard. Third, while Therriault et al. examined additional p-tau epi-
topes such as p-tau205 and p-tau212, these were not included in our
review due to limited data. Finally, Therriault et al. presented results
by pooling data across different assays measuring the same analyte,
while we intentionally did not pursue this approach. This is because

the main objective of this review was to support the development of
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FIGURE 3 Forest plots of pooled sensitivity, specificity, and accuracy for evaluated tests. AB, amyloid beta; HPLC-DMS-MS/MS,
high-performance liquid chromatography differential mobility spectrometry tandem mass spectrometry; IP-MS, immunoprecipitation mass

spectrometry; MSD, Meso Scale Diagnostics; p-tau, phosphorylated tau.

associated CPG for which clinicians are the primary target audience.’3

From a clinical perspective, decisions are made at the level of which
specific test to use, not solely at the analyte level. Because assay per-
formance can vary substantially, pooling data across assays could be
potentially misleading researchers to assume that any assay measur-
ing a “best-performing” analyte would be sufficient. Therefore, to avoid
such misinterpretation, the panel made a deliberate decision to present
the results based on individual assay/test performance rather than
pooling data across analytes.

When interpreting the results of this systematic review several
nuances should be considered. For example, most included studies used
data from single-batch plasma analysis, indicating that samples were
analyzed in the same analytical run. This does not mimic a blood test
in clinical practice, in which samples are often analyzed on a daily,
weekly, or bi-weekly basis as patients enter the clinic and start their
investigation. In this context, the coefficient of variation becomes crit-
ically important, but it has not been evaluated in this meta-analysis.
High assay precision is necessary to ensure that small differences in
biomarker concentrations are not due to analytical variability.”? Espe-
cially when applying fixed diagnostic cutoffs (which is the case in
clinical practice), even modest analytical imprecision can impact clinical
interpretation.

Furthermore, it is crucial to consider the fold change between
biomarker concentrations in amyloid-positive versus amyloid-negative
individuals, and this has not been accounted for in this meta-analysis. A
large fold change provides a greater buffer against minor fluctuations
in assay performance or instrument calibration. For example, plasma p-
tau217 typically shows a 400% to 600% increase in amyloid-positive
versus amyloid-negative individuals, making it more robust to small
pre-analytical or analytical changes over time and less sensitive to pre-

analytical factor variation overall (i.e., temperature, centrifugation, and

storage).”® That is not the case for plasma AB42/AB40, for which usu-
ally a small decrease of ~ 10% is seen in AD pathology positive versus
negative individuals.>?747> Applying a predefined cutoff and imple-
menting it in clinical practice might result in varying results over time.
This means that some assays, especially AB42/AB40 assays, may meet
our analytical performance criteria when data come from a single batch
plasma analysis, yet remain unsuitable for routine clinical use.

Some studies have proposed using a two-cutoff approach for BBMs,
whereby an upper cutoff indicates positive results and a lower cut-
off indicates negative results, with intermediate values classified as
indeterminate.2? This strategy can increase both the positive pre-
dictive value and negative predictive value, assuming that those in
between the cutoffs are considered intermediate without a clear result
and are excluded. However, because the majority of studies included in
this systematic review reported diagnostic accuracy using a single cut-
off, meta-analysis of the two-cutoff approach was not feasible. Given
many plasma tests lack sufficient accuracy at a single threshold, the
field is shifting toward a two-cutoff approach.2? As more evidence
is published using this approach, future updates of this review will
aim to consider the two-cutoff approach to assess test accuracy for
determining clinical recommendations.

It is also important to note that 84 studies were excluded from this
systematic review due to combining cognitively impaired and unim-
paired individuals or lacking sufficient diagnostic accuracy parameters
(e.g., TP, TN, FP, and FN; required for calculating various pooled esti-
mates), limiting their usefulness for quantitative analysis and interpre-
tation for the target population. These exclusions reveal critical gaps
in the literature and emphasize the need for future research to clearly
stratify populations by cognitive status and to adopt standardized,
transparent reporting practices. Researchers and industry partners

should provide comprehensive diagnostic data, including detailed 2 x
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Box 2. Key methodological features for future primary
studies to explicitly report

1. Report frequencies of true positive, true negative, false
positive, and false negative according to cognitive sta-
tus.

2. Provide a detailed description of participant enrollment
(e.g., whether consecutive or random enrollment was
used).

3. Clearly specify the inclusion and exclusion criteria for
participants.

4. Indicate whether analyses were conducted in a blinded
manner.

5. Report any thresholds used (if applicable) and/or
describe the method used to determine the threshold.

6. Explicitly report numerical threshold alongside sensitiv-
ity, specificity, or diagnostic accuracy even when based
on continuous predictors.

7. Prioritize use of the same reference standard test to
classify all participants.

8. Use a previously validated reference standard test (e.g.,
amyloid positron emission tomography or cerebrospinal
fluid amyloid beta [AB]42/AB40) to classify participants.

9. Report any missing data and how missing or replaced
data were handled (if applicable).

10. Disclose the time interval between the reference and

index tests, aiming for the shortest possible interval.

2 tables, cutoff values, methods, and methodological design features to
support robust evidence synthesis and quality assessment (Box 2).

Given the variability in assay methods, performance characteris-
tics, and diagnostic thresholds across studies, clinicians are advised to
interpret test results in the context of specific assay characteristics
and integrate the results with a comprehensive clinical assessment.””4
Laboratory directors should be aware that performance estimates are
specific to one test and may not be generalizable across platforms, pre-
analytical sample handling and storage before analysis is key,”® and
careful local validation and ongoing quality monitoring are essential for
implementation.

Finally, in the absence of strong evidence to guide test selection or
sequencing, this review and the related guideline serve as an impor-
tant resource to support more consistent and thoughtful application
of BBMs in clinical practice, while minimizing unnecessary or invasive
procedures.

4.1 | Strengths and limitations

A key strength of this systematic review is the involvement of a multi-

disciplinary review team, including clinical and subject-matter experts,

as well as guideline methodologists with expertise in the GRADE
framework. Their input guided the development of this work, such
as determining eligibility criteria, data extraction, and interpretation
of findings. Other key strengths of our methodology include extract-
ing data from ROC curves when data were not directly reported in
the original studies, detailed sensitivity analyses performed to assess
robustness, and the assessment of how positive or negative test
results alter the probability of having AD across a range of pre-test
probabilities.

One limitation of this work is that several studies have been pub-
lished since our latest literature search conducted in November 2024,
as they fall outside the predefined search window for this study. These
studies will be considered for inclusion in future updates to maintain
alignment with the fast-paced BBM evidence base. Another limita-
tion is that most of the findings from the included studies come from
specialized settings with specific participant groups, which limits their
generalizability to what is typically observed in routine clinical practice
among individuals with cognitive impairment. In addition, most of the
available evidence to date has been generated in predominantly White
populations, with limited data from other ethnic and racial groups.
Future research will need to address these gaps to ensure broader
applicability. Furthermore, this work focused on individual biomarkers
rather than combinations of multiple biomarkers, deferring evaluation

of biomarker combinations to future phases of this work.

5 | CONCLUSION

The results of this systematic review show a wide range of diag-
nostic test accuracy across 31 different BBM tests and provide the
foundational evidence for the accompanying CPG that provides recom-
mendations for the use of BBMs in the diagnostic workup of suspected
AD within specialized care.’® As the field evolves, continued assess-
ment of emerging assays and combinations of biomarkers will be
essential to refine diagnostic accuracy and inform future updates to
this systematic review and accompanying guideline(s).
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