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a b s t r a c t 

As novel, anti-amyloid therapies have become more widely available, access to timely and accurate diagnosis 
has become integral to ensuring optimal treatment of patients with early-stage Alzheimer’s disease (AD). Plasma 
biomarkers are a promising tool for identifying AD pathology; however, several technical and clinical factors need 
to be considered prior to their implementation in routine clinical use. Given the rapid pace of advancements in the 
field and the wide array of available biomarkers and tests, this review aims to summarize these considerations, 
evaluate available platforms, and discuss the steps needed to bring plasma biomarker testing to the clinic. We 
focus on plasma phosphorylated(p)-tau, specifically plasma p-tau217, as a robust candidate across both primary 
and secondary care settings. 

Despite the high performance and robustness demonstrated in research, plasma p-tau217, like all plasma 
biomarkers, can be affected by analytical and pre-analytical variability as well as patient comorbidities, sex, 
ethnicity, and race. This review also discusses the advantages of the two-point cut-off approach to mitigating these 
factors, and the challenges raised by the resulting intermediate range measurements, where clinical guidance is 
still unclear. Further validation of plasma p-tau217 in heterogeneous, real-world cohorts will help to increase 
confidence in testing and support establishing a standardized approach. 

Plasma biomarkers are poised to become a more affordable and less invasive alternative to PET and CSF 
testing. However, understanding the factors that impact plasma biomarker measurement and interpretation is 
critical prior to their implementation in routine clinical use 
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. Introduction 

.1. General background 

Alzheimer’s disease (AD) is a neurodegenerative disorder character-
zed by progressive cognitive, functional, and behavioral impairment
 1 ]. The two pathological hallmarks are the extracellular accumula-
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ion of 𝛽-amyloid (A 𝛽) plaques and the intracellular accumulation of
eurofibrillary tangles (NFTs) of phosphorylated tau (p-tau) protein
 2 ]. Current understanding is that the accumulation of these proteins
and their interactions – trigger subsequent pathological changes, in-

luding neurodegeneration and inflammation; critically, these changes
ay begin decades before manifesting into clinical impairment

 2–4 ]. 
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AD is a continuum; there are initial pathophysiological changes
ollowed by subtle neuropsychological abnormalities, with subsequent
ild and then progressively-more-extensive cognitive and functional

mpairments [ 5 ]. These are called the preclinical, mild cognitive im-
airment (MCI), and dementia phases of AD [ 6 ]. The timespan between
he first identifiable pathophysiological changes, captured by biomark-
rs, and clinically evident symptomatology is understood to be at least
ears, if not decades [ 3 , 4 , 7 ]. 

.2. Unmet needs in AD diagnosis and treatment 

At present, there is no standardized AD diagnostic pathway [ 8 ]. In
igh-income countries, it is estimated that over 50 % of patients with
ementia are never formally diagnosed; this percentage is likely even
arger in low- and middle-income countries (LMIC) [ 9 , 10 ]. To receive a
iagnosis, individuals with cognitive symptoms typically undergo some
ombination of clinical history taking, cognitive assessments, routine
aboratory tests, and structural brain imaging [ 8 ]. In a primary care
etting, most AD cases are diagnosed clinically without confirmation
hrough disease-specific pathophysiological markers, and often on the
asis of ruling out other potential causes, although this may differ by ge-
graphy [ 11 , 12 ]. Postmortem studies of AD patients have found misdi-
gnosis rates of up to 30 % [ 8 ], with a considerable portion of clinically
iagnosed patients lacking substantial A 𝛽 or tau pathology [ 13 ]. Cru-
ially, a recent study concluded that the accuracy of both primary (PCPs)
nd secondary care physicians (i.e., dementia specialists) is substantially
ower when trying to diagnose clinical AD without access to biomarker
nformation (61 % and 73 % accuracy, respectively, as opposed to 91 %
both care settings] when biomarker information was made available)
 14 ]. Accordingly, international societies have been calling for the de-
elopment of a standardized diagnostic pathway and emphasizing the
eed for including biomarkers to enable accurate and early diagnosis
 15 ]. 

Given the progressive nature of AD, a timely and accurate diagnosis
s likely to produce better outcomes [ 1 ]. The introduction of positron
mission tomography (PET) and cerebrospinal fluid (CSF) biomarkers
romoted confidence in diagnostic accuracy and improved healthcare
osts for patients with AD [ 16–20 ]; blood-based (i.e., plasma) biomark-
rs are poised to provide even further benefit, by expanding access
o biomarker information beyond specialist or research settings [ 21 ].
roadening biomarker access is especially important given the recent
dvent of treatments capable of slowing disease progression; those that
re currently approved and under regulatory review target AD pathol-
gy in early phases, aiming to slow clinical decline via anti-A 𝛽 mech-
nisms of action [ 22 , 23 ]. These include the monoclonal antibodies
ecanemab (investigated in the CLARITY AD trial [ 24 , 25 ]), which has
o date been approved in the U.S., Japan, China, South Korea, Hong
ong, Israel, the U.K., and the U.A.E., and has recently received a pos-

tive opinion from the European Medicines Agency, and donanemab
investigated in TRAILBLAZER-ALZ225 ), which has been approved in
he U.S., Japan, the U.K., the U.A.E., and Qatar. In addition to en-
anced accuracy, biomarkers facilitate earlier diagnosis, which enables
ntervention while patients’ cognitive and functional abilities are still
etained to a greater degree; this can substantially improve the effec-
iveness of novel therapeutics, slowing progression to prolong the time
pent in the initial stages of the disease and improving the subsequent
utcomes (e.g., better symptom management and quality of life [QoL])
 26 , 27 ]. 

.3. Importance of biomarkers in AD diagnosis 

Since 2007, multiple guidelines have pointed to the crucial role of
 𝛽 and tau biomarkers in the accurate diagnosis of AD, both for research
urposes [ 28–35 ] and, more recently, clinical practice [ 15 , 36 , 37 ].
lasma biomarkers have received their own appropriate use recommen-
2

ations (AUR) or guidelines (e.g., [ 38–40 ]), which outline the minimum
cceptable stipulations. 

The Alzheimer’s Association [AA]) recently published updated
uidelines on the diagnostic criteria and staging of AD [ 41 ]. This guid-
nce introduces a new classification system with three broad categories
f biomarkers: core AD biomarkers (A 𝛽 and tau), non-specific biomark-
rs important in AD pathogenesis but also involved in other neuropatho-
ogical diseases, and biomarkers of common, non-AD co-pathologies
 41 ]. Earlier this year, the Global CEO initiative (CEOi) Minimal Ac-
eptable Performance Consensus also highlighted the potential context
f use for plasma biomarkers and provided guidance on implementa-
ion across different clinical contexts [ 39 ], which is discussed later in
his review. 

.4. Specific need for plasma biomarkers in AD diagnosis 

To maximize the beneficial impact on the patient, both mem-
ry specialists and general practitioners must be able to achieve
imely and accurate biomarker-supported diagnoses [ 15 ]. The confir-
atory diagnostic tests currently approved by local authorities are
 𝛽/tau PET and CSF biomarker assessments; however, these existing

ools are infrequently utilized due to their (perceived) invasiveness,
ost, and low availability stemming from a lack of necessary equip-
ent/expertise and capacity at the basic care level [ 8 , 42–45 ]. Thus,

here is a consensus that validated plasma biomarkers will add sig-
ificant clinical utility compared with PET or CSF due to the greater
verall accessibility (e.g., [ 46 ]), allowing for early and repeated test-
ng [ 47 ]. However, this is also dependent on the performance, accessi-
ility, and scalability of their associated methodology, as discussed in
ection 2 A. 

While research studies have begun screening with plasma biomark-
rs prior to confirmation with PET or CSF (e.g., [ 24 , 25 ]), thereby reduc-
ng participant burden while accurately identifying patient populations,
here are additional considerations for a biomarker test to be appro-
riate for use in a clinical setting. Such considerations include robust-
ess, scalability, and ease of use and interpretation; these were identified
long with automation, head-to-head comparisons, and real-world per-
ormance as critical research priorities in the 2022 AA AUR for plasma
iomarkers in AD [ 38 ]. 

.5. Currently available plasma biomarker assays for AD 

Most currently available AD plasma biomarker assays, and those un-
ergoing development, are for research use only (RUOs) [ 8 ]. RUOs do
ot undergo extensive clinical validation, and their regulatory review
s limited; as a result, RUOs are only intended for gathering data (from
oth research and real-world settings) and supporting product develop-
ent – they are not validated to support clinical diagnosis [ 8 ]. Other

ommercially available biomarker tests are categorized as laboratory-
eveloped tests (LDT) or in-house devices. If they only undergo clinical
alidation in a local setting, they are only reliable when used in that
etting [ 8 ]; however, some LDTs have been validated in multiple co-
orts, exhibiting robust performance across different settings (e.g., [ 14 ]
 48–52 ],). Lastly, tests categorized as in vitro diagnostic devices/tests
IVDs) undergo extensive clinical validation and full regulatory review,
nd therefore provide robust and reliable test results [ 8 ]. RUOs and LDTs
ay, with further testing and satisfaction of all regulatory requirements,

ventually become IVDs; however, it must be noted that regulatory re-
iews differ by geography [ 8 ]. 

In recent years, an increasing number of biomarker tests from a va-
iety of therapeutic areas has been marketed directly to clinicians and
he general public, who may not necessarily understand the inherent
imitations and thus risk misclassifying patients due to inconsistent or
isinterpreted results [ 8 ]. We summarize the commercially available
D plasma biomarker tests in Table 1 , below. 
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Table 1 

Commercially available AD plasma biomarkers (as of 16 July 2024). 

Assay target Specific test Company, Location Measure Test Category & 
Regulatory Status 

Platform Type 

𝛽-Amyloid A 𝛽40 and A 𝛽42 immunoassays [ 8 , 53 ] EUROIMMUN, Lübeck, Germany A 𝛽40 and A 𝛽42 RUO ELISA 
ABtest-IA Immunoassay [ 11 , 54 ] Araclon Biotech, Zaragosa, Spain A 𝛽42/40 LDT, CE mark ELISA 
A 𝛽 42/40 ratio Immunoassay [ 55 ] Labcorp, Burlington, North Carolina, 

USA 
A 𝛽42/40 LDT CLEIA 

HISCL 𝛽-Amyloid 1–42 Assay Kit and 
HISCL 𝛽-Amyloid 1–40 Assay Kit [ 8 , 56 ] 

Sysmex Corporation, Kobe, Hyogo, 
Japan 

A 𝛽40 and 
A 𝛽42 

IVD (manufacturing and 
marketing approval 
obtained in Japan) 

CLEIA 

Lumipulse G 𝛽-Amyloid 1–40 Plasma 
immunoassay and Lumipulse G 𝛽-Amyloid 
1–42 Plasma immunoassay [ 8 , 57 ] 

Fujirebio, Tokyo, Japan A 𝛽40 and A 𝛽42 RUO CLEIA 

A 𝛽40 and A 𝛽42 Immunoassay [ 58 , 59 ] Shimadzu Techno-Research Inc, 
Kyoto, Japan 

A 𝛽40 and A 𝛽42 LDT in Japan IP-MS 

Tau Simoa p-tau181 Advantage V2 Kit [ 8 ] Quanterix, Billerica, Massachusetts, 
USA 

p-tau181 RUO (US FDA 
Breakthrough Device 
Designation) 

SIMOA 

Simoa p-tau181 Immunoassay [ 8 ] ADx Neurosciences NV, Gent, 
Belgium 

p-tau181 Not disclosed SIMOA 

Simoa p-tau181 immunoassay [ 8 ] University of Gothenburg, Sweden p-tau181 Not disclosed SIMOA 
Lumipulse G pTau 181 immunoassay 
[ 8 , 60 ] 

Fujirebio, Tokyo, Japan p-tau181 RUO CLEIA 

S-PLEX p-tau181 kit [ 8 , 61 ] Meso Scale Discovery, Rockville, 
Maryland, USA 

p-tau181 RUO ECLEIA 

Lumipulse G pTau 217 immunoassay [ 62 ] Fujirebio, Tokyo, Japan p-tau217 Undergoing evaluation 
for IVD status; RUO 

CLEIA 

p-tau217 Immunoassay [ 63 ] Labcorp, Burlington, North Carolina 
USA 

p-tau217 LDT CLEIA (on Fujirebio 
Lumipulse) 

LucentAD p-tau217 Immunoassay [ 64 ] Lucent Diagnostics, Quanterix, 
Billerica, Massachusetts, USA 

p-tau217 LDT SIMOA 

p-tau217 immunoassay [ 8 ] Eli Lilly Clinical Diagnostics 
Laboratory, Indianapolis, Indiana, 
USA 

p-tau217 LDT SIMOA 

Simoa ALZpath p-Tau-217 Advantage 
PLUS [ 65 ] 

ALZpath, Inc., Carlsbad, California, 
USA 

p-tau217 RUO SIMOA 

Elecsys Phospho-Tau (217P) 
immunoassay [ 66 ] 

Roche Diagnostics International Ltd, 
Rotkreuz, Switzerland 

p-tau217 Not disclosed; US FDA 
Breakthrough Device 
Designation 

ECLEIA 

Single-plex p-tau217 assay [ 67 ] Alamar Biosciences, Fremont, 
California, USA 

p-tau217 RUO NULISA 

Simoa plasma p217 + tau assay [ 8 ] Janssen Research & Development, 
LLC, Raritan, New Jersey, USA 

p-tau217 Not disclosed SIMOA 

Panel Elecsys Amyloid Plasma Panel [ 8 , 67 , 68 ] Roche Diagnostics International Ltd, 
Rotkreuz, Switzerland 

p-tau181 & 
APOE status 

US FDA Breakthrough 
Device Designation; 
undergoing validation 
for IVD status 

ECLEIA 

PrecivityAD [ 8 , 11 , 69 ] C2 N Diagnostics, St. Louis, Missouri, 
USA 

A 𝛽42/40, APOE 
status, & age 

LDT, US FDA 
Breakthrough Device 
Designation; CE mark 

LC-MS/MS 

PrecivityAD2 [ 48 ] C2 N Diagnostics, St. Louis, Missouri, 
USA 

%p-tau217, 
A 𝛽42/40 

LDT LC-MS/MS 

Simoa Neurology 4-Plex E Advantage Kit 
[ 8 ] 

Quanterix, Billerica, Massachusetts, 
USA 

A 𝛽40, A 𝛽42, 
GFAP, & NfL 

RUO SIMOA 

Abbreviations: A 𝛽, 𝛽-amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; CE, Conformité Européene; CLEIA, chemiluminescent enzyme immunoassay; ECLEIA, 
electrochemiluminescent enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; FDA, Food and Drug Administration; GFAP, glial fibrillary acidic 
protein; IVD, in vitro diagnostic device; IP-MS, immunoprecipitation-mass spectrometry; LDT, laboratory developed test; LC-MS/MS, liquid chromatography with 
tandem mass spectrometry; NULISA, NUcleic acid Linked Immuno-Sandwich Assay; p-tau, phosphorylated tau; RUO, research use only; SIMOA, single molecule 
array. 
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. Review methodology 

.1. Why focus on p-tau assays? 

With the wide range of plasma biomarker assays currently available,
t can be challenging to select those that would best suit clinical prac-
ice; this review aims to elucidate which targets and platforms are most
ppropriate for routine clinical use. P-tau is generally considered to be
he leading plasma biomarker candidate, as it has most reliably demon-
trated, in comparison to approved PET and CSF tests, clinically equiva-
ent or superior performance and robustness in diagnostic accuracy and
isease specificity across AD phases [ 49 , 70–73 ]. Plasma p-tau217 has
een repeatedly shown to perform better than plasma A 𝛽42/40 at dis-
3

inguishing individuals with or without A 𝛽 pathology, whether deter-
ined by CSF or A 𝛽 PET [ 74–77 ]. This has been attributed to the larger

old change (i.e., greater difference in mean concentrations) in plasma
-tau than A 𝛽42/40 between individuals with and without A 𝛽 pathol-
gy [ 75 ]. Despite A 𝛽42/40 being well-validated and established when
ollected via CSF, plasma-based A 𝛽42/40 does not have the same robust-
ess for routine clinical use [ 75 , 78–79 ]. This may be due to peripheral
etabolism of A 𝛽 [ 80 ] or reflect the need for greater sensitivity and

pecificity (see Table 2 for definitions) in plasma biomarkers, as plasma
rotein concentrations are over 100-fold lower than corresponding CSF
evels [ 81 ]. 

We further limited our most detailed evaluations to those studies that
xamined p-tau217 or p-tau181, as these biomarkers are furthest in de-
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Table 2 

Definitions of relevant technical terminology. 

Term Definition Clinical Applications 

Clinical Performance Concordance or agreement of the plasma biomarker with a given 
reference standard within an intended use population. 

Ability to detect AD pathology in early symptomatic (MCI 
and mild dementia) AD. 

Robustness Quality of (clinical/diagnostic) performance not being affected by 
small variations introduced through pre-analytical, analytical, 
batch-to-batch, and lot-to-lot variability. 

Reduced risk of misclassifying patient due to variance 
introduced in testing conditions. 

Scalability Potential for a platform and the associated plasma test to be scaled 
up to accommodate high volume testing. 

Enabling the high-throughput delivery of reliable results 
with a fast turnaround time. 

Abbreviations: AD, Alzheimer’s disease; MCI, mild cognitive impairment. 
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elopment. While interesting and necessary for a full understanding of
he AD disease state, other p-tau biomarkers require further investiga-
ion (see Future Directions). 

.2. A 𝛽 PET as the preferred reference standard for A 𝛽 confirmation 

Historically, the standard of truth for assessing A 𝛽 pathology in po-
ential AD patients has been postmortem evaluation [ 13 ]. While this has
emained the gold standard, the field has since adopted A 𝛽 PET for di-
gnostic assessment, as molecular neuroimaging techniques have high
iagnostic accuracy. We therefore elected to primarily review studies on
lasma biomarkers where A 𝛽 PET was utilized as the reference standard.
e included A 𝛽 PET determined through visual read or quantitation,

xpressed in standardized uptake value ratios (SUVr) and/or centiloid
nits. However, considering the high concordance of CSF A 𝛽 markers
i.e., CSF A 𝛽42/40) with A 𝛽 PET [ 82–85 ] and further that, in certain
ountries, the infrastructure makes access to PET challenging, we also
ncluded relevant studies where validated CSF A 𝛽 biomarker tests were
sed as reference standards. 

.3. Search strategy & inclusion/exclusion criteria 

We obtained the information reviewed herein through keyword and
and searches on PubMed for scientific publications and presentations
ublished between January 2018-October 2024, along with the infor-
ation available on manufacturer websites. We used the search terms

(Alzheimer) AND (diagnosis) AND (p-tau217 OR p-tau181 OR p-tau231
R A 𝛽40/A 𝛽42 OR A 𝛽42/A 𝛽40 OR A 𝛽40:A 𝛽42 OR A 𝛽40:A 𝛽42) ” in
ombination with either (a) “(sensitivity OR specificity OR AUC OR NPA
R PPA OR NPV OR PPV) ”, (b) “(tau PET OR amyloid PET OR CSF) AND

clinical robustness OR total allowable error OR clinical utility) ”, (c)
(regulatory status OR assays in development OR RUO OR laboratory de-
eloped test OR IVD OR OPA) ”, (d) “(limitations OR implementation OR
vailability OR accessibility OR ease of use OR interpretability) ”, or (e)
(patient subtype OR patient hesitancy) ”. Following the initial search,
e manually screened the results to remove any publications that (a)
ere meta-analyses, (b) had a sample size of fewer than n = 50/group,

c) used a reference standard other than A 𝛽 PET, CSF A 𝛽42/40, or CSF p-
au181/A 𝛽42 ratio unless postmortem neuropathology was also utilized,
d) utilized an assay not close enough (within approximately 5 years) to
ommercial availability, or (e) did not focus on an early symptomatic
D population. Additional relevant studies were manually added as ap-
ropriate, for an ultimate total of 92 studies included. 

. Technical considerations for plasma biomarker 

mplementation 

.1. Background and definitions 

An assessment comprises three basic components: the analytes being
easured, the instrument or platform used to obtain the measurement,

nd the criteria used for interpreting the measurement. A novel assess-
ent can only be declared fit-for-purpose in its planned context of use
4

fter it has been demonstrated that the measurements obtained are rel-
vant, reliable, interpretable, and statistically sensitive to meaningful
hange. While the regulatory requirements of what comprises adequate
vidence vary by geography, there are multiple technical and clinical
spects that can globally influence these factors. These include clinical
erformance, clinical robustness, standardization, and scalability, all of
hich impact the implementation and ease-of-use of a diagnostic test

see Table 2 ). The technical considerations are discussed below. Refer
o Table 3 for definitions of relevant terminology in describing clinical
erformance [ 13 ]. 

.2. Standardization and scalability 

Differences in the platforms and materials utilized are important
o note when reporting the results of biomarker testing, as suitable
ethodology may depend on clinical setting [ 38 ]. The associated plat-

orm type is especially important when considering a biomarker test
or routine clinical use, as the platform type may introduce limitations
o test scalability. Certain platforms may not have a high throughput
nd may have a slower turnaround time and/or specific infrastructure
r user requirements, which could make adoption in a routine clinical
etting more challenging. One crucial factor that affects the standard-
zation and scalability of a test is whether the platform is automated
r requires manual handling. Although not comprehensive, evaluations
f the fully automated Elecsys® and Lumipulse® platforms indicate
hat inter- and intra-laboratory coefficients of variance (CVs) are fairly
ow [ 87 , 88 ]. Manually operated platforms are known to exhibit higher
re-analytical (sample handling) and analytical (inter-laboratory, inter-
atch, etc.) variability than fully automated platforms [ 8 , 89–90 ]. Such
ariability previously hampered the standardization of universal thresh-
lds (cutoffs) for CSF-based diagnosis, as defining and addressing ana-
ytical sources of variability is complex [ 87 ]. 

While ultra-sensitive research-grade assays are suitable for single-
atch analysis, their introduction into routine clinical use would re-
ult in either higher-than-optimal variability in test results or inten-
ive manual labor being required [ 91 ]. In addition to reducing ana-
ytical variability, fully automated platforms can test samples in larger
atches and require less technical expertise, thereby reducing human er-
or, turnaround time, and inter-batch variability, while simultaneously
elping to increase testing throughput and potentially also reduce costs.

None of the tests of plasma p-tau217 that utilize commercially avail-
ble, fully automated platforms for the assessment of AD pathology are
et available as full IVDs; however, fully automated biomarker assays
re available as RUOs. There are also mass spectrometry (MS)-based
ethods of plasma biomarker assays that are commercially available

s LDTs in the U.S. and Europe (see Table 1 ). In a recent head-to-
ead comparison, immunoprecipitation-mass spectrometry (IP-MS) re-
ulted in better diagnostic performance than immunoassays when mea-
uring plasma A 𝛽42/40 (immunoassay AUC ranged between 0.69–0–78;
UC = 0.86 for the best performing MS-based method) [ 92 ]. However,

t is likely that immunoassays, which can be performed on fully auto-
ated platforms, could be easier and associated with lower costs than
S-based methods to implement in the clinical chemistry laboratories
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Table 3 

Definitions of statistical terms used to assess the performance of a diagnostic test [ 13 ]. 

Term Conceptual Definition Functional Definition 

Sensitivity Test ability to identify presence of disease marker; 
results not affected by population. 

Proportion of positive SoTs for which the test is positive. TP/(TP + FN). 

Specificity Test ability to identify absence of disease marker; 
results not affected by population. 

Proportion of negative SoTs for which the test is negative. TN/(TN + FP). 

Positive Percentage Agreement 
(PPA) 

Test ability to recognize presence of pathology as 
identified by surrogate SoT; results not affected by 
population 

Same as sensitivity 

Negative Percentage Agreement 
(NPA) 

Test ability to recognize absence of pathology as 
identified by surrogate SoT; results not affected by 
population. 

Same as specificity 

Positive Predictive Value (PPV) Test ability to separate TPs from FPs within a specific 
population. 

Proportion of positive test results that are positive SoTs in a specific 
population. TP/(TP + FP). 

Negative Predictive Value (NPV) Test ability to separate TNs from FNs within a specific 
population. 

Proportion of negative test results that are negative SoTs in a specific 
population. TN/(TN + FN). 

Area Under the ROC Curve (AUC) Single scalar value that measures the overall 
performance of a binary classifier (e.g., a diagnostic 
test) 

Different methods exist; a common approach utilizes the trapezoidal rule, in 
which the area under the ROC curve is divided into trapezoids – vertical 
lines at the FP rate values and horizontal lines at the TP rate values – and 
computed by summing the areas of the trapezoids [ 86 ]. An AUC of 0.5 may 
be considered chance, while 1.0 would indicate perfect classification. 

Accuracy or OPA Measure of biomarker test accuracy (proportion 
true/all) 

(TP + TN)/(TP + FP + TN + FN) 

Note that the metrics for each term range between 0 % to 100 % (or 0 to 1), with higher values indicating better performance. 
Abbreviations: AUC, area under the curve; FN, false negative; FP, false positive; NPA, negative percent agreement; NPV, negative predictive value; OPA, overall 
percent agreement; PPA, positive percent agreement; PPV, positive predictive value; ROC, receiver operating characteristic; SoT, standard of truth; TN, true 
negative; TP, true positive. 
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hat serve primary care [ 38 ]; IP-MS is less scalable [ 8 ], due to being as-
ociated with more advanced equipment and trained personnel. There-
ore, consideration must be given to the needs of the specific clinical
ontext in which the test would be implemented, to identify the appro-
riate platform. 

.3. Clinical performance 

One crucial technical consideration is determining the clinical per-
ormance of a test and whether it fits the intended use population. The
linical performance of available biomarker assays is assessed via the
oncordance with a standard of truth; relative to the standard of truth,
tudy authors report metrics such as NPA/NPV and PPA/PPV, AUCs, or
ther measures estimating assay performance (see Tables 2 and Table
 for definitions). While AUC is an important measure of agreement with
he standard of truth and therefore indicative of the assay’s potential
or use in diagnostic assessment, the value of this information is lim-
ted without the further-advanced analyses of PPA/NPV and NPA/PPV,
hich consider both the intended use of the assay as well as the preva-

ence of the patient population. For example, with a low pretest prob-
bility of AD (i.e., low prevalence), such as in cognitively unimpaired
ndividuals or patients with clinical syndromes that are atypical for AD,
ven a high performing test will exhibit a low PPV [ 38 , 93 ]. PPA and
PA can effectively reflect the sensitivity and specificity respectively,
hen the reference standard is the best available surrogate. However,

t should be noted that the terms ‘sensitivity’ and ‘specificity’ are meant
o only refer to analyses against a reference/gold standard of truth (i.e.,
ostmortem evaluation of pathology); our review of the literature con-
rmed that these terms are frequently used out of context. Importantly,
ccurate prevalence estimates are vital for ensuring accurate PPV and
PV calculations. 

Plasma p-tau181 has shown a high concordance with A 𝛽 PET posi-
ivity (AUC = 0.88) in different cohorts (TRIAD, BioFINDER-2) and can
urthermore differentiate AD from vascular dementia (AUC = 0.92), pro-
ressive supranuclear palsy or corticobasal syndrome (AUC = 0.88), be-
avioral variant frontotemporal dementia/primary progressive apha-
ia (AUC = 0.83), and Parkinson’s disease or multiple systems atrophy
AUC = 0.82) [ 94 ]. This and other studies not only demonstrate that
lasma p-tau181 can identify patients with A 𝛽 pathology, but also im-
5

lies that it is an AD-specific biomarker that can differentiate between
ther neurodegenerative diseases [ 94–97 ]. 

While plasma p-tau181 has demonstrated high performance in iden-
ifying A 𝛽 pathology and the ability to distinguish AD from other neu-
odegenerative diseases [ 94 , 95 ], it has also been found to exhibit con-
ordance with tau PET. Plasma p-tau181 has been shown to differenti-
te tau PET + and tau PET- individuals at different disease (PET-based
raak) stages (PET-based Braak I-II, AUC = 0.83; PET-based Braak III-IV,
UC = 0.85; PET-based Braak V-VI, AUC = 0.85) [ 94 ]. 

Other plasma p-tau isoform biomarkers have been investigated as
ore promising indicators of AD pathology, specifically p-tau217, but

lso p-tau231 and p-tau205 [ 70 , 98–100 ]. Understanding the differences
n performance and robustness between these biomarkers is key to de-
ermining their suitability for specific uses. Round-robin studies, used
o test for interlaboratory variation, and head-to-head studies, which
irectly compare tests to one another, are critical for highlighting these
ifferences. For example, in their head-to-head study comparing plasma
-tau181, p-tau217, and p-tau231, Janelidze et al. [ 92 ] found that, re-
ardless of assay type (mass spectrometry or immunoassay), p-tau217
utperformed all other examined p-tau biomarkers in the detection of
 𝛽 pathology (standard of truth: CSF A 𝛽42/40; AUC = 0.86–0.95) [ 101 ],
 replication of findings from previous work [ 95 ]. In addition, all p-
au217 markers assessed were found to outperform other p-tau tests
t distinguishing MCI patients who progressed to AD dementia dur-
ng follow-up (mean follow up = 4.9 years) from those who did not
AUC = 0.87–0.93) [ 101 ]. Furthermore, when another study compared
lasma p-tau217 to plasma p-tau231, p-tau181, A 𝛽42/40, glial fibril-
ary acidic protein (GFAP), and neurofilament light (NfL), p-tau217 was
ound to be the only biomarker that changed longitudinally dependent
n A 𝛽 pathology and was associated with both preclinical and symp-
omatic stages [ 74 ]. A separate study comparing plasma p-tau181, p-
au231, and p-tau217 also found that plasma p-tau217 outperformed
lasma p-tau181 and plasma p-tau231 in identifying individuals with
D pathology [ 72 ]. 

.3.1. Plasma p-tau217 concordance with A 𝛽 pathology and prediction of 

ognitive decline 

Plasma p-tau217 has demonstrated a high concordance with A 𝛽

athology whether the standard of truth is A 𝛽 PET [ 43 , 70 , 72 , 95 , 104 ],
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SF A 𝛽42/40,102 , or a combination of both [ 103 ]. Regardless of the as-
ay type, across these studies, p-tau217 reliably differentiated individ-
als with AD from those with other neurodegenerative diseases as well
s healthy controls from individuals with MCI. The accuracy of plasma
-tau217 has also been recently demonstrated as comparable to FDA-
pproved CSF ratios (A 𝛽42/40 and p-tau181/A 𝛽42) when using A 𝛽 PET
s the reference standard [ 49 ]. 

Furthermore, p-tau217 can predict future conversion from MCI to
ementia, demonstrating an ability to reflect changes across the differ-
nt phases of AD [ 102 , 104–105 ]. This is further supported by studies
eporting a A 𝛽-dependent sequential increase in plasma p-tau217 levels
hat is associated with both cognitive impairment and neurodegenera-
ion according to disease severity, from A 𝛽- cognitively unimpaired indi-
iduals all the way through to A 𝛽+ patients with AD dementia [ 43 , 104 ].
 recent longitudinal study of older participants who were cognitively
nimpaired at baseline identified plasma p-tau217 as the best overall
redictor of future cognitive decline [ 106 ]. 

.3.2. Plasma p-tau217 concordance with CSF p-tau217 

A recent study found plasma (AUC = 0.91) and CSF (AUC = 0.94) p-
au217 to be indistinguishable in their performance identifying A 𝛽

athology, as defined by A 𝛽 PET alone or in combination with tau PET
 72 ]. Conversely, plasma p-tau181 (AUC = 0.76) and plasma p-tau231
AUC = 0.82) were found to have a much lower performance than their
SF-based counterparts (p-tau181 AUC = 0.87, p-tau231 AUC = 0.95)
 72 ]. Other studies reviewed herein concurred no significant differ-
nce between the diagnostic performance of plasma and CSF p-tau217
 43 , 70 , 76 ]. Taken together, these findings indicate that plasma p-
au217 can be considered a highly comparable alternative to CSF p-
au217 testing. 

.3.3. Plasma p-tau217 concordance with tau PET 

Similar to p-tau181, p-tau217 has also demonstrated high agreement
ith tau PET, using different radiotracers [ 70 , 76 , 107 ]. However, when

ompared with plasma p-tau181, plasma p-tau217 has demonstrated su-
erior performance in identifying tau PET positivity [ 43 , 95 , 107 ]. Ante-
ortem plasma p-tau217 levels have been shown to significantly corre-

ate with the postmortem density of cortical tau-containing NFTs (Spear-
an 𝜌 = 0.64, P < 0.001), demonstrating a potentially closer relation-

hip of plasma p-tau217 than plasma p-tau181 with tau, particularly
FTs [ 76 ]. Another study found a strong correlation between plasma
-tau217 and tau PET (acquired with 18F-flortaucipir-PET) ( r = 0.61,
 < 0.001) especially in the temporo-parietal and dorsolateral frontal
egions, with regional PET-plasma associations differing according to
 𝛽 burden [ 108 ]. 

Although the consensus from the literature appears to demonstrate a
igh performance in distinguishing tau PET + from tau PET- individuals,
specially in those with A 𝛽 pathology, there are limitations to using
-tau217 for tau PET-based staging. According to Woo and colleagues
2023), using only plasma p-tau217 resulted in a PPA of 78 % and NPA
f 84 % (Cohen’s Kappa = 0.62, 95 % confidence interval = 0.43/0.80);
owever, the addition of plasma NTA-tau (N-terminal tau) along with
lasma p-tau217 resulted in the highest agreement with tau PET-based
taging, with a PPA of 92 % and NPA of 81 % (Cohen’s Kappa = 0.74,
.57/0.90) [ 107 ]. 

Taken together, the literature indicates a strong relationship between
lasma p-tau217 and AD pathology, indicating the ability of plasma p-
au217 to potentially replace confirmatory A 𝛽 CSF and PET testing now
hat sufficient analytical robustness has been established. However, due
o discrepancies in the literature, it appears that the relationship with
au – particularly the clinical performance in tau-based staging – war-
ants further research. For example, in individuals with autosomal dom-
nant AD, plasma p-tau217 begins increasing 20 years before the onset of
CI and becomes abnormal earlier than tau PET [ 71 ]. However, there

s also a known time gap between tau protein accumulation as seen
6

ostmortem and the in vivo tau PET signal [ 109 ], which impacts their
ssociation with plasma p-tau217. 

.4. Clinical robustness 

One of the primary challenges in developing robust AD plasma
iomarker assays is the large overlap in plasma biomarker levels be-
ween the A 𝛽+ and A 𝛽- populations. For example, the well-established
nd validated biomarker A 𝛽42/40 is only reduced by approximately
0 % in the plasma of A 𝛽+ individuals, whereas CSF A 𝛽42/40 is re-
uced by 43 % in A 𝛽+ individuals [ 79 ]. One likely explanation for this
henomenon is that the reduction in plasma A 𝛽42/40 occurs on top of
 𝛽 that is already present, because extracerebrally-produced A 𝛽 is not
ffected by brain amyloid pathology [ 38 ]. This results in a potential
isk for misclassification if random error or bias is introduced in the
easurement. 

Random error may be introduced in multiple ways, which can be
inimized but not entirely avoided. These errors may be biological,

uch as intra-individual variability of biomarker levels in the blood, an-
lytical due to intra- and inter-assay variability between different labs,
nstruments, or reagent lots, or pre-analytical due to variation in sample
ollection and handling methodology [ 110 ]. A study comparing plasma
 𝛽42/40, p-tau181, NfL, and GFAP found that inter-assay variations sig-
ificantly impacted performance for A 𝛽42/40 but not p-tau181, and that
-tau181 performance was not affected even after introducing maximal
ariations of up to 20 %, indicative of the robustness of p-tau181 as a
lasma biomarker [ 78 ]. 

Pre-analytical sample handling is another large contributing factor to
andom error. Plasma p-tau response to centrifugation and freeze-thaw
ycling has been shown to differ across assays, and the associated pro-
ocols also differ between assays [ 110–113 ]. Currently existing assays
an vary drastically in classifying A 𝛽 status depending on the assay type
mass spectrometry or immunoassay), the antibody, or the reagents used
 39 ]. These are all important considerations when aiming to establish
niversal pre-analytical guidelines for sample handling. 

Both plasma p-tau181 and p-tau231 have been shown to exhibit
ower fold changes than their CSF counterparts, which could introduce
isclassification from plasma samples. In contrast, both CSF and plasma
-tau217 have similar degrees of overlap between the A 𝛽+ and A 𝛽- pop-
lations and similar effect sizes, as well as larger fold changes than CSF
-tau181 and p-tau231. The small difference in fold change between
lasma p-tau217 and CSF p-tau217 implies that the performance be-
ween plasma p-tau217 and CSF p-tau217 may be interchangeable [ 72 ].

Test-retest variability has been found to be lowest when using plasma
 𝛽42/40, and markedly higher with plasma p-tau217; however, due to

he considerably larger fold change in the latter, the higher test-retest
ariability is less of a concern [ 70 ]. Cullen and colleagues [ 79 ] inves-
igated changes in test AUCs when “noise ” or random error was added
nd found that plasma A 𝛽42/40 had the lowest test-retest variability
4.1 %), followed by p-tau217 at 20 % and GFAP at 25 % variability
 79 ]. In summary, despite the higher test-retest variability, plasma p-
au217 was the least affected by random error and the highest perform-
ng single biomarker in detecting A 𝛽 positivity [ 70 , 79 ]. 

. Clinical considerations for plasma biomarker implementation 

The previous section discussed the clinical utility of plasma biomark-
rs and the potential for expanding biomarker-based AD diagnosis to
on-specialist centers and LMICs. However, to ensure patients receive
oth a timely and accurate diagnosis, relevant clinical factors such as
he care environment, comorbidities, concomitant medications, and po-
ential confounding factors like sex, race, and ethnicity need to be con-
idered prior to the implementation of plasma p-tau assays in routine
linical use. The confounding effects of these factors on p-tau concen-
rations also need to be related to the effect size of the biomarker change,
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s induced by the pathology the biomarker is thought to reflect; for in-
tance, A 𝛽-related tau pathology is thought to increase plasma p-tau217
oncentrations by 200–700 % (e.g., [ 76 ]). Previous plasma biomarkers
ave primarily been validated retrospectively, using well-characterized
io-banked samples, which may not reflect the extent of variability en-
ountered in the clinic. To validate a plasma biomarker assay for use in
 clinical setting, studies must be completed in naturalistic populations
nd in settings reflective of real-world practice [ 8 ]. 

Palmqvist and colleagues [ 14 ] recently compared physicians’ ap-
roximation of ‘likely clinical AD diagnosis’ (determined without the
se of biomarkers) at the primary ( n = 515) and secondary ( n = 698)
are levels versus using a liquid chromatography with tandem mass
pectrometry (LC-MS) plasma p-tau217 test [ 14 ]. The LC-MS test de-
ived %p-tau217 (the ratio of p-tau217 to non-phosphorylated tau217,
ultiplied by 100) as well as plasma A 𝛽42/40 (collectively, the Amy-

oid Probability Score-2 [APS2]) to detect AD pathology [ 14 ]. When us-
ng A + (defined using CSF A 𝛽42/40 [Lumipulse, FDA approved cutoff]
r, in a subset [ n = 82], A 𝛽 PET visual read) and T + (CSF p-tau217)
riteria as the reference standard after consensus discussion, the au-
hors found that PCP diagnostic accuracy was only 61 % (53–69 %)
 14 ]. However, when provided APS2 information, diagnostic accuracy
ncreased to > 90 % [ 14 ]. Similar improvement was seen if using only
p-tau217 [ 14 ]. The authors did not compare the performance of %p-

au217 to p-tau217 alone [ 14 ]; however, this has been done previously
 114 ]. An increase in diagnostic performance was also observed at the
econdary care level, as the diagnostic accuracy of dementia experts was
nitially 73 % (68–79 %) versus > 90 % with plasma biomarker analysis
 14 ]. Despite differences between the two patient populations (primary
are patients were older, less educated, and exhibited a higher preva-
ence of comorbidities), performance was comparable between groups
 14 ]. Interestingly, the authors did not observe a difference in the preva-
ence of AD pathology between primary and secondary care (approxi-
ately 50 % in both settings) [ 14 ]. This is an important observation as
revalence or pre-test probability should be a consideration when de-
ermining the context of use of a plasma biomarker test [ 39 ]. However,
t is worth noting that both the primary and secondary care cohorts
ere recruited within the BioFINDER study (BioFINDER Primary Care;
ioFINDER Memory Clinic; BioFINDER2) in southern Sweden, and the
revalence of AD pathology may differ between primary and secondary
are settings across different regions. 

.1. Comorbidities 

Renal function, if not considered, may induce interpretation errors
n the assessment of p-tau biomarker levels [ 115 ]. Chronic kidney dis-
ase (CKD) is associated with higher concentrations of plasma p-tau
iomarkers, which is thought to be due to reduced protein clearance
rom the blood because of poor kidney function; however, CKD is not
ssociated with an increased risk of dementia and could therefore gen-
rate false positives [ 116–118 ]. In a recent study by Lehmann and col-
eagues [ 119 ], plasma levels of p-tau181 and p-tau217 were both shown
o strongly correlate with creatinine levels and estimated glomerular fil-
ration (eGFR) rates) [ 119 ]. However, while the authors observed no im-
act on p-tau217 performance, the performance of p-tau181 was signifi-
antly impacted by renal function [ 119 ]. Similarly, when examining the
ffect of renal function on the performance of plasma p-tau181, Zhang
t al. [ 120 ] found that the cut-off values for p-tau181 were changed by
p to 19 % and 23 % in patients with mild (60–90 ml/min) and moderate
 < 60 ml/min) eGFR decline, respectively, compared to participants with
ormal eGFR [ 120 ]. Furthermore, a recent study found that the mean
ifference in plasma p-tau181 levels between patients with and without
KD was greater than the difference between A 𝛽+ and A 𝛽- populations
as determined by A 𝛽 PET) [ 121 ]. Notably, while p-tau217 levels were
lso elevated in patients with CKD, the mean difference between those
ith and without CKD remained smaller than that between the A 𝛽+ and
 𝛽- populations [ 121 ]. Additionally, another study found that plasma
7

-tau217 distinguished between A 𝛽+ and A 𝛽- patients with CKD with
 4–7 % misclassification rate [ 116 ]. Collectively, then, these findings
ndicate that reference values specific to renal function should be im-
lemented for plasma p-tau181 and suggest that plasma p-tau181 may
ot be sufficiently robust to serve as a standalone AD pathology marker.
y contrast, plasma p-tau217 appears to potentially have the necessary
obustness, including in the assessment of patients with MCI and mild
ementia, though the effects of renal failure still ought to be considered.
sing a ratio or percentage such as plasma %p-tau217 may further mit-

gate the effects of renal impairment on plasma concentrations [ 114 ];
almqvist et al. [ 14 ] utilized plasma %p-tau217 for this reason, and the
est performed well despite a high rate of comorbid CKD (26 % in the
rimary care cohort) [ 14 ]. However, ratios may be subject to skew by
ther neurological diseases, reducing the specificity for AD pathology
 122 ]. 

Additionally, in age- and sex- adjusted analyses, Mielke et al. [ 121 ]
nitially linked increased levels of plasma p-tau181 and plasma p-tau217
o stroke, hypertension, and myocardial infarction; however, after ex-
luding CKD patients from analysis, only myocardial infarction re-
ained significantly associated, further underlining the impact of co-
orbidities in biomarker studies [ 121 ]. Notably, while these adjusted

nalyses did not find a robust association between decreases in plasma
-tau and high BMI until patients with CKD were removed [ 121 ], a re-
ent study in the BALTAZAR cohort has reported that high BMI was as-
ociated with decreases in both plasma p-tau217 and plasma p-tau181
 117 , 119 ]. 

.2. Sex, race, and ethnicity 

Historically, biomarkers have been validated in clinical cohorts with
inimal diversity in terms of sex and race/ethnicity, which is not fully

epresentative of real-world clinical settings across different geogra-
hies. Further research is needed to understand the potential impact
f sex and race/ethnicity in biomarker testing. 

Research suggests that, compared to men, women with AD may have
igher levels of tau pathology (as measured with either CSF- or PET-
ased biomarkers), including a greater burden of tau tangles at autopsy,
nd may experience faster cognitive decline [ 123 ]. However, findings
ave been inconsistent within and across tau isoforms; for example,
attsson et al. (2016) reported no sex differences in plasma levels of

otal tau (T-tau, the sum of all tau isoforms, irrespective of phosphory-
ation status) [ 124 ], while Baldacci et al. (2020) reported that females
ad significantly higher levels of T-tau [ 125 ]. A recent study found
hat, among A 𝛽+ MCI patients, women exhibited higher rates of inci-
ent AD dementia than men, which was associated with increased base-
ine plasma p-tau181 levels [ 126 ]; by contrast, most studies that evalu-
te plasma p-tau217 report no sex differences in plasma concentrations
 127 ]. 

Research has also demonstrated that plasma biomarker levels may
iffer across racial and ethnic groups [ 39 ]. However, results remain in-
onsistent. For example, some research groups have found plasma levels
f A 𝛽42, A 𝛽40, p-tau181, and NfL to be lower in African American (AA)
ndividuals than white individuals [ 128 ], while others did not iden-
ify any differences between plasma biomarker levels in AA and non-
ispanic white (NHW) individuals [ 129 ]. One study matching AA par-

icipants to non-Hispanic white (NHW) participants by age, sex, APOE

 4 carrier status, and cognitive status, found that while plasma A 𝛽42/40
ould accurately measure brain amyloidosis across both groups, plasma
-tau181, p-tau231, and NfL performed inconsistently, risking the mis-
iagnosis of AA individuals [ 130 ]. This contrasts with work by Brickman
nd colleagues (2021), who found that p-tau181 had a higher predictive
erformance in non-white individuals than white for AD neuropatholog-
cal but not clinical diagnosis [ 131 ]. The inconsistency among reported
ndings may stem from the difficulty of disentangling race and ethnicity

rom socioeconomic status, which is itself linked to increased demen-
ia risk [ 132 ]. There remains an unmet need for larger, more diverse
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tudy populations that validate blood biomarkers in all racial and eth-
ic groups. 

. Guidelines for best practices in plasma biomarker 

mplementation 

Work toward implementing plasma biomarkers in clinical practice
as begun [ 39 , 40 ]. Ensuring best practice implementation of plasma
iomarker testing in the clinic requires the consideration of technical
imitations along with the intended use (i.e., triaging or confirmatory; at
econdary/tertiary or primary care level). As mentioned alongside tech-
ical considerations, the clinical performance (PPA/NPA) of a plasma
iomarker test indicates its potential to be used as either a triaging
rule-out AD) or confirmatory (rule-in AD) test. Notably, the Global CEO
nitiative on Alzheimer’s disease has published a consensus on the min-
mum acceptable performance of plasma biomarkers for clinical use,
hich is purpose-dependent: if the biomarker is to be used as a triaging

est (i.e., before a further confirmatory test), they recommend a mini-
um sensitivity of > 90 % and minimum specificity of > 85 % in a pri-
ary care setting, with slightly more lenient requirements in secondary

are (e.g., > 75–85 %) due to better accessibility of confirmatory test-
ng [ 39 ]. If the biomarker is to be used as a confirmatory test, the ini-
iative recommends that it perform equivalently to FDA-approved IVD
SF tests, with a minimum of > 90 % sensitivity and specificity [ 39 ].
owever, even with high levels of sensitivity and specificity, the pre-

est probability of AD must be taken into consideration at the time of
est result interpretation; if the pre-test probability is low, even a highly
ensitive and specific test will have a low PPV [ 39 ]. 

.1. A two-cut-off approach 

Given that approximately 5–20 % of individuals have a borderline
evel of A 𝛽 pathology and may thus receive discordant results in re-
eated testing if only a single cut-off value is utilized, the Global CEOi
ecommends [ 39 ] a two-cut-off approach, which defines three cate-
ories of test results: positive, intermediate, and negative [ 133 ]. 

Many labs have developed their own (in-house) two-point cut-off
alues; however, such lab-specific cut-offs impact the generalizability of
he subsequent findings. Additionally, there is currently no standardized
pproach to presenting the intermediate category. To promote trans-
arency, we recommend that the full 3 (test results – positive, negative,
r intermediate) x 2 (true positive or true negative) confusion matrix be
eported, to enable centers to conduct their own calculations and avoid
mbiguity. Furthermore, both PPV and NPV values should be reported,
s well as the intermediate results, to help fully illustrate the test’s clin-
cal utility. In the future, these data will help fill the currently unmet
eed for validated and robust tests with standardized cut-offs that are
pplicable in a heterogeneous population reflective of the real-world
linic. 

Stratifying patients through a low and high cut-off optimized for
PA and PPA, respectively, has been reported to improve test perfor-
ance [ 14 , 70 , 133 ] and increase plasma test accuracy in both primary

nd secondary care settings [ 14 ]. Ashton and colleagues [ 70 ] estab-
ished a three-range reference for AD positivity using plasma p-tau217
n the Wisconsin Registry for Alzheimer’s Prevention (WRAP) cohort,
hich they cross-validated in the Translational Biomarkers in Aging
nd Dementia (TRIAD) and Sant Pau Initiative on Neurodegeneration
SPIN) cohorts [ 70 ]. The three-range reference resulted in an improved
PA while maintaining similar NPA; the overall percent agreement was
lso improved [ 70 ]. Similarly, a recent study investigating eligibility for
ovel anti-amyloid therapies in a cohort from the Butler Memory & Ag-
ng Program (MAP) found that a two-cut-off approach was not only fea-
ible in a memory clinic setting, but also slightly increased the diagnostic
erformance compared to a single cut-off approach [ 134 ]. Importantly,
 two-step workflow designed in BioFINDER-1 and then validated in
ioFINDER-2, also within a memory clinic setting, was found to accu-
8

ately classify A 𝛽-PET status and substantially decrease the number of
ecessary CSF tests [ 133 ], suggesting that plasma p-tau217 testing can
e a cost-effective approach to detecting AD when the two-cut-off ap-
roach is employed. The BioFINDER-1 model was also validated in the
RIAD cohort, indicating that the probability thresholds derived in the
tudy performed well across assays and geographies without the need
or re-optimization [ 133 ]. 

.2. The challenge associated with intermediate results 

While the two-cut-off approach improves accuracy and may poten-
ially increase cost-effectiveness, it is worth noting that tests with higher
ariability will produce a higher proportion of intermediate (also known
s indeterminate) results, increasing the need for confirmatory PET/CSF
esting. Several studies have reported a range in intermediate results;
or example, Ashton et al. [ 70 ] found an intermediate percentage of
etween 12.3 % and 22.9 % across cohorts in their study [ 70 ], while
owe et al. (2024) found that 24 % of study participants were in the

ntermediate category [ 134 ]. When Brum et al. (2023) applied differing
evels of stringency to investigate the effect on overall accuracy and as-
ociated reduction in CSF testing, they found that at the highest level of
tringency, an accuracy of 92.7 % (95 % CI = 88.9–94.6 %) resulted in
8.8 % of participants requiring confirmatory testing [ 133 ]. Meanwhile,
attsson-Carlgren and colleagues (2023) found that, at a false-negative

ate less than 10 %, 43.1 % of participants required further tests to iden-
ify high tau PET in A 𝛽-positive participants [ 103 ]. 

The Global CEOi on AD working group have recommended that a
lasma biomarker test result in no more than 15–20 % of patients of a
tandard clinical population falling into the intermediate category [ 39 ].
hey have also proposed that intermediate results be approached on a
ase-by-case basis, with A 𝛽 PET or CSF testing being completed if avail-
ble; when confirmatory tests are not available, a repeated blood test
t a later date may be an appropriate alternative [ 39 ]. It is also worth
oting that intermediate test results may be reflective of truly interme-
iate amounts of AD pathology, in which case additional CSF or A 𝛽 PET
esting would only confirm the patient is in a transitional pathophysio-
ogical phase. A further complication is that, if the plasma assay perfor-
ance is equivalent to that of CSF/PET biomarkers, further testing may
ot provide the necessary verification. 

. Future directions and conclusions 

To summarize, the literature featured in this review demonstrates
hat plasma biomarkers of AD, particularly plasma p-tau217, exhibit
igh clinical performance and robustness, and may provide an effective
nd non-invasive method to test for AD pathology in a routine clinical
etting. Adoption of plasma biomarker testing in early-stage AD may es-
ecially improve timely access to treatment, which is of greatest benefit
t this stage [ 26 , 27 ]. 

.1. Future directions 

Studies have begun reporting equally high diagnostic performance of
lasma p-tau217 across primary and secondary care [ 14 ]. This suggests
hat plasma tests could be used to determine which patients should be
eferred without delay for further evaluation and potential treatment
ith novel therapies. 

In a recent study investigating the clinical utility of plasma p-tau217
or selecting appropriate patients to receive anti-amyloid therapeutics,
owe and colleagues reported high diagnostic accuracy, with a slight

ncrease when using the two-cutoff approach; notably, regardless of the
pproach used, there remained false positives (i.e., A β- individuals who
ere identified for aducanumab treatment) [ 134 ]. However, a false pos-

tive in which the patient receives a positive plasma p-tau217 test result
ut a negative A β PET scan may be indicative of an elevated amyloid
urden that is (yet) below the threshold for PET detection [ 135 ]. The
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lobal CEOi consensus provides helpful guidance in this regard [ 39 ],
ut prospective validation in clinical cohorts from both primary and
econdary care settings are still needed. In relation to identifying pa-
ients for novel treatment options, another possible future use case for
lasma biomarkers could be in monitoring disease progression and/or
reatment response, and potentially predicting future disease progres-
ion [ 8 ]. Such monitoring could be invaluable to clinicians when mak-
ng treatment decisions. Furthermore, it is not the case that clinicians
re merely interested in knowing whether their patient has AD; depend-
ng on the symptoms, a negative result on a test with high diagnostic
ccuracy could be suggestive of a non-AD dementia, which ought to be
eferred to secondary care. 

In addition to those covered in this review, other plasma biomarker
ssays could have clinical applications along different stages of the AD
isease pathway and care continuum. Investigating a panel of other
lasma p-tau isoforms such as p-tau205 and p-tau231 could help the
eld further understand intraindividual differences in tau pathophys-

ology [ 136 ]. The microtubule-binding region (MTBR) of tau contain-
ng the residue 243 (MTBR-tau243) is a biomarker of insoluble tau ag-
regates that has recently demonstrated promising results, although it
s still very early in development [ 137 ]. As a biomarker closely asso-
iated with tau tangle pathology, MTBR-tau243 could help clinicians
ccurately determine whether their patient’s symptoms stem from AD
athology or a co-pathology [ 137 ]. While current studies focus on CSF-
ased analysis of MTBR-tau243, efforts to develop a plasma assay are
nderway, with preliminary results similar to those observed in CSF
 138 ]. 

While this review has primarily focused on the implementation of
lasma biomarkers for the diagnosis of early-stage AD, another po-
ential future use case for plasma tests could be the detection of AD
athology at the preclinical stage, in order to enable secondary inter-
entions that could slow down and perhaps even one day prevent the
isease [ 139–141 ]. There are several ongoing clinical trials, such as
HEAD 3–45 (NCT04468659), TRAILBLAZER-ALZ 3 (NCT05026866),
nd TRAILRUNNER-ALZ 3 (NCT06653153), that are investigating pre-
linical AD and incorporating plasma tests for A 𝛽 pathology as screening
ools or secondary/exploratory outcomes, which highlights the growing
mportance and potential of this biomarker in identifying preclinical
D. If these trials demonstrate that removing AD pathological burden
rior to the emergence of overt symptoms reduces the risk of declin-
ng to a status of MCI/dementia, then the plasma biomarkers utilized in
hese trials could be considered for use in clinical practice with asymp-
omatic elderly individuals. This secondary prevention scheme could
esemble that of many other chronic conditions (e.g., diabetes, hyperc-
olesterolemia, etc.), where identifying an abnormal value on a simple
lood test warrants a specific course of treatment, with demonstrated
ndividual and societal benefits. However, the low prevalence of AD
athology when screening cognitively healthy individuals will present
 challenge, as even a highly sensitive and specific test will have a re-
uced PPV under low prevalence conditions [ 39 ]. 

.2. Conclusion 

Plasma biomarkers have the potential to serve as a less-invasive al-
ernative for the detection of pathology in early-stage AD. However,
ultiple technical and clinical factors must be taken into consideration

o ensure that both high performance and robustness are retained in
outine clinical settings. Fully automated testing platforms produce the
east variability and will be necessary for maintaining high performance
ithout sacrificing time and resources. Clinicians must consider the po-

ential impact of patient characteristics on plasma biomarker levels; in
articular, that of reduced renal function, which can generate false posi-
ives. This is especially relevant to a primary care setting, where patients
re likely to be more heterogenous. Standardized two-point cutoff values
ould help achieve sufficiently high levels of performance as to drasti-
ally minimize CSF/PET testing; however, further guidance on interpret-
9

ng intermediate results is needed. As the field develops and more ro-
ust, high-performing blood tests become available with prospectively,
linically validated cutoffs, two-point cutoffs could eventually be re-
laced with reliable binary cutoffs. In the more distant future, a binary
utoff could replace CSF/PET testing entirely, albeit with lower PPV and
PV. Future validation in real-world cohorts could help establish robust
utoffs for diverse clinical settings, thereby reducing intermediate test
esults and enabling timely diagnosis and access to novel treatment op-
ions. 

eclaration of competing interest 

The authors declare the following financial interests/personal rela-
ionships which may be considered as potential competing interests:
rances-Catherine Quevenco reports administrative support, article pub-
ishing charges, and writing assistance were provided by Eli Lilly and
ompany. Michael Schöll reports a relationship with BioArctic AB that

ncludes: funding grants, speaking and lecture fees, and travel reim-
ursement. Michael Schöll reports a relationship with Roche Diagnos-
ics Corporation that includes: funding grants and speaking and lecture
ees. Michael Schöll reports a relationship with Novo Nordisk Inc that in-
ludes: speaking and lecture fees. Michael Schöll reports a relationship
ith Triolabs that includes: speaking and lecture fees. Michael Schöll

eports a relationship with Centile Bioscience that includes: equity or
tocks. Sebastian Palmqvist reports a relationship with Avid Radiophar-
aceuticals Inc that includes: funding grants. Sebastian Palmqvist re-
orts a relationship with Alzheimer’s Drug Discovery Foundation that
ncludes: funding grants. Sebastian Palmqvist reports a relationship with
isai Inc that includes: consulting or advisory and travel reimburse-
ent. Sebastian Palmqvist reports a relationship with Roche Diagnos-

ics Corporation that includes: consulting or advisory and speaking and
ecture fees. Sebastian Palmqvist reports a relationship with Eli Lilly
nd Company that includes: consulting or advisory and speaking and
ecture fees. Sebastian Palmqvist reports a relationship with BioArctic
B that includes: consulting or advisory and travel reimbursement. Se-
astian Palmqvist reports a relationship with Novo Nordisk Inc that in-
ludes: consulting or advisory and travel reimbursement. Agathe Vril-
on reports a relationship with A2MCL that includes: funding grants
nd travel reimbursement. Agathe Vrillon reports a relationship with
ioprojet that includes: funding grants. Agathe Vrillon reports a rela-
ionship with Foundation Overcoming Alzheimer that includes: fund-
ng grants. Agathe Vrillon reports a relationship with France Alzheimer
hat includes: travel reimbursement. Takeshi Ikeuchi reports a relation-
hip with Japan Agency for Medical Research and Development that
ncludes: funding grants. Takeshi Ikeuchi reports a relationship with Ei-
ai Inc that includes: speaking and lecture fees. Takeshi Ikeuchi reports
 relationship with FUJIREBIO Inc that includes: speaking and lecture
ees. Takeshi Ikeuchi reports a relationship with Eli Lilly and Company
hat includes: speaking and lecture fees. Frances-Catherine Quevenco re-
orts a relationship with Eli Lilly and Company that includes: employ-
ent and equity or stocks. Leonardo Iaccarino reports a relationship
ith Eli Lilly and Company that includes: employment and equity or

tocks. Simona Z. Vasileva-Metodiev reports a relationship with Eli Lilly
nd Company that includes: employment and equity or stocks. Saman-
ha C. Burnham reports a relationship with Eli Lilly and Company that
ncludes: employment and equity or stocks. James Hendrix reports a re-
ationship with Eli Lilly and Company that includes: employment and
quity or stocks. Stephane Epelbaum reports a relationship with Eli Lilly
nd Company that includes: employment and equity or stocks. Henrik
etterberg reports a relationship with AD Strategic Fund (Alzheimer’s
ssociation) that includes: funding grants. Henrik Zetterberg reports a
elationship with Alzheimer’s Drug Discovery Foundation that includes:
unding grants. Henrik Zetterberg reports a relationship with Bluefield
roject that includes: funding grants. Henrik Zetterberg reports a rela-
ionship with Cure Alzheimer’s Fund that includes: funding grants. Hen-
ik Zetterberg reports a relationship with Erling Persson Family Founda-



M. Schöll, A. Vrillon, T. Ikeuchi et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100056

t  

s  

i  

H  

r  

Z  

C  

g  

t  

s  

H  

t  

w  

g  

s  

a  

H  

I  

l  

Z  

s  

P  

r  

o  

s  

a  

i  

T  

b  

o  

a  

a  

Z  

c  

w  

r  

s  

i  

r  

a  

I  

H  

c  

P  

b  

c  

P  

Z  

c  

M  

r  

i  

a  

r  

i  

s  

H  

s  

C  

b  

l  

A  

a  

l  

I  

r  

H  

i  

t  

e  

w

C

 

l  

F  

p  

c  

n  

&  

W  

J  

t  

d  

W  

C

A

 

l  

m  

a  

p  

b

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ion that includes: funding grants. Henrik Zetterberg reports a relation-
hip with EU Joint Programme Neurodegenerative Disease Research that
ncludes: funding grants. Henrik Zetterberg reports a relationship with
järnfonden that includes: funding grants. Henrik Zetterberg reports a

elationship with Horizon Europe that includes: funding grants. Henrik
etterberg reports a relationship with National Institute for Health and
are Research UCLH Biomedical Research centre that includes: funding
rants. Henrik Zetterberg reports a relationship with Olav Thon Founda-
ion that includes: funding grants. Henrik Zetterberg reports a relation-
hip with Stiftelsen för Gamla Tjänarinnor that includes: funding grants.
enrik Zetterberg reports a relationship with Swedish Research Council

hat includes: funding grants. Henrik Zetterberg reports a relationship
ith Swedish State Support for Clinical Research that includes: funding
rants. Henrik Zetterberg reports a relationship with UK Dementia Re-
earch Institute that includes: funding grants. Henrik Zetterberg reports
 relationship with AbbVie Inc that includes: consulting or advisory.
enrik Zetterberg reports a relationship with Acumen Pharmaceuticals,

nc. that includes: consulting or advisory. Henrik Zetterberg reports a re-
ationship with Alector Inc that includes: consulting or advisory. Henrik
etterberg reports a relationship with Alzinova AB that includes: con-
ulting or advisory. Henrik Zetterberg reports a relationship with ALZ-
ath that includes: consulting or advisory. Henrik Zetterberg reports a
elationship with Amylyx Pharmaceuticals Inc that includes: consulting
r advisory. Henrik Zetterberg reports a relationship with Annexon Bio-
ciences that includes: consulting or advisory. Henrik Zetterberg reports
 relationship with Apellis Pharmaceuticals, Inc that includes: consult-
ng or advisory. Henrik Zetterberg reports a relationship with Artery
herapeutics Inc that includes: consulting or advisory. Henrik Zetter-
erg reports a relationship with AZTherapies that includes: consulting
r advisory. Henrik Zetterberg reports a relationship with Cognito Ther-
peutics that includes: consulting or advisory. Henrik Zetterberg reports
 relationship with CogRx that includes: consulting or advisory. Henrik
etterberg reports a relationship with Denali Therapeutics Inc that in-
ludes: consulting or advisory. Henrik Zetterberg reports a relationship
ith Eisai Inc that includes: consulting or advisory. Henrik Zetterberg

eports a relationship with LABCORP that includes: consulting or advi-
ory. Henrik Zetterberg reports a relationship with Merry Life Biomed-
cal that includes: consulting or advisory. Henrik Zetterberg reports a
elationship with NervGen Pharma Corp that includes: consulting or
dvisory. Henrik Zetterberg reports a relationship with Novo Nordisk
nc that includes: consulting or advisory and speaking and lecture fees.
enrik Zetterberg reports a relationship with Optoceutics that includes:
onsulting or advisory. Henrik Zetterberg reports a relationship with
assage Bio Inc that includes: consulting or advisory. Henrik Zetter-
erg reports a relationship with Pinteon Therapeutics Inc that includes:
onsulting or advisory. Henrik Zetterberg reports a relationship with
rothena Biosciences Inc that includes: consulting or advisory. Henrik
etterberg reports a relationship with Red Abbey Labs that includes:
onsulting or advisory. Henrik Zetterberg reports a relationship with re-
YND that includes: consulting or advisory. Henrik Zetterberg reports a

elationship with Roche Diagnostics Corporation that includes: consult-
ng or advisory and speaking and lecture fees. Henrik Zetterberg reports
 relationship with Samumed that includes: consulting or advisory. Hen-
ik Zetterberg reports a relationship with Siemens Healthineers AG that
ncludes: consulting or advisory. Henrik Zetterberg reports a relation-
hip with Triplet Therapeutics Inc that includes: consulting or advisory.
enrik Zetterberg reports a relationship with Wave that includes: con-

ulting or advisory. Henrik Zetterberg reports a relationship with Alze-
ure Pharma that includes: speaking and lecture fees. Henrik Zetter-
erg reports a relationship with Biogen Inc that includes: speaking and
ecture fees. Henrik Zetterberg reports a relationship with Cellectricon
B that includes: speaking and lecture fees. Henrik Zetterberg reports
 relationship with Eli Lilly and Company that includes: speaking and
ecture fees. Henrik Zetterberg reports a relationship with FUJIREBIO
nc that includes: speaking and lecture fees. Henrik Zetterberg reports a
elationship with WebMD LLC that includes: speaking and lecture fees.
10
enrik Zetterberg reports a relationship with Brain Biomarker Solutions
n Gothenburg AB that includes: equity or stocks. If there are other au-
hors, they declare that they have no known competing financial inter-
sts or personal relationships that could have appeared to influence the
ork reported in this paper. 

RediT authorship contribution statement 

M. Schöll: Writing – review & editing, Conceptualization. A. Vril-

on: Writing – review & editing. T. Ikeuchi: Writing – review & editing.
.C. Quevenco: Writing – review & editing, Writing – original draft, Su-
ervision, Project administration, Formal analysis, Data curation, Con-
eptualization. L. Iaccarino: Writing – review & editing, Writing – origi-
al draft, Conceptualization. S.Z. Vasileva-Metodiev: Writing – review
 editing, Writing – original draft, Conceptualization. S.C. Burnham:

riting – review & editing, Writing – original draft, Conceptualization.
. Hendrix: Writing – review & editing, Writing – original draft, Concep-
ualization. S. Epelbaum: Writing – review & editing, Writing – original
raft, Supervision, Formal analysis, Conceptualization. H. Zetterberg:

riting – review & editing. S. Palmqvist: Writing – review & editing,
onceptualization. 

cknowledgments 

This work was funded by Eli Lilly and Company. The authors would
ike to thank Grazia Dell Agnello and Saygin Gonderten for providing
edical expertise, Christophe Sapin for providing statistical expertise,

nd Dominika Kennedy and Rebecca Anderson for their assistance in
reparation of the manuscript. Quality review and support was provided
y Syneos Health; this support was funded by Eli Lilly and Company. 

eferences 

[1] Dubois B, Padovani A, Scheltens P, Rossi A, Dell’Agnello G. Timely diagnosis for
Alzheimer’s disease: a literature review on benefits and challenges. J Alzheimers
Dis 2016;49:617–31 . 

[2] Querfurth HW, LaFerla FM. Alzheimer’s disease. New Engl J Med
2010;362(4):329–44 . 

[3] Bateman RJ, Xiong C, Benzinger TLS, Fagan AM, Goate A, et al. Clinical and
biomarker changes in dominantly inherited Alzheimer’s disease. N Engl J Med
2012;367(9):795–804 . 

[4] Jia J, Ning Y, Chen M, Wang S, Yang H, Li F, et al. Biomarker changes during 20
years preceding Alzheimer’s disease. N Engl J Med 2024;390(8):712–22 . 

[5] Early alzheimer’s disease: developing drugs for treatment. Food and Drug
Administration. Updated 12 March 2024. Accessed 24 September 2024.
https://www.fda.gov/regulatory- information/search- fda- guidance- documents/ 
early- alzheimers- disease- developing- drugs- treatment . 

[6] Porsteinsson AP, Isaacson RS, Knox S, Sabbagh MN, Rubino I. Diagnosis of early
Alzheimer’s Disease: clinical practice in 2021. J Prev Alz Dis 2021;8:371–86 . 

[7] Alzheimer’s Association2024 Alzheimer’s disease facts and figures. Alzheimer’s De-
ment 2024;20(5):3708–821. https://www.doi.org/10.1002/alz.13809 . 

[8] Blennow K, Galasko D, Perneczky R, Quevenco FC, van der Flier WM, et al. The
potential clinical value of plasma biomarkers in Alzheimer’s disease. Alzheimer’s
Dement 2023;19(12):5805–16 . 

[9] Amjad H, Roth DL, Sheehan OC, Lyketsos CG, Wolff JL, et al. Underdiagnosis of
dementia: an observational study of patterns in diagnosis and awareness in US older
adults. J Gen Intern Med 2018;33(7):1131–8 . 

[10] Lang L, Clifford A, Wei L, Zhang D, Leung D, et al. Prevalence and determinants
of undetected dementia in the community: a systematic literature review and a
meta-analysis. BMJ Open 2017;7:e011146 . 

[11] Hampel H, Hu Y, Cummings J, Mattke S, Iwatsubo, et al. Blood-based biomark-
ers for Alzheimer’s disease: current state and future use in a transformed global
healthcare landscape. Neuron 2023;111:2781–99 . 

[12] Roth S, Burnie N, Suridjan I, Yan JT, Carboni M. Current diagnostic pathways
for Alzheimer’s disease: a cross-sectional real-world study across six countries. J
Alzheimer’s Dis Rep 2023;7:659–74 . 

[13] Iaccarino L, Burnham SC, Dell’Agnello G, Dowsett SA, Epelbaum S. Diagnostic
biomarkers of amyloid and tau pathology in Alzheimer’s disease: an overview
of tests for clinical practice in the United States and Europe. J Prev Alz Dis
2023;3(10):426–42 . 

[14] Palmqvist S, Tideman P, Mattsson-Carlgren N, Schindler SE, Smith R, et al. Blood
biomarkers to detect Alzheimer disease in primary care and secondary care. JAMA
2024;332(15):1245–57. doi: 10.1001/jama.2024.13855 . 

[15] Frisoni GB, Festari C, Massa F, Ramusino MC, Orini S, et al. European intersocietal
recommendations for the biomarker-based diagnosis of neurocognitive disorders.
Lancet Neurol 2024;23:302–12 . 

http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0001
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0002
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0003
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0004
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/early-alzheimers-disease-developing-drugs-treatment
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0006
https://www.doi.org/10.1002/alz.13809
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0008
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0009
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0010
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0011
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0012
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0013
https://doi.org/10.1001/jama.2024.13855
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0015


M. Schöll, A. Vrillon, T. Ikeuchi et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100056

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[16] Altomare D, Barkhof F, Caprioglio C, Collij LE, Scheltens P, et al. Clinical effect of
early vs late amyloid positron emission tomography in memory clinic patients: the
AMYPAD-DPMS randomized clinical trial. JAMA Neurol 2023;80(6):548–57 a . 

[17] Lee SAW, Sposato LA, Hackinski V, Cipriano LE. Cost-effectiveness of cerebrospinal
biomarkers for the diagnosis of Alzheimer’s disease. Alzheimer’s Res and Ther
2017;9:18. doi: 10.1186/s13195- 017- 0243- 0 . 

[18] Pontecorvo MJ, Siderowf A, Dubois B, Doraiswamy PM, Frisoni GB, et al. Effective-
ness of florbetapir PET imaging in changing patient management. Dement Geriatr
Cogn Disord 2017;44:129–43 . 

[19] Rabinovici GD, Gatsonis C, Apgar C, Chaudhary K, Gareen I, et al. Association of
amyloid positron emission tomography with subsequent change in clinical manage-
ment among Medicare beneficiaries with mild cognitive impairment or dementia.
JAMA 2019;321(13):1286–94 . 

[20] van Maurik IS, Broulikova HM, Mank A, Bakker ED, de Wilde A, et al. A more
precise diagnosis by means of amyloid PET contributes to delayed institutionaliza-
tion, lower mortality, and reduced care costs in a tertiary memory clinic setting.
Alzheimer’s Dement 2023;19:2006–13 . 

[21] Noda K, Lim Y, Goto R, Sengoku S, Kodama K. Cost-effectiveness comparison be-
tween blood biomarkers and conventional tests in Alzheimer’s disease diagnosis.
Drug Discov Today 2024;29(3):1–6. doi: 10.1016/j.drudis.2024.103911 . 

[22] Hoy SM. Lecanemab: first approval. Drugs 2023;83:359–65 . 
[23] Lian Y, Jia Y-J, Wong J, Zhou X-F, Song W, et al. Clarity on the blazing trail:

clearing the way for amyloid-removing therapies for Alzheimer’s disease. Mol Psych
2023:1–9 . 

[24] van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, et al. Lecanemab in early
Alzheimer’s disease. N Engl J Med 2023;388(1):9–21 . 

[25] Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, et al. Donanemab in early
symptomatic Alzheimer disease: the TRAILBLAZER-ALZ2 randomized clinical trial.
JAMA 2023;330(6):512–27 . 

[26] Kirson NY, Scott Andrews J, Desai U, King SB, Schonfeld S, et al. Patient charac-
teristics and outcomes associated with receiving an earlier versus later diagnosis
of probable Alzheimer’s disease. J Alzheimers Dis 2018;61(1):295–307 . 

[27] Liss JL, Seleri Assunção S, Cummings J, Atri A, Geldmacher DS, et al. Practical
recommendations for timely, accurate diagnosis of symptomatic Alzheimer’s dis-
ease (MCI and dementia) in primary care: a review and synthesis. J Intern Med
2021;290(2):310–34 . 

[28] Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, et al. The diagnosis
of mild cognitive impairment due to Alzheimer’s disease: recommendations from
the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer’s Dement 2011;7(3):270–9 . 

[29] Dubois B, Feldman HH, Jacova C, DeKosky ST, Barberger-Gateau P, et al. Research
criteria for the diagnosis of Alzheimer’s disease: revising the NINCDS-ADRDA cri-
teria. Lancet Neurol 2007;6:734–46 . 

[30] Dubois B, Feldman HH, Jacova C, Cummings JL, DeKosky ST, et al. Revising the def-
inition of Alzheimer’s disease: a new lexicon. Lancet Neurol 2010;9(11):1118–27 .

[31] Dubois B, Feldman HH, Jacova C, Hampel H, Molinuevo JL, et al. Advancing re-
search diagnostic criteria for Alzheimer’s disease: the IWG-2 criteria. Lancet Neurol
2014;13:614–29 . 

[32] Jack CR, Bennett DA, Blennow K, Carrillo MC, Feldman HH, et al. A/T/N: an unbi-
ased descriptive classification scheme for Alzheimer disease biomarkers. Neurology
2016;87:539–47 . 

[33] Jack CR, Bennett DA, Blennow K, Carrillo MC, Dunn B, et al. NIA-AA research
framework: toward a biological definition of Alzheimer’s disease. Alzheimers De-
ment 2018;14:535–62 . 

[34] McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, et al. The diagnosis
of dementia due to Alzheimer’s disease: recommendations from the National In-
stitute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimer’s Dement 2011;7(3):263–9 . 

[35] Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, et al. Toward defining
the preclinical stages of Alzheimer’s disease: recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimer’s Dement 2011;7(3):280–92 . 

[36] Dubois B, Villain N, Frisoni GB, Rabinovici GD, Sabbagh M, et al. Clinical diagno-
sis of Alzheimer’s disease: recommendations of the International Working Group.
Lancet Neurol 2021;20(6):484–96 . 

[37] Dubois B, Villain N, Schneider L, Fox N, Campbell N, et al. Alzheimer disease as
a clinical-biological construct – an International Working Group recommendation.
JAMA Neurol 2024;81(12):1304–11. doi: 10.1001/jamaneurol.2024.3770 . 

[38] Hansson O, Edelmayer RM, Boxer AL, Carrillo MC, Mielke MM, et al. The
Alzheimer’s Association appropriate use recommendations for blood biomarkers
in Alzheimer’s disease. Alzheimer’s Dement 2022;18:2669–86 . 

[39] Schindler SE, Galasko D, Pereira AC, Rabinovici GD, Salloway S, et al. Accept-
able performance of blood biomarker tests of amyloid pathology – recommen-
dations from the Global CEO Initiative on Alzheimer’s Disease. Nat Rev Neurol
2024;20(7):426–39. doi: 10.1038/s41582- 024- 00977- 5 . 

[40] Mielke MM, Anderson M, Ashford JW, Jeromin A, Lin P-J, et al. Recommenda-
tions for clinical implementation of blood-based biomarkers for Alzheimer’s dis-
ease. Alzheimer’s Dement 2024:1–9. doi: 10.1002/alz.14184 . 

[41] Jack CR, Andrews JS, Beach TG, Buracchio T, Dunn B, et al. Revised criteria for
diagnosis and staging of Alzheimer’s disease: alzheimer’s Association Workgroup.
Alzheimer’s Dement 2024:1–27. doi: 10.1002/alz.13859 . 

[42] Altomare D, Stampacchia S, Ribaldi F, Tomczyk S, Chevalier C, et al. Plasma
biomarkers for Alzheimer’s disease: a field-test in a memory clinic. J Neurol Neu-
rosurg Psychiatry 2023;94:420–7 b . 

[43] Mendes AJ, Ribaldi F, Lathuiliere A, Ashton NJ, Janelidze S, et al. Head-to-head
study of diagnostic accuracy of plasma and cerebrospinal fluid P-tau217
11
versus P-tau181 and P-tau231 in a memory clinic cohort. J Neurol
2024;271:2053–66 . 

[44] Vasileva S., Wheeler A., Cotton S., Klein E.G. The diagnostic journey of patients
with mild cognitive impairment or Alzheimer’s disease dementia, and challenges
associated with timely diagnosis: results from a real-world survey in the United
States. Presented at Academy of Managed Care Pharmacy congress, Orlando,
Florida, USA, 16 October 2023. 

[45] Vasileva-Metodiev S, Quevenco FC, Sanchez-Juan P, Walker C, Klein E. HSD61
The diagnostic journey of patients with mild cognitive impairment and Alzheimer’s
disease dementia, and the importance of biomarker testing for timely diagnosis: a
real-world survey in Europe. Value Health 2023;26(12):S305 . 

[46] Monane M, Johnson KG, Snider BJ, Turner RS, Drake JD, et al. A blood biomarker
test for brain amyloid impacts the clinical evaluation of cognitive impairment. Ann
Clin Transl Neurol 2023;10(10):1738–48 . 

[47] Telser J, Risch L, Saely CH, Grossmann K, Werner P. P-tau217 in Alzheimer’s dis-
ease. Clin Chim Acta 2022;531:100–11. doi: 10.1016/j.cca.2022.03.018 . 

[48] Meyer MR, Kirmess KM, Eastwood S, Wente-Roth TL, Irvin F, et al. Clinical valida-
tion of the PrecivityAD2 blood test: a mass spectrometry-based test with algorithm
combining%P-tau217 and A 𝛽42/40 ratio to identify presence of brain amyloid.
Alzheimer’s Dement 2024;20:3179–92 . 

[49] Barthélemy NR, Salvadó G, Schindler SE, He Y, Janelidze S, et al. Highly accurate
blood test for Alzheimer’s disease is similar or superior to clinical cerebrospinal
fluid tests. Nat Med 2024;30:1085–95 . 

[50] Pilotto A, Quaresima V, Trasciatti C, Tolassi C, Bertoli D, et al. Plasma p-tau217
in Alzheimer’s disease: lumipulse and ALZpath SIMOA head-to-head comparison.
Preprint (medRxiv) 2024. doi: 10.1101/2024.05.02.24306780 . 

[51] Figdore DJ, Griswold M, Bornhorst JA, Graff-Radford J, Ramanan VK, et al. Op-
timizing cutpoints for clinical interpretation of brain amyloid status using plasma
p-tau217 immunoassays. Alzheimer’s Dement 2024;20:6506–16 . 

[52] Martínez-Dubarbie F, Guerra-Ruiz A, López-García S, Lage C, Fernández-Matar-
rubia M, et al. Diagnostic accuracy of plasma p-tau217 for detecting pathological
cerebrospinal fluid changes in cognitively unimpaired subjects using the Lumipulse
platform. J Prev Alz Dis 2024;6(11):1581–91 . 

[53] Product portfolio. EUROIMMUN. Accessed 18 September 2024. https://www.
euroimmun.com/products/overview/ . 

[54] Pérez-Grijalba V, Romero J, Pesini P, Sarasa L, Monleón I, et al. Plasma A 𝛽42/40
ratio detect early stages of Alzheimer’s disease and correlates with CSF and neu-
roimaging biomarkers in the AB255 study. J Prev Alz Dis 2019;6(1):34–41 . 

[55] 505725: beta amyloid 42/40 ratio, plasma. Labcorp. Accessed 18 September 2024.
https://www.labcorp.com/tests/505725/beta- amyloid- 42- 40- ratio- plasma . 

[56] Yamashita K, Watanabe S, Ishiki K, Miura M, Irino Y, et al. Fully automated chemi-
luminescence enzyme immunoassays showing high correlation with immunopre-
cipitation mass spectrometry assays for 𝛽-amyloid (1-40) and (1-42) in plasma
samples. Biochem Biophys Res Commun 2021;576:22–6 . 

[57] Fujrebio Product News. Fujirebio confirms its engagement in blood-based
Alzheimer’s disease biomarker testing with the launch of the fully automated
Lumipulse® G 𝛽-Amyloid 1-42 and 𝛽-Amyloid 1-40 plasma assays for research use
only. 30 March 2022. Accessed 18 September 2024. https://www.fujirebio.com/
en- us/news- events/fujirebio- confirms- its- engagement- in- bloodbased- alzheimers- 
disease- biomarker- testing . 

[58] Niimi Y, Janelidze S, Sato K, Tomita N, Tsukamoto T, et al. Combining plasma
A 𝛽 and p-tau217 improves detection of brain amyloid in non-demented elderly.
Alzheimer’s Res Ther 2024;16:115. doi: 10.1186/s13195- 024- 01469- w . 

[59] Nakamura A, Kaneko N, Villemagne VL, Kato T, Doecke J, et al. High performance
plasma amyloid- 𝛽 biomarkers for Alzheimer’s disease. Nature 2018;554:249–54 . 

[60] Fujirebio Product News. Fujirebio enters the field of fully automated blood-
based Alzheimer’s disease biomarker testing with the release of the Lumipulse®
G pTau 181 plasma assay for research use only. 1 March 2022. Accessed
18 September 2024. https://www.fujirebio.com/en- us/news- events/fujirebio- 
enters- the- field- of- fully- automated- bloodbased- alzheimers- disease- biomarker . 

[61] SPLEX tau (pT181) kit product insert. Meso Scale Discovery. Updated July
2024. Accessed 18 September 2024. https://www.mesoscale.com/í/media/files/
product%20inserts/s-plex%20tau%20pt181%20kit%20product%20insert.pdf. 

[62] Fujirebio Product News. Fujirebio expands its Alzheimer’s disease test menu
with the much awaited and fully automated Lumipulse® G pTau 217 plasma
assay for research use only (RUO). Updated 22 December 2023. Accessed
5 June 2024. https://www.fujirebio.com/en/news- events/fujirebio- expands- its- 
alzheimers- disease- test- menu- with- the- much- awaited- and- fully . 

[63] 484390: phosphorylated tau 217 (pTau-217), plasma. Labcorp. Accessed 18
September 2024. https://www.labcorp.com/tests/484390/phosphorylated-tau- 
217- ptau- 217- plasma . 

[64] Quanterix launches high accuracy P-tau217 blood biomarker test to aid physician
diagnosis of Alzheimer’s disease. Quanterix 2023 Updated 24 OctoberAccessed 18
September 2024Quanterix Launches High Accuracy p-Tau 217 Blood Biomarker
Test to Aid Physician Diagnosis of Alzheimer’s Disease | Quanterix . 

[65] Simoa® ALZpath p-Tau 217 Advantage PLUS kit brochure. Quanterix. Accessed
18 September 2024. Available for download at https://www.quanterix.com/
whitepapers- appnotes/simoa- alzpath- p- tau- 217- advantage- plus/ . 

[66] Roche Diagnostics. Roche granted FDA Breakthrough Device Designation for
pTau217 blood test to support earlier Alzheimer’s disease diagnosis. Pub-
lished 11 April 2024. https://diagnostics.roche.com/us/en/news-listing/2024/
roche- granted- fda- breakthrough- device- designation- ptau217- blood- test- support- 
earlier- alzheimers- disease- diagnosis.html . Accessed 7 June 2024. 

[67] Pleen J, Camerucci E, Al-Sabbagh MQ, Cunningham K. Blood-based biomark-
ers in Alzheimer’s disease: clinical implementation and limitations. Pract Neurol
2024;23(2):27–59 35-9 . 

http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0016
https://doi.org/10.1186/s13195-017-0243-0
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0018
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0019
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0020
https://doi.org/10.1016/j.drudis.2024.103911
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0022
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0023
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0024
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0025
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0026
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0027
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0028
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0029
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0030
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0031
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0032
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0033
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0034
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0035
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0036
https://doi.org/10.1001/jamaneurol.2024.3770
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0038
https://doi.org/10.1038/s41582-024-00977-5
https://doi.org/10.1002/alz.14184
https://doi.org/10.1002/alz.13859
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0042
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0043
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0043
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0045
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0046
https://doi.org/10.1016/j.cca.2022.03.018
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0048
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0049
https://doi.org/10.1101/2024.05.02.24306780
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0051
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0052
https://www.euroimmun.com/products/overview/
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0054
https://www.labcorp.com/tests/505725/beta-amyloid-42-40-ratio-plasma
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0056
https://www.fujirebio.com/en-us/news-events/fujirebio-confirms-its-engagement-in-bloodbased-alzheimers-disease-biomarker-testing
https://doi.org/10.1186/s13195-024-01469-w
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0059
https://www.fujirebio.com/en-us/news-events/fujirebio-enters-the-field-of-fully-automated-bloodbased-alzheimers-disease-biomarker
https://www.mesoscale.com/~/media/files/product%20inserts/s-plex%20tau%20pt181%20kit%20product%20insert.pdf
https://www.fujirebio.com/en/news-events/fujirebio-expands-its-alzheimers-disease-test-menu-with-the-much-awaited-and-fully
https://www.labcorp.com/tests/484390/phosphorylated-tau-217-ptau-217-plasma
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0064
https://www.quanterix.com/whitepapers-appnotes/simoa-alzpath-p-tau-217-advantage-plus/
https://diagnostics.roche.com/us/en/news-listing/2024/roche-granted-fda-breakthrough-device-designation-ptau217-blood-test-support-earlier-alzheimers-disease-diagnosis.html
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0067


M. Schöll, A. Vrillon, T. Ikeuchi et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100056

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

 

[
 

[  

 

[  

 

[  

 

 

[  

[  

 

 

[  

 

[  

 

 

[  

 

[  

 

 

[  

[  

 

[  

 

 

[  

 

[68] Prospective cutoff establishment and pivotal clinical study of eapp. National Health
Service (NHS) – Health Research Authority (HRA). Updated 18 July 2023. Accessed
18 September 2024. https://www.hra.nhs.uk/planning- and- improving- research/
application- summaries/research- summaries/prospective- cutoff- establishment- 
and- pivotal- clinical- study- of- eapp/ . 

[69] C2 N Diagnostics marks two years of PrecivityAD® blood test accomplishments.
C2 N Diagnostics. Updated 21 October 2022. Accessed 18 September 2024.
https://precivityad.com/news/cn- diagnostics- marks- two- years- of- precivityad- 
blood- test- accomplishments . 

[70] Ashton NJ, Brum WS, Di Molfetta G, Benedet AL, Arslan B, et al. Diagnostic ac-
curacy of a plasma phosphorylated Tau 217 immunoassay for Alzheimer disease
pathology. JAMA Neurol 2024;81(3):255–63 . 

[71] Janelidze S, Mattsson N, Palmqvist S, Smith R, Beach TG, et al. Plasma P-tau181
in Alzheimer’s disease: relationship to other biomarkers, differential diagnosis,
neuropathology, and longitudinal progression to Alzheimer’s dementia. Nat Med
2020;26:379–86 . 

[72] Therriault J, Servaes S, Tissot C, Rahmouni N, Ashton NJ, Benedet AL, et al. Equiv-
alence of plasma P-tau217 with cerebrospinal fluid in the diagnosis of Alzheimer’s
disease. Alzheimer’s Dement 2023;19:4967–77 . 

[73] Thijssen EH, La Joie R, Wolf A, Strom A, Wang P, et al. Diagnostic value of plasma
phosphorylated tau181 in Alzheimer’s disease and frontotemporal lobar degenera-
tion. Nat Med 2020;26:387–97 . 

[74] Ashton NJ, Janelidze S, Mattsson-Carlgren N, Pichet Binette A, Strandberg O, et al.
Differential roles of A 𝛽42/40, P-tau231 and P-tau217 for Alzheimer’s trial selection
and disease monitoring. Nat Med 2022;28:2555–62 . 

[75] Rabe C, Bittner T, Jethwa A, Suridjan I, Manuilova E, et al. Clinical perfor-
mance and robustness of plasma amyloid- 𝛽42/40 prescreening. Alzheimer’s De-
ment 2023;19:1393–402 . 

[76] Palmqvist S, Janelidze S, Quiroz YT, Zetterberg H, Lopera F, et al. Discriminative
accuracy of plasma phosphor-tau217 for Alzheimer Disease vs other neurodegen-
erative disorders. JAMA 2020;324(8):772–81 . 

[77] Schindler SE, Petersen KK, Saef B, Tosun D, Shaw LM, et al. Head-to-head compar-
ison of leading blood tests for Alzheimer’s disease pathology. Alzheimers Dement
2024:1–23. doi: 10.1002/alz.14315 . 

[78] ADNI Benedet AL, Brum SW, Hansson O, Karikari TA, Zimmer ER, et al. The ac-
curacy and robustness of plasma biomarker models for amyloid PET positivity.
Alzheimer’s Res Ther 2022;14:26 . 

[79] Cullen NC, Janelidze S, Mattsson-Carlgren N, Palmqvist S, Bittner T, et al.
Test-retest variability of plasma biomarkers in Alzheimer’s disease and its effects
on clinical prediction models. Alzheimer’s Dement 2023;19:797–806 . 

[80] Cheng Y, Tian D-Y, Wang Y-J. Peripheral clearance of brain-derived A 𝛽 in
Alzheimer’s disease: pathophysiology and therapeutic perspectives. Transl Neu-
rodegener 2020;9(1):16. doi: 10.1186/s40035- 020- 00195- 1 . 

[81] Alcolea D, Delaby C, Muñoz L, Torres S, Estellés T, et al. Use of plasma biomark-
ers for AT(N) classification of neurodegenerative dementias. J Neurol Neurosurg
Psychiatry 2021;92(11):1206–14 . 

[82] Burnham SC, Wang J, Arora A, Iaccarino L, Kennedy I, et al. PCR176 Establishing
the interchangeability between CSF and PET to identify patients with Alzheimer’s
disease pathology. Value Health 2023;26(12):S483 . 

[83] Doecke JD, Ward L, Burnham SC, Villemagne VL, Li Q-X, et al. Elecsys CSF
biomarker immunoassays demonstrate concordance with amyloid-PET imaging.
Alzheimer’s Res Ther 2020;12:36 . 

[84] Hansson O, Seibyl J, Stomrud E, Zetterberg H, Trojanowski JQ, et al. CSF biomark-
ers of Alzheimer’s disease concord with amyloid- 𝛽 PET and predict clinical progres-
sion: a study of fully automated immunoassays in BioFINDER and ADNI cohorts.
Alzheimer’s Dement 2018;14(11):1470–81. doi: 10.1016/j.jalz.2018.01.010 . 

[85] Palmqvist S, Zetterberg H, Mattsson N, Johansson P, et al. Detailed comparison of
amyloid PET and CSF biomarkers for identifying early Alzheimer’s disease. Neu-
rology 2015;85(14):1240–9. doi: 10.1212/WNL.0000000000001991 . 

[86] Gönen M. Receiver operating characteristic (ROC) curves. SAS Users Gr Int
2006;31:210–31 . 

[87] Bittner T, Zetterberg H, Teunissen CE, Ostlund Jr RE, Militello M, et al. Techni-
cal performance of a novel, fully automated electrochemiluminescence immunoas-
say for the quantification of 𝛽-amyloid (1-42) in human cerebrospinal fluid.
Alzheimer’s Dement 2016;12(5):517–26. doi: 10.1016/j.jalz.2015.09.009 . 

[88] Gobom J, Parnetti L, Rosa-Neto P, Vyhnalek M, Gauthier S, et al. Validation of the
LUMIPULSE automated immunoassay for the measurement of core AD biomark-
ers in cerebrospinal fluid. Clin Chem Lab Med 2022;60(2):207–19. doi: 10.1515/
cclm- 2021- 0651 . 

[89] Kang JH, Korecka M, Lee EB, Cousins KAQ, Tropea TF, et al. Alzheimer disease
biomarkers: moving from CSF to plasma for reliable detection of amyloid and tau
pathology. Clin Chem 2023;69(11):1247–59 . 

[90] Mattsson N, Andreasson U, Persson S, Arai H, Dev Batish S, et al. The Alzheimer’s
Association external quality control program for cerebrospinal fluid biomarkers.
Alzheimer’s Dement 2011;7(4):385–95 . 

[91] Palmqvist S, Stomrud E, Cullen N, Janelidze S, Manuilova E, et al. An accurate
fully automated panel of plasma biomarkers for Alzheimer’s disease. Alzheimer’s
Dement 2023;19:1204–15 . 

[92] Janelidze S, Teunissen CE, Zetterberg H, Allué JA, Sarasa L, et al. Head-to-head
comparison of 8 plasma amyloid- 𝛽 42/40 assays in Alzheimer disease. JAMA Neu-
rol 2021;78(11):1375–82 a. doi: 10.1001/jamaneurol.2021.3180 . 

[93] Therriault J, Janelidze S, Benedet AL, Ashton NJ, et al. Diagnosis of Alzheimer’s
disease using plasma biomarkers adjusted to clinical probability. Nat Aging
2024;4(11):1529–37 a. doi: 10.1038/s43587- 024- 00731- y . 

[94] Karikari TK, Pascoal TA, Ashton NJ, Janelidze S, Benedet AL, et al. Blood phospho-
rylated tau 181 as a biomarker for Alzheimer’s disease: a diagnostic performance
12
and prediction modelling study using data from four prospective cohorts. Lancet
Neurol 2020;19:422–33 . 

[95] Thijssen EH, La Joie R, Strom A, Fonseca C, Iaccarino L, et al. Plasma phosphory-
lated tau 217 and phosphorylated tau 181 as biomarkers in Alzheimer’s disease and
frontotemporal lobar degeneration: a retrospective diagnostic performance study.
Lancet Neurol 2021;20:739–52 . 

[96] Moscoso A, Grothe MJ, Ashton NJ, Karikari TK, Rodriguez JL, et al. Time course
of phosphorylated-tau181 in blood across the Alzheimer’s disease spectrum. Brain
2021;144(1):325–39 a . 

[97] Moscoso A, Grothe MJ, Ashton NJ, Karikari TK, Rodriguez JL, et al. Longitudinal
associations of blood phosphorylated tau181 and neurofilament light chain with
neurodegeneration in Alzheimer disease. JAMA Neurol 2021;78(4):396–406 b . 

[98] Ferreira PCL, Therriault J, Tissot C, Ferrari-Souza JP, Benedet AL, et al. Plasma
P-tau231 and P-tau217 inform on tau tangles aggregation in cognitively impaired
individuals. Alzheimer’s Dement 2023;19:4463–74 . 

[99] Karikari T, Ashton NJ, Brinkmalm G, Brum WS, Benedet AL, et al. Blood phospho-
tau in Alzheimer disease: analysis, interpretation, and clinical utility. Nat Rev Neu-
rol 2022;18:400–18. doi: 10.1038/s41582- 022- 00665- 2 . 

100] Meeker KL, Luckett PH, Barthélemy NR, Hobbs DA, Chen C, et al. Comparison
of cerebrospinal fluid, plasma, and neuroimaging biomarker utility in Alzheimer’s
disease. Brain Commun 2024;6(2):fcae081 . 

101] Janelidze S, Bali D, Ashton NJ, Barthélemy NR, Vanbrabant J, et al. Head-to-head
comparison of 10 plasma phospho-tau assays in prodromal Alzheimer’s disease.
Brain 2023;146:1592–601 a . 

102] Groot C, Cicognola C, Bali D, Triana-Baltzer G, Dage JL, et al. Diagnostic and prog-
nostic performance to detect Alzheimer’s disease and clinical progression of a novel
assay for plasma P-tau217. Alzheimer’s Res and Ther 2022;14:67 . 

103] Mattsson-Carlgren N, Collij LE, Stromrud E, Pichet Binette A, Ossenkoppele R, et al.
Plasma biomarker strategy for selecting patients with Alzheimer Disease for anti-
amyloid immunotherapies. JAMA Neurol 2023;81(1):69–78 . 

104] Therriault J, Ashton NJ, Pola I, Triana-Baltzer G, Brum WS, et al. Comparison
of two plasma P-tau217 assays to detect and monitor Alzheimer’s pathology.
EBioMedicine 2024;102:105046 b . 

105] Pichet Binette A, Palmqvist S, Bali D, Farrar G, Buckley CJ, et al. Combin-
ing plasma phospho-tau and accessible measures to evaluate progression to
Alzheimer’s dementia in mild cognitive impairment patients. Alzheimer’s Res and
Ther 2022;14:46 . 

106] Sperling RA, Donohue MC, Rissman RA, Johnson KA, Rentz DM, et al. Amy-
loid and tau prediction of cognitive and functional decline in unimpaired older
individuals: longitudinal data from the A4 and LEARN studies. J Prev Alz Dis
2024;4(11):802–13 . 

107] Woo MS, Tissot C, Lantero-Rodriguez J, Snellman A, Therriault J, et al. Plasma P–
tau217 and N-terminal tau (NTA) enhance sensitivity to identify tau PET positivity
in amyloid- 𝛽 positive individuals. Alzheimer’s Dement 2023;20(2):1166–74 . 

108] Mundada NS, Rojas JC, Vandevrede L, Thijssen EL, Iaccarino L, et al. Head-to-head
comparison between plasma P-tau217 and flortaucipir-PET in amyloid-positive pa-
tients with cognitive impairment. Alzheimer’s Res and Ther 2023;15:157 . 

109] Moscoso A, Wren MC, Lashley T, Arstad E, Murray ME, et al. Imaging tau pathology
in Alzheimer’s disease with positron emission tomography: lessons learned from
imaging-neuropathology validation studies. Mol Neurodegener 2022;17:39 . 

110] Verberk IMW, Misdorp EO, Koelewijn J, Ball AJ, Blennow K, et al. Characterization
of pre-analytical sample handling effects on a panel of Alzheimer’s disease-related
blood-based biomarkers: results from the Standardization of Alzheimer’s Blood
Biomarkers (SABB) working group. Alzheimer’s Dement 2022;18:1484–97 . 

111] Bali D, Hansson O, Janelidze S. Effects of certain pre-analytical factors on the per-
formance of plasma phospho-tau217. Alzheimer’s Res Ther 2024;16:31 . 

112] Ashton NJ, Suárez-Calvet M, Karikari TK, Lantero-Rodriguez J, Snellman A,
et al. Effects of pre-analytical procedures on blood biomarkers for Alzheimer’s
pathophysiology, glial activation, and neurodegeneration. Alzheimer’s Dement
2021;13:e12168. doi: 10.1002/dad2.12168 . 

113] Kurz C, Stöckl L, Schrurs I, Suridjan I, Üstün Gürsel S, et al. Impact of pre-analytical
sample handling factors on plasma biomarkers of Alzheimer’s disease. J Neurochem
2023;165:95–105 . 

114] Janelidze S, Barthélemy NR, He Y, Bateman RJ, Hansson O. Mitigating the as-
sociations of kidney dysfunction with blood biomarkers of Alzheimer disease by
using phosphorylated tau to total tau ratios. JAMA Neurol 2023;80(5):516–22 b.
doi: 10.1001/jamaneurol.2023.0199 . 

115] Lehmann S, Schraen-Maschke S, Vidal J-S, Delaby C, Blanc F, et al. Plasma phos-
phorylated tau 181 predicts amyloid status and conversion to dementia stage de-
pendent on renal function. J Neurol Neurosurg Psychiatry 2023;94:411–19 . 

116] Arranz J, Zhu N, Rubio-Guerra S, Rodríguez-Baz I, Ferrer R, et al. Diagnostic per-
formance of plasma pTau217, pTau181, A 𝛽1-42 and A 𝛽 1-40 in the LUMIPULSE
automated platform for the detection of Alzheimer disease. Alzheimer’s Res Ther
2024;16(1):139. doi: 10.1186/s13195- 024- 01513- 9 . 

117] Mielke MM, Fowler NR. Alzheimer disease blood biomarkers: considerations for
population-level use. Nat Rev Neurol 2024 a. doi: 10.1038/s41582- 024- 00989- 1 . 

118] Stocker H, Beyer L, Trares K, Penna L, Rujescu D, et al. Association of kidney func-
tion with development of Alzheimer disease and other dementias and dementia-re-
lated blood biomarkers. JAMA Network Open 2023;6(1):e2252387 . 

119] Lehmann S, Schraen-Maschke S, Vidal J-S, Delaby C, Buee L, et al. Clinical
value of plasma ALZpath pTau217 immunoassay for assessing mild cognitive im-
pairment. J Neurol Neurosurg Psychiatry 2024;95(11):1046–53. doi: 10.1136/
jnnp- 2024- 333467 . 

120] Zhang B, Zhang C, Wang Y, Chen L, Qiao Y, et al. Effect of renal function on the
diagnostic performance of plasma biomarkers for Alzheimer’s disease. Front Aging
Neurosci 2023;15:1150510 . 

https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/prospective-cutoff-establishment-and-pivotal-clinical-study-of-eapp/
https://precivityad.com/news/cn-diagnostics-marks-two-years-of-precivityad-blood-test-accomplishments
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0070
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0071
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0072
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0073
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0074
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0075
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0076
https://doi.org/10.1002/alz.14315
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0078
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0078
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0079
https://doi.org/10.1186/s40035-020-00195-1
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0081
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0082
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0083
https://doi.org/10.1016/j.jalz.2018.01.010
https://doi.org/10.1212/WNL.0000000000001991
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0086
https://doi.org/10.1016/j.jalz.2015.09.009
https://doi.org/10.1515/cclm-2021-0651
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0089
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0090
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0091
https://doi.org/10.1001/jamaneurol.2021.3180
https://doi.org/10.1038/s43587-024-00731-y
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0094
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0094
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0095
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0096
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0097
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0098
https://doi.org/10.1038/s41582-022-00665-2
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0100
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0101
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0102
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0103
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0104
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0105
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0106
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0107
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0108
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0109
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0110
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0111
https://doi.org/10.1002/dad2.12168
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0113
https://doi.org/10.1001/jamaneurol.2023.0199
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0115
https://doi.org/10.1186/s13195-024-01513-9
https://doi.org/10.1038/s41582-024-00989-1
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0118
https://doi.org/10.1136/jnnp-2024-333467
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0120


M. Schöll, A. Vrillon, T. Ikeuchi et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100056

[  

 

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

121] Mielke MM, Dage JL, Frank RD, Algeciras-Schimnich A, Knopman DS, et al. Per-
formance of plasma phosphorylated tau 181 and 217 in the community. Nat Med
2022;28:1398–405. doi: 10.1038/s41591- 022- 01822- 2 . 

122] Riemenschneider M, Wagenpfeil S, Vanderstichele H, Otto M, Wiltfang J, et al.
Phospho-tau/total tau ratio in cerebrospinal fluid discriminates Creutzfeldt-Jakob
disease from other dementias. Mol Psych 2003;8:343–7 . 

123] Vila-Castelar C, Chen Y, Langella S, Lopera F, Zetterberg H, et al. Sex differ-
ences in blood biomarkers and cognitive performance in individuals with au-
tosomal dominant Alzheimer’s disease. Alzheimer’s Dement 2023;19:4127–38.
doi: 10.1002/alz.13314 . 

124] Mattsson N, Zetterberg H, Janelidze S, Insel PS, Andreasson U, et al. Plasma
tau in Alzheimer disease. Neurology 2016;87(17):1827–35. doi: 10.1212/WNL.
0000000000003246 . 

125] Baldacci F, Lista S, Manca ML, Chiesa PA, Cavedo E, et al. Age and sex impact
plasma NFL and t-Tau trajectories in individuals with subjective memory com-
plaints: a 3-year follow-up study. Alzheimer’s Res Ther 2020;12:147. doi: 10.1186/
s13195- 020- 00704- 4 . 

126] Tsiknia AA, Edland SD, Sundermann EE, Reas ET, Brewer JB, et al. Sex differ-
ences in plasma p-tau181 associations with Alzheimer’s disease biomarkers, cogni-
tive decline, and clinical progression. Mol Psych 2022;27:4314–22. doi: 10.1038/
s41380- 022- 01675- 8 . 

127] Saloner R, VandeVrede L, Asken BM, Paolillo EW, Gontrum EQ, et al. Plasma
phosphorylated tau-217 exhibits sex-specific prognostication of cognitive de-
cline and brain atrophy in cognitively unimpaired adults. Alzheimer’s Dement
2024;20:376–87 . 

128] Hajjar I, Yang Z, Okafor M, Liu C, Waligorska T, et al. Association of plasma and
cerebrospinal fluid Alzheimer disease biomarkers with race and the role of genetic
ancestry, vascular comorbidities, and neighborhood factors. JAMA Network Open
2022;5(10):e2235068. doi: 10.1001/jamanetworkopen.2022.35068 . 

129] Ramanan VK, Graff-Radford J, Syrjanen J, Shir D, Algeciras-Schimnich A, et al.
Association of plasma biomarkers of Alzheimer disease with cognition and medi-
cal comorbidities in a biracial cohort. Neurology 2023;101(14):e1402–11. doi: 10.
1212/WNL.0000000000207675 . 

130] Schindler SE, Karikari TK, Ashton NJ, Henson RL, Yarasheski KE, et al. Effect of
race on prediction of brain amyloidosis by plasma A 𝛽42/A 𝛽40, phosphorylated
tau, and neurofilament light. Neurology 2022;99:e245–57. doi: 10.1212/WNL.
00000000002003 . 

131] Brickman AM, Manly JJ, Honig LS, Sanchez D, Reyes-Dumeyer D, et al. Plasma p-
tau181, p-tau217, and other blood-based Alzheimer’s disease biomarkers in a multi-
13
ethnic, community study. Alzheimer’s Dement 2021;17:1353–64. doi: 10.1002/alz.
12301 . 

132] Alzheimer’s Association International Conference (AAIC) press release. Lower so-
cioeconomic status in childhood, persistent low wages linked to risk for dementia
and faster memory decline. Published 2 August 2022. Accessed 22 August 2024.
https://aaic.alz.org/releases_2022/lower- socioeconomic- dementia- risk.asp# :í: 
text=SAN . 

133] Brum WS, Cullen NC, Janelidze S, Ashton NJ, Zimmer ER, et al. A two-step
workflow based on plasma p-tau217 to screen for amyloid 𝛽 positivity with fur-
ther confirmatory testing only in uncertain cases. Nat Aging 2023;3:1079–90.
doi: 10.1038/s43587- 023- 00471- 5 . 

134] Howe MD, Britton KJ, Joyce HE, Menard W, Emrani S, et al. Clinical applica-
tion of plasma P-tau217 to assess eligibility for amyloid-lowering immunotherapy
in memory clinic patients with early Alzheimer’s disease. Alzheimer’s Res Ther
2024;16(1):154. doi: 10.1186/s13195- 024- 01521- 9 . 

135] Milà-Alomà M, Ashton NJ, Shekari M, Salvadó G, Ortiz-Romero P, et al.
Plasma p-tau231 and p-tau217 as state markers of amyloid- 𝛽 pathology in
preclinical Alzheimer’s disease. Nat Med 2022;28:1797–801 a. doi: 10.1038/
s41591- 022- 01925- w . 

136] Ossenkoppele R, van der Kant R, Hansson O. Tau biomarkers in Alzheimer’s
disease: towards implementation in clinical practice and trials. Lancet Neurol
2022;21:726–34 . 

137] Horie K, Salvadó G, Barthélemy NR, Janelidze S, Li Y, et al. CSF MTBR-tau243
is a specific biomarker of tau tangle pathology in Alzheimer’s disease. Nat Med
2023;29:1954–63 a . 

138] Horie K, Koppisetti R, Janelidze S, Stomrud E, Barthélemy N, et al. LB02- Plasma
MTBR-Tau243 is a specific biomarker of tau tangle pathology in Alzheimer’s dis-
ease. J Prevent Alzheimers Dis 2023;10(Suppl1):S37 b . 

139] Janelidze S, Berron D, Smith R, Strandberg O, Proctor NK, et al. Associations of
plasma phospho-tau217 levels with tau positron emission tomography in early
Alzheimer disease. JAMA Neurol 2021;78(2):149–56 b . 

140] Jonaitis EM, Janelidze S, Cody KA, Langhough R, Du L, et al. Plasma phosphory-
lated tau 217 in preclinical Alzheimer’s disease. Brain Comms 2023;5(2):fcad057.
doi: 10.1093/braincomms/fcad057 . 

141] Milà-Alomà M, Sánchez-Benavides G, Ashton NJ, Ortiz-Romero P, Montoliu-
Gaya L, et al. Plasma biomarkers associations with cognitive change in preclini-
cal Alzheimer’s disease. Alzheimer’s Dement 2022;18(6):e068847 Suppl. doi: 10.
1002/alz.068847 . 

https://doi.org/10.1038/s41591-022-01822-2
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0122
https://doi.org/10.1002/alz.13314
https://doi.org/10.1212/WNL.0000000000003246
https://doi.org/10.1186/s13195-020-00704-4
https://doi.org/10.1038/s41380-022-01675-8
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0127
https://doi.org/10.1001/jamanetworkopen.2022.35068
https://doi.org/10.1212/WNL.0000000000207675
https://doi.org/10.1212/WNL.00000000002003
https://doi.org/10.1002/alz.12301
https://aaic.alz.org/releases_2022/lower-socioeconomic-dementia-risk.asp#:~:text=SAN
https://doi.org/10.1038/s43587-023-00471-5
https://doi.org/10.1186/s13195-024-01521-9
https://doi.org/10.1038/s41591-022-01925-w
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0136
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0137
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0138
http://refhub.elsevier.com/S2274-5807(24)00718-0/sbref0139
https://doi.org/10.1093/braincomms/fcad057
https://doi.org/10.1002/alz.068847

	Cutting through the noise: A narrative review of Alzheimer’s disease plasma biomarkers for routine clinical use
	1 Introduction
	1.1 General background
	1.2 Unmet needs in AD diagnosis and treatment
	1.3 Importance of biomarkers in AD diagnosis
	1.4 Specific need for plasma biomarkers in AD diagnosis
	1.5 Currently available plasma biomarker assays for AD

	2 Review methodology
	2.1 Why focus on p-tau assays?
	2.2 Ab PET as the preferred reference standard for Ab confirmation
	2.3 Search strategy & inclusion/exclusion criteria

	3 Technical considerations for plasma biomarker implementation
	3.1 Background and definitions
	3.2 Standardization and scalability
	3.3 Clinical performance
	3.3.1 Plasma p-tau217 concordance with Ab pathology and prediction of cognitive decline
	3.3.2 Plasma p-tau217 concordance with CSF p-tau217
	3.3.3 Plasma p-tau217 concordance with tau PET

	3.4 Clinical robustness

	4 Clinical considerations for plasma biomarker implementation
	4.1 Comorbidities
	4.2 Sex, race, and ethnicity

	5 Guidelines for best practices in plasma biomarker implementation
	5.1 A two-cut-off approach
	5.2 The challenge associated with intermediate results

	6 Future directions and conclusions
	6.1 Future directions
	6.2 Conclusion

	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	References


