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Abstract
Background  We aimed to evaluate whether double cutoff strategies for plasma pTau217 across multiple assay 
platforms improve tau PET positivity prediction compared with single cutoffs and support cost-effective clinical use.

Methods  We analyzed two cohorts: K-ROAD (n = 120; tau-enriched) and NA-ADNI (n = 280; tau-scarce). Tau PET 
positivity was defined within the temporal meta-ROI as SUVR > mean + 2 SD of Aβ-negative CU. Single and double 
cutoffs were compared for accuracy and misclassification-related costs.

Results  Single cutoffs showed good accuracy across most assays (AUCs > 0.80), except for C2N ratio. Double cutoffs 
modestly improved accuracy but expanded intermediate groups, in the tau-scarce cohort. Cost analyses revealed 
assay- and cohort-specific effects, with reductions in most settings but increases for Lilly-MSD and Janssen-Simoa.

Conclusion  Double cutoff strategies should be applied with attention to assay platform and cohort context. 
Accuracy gains were modest, but clinical utility lies in reducing misclassification costs and guiding confirmatory PET 
use.
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Introduction
With the advent of disease-modifying therapies (DMTs) 
targeting amyloid-β (Aβ), such as anti-amyloid mono-
clonal antibodies, a growing number of patients are now 
receiving biologically tailored treatments in real-world 
settings [1–5]. These agents show greater efficacy in indi-
viduals with low or absent tau pathology [6–9], under-
scoring the need to accurately identify Aβ PET–positive 
individuals with low tau burden for optimized treat-
ment selection. In parallel, tau-targeted therapies and 
combination strategies addressing both amyloid and tau 
pathologies are under development, further emphasizing 
the importance of precise tau stratification within the Aβ 
PET-positive population [4, 6–9].

Despite this need, routine tau positron emission 
tomography (PET) imaging remains costly and limited in 
accessibility, highlighting the necessity for scalable sur-
rogate biomarkers [10–13]. Plasma phosphorylated tau 
217 (pTau217) has emerged as a promising blood-based 
marker that reflects both amyloid and tau PET status 
[14–18], with prior studies, including ours, demonstrat-
ing its ability to delineate AT biomarker profiles across 
the Alzheimer’s disease (AD) continuum [14, 15, 19–21]. 
Recently, several clinical trials have adopted “biomarker-
light” enrollment strategies that rely solely on blood-
based markers such as pTau217, in lieu of PET imaging 
[19, 21–25]. Yet, despite its utility for detecting Aβ posi-
tivity, the ability of pTau217 to predict tau PET positiv-
ity using a single cutoff remains suboptimal, potentially 
limiting its clinical application in guiding treatment deci-
sions [11, 14, 18, 19, 21].

Double cutoff strategies, which use 95% predictive 
blood test thresholds for Aβ positivity and negativity and 
define an intermediate zone between them, have been 
proposed to classify individuals into low, intermediate, 
and high plasma biomarker ranges [1, 14, 22, 26]. Com-
pared to single cutoffs, the double cutoff strategy reduces 
misclassification of those with high and low values while 
ideally maintaining the intermediate group at a clinically 
acceptable level. This approach has been proposed to 
enable more reliable plasma-based prediction of tau PET 
positivity, particularly in heterogeneous clinical settings. 
Furthermore, various platforms for measuring pTau217 
have been developed, each with differing analytic and 
predictive performance [13, 25, 27–31]. Whether the 
implementation of double cutoff models improves tau 
PET classification across these assays remains to be 
clarified.

In this study, we compared the performance of single 
versus double cutoff strategies for pTau217 in predicting 
tau PET positivity across two cohorts with differing tau 
burdens: the Korea–Registries to Overcome Alzheim-
er’s Disease and Accelerate Dementia (K-ROAD), a tau-
enriched cohort (higher tau PET positive prevalence), 

and the North American Alzheimer’s Disease Neuroim-
aging Initiative (NA-ADNI), a tau-scarce cohort (lower 
prevalence) [14, 29]. Based on classification results, we 
also simulated therapeutic decision-making—such as 
assignment to amyloid-only or hypothetical combination 
therapy—and assessed the clinical and economic conse-
quences of misclassification under each strategy [3, 10, 
20].

Materials and methods
Study population
Participants were recruited from the Korea–Regis-
tries to Overcome dementia and Accelerate Demen-
tia (K-ROAD) [32], a nationwide multicenter initiative 
conducted between 2016 and 2024. The K-ROAD study 
involves 25 tertiary-care hospitals across South Korea, 
with Samsung Medical Center serving as the coordinat-
ing center. Participants were recruited through both 
memory clinics and municipal dementia prevention 
centers to enhance the representativeness of the cohort. 
From the initially eligible K-ROAD participants with 
available tau PET scans, we excluded individuals diag-
nosed with non- Alzheimer’s clinical syndrome (n = 126) 
and those without plasma pTau217 data (n = 70). The 
final study cohort therefore included only individuals 
along the Alzheimer’s disease continuum—cognitively 
unimpaired (CU), mild cognitive impairment (MCI), 
and dementia. According to the 2024 NIA-AA revised 
criteria’s cognitive staging framework [33], updated by 
the 2024 NIA-AA revised criteria, participants were cat-
egorized into three groups: CU, MCI, and Alzheimer’s 
clinical syndrome – dementia stage. The CU group was 
defined by the following criteria: (1) absence of any medi-
cal history likely to impact cognitive function based on 
Christensen’s health screening criteria [6, 34], and (2) no 
objective cognitive impairment as measured by a com-
prehensive neuropsychological test battery across all 
cognitive domains (scores above − 1.0 standard deviation 
(SD) of age- and education-adjusted norms in memory 
and − 1.5 SD in other cognitive domains) [35]. Partici-
pants classified as MCI met the following criteria [32]: 
(1) subjective cognitive complaints from either the par-
ticipant or their caregiver; (2) objective cognitive impair-
ment in any domain (scores below − 1.0 SD of age and 
education-adjusted norms in memory and − 1.5 SD in 
other cognitive domains); (3) no significant difficulties 
in activities of daily living; and (4) absence of dementia. 
Participants classified as Alzheimer’s clinical syndrome 
– dementia stage met the clinical criteria for dementia 
as defined by the 2024 NIA–AA revised criteria, with a 
cognitive profile and clinical presentation consistent with 
Alzheimer’s disease but without biomarker confirmation 
[33]. All participants underwent [18 F]flortaucipir PET 
scans between May 2015 and December 2023. Additional 
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assessments included standardized neuropsychological 
testing, structural MRI, and Aβ PET scans using either 
[18 F]florbetaben or [18 F]flutemetamol.

To assess the generalizability of our findings, we 
applied the same analytic framework to the NA-ADNI 
cohort, which had a lower tau positivity rate. This valida-
tion cohort comprised 280 participants who underwent 
similar neuropsychological assessments, [18  F]flor-
taucipir PET imaging, and MRI scans. Detailed inclusion 
and exclusion criteria for both cohorts are summarized 
in Supplementary Fig. 1.

We obtained written informed consent for the 
K-ROAD study and the institutional review board of each 
participating center approved the study protocol. Addi-
tionally, the ADNI Data sharing and publications com-
mittee approved data use and publication.

Aβ PET acquisition and definition of Aβ PET positivity
All Korean participants underwent Aβ PET scans using 
either [18  F]florbetaben or [18  F]flutemetamol. PET 
imaging procedures were conducted in accordance with 
standardized protocols across participating K-ROAD 
centers. (Supplementary Method 1.1) All image analy-
ses were performed at the central imaging laboratory of 
Samsung Medical Center.

Aβ uptake was measured using the Klunk Centi-
loid (CL) scale [34], which has been increasingly used 
in various cohort studies and clinical trials [6, 36]. Aβ 
PET positivity (hereafter referred to as Aβ-positive) was 
defined using a cutoff value of 20.0 for the study analysis. 
This threshold was selected to maintain methodological 
consistency with our previous work [29, 37] and is also 
supported by prior studies that have adopted 20 CL as a 
threshold for early amyloid positivity in preclinical and 
observational cohorts [38].

All NA-ADNI participants underwent [18F]florbeta-
pir PET scans, and Standardized uptake value ratios 
(SUVRs) were obtained from the ADNI dataset (Supple-
mentary Method 1.2). Previous studies [29, 36, 39] have 
used a cut-off of 1.11 SUVR for ADNI—calculated using 
the cerebellar cortex as the reference region—which con-
verts to 19.8 CL using the equation CL = 188.22 × SUVR-
florbetapir − 189.16 [29, 36].

Tau PET data acquisition
[18F]Flortaucipir positron emission tomography/com-
puted tomography (PET/CT) scans were conducted 
using two PET/CT systems: the Discovery STE PET/
CT (GE Healthcare) at Samsung Medical Center and the 
Biograph mCT PET/CT (Siemens Medical Solutions) 
at Gangnam Severance Hospital. Participants received 
an intravenous bolus of approximately 280 MBq of flor-
taucipir, and PET imaging was initiated 80 min post-
injection, lasting for 20 min. A head holder was employed 

to minimize motion artifacts during scanning, and a 
brain CT scan was acquired beforehand for attenuation 
correction. At Samsung Medical Center, PET images 
were reconstructed using an ordered-subset expecta-
tion maximization (OSEM) algorithm (6 iterations, 16 
subsets) with a matrix size of 128 × 128 × 47 and voxel 
dimensions of 2.00 × 2.00 × 3.27 mm, whereas at Gang-
nam Severance Hospital, a matrix of 256 × 256 × 223 and 
a voxel size of 1.591 × 1.591 × 1 mm were used. For the 
ADNI cohort, all participants underwent tau PET using 
flortaucipir, with acquisition and processing protocols 
described in prior publications [40–42].

Quantitative analysis of Tau PET and definition of Tau PET 
positivity
For both the K-ROAD and NA-ADNI cohorts, tau PET 
SUVRs were computed using FreeSurfer version 6.0 (​h​t​
t​p​​:​/​/​​s​u​r​f​​e​r​​.​n​m​​r​.​m​​g​h​.​h​​a​r​​v​a​r​d​.​e​d​u​/), with the inferior ​c​e​r​e​
b​e​l​l​a​r gray matter as the reference region. Partial volume 
correction (PVC) was not applied to ensure methodologi-
cal consistency across cohorts and to avoid noise amplifi-
cation and variability introduced by PVC algorithms [43, 
44]. The primary region of interest (ROI) for defining tau 
PET positivity was the temporal meta-region of interest 
(temporal meta ROI), which included the entorhinal cor-
tex, amygdala, fusiform gyrus, inferior temporal cortex, 
and middle temporal cortex. This ROI encompass early 
tau deposition areas such as the entorhinal cortex (Braak 
stages I–II) and adjacent temporal regions implicated in 
the progression of tau pathology.

Tau PET positivity (hereafter referred to as tau-posi-
tive) was defined within the temporal meta-ROI using 
a cutoff determined as the mean + 2 standard deviations 
(SD) of SUVR values from Aβ-negative cognitively unim-
paired participants. The resulting thresholds were 1.339 
in K-ROAD and 1.329 in NA-ADNI, showing minimal 
difference (0.01). To ensure comparability, we applied the 
NA-ADNI–derived cutoff of 1.329 uniformly across both 
cohorts [45–47]. Tau PET positivity was more prevalent in 
K-ROAD (61.7%) than in NA-ADNI (20.4%), supporting 
their designation as tau-enriched and tau-scarce popula-
tions, respectively. Although described as tau-enriched, 
the K-ROAD cohort included only two Aβ -negative, tau-
positive participants, reflecting the study’s focus on tau 
PET positivity within the Alzheimer’s disease continuum. 
In contrast, NA-ADNI represents a predominantly low-tau 
prevalence setting; thus, analyses in this cohort primarily 
reflect classifier performance in a tau-scarce context, a key 
clinical scenario motivating the use of blood-based bio-
markers as triage tools for confirmatory tau PET imaging.

Plasma collection and processing
The detailed plasma collection and processing meth-
ods are described in Supplementary Method 2. Plasma 

http://surfer.nmr.mgh.harvard.edu/
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pTau217 concentrations were measured using multiple 
assay–platform combinations across the two cohorts. In 
the K-ROAD cohort (n = 120), measurements were per-
formed at the University of Gothenburg using the ALZ-
path antibody on the Simoa® platform (UGOT-Simoa) 
and at Lilly Research Laboratories using a customized 
immunoassay on the Meso Scale Discovery platform 
(Lilly-MSD). After outlier exclusion (± 3 SD), all 120 par-
ticipants had valid measurements for both assays. In the 
NA-ADNI cohort (n = 280), samples were analyzed at the 
Quanterix Accelerator Laboratory using the ALZpath 
antibody on the Simoa® platform (Quanterix-Simoa), at 
C2N Diagnostics using the LC–MS/MS ratio of pTau217/
non-pTau217 (C2N ratio), at Fujirebio using the Lumi-
pulse® G CLEIA platform with the proprietary pTau217 
antibody (Fujirebio-Lumipulse), and at Janssen using a 
Simoa®-based assay with a Janssen-developed antibody 
(Janssen-Simoa). After excluding samples below the LOD 
(C2N: n = 106; Fujirebio: n = 7) and applying the ± 3 SD 
outlier criterion, the assay-specific analytic populations 
were as follows: Quanterix-Simoa (n = 280), C2N ratio 
(n = 171), Fujirebio-Lumipulse (n = 269), and Janssen-
Simoa (n = 277). All measurements were performed in a 
blinded manner with standardized protocols, using a sin-
gle batch of reagents per platform to minimize variability, 
and intra-assay coefficients of variation were < 10%.

Cost-based evaluation of misclassification under different 
pTau217 cutoff strategies
We assessed misclassification of tau PET status using 
pTau217 cutoffs in Aβ–positive individuals, reflecting 
a treatment-allocation scenario in which anti-amyloid 
therapy—and potential add-on anti-tau therapy—would 
be considered only for Aβ-positive participants. For each 
assay and strategy, we calculated the number of false 
negatives (FN), false positives (FP), and individuals in the 
intermediate group. In the double cutoff model, the inter-
mediate group was assumed to undergo confirmatory tau 
PET at a cost of 4,000 United States dollars (USD) per scan 
[10]. For FP cases, we assumed unnecessary administra-
tion of tau-targeted therapy, with a cost of 30,000 USD per 
person, based on the 18-month wholesale price of anti-
amyloid monoclonal antibodies such as lecanemab [38], 
given that tau drug pricing is currently unavailable. For FN 
cases, we estimated an opportunity cost of 8,000 USD per 
person, assuming they would miss the clinical benefit of 
tau-targeted therapy. This was based on lecanemab’s esti-
mated 0.08 quality-adjusted life years (QALY) gain and a 
100,000 USD willingness-to-pay threshold [3, 48].

Statistical analysis
We assessed the predictive performance of plasma 
pTau217 for tau -positive using receiver operating char-
acteristic (ROC) curve analysis. For each assay, the area 

under the ROC curve (AUC) was calculated to quantify 
diagnostic accuracy. To classify tau PET positivity, we 
applied both single and double cutoff strategies sepa-
rately in the K-ROAD and NA-ADNI cohorts. The single 
cutoff was determined using Youden’s index, maximizing 
the sum of sensitivity and specificity. For the double cut-
off strategy, assay-specific procedures were used to define 
lower and upper thresholds in each cohort. In K-ROAD, 
cutoffs were first identified at 90% sensitivity (lower) and 
90% specificity (upper), followed by refinement within 
± 0.05 pg/mL intervals to increase robustness. Partici-
pants were then categorized into low, intermediate, and 
high groups. Performance metrics (accuracy, sensitivity, 
specificity, positive predictive value [PPV], and nega-
tive predictive value [NPV]) were calculated excluding 
the intermediate group. In NA-ADNI, refinement inter-
vals were assay-dependent: ±0.5 units for C2N ratio, 
with additional ± 0.1 unit tuning; ±0.005 units for Jans-
sen-Simoa; and ± 0.05 pg/mL for Quanterix-Simoa and 
Fujirebio-Lumipulse (consistent with K-ROAD).

All statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC). The data analysts 
were blinded to participants’ clinical diagnoses, Aβ PET 
status and tau PET status during evaluation.

Results
Baseline characteristics of the study population
Baseline characteristics are summarized in Table  1. 
The K-ROAD cohort (N = 120) had a mean age of 72.1 
(Standard deviation [SD] 8.3), with 57.5% female and a 
mean education of 11.3 years (SD 4.5). Apolipoprotein 

Table 1  Demographics and clinical characteristics of K-ROAD 
and NA-ADNI cohorts
Characteristics K-ROAD  

(N = 120)
NA-ADNI 
(N = 280)

Age, years, mean (SD) 72.1 (8.3) 76.6 (7.3)

Female, n (%) 69 (57.5) 135 (48.2)

Education, years, mean (SD) 11.3 (4.5) 16.5 (2.7)

APOE ε4 carrier, n (%) 65 (54.2) 93 (33.2)

Clinical diagnosis, n (%)

  CU 26 (21.7) 172 (61.4)

  MCI 41 (34.2) 81 (28.9)

  Dementia 53 (44.2) 27 (9.6)

Aβ PET positive, n (%) 100 (83.3) 136 (48.6)

Clinical diagnosis among Aβ-positive 
participants, n (%)

  CU 14 (14.0) 73 (53.7)

  MCI 34 (34.0) 39 (28.7)

  Dementia 52 (52.0) 24 (17.6)

Tau PET positive, n (%) 74 (61.7) 57 (20.4)
Abbreviations: K-ROAD Korea–Registries to Overcome Alzheimer’s Disease 
and Accelerate Dementia, NA-ADNI North American Alzheimer’s Disease 
Neuroimaging Initiative, N Number, SD Standard deviation, APOE4 
Apolipoprotein E ε4, AβBeta-amyloid, CU Cognitively unimpaired, MCI Mild 
cognitive impairment
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E (APOE) ε4 carriers accounted for 54.2%, Aβ PET posi-
tivity was 83.3%, and tau PET positivity was 61.7%. The 
ADNI cohort (N = 280) had a mean age of 76.6 (SD 7.3), 
with 48.2% female and a mean education of 16.5 years 
(SD 2.7). APOE ε4 carrier rate was 33.2%, Aβ PET posi-
tivity was 48.6%, and tau PET positivity was 20.4%.

Single cutoff performance in predicting tau PET positivity
We evaluated single cutoff performance of plasma pTau217 
in the K-ROAD (N = 120; UGOT-Simoa, Lilly-MSD) and 
NA-ADNI (N = 280; Quanterix-Simoa, C2N ratio, Fujire-
bio-Lumipulse, Janssen-Simoa) cohorts. As shown in Figure 
1, the distributions of pTau217 levels by tau PET status are 
depicted, and optimal cutoffs derived from ROC analyses 

are indicated. The ROC analysis (Figure 2) demonstrated 
high concordance between pTau217 and tau PET, with 
AUCs of 0.833 (UGOT-Simoa) and 0.907 (Lilly-MSD) in 
K-ROAD, and 0.836 (Quanterix-Simoa), 0.767 (C2N ratio), 
0.863 (Fujirebio-Lumipulse), and 0.849 (Janssen-Simoa) in 
NA-ADNI. At the optimal single cutoff, UGOT-Simoa (0.72) 
and Lilly-MSD (0.488) in the K-ROAD cohort showed 
sensitivity/specificity/PPV/NPV of 89.2/76.1/85.7/81.4 
and 78.4/91.3/93.5/72.4, respectively. In the NA-ADNI 
cohort, Quanterix-Simoa (0.419), C2N ratio (6.36), Fujire-
bio-Lumipulse (0.157), and Janssen-Simoa (0.079) showed 
86.0/71.7/43.8/95.2, 68.5/77.8/58.7/84.3, 88.7/70.4/42.3/96.2, 
and 74.5/86.0/56.9/93.2, respectively (Table 2).

Fig. 1  Scatter plots of plasma pTau217 versus tau PET SUVR across assays in two cohorts. Plasma pTau217 concentrations are plotted against tau PET SUVR. 
The vertical dashed lines indicate low and high cutoffs for cognitively unimpaired (CU) and cognitively impaired (GI) groups, respectively, while the solid 
vertical line denotes a single cutoff. The horizontal dashed line represents the tau PET positivity threshold (SUVR = 1.329). Results from the UGOT-Simoa 
and Lilly-MSD assays in the K-ROAD cohort (N=120) are shown in panels A1–A2, and results from the Quanterix-Simoa, C2N ratio, Fujirebio-Lumipulse, 
and Janssen-Simoa assays in the NA-ADNI cohort (N=280) are shown in panels B1 –B4. Abbreviations: pTau217, plasma phosphorylated tau 217; SUVR, 
standardized uptake value ratio; PET, positron emission tomography; CU, cognitively unimpaired; CI, cognitively impaired; K-ROAD, Korea–Registries to 
Overcome Alzheimer’s Disease and Accelerate Dementia; NA-ADNI, North American Alzheimer’s Disease Neuroimaging Initiative; UGOT-Simoa, ALZpath 
antibody on Simoa platform (University of Gothenburg); Lilly-MSD, customized pTau217 assay on MSD (Lilly Research Labs); Quanterix-Simoa, ALZpath 
antibody on Simoa platform (Quanterix); C2N ratio, LC–MS/MS–based pTau217/non-pTau217 ratio (C2N Diagnostics); Fujirebio-Lumipulse, pTau217 assay 
on Lumipulse G platform (Fujirebio); Janssen-Simoa, Janssen-developed pTau217 assay on Simoa platform (Janssen)
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Double cutoff strategy for predicting tau PET positivity
Using a double cutoff strategy that categorized par-
ticipants into low, intermediate, and high groups, and 
reporting classification metrics as Accuracy/Sensitivity/
Specificity/PPV/NPV (Figure 3, Table 2), UGOT-Simoa 
in the K-ROAD cohort classified 38 (31.7%)/24 (20.0%)/58 
(48.3%) and showed 88.5/91.2/84.6/89.7/86.8, while Lilly-
MSD classified 32 (26.7%)/23 (19.2%)/65 (54.2%) with 
88.7/81.8/90.8/90.8/84.4. In the NA-ADNI cohort, Quan-
terix-Simoa classified 118 (42.1%)/109 (38.9%)/53 (18.9%) 
with 84.2/84.2/84.2/60.4/94.9; C2N ratio classified 47 
(27.5%)/84 (49.1%)/40 (23.4%) with 77.0/76.3/77.6/72.5/80.9; 
Fujirebio-Lumipulse classified 154 (57.2%)/56 (20.8%)/59 
(21.9%) with 85.4/85.0/85.5/57.6/96.1; and Janssen-
Simoa classified 120 (43.3%)/93 (33.6%)/64 (23.1%) with 
82.6/86.4/81.4/59.4/95.0.

Cost-sensitive evaluation of single vs. double cutoff 
strategies
Table 3 and Figure 4 summarize the total costs associated 
with each strategy across plasma pTau217 assays in the 
K-ROAD and NA-ADNI cohorts. Importantly, these cost 
analyses were restricted to Aβ-positive individuals, as 
treatment allocation and misclassification costs are only 
clinically meaningful in this subgroup. In the K-ROAD 
cohort, UGOT-Simoa showed a reduction from 356 to 
278 thousand USD (−21.9%), whereas Lilly-MSD exhib-
ited an increase from 210 to 270 thousand USD (+28.6%). 
In the NA-ADNI cohort, Quanterix-Simoa, C2N ratio, 
and Fujirebio-Lumipulse demonstrated substantial cost 

savings, decreasing from 1,434 to 864 thousand USD 
(−39.7%), 792 to 606 thousand USD (−23.5%), and 1,358 
to 786 thousand USD (−42.1%), respectively. By contrast, 
the Janssen-Simoa assay showed a modest increase from 
874 to 940 thousand USD (+7.6%).

As sensitivity analyses, we additionally performed cost-
based evaluations including both Aβ-positive and Aβ-
negative participants to account for the full biomarker 
spectrum, including available Aβ-negative, tau-positive 
profiles (Supplementary Table 1). As expected, abso-
lute cost estimates differed from the primary analyses 
restricted to Aβ-positive individuals; however, the rela-
tive assay- and cohort-specific cost patterns were largely 
preserved. When analyses were further restricted to 
Aβ-positive CI participants, similar cost advantages of 
double cutoff strategies were observed in the tau-scarce 
NA-ADNI cohort—except for Janssen-Simoa—whereas 
results in the tau-enriched K-ROAD cohort showed 
greater assay-specific variability (Supplementary Table 2).

Discussion
In this study, we compared single versus double cut-
off strategies for plasma pTau217 across multiple assay 
platforms in two cohorts with distinct tau PET preva-
lence—one tau-enriched (K-ROAD) and one tau-scarce 
(NA-ADNI). Our major findings are as follows. First, 
using a single cutoff, plasma pTau217 demonstrated 
good accuracy in predicting tau PET positivity across 
most assay platforms (AUCs >0.80), except for the C2N 
ratio. Second, double cutoff strategies improved accuracy 

Fig. 2  ROC curves of plasma pTau217 predicting tau PET positivity across assays in two cohorts. In the K-ROAD cohort (N=120) (A), the UGOT-Simoa 
assay showed an AUC of 0.833 and the Lilly-MSD assay an AUC of 0.907. In the NA-ADNI cohort (N=280) (B), the AUCs were 0.836 for Quanterix-Simoa, 
0.767 for C2N ratio, 0.863 for Fujirebio-Lumipulse, and 0.849 for Janssen-Simoa, respectively. Abbreviations: AUC, area under the curve; pTau217, plasma 
phosphorylated tau 217; PET, positron emission tomography; K-ROAD, Korea–Registries to Overcome Alzheimer’s Disease and Accelerate Dementia; 
NA-ADNI, North American Alzheimer’s Disease Neuroimaging Initiative; UGOT-Simoa, ALZpath antibody on Simoa platform (University of Gothenburg); 
Lilly-MSD, customized pTau217 assay on MSD (Lilly Research Labs); Quanterix-Simoa, ALZpath antibody on Simoa platform (Quanterix); C2N ratio, LC–
MS/MS–based pTau217/non-pTau217 ratio (C2N Diagnostics); Fujirebio-Lumipulse, pTau217 assay on Lumipulse G platform (Fujirebio); Janssen-Simoa, 
Janssen-developed pTau217 assay on Simoa platform (Janssen)
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across most assays compared to single cutoffs, though 
they did not fully meet the confirmatory testing stan-
dards proposed by the CEO initiative. Finally, among 
Aβ-positive individuals, cost analyses showed assay- and 
cohort-specific effects, with generally greater savings 
in the tau-scarce cohort but increases for Lilly-MSD in 
the tau-enriched cohort and Janssen-Simoa in the tau-
scarce cohort. Taken together, our findings suggest that 
double cutoff strategies predicting tau PET positivity 
should be applied with careful attention to both cohort 
type and assay platform. While accuracy gains were 
modest, their greatest clinical value may lie in reducing 
misclassification-related costs—particularly by minimiz-
ing unnecessary confirmatory PET scans in resource-
limited or tau-scarce settings. These results emphasize 
the combined importance of assay-specific approaches 
and cohort context, and highlight the need for more 
tau-specific blood biomarkers to refine future clinical 
applications.

Our first major finding was that plasma pTau217, 
when using a single cutoff, demonstrated good accuracy 
in predicting tau PET positivity across most assay plat-
forms (AUCs >0.80), with the exception of the C2N ratio 
(AUC = 0.767). This finding is consistent with previous 
work, including our recent study [20], which showed that 
plasma pTau217 effectively delineates AT biomarker pro-
files across the AD continuum. The strong performance 
of pTau217 likely reflects its close association with AD-
specific tau pathology [49–52]. Compared to several 
other phosphorylated tau species, pTau217 has shown 
the strongest correlation with brain tau accumulation [4, 
13, 23, 28, 49, 50, 53], potentially due to its linkage with 
tau phosphorylation events occurring early in the disease 
cascade. This is consistent with the biological hypothesis 
that abnormal phosphorylation and release of tau pro-
teins during neurodegeneration contribute to elevated 
plasma levels, thereby allowing pTau217 to serve as a 
peripheral marker of brain tau burden [17, 52].

Our second major finding was that double cutoff 
strategies—defining low, intermediate, and high plasma 
pTau217 ranges—improved accuracy across most assay 
platforms compared to single cutoffs; however, they did 
not fully meet the confirmatory testing standards pro-
posed by the CEO initiative (i.e., sensitivity and speci-
ficity >90%, intermediate group <20%). Notably, while 
the intermediate group remained manageable (~20%) 
in the tau-enriched K-ROAD cohort, it expanded sub-
stantially in the tau-scarce NA-ADNI cohort, ranging 
from 36.8% to 49.1% except for Fujirebio-Lumipulse 
(20.8%). This pattern is unlikely to be explained solely 
by assay differences, as both cohorts included assays 
with the same antibody–platform combination. Spe-
cifically, the ALZpath antibody was measured using 
the Simoa platform in both cohorts (UGOT-Simoa in Ta
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K-ROAD and Quanterix-Simoa in NA-ADNI). Instead, 
this discrepancy highlights the critical role of cohort con-
text—particularly the prevalence and distribution of tau 
pathology—in shaping the discriminative performance of 
plasma pTau217, with greater overlap between tau-posi-
tive and -negative individuals in low-tau settings leading 
to increased diagnostic ambiguity.

Our final major finding was that, among Aβ-positive 
individuals, the impact of double cutoff strategies on 

cost varied substantially across assay platforms. In the 
tau-enriched K-ROAD cohort, double cutoffs mod-
estly reduced costs with UGOT-Simoa but increased 
costs with Lilly-MSD, underscoring platform-specific 
differences. By contrast, in the tau-scarce NA-ADNI 
cohort, double cutoff strategies resulted in meaningful 
reductions in misclassification-related costs, with the 
greatest savings observed for Fujirebio-Lumipulse and 
Quanterix-Simoa, and more modest reductions with the 

Table 3  Cost-based assessment of pTau217 cutoffs for therapy stratification in Aβ-positive participants
Cohort Assay (n) Strategy FN (n) FP (n) Intermediate (n) Total Cost

(1,000 USD)
K-ROAD UGOT-Simoa

(n = 100)
Single 7 10 – 356

Double 4 5 24 278

Lilly-MSD
(n = 100)

Single 15 3 – 210

Double 4 5 22 270

NA-ADNI Quanterix-Simoa
(n = 136)

Single 3 47 – 1,434

Double 2 20 62 864

C2N ratio
(n = 114)

Single 9 24 – 792

Double 4 11 61 606

Fujirebio-Lumipulse
(n = 132)

Single 1 45 – 1,358

Double 1 21 37 786

Janssen-Simoa
(n = 133)

Single 8 27 – 874

Double 2 24 51 940
Abbreviations: pTau217 plasma phosphorylated tau 217, K-ROAD Korea–Registries to Overcome Alzheimer’s Disease and Accelerate Dementia, NA-ADNI North 
American Alzheimer’s Disease Neuroimaging Initiative, UGOT-Simoa ALZpath antibody on Simoa platform (University of Gothenburg), Lilly-MSD Customized 
pTau217 assay on MSD (Lilly Research Labs), Quanterix-Simoa ALZpath antibody on Simoa platform (Quanterix). C2N ratio LC–MS/MS–based pTau217/non-pTau217 
ratio (C2N Diagnostics), Fujirebio-Lumipulse pTau217 assay on Lumipulse G platform (Fujirebio); Janssen-Simoa, Janssen-developed pTau217 assay on Simoa platform 
(Janssen), FN False negative, FP False positive, USD United States dollar

Fig. 3  Distribution of plasma pTau217 by tau PET status and assay-specific double cutoffs in two cohorts. Plasma pTau217 levels across tau–positive 
(red) and tau–negative (blue) individuals are shown for each assay in the K-ROAD (A1–A2) and NA-ADNI (B1–B4) cohorts. Horizontal dashed lines indicate 
assay-specific double cutoffs, classifying participants into low, intermediate, and high groups. Abbreviations: pTau217, plasma phosphorylated tau 217; 
PET, positron emission tomography; K-ROAD, Korea–Registries to Overcome Alzheimer’s Disease and Accelerate Dementia; NA-ADNI, North American Al-
zheimer’s Disease Neuroimaging Initiative; UGOT-Simoa, ALZpath antibody on Simoa platform (University of Gothenburg); Lilly-MSD, customized pTau217 
assay on MSD (Lilly Research Labs); Quanterix-Simoa, ALZpath antibody on Simoa platform (Quanterix); C2N ratio, LC–MS/MS–based pTau217/non-
pTau217 ratio (C2N Diagnostics); Fujirebio-Lumipulse, pTau217 assay on Lumipulse G platform (Fujirebio); Janssen-Simoa, Janssen-developed pTau217 
assay on Simoa platform (Janssen)
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C2N ratio. However, Janssen-Simoa did not yield cost 
savings despite improved accuracy. These assay- and 
cohort-specific cost patterns were largely preserved in 
sensitivity analyses that included the full biomarker spec-
trum or were restricted to Aβ-positive CI participants, 
reinforcing the robustness of the observed advantages 
of double cutoff strategies in tau-scarce settings. Impor-
tantly, their greatest clinical value may lie in reducing 
misclassification-related costs—particularly by minimiz-
ing unnecessary confirmatory PET scans in resource-
limited or tau-scarce settings. These findings suggest 
that incorporating double cutoffs into clinical decision-
making frameworks may enhance cost-effectiveness by 
minimizing inappropriate therapy allocation, especially 
as combination therapies targeting amyloid and tau are 
increasingly investigated. While tau-targeted therapies 
are not yet clinically approved, such strategies are actively 
being investigated, and precise assessment of tau status 
will likely become crucial for optimal therapeutic plan-
ning [2, 8, 30, 51]. In this context, blood-based triaging 
with double cutoff models could provide a scalable, effi-
cient approach to guide confirmatory tau PET imaging, 
improving treatment targeting while reducing healthcare 
expenditures.

A key strength of this study lies in its comprehen-
sive evaluation of both single and double cutoff strate-
gies across two independent cohorts with differing tau 

burdens, using multiple plasma pTau217 assay plat-
forms. However, several limitations should be noted. 
First, although the K-ROAD and NA-ADNI cohorts were 
intentionally selected to represent tau-enriched and tau-
scarce populations, respectively, several factors may limit 
the generalizability of our findings. Overlap in assay plat-
forms between cohorts was limited—although ALZpath 
on the Simoa platform was available in both—restrict-
ing direct platform-level comparisons across different 
tau prevalence settings. In addition, marked differences 
between the two cohorts in demographics, APOE ε4 fre-
quency, and Aβ and tau PET prevalence likely contrib-
uted to the observed variability in cutoff performance. 
These findings indicate that plasma pTau217 thresholds 
are inherently dependent on the underlying biologi-
cal context of the target population and should not be 
applied as universal cutoffs. Consequently, optimal cutoff 
calibration and performance may differ in less selected 
and more heterogeneous settings, such as primary care 
or community-based populations, where comorbidities, 
non–Alzheimer’s disease pathologies, and lower pretest 
probabilities are more prevalent. This limitation primar-
ily affects generalizability rather than internal validity 
and underscores the need for cohort-specific calibration 
and external validation in broader real-world populations 
[12, 18, 54]. Second, although we examined economic 
implications, our cost estimates were model-based and 

Fig. 4  Total cost comparison of single and double cutoff strategies across pTau217 assays in Aβ-positive participants. Bar plots display the total cost 
(in 1,000 USD) associated with single (blue) and double (orange) cutoff strategies for each plasma pTau217 assay across two cohorts (K-ROAD and 
NA-ADNI). Costs were calculated based on the number of false negatives, false positives, and intermediate group using predetermined unit costs. All 
assays are based on pTau217 quantification. Abbreviations: UGOT-Simoa, ALZpath antibody on Simoa platform (University of Gothenburg); Lilly-MSD, 
customized pTau217 assay on MSD (Lilly Research Labs); Quanterix-Simoa, ALZpath antibody on Simoa platform (Quanterix); C2N ratio, LC–MS/MS–based 
pTau217/non-pTau217 ratio (C2N Diagnostics); Fujirebio-Lumipulse, pTau217 assay on Lumipulse G platform (Fujirebio); Janssen-Simoa, Janssen-devel-
oped pTau217 assay on Simoa platform (Janssen); K-ROAD, Korea–Registries to Overcome Alzheimer’s Disease and Accelerate Dementia; NA-ADNI, North 
American Alzheimer’s Disease Neuroimaging Initiative; pTau217, plasma phosphorylated tau
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illustrative rather than definitive, as they relied on hypo-
thetical assumptions regarding future tau-targeted thera-
pies and imaging pathways. Accordingly, this analysis was 
intended to compare the relative impact of misclassifica-
tion between single and double cutoff strategies under a 
unified framework, with plasma pTau217 positioned as a 
triage tool to optimize confirmatory tau PET use rather 
than to replace molecular imaging. Finally, our findings 
should therefore be interpreted as reflecting tau PET pre-
diction performance primarily within the AD continuum, 
rather than as evidence of specificity for AD-related tau 
pathology across all biomarker profiles.

In summary, double cutoff strategies for plasma 
pTau217 optimize performance by cohort type—enhanc-
ing accuracy in tau-enriched settings and cost-efficiency 
in tau-scarce settings—while maintaining a stable pro-
portion of indeterminate cases. These tailored benefits 
suggest that double cutoffs can better align biomarker 
interpretation with underlying disease burden. Such an 
approach may guide more practical and resource-con-
scious use of tau PET in clinical and research contexts.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​1​9​5​-​0​2​5​-​0​1​9​5​2​-​y.

Supplementary Material 1.

Acknowledgements
We thank all study participants, their families, and site investigators for their 
invaluable contributions to this study. The data used in this study were 
obtained from the Korea-Registries to Overcome and Accelerate Dementia 
Research (K-ROAD) and the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) database. Eli Lilly kindly enabled the pTau217-MSD analysis and 
provided review of the final manuscript but did not provide direct funding nor 
were they involved in data analysis.

Authors' contributions
H.K., Y.G., and S.S. conceptualized and designed the study and drafted the 
manuscript. S.Y., D.L.N., D.S., S.Y, S.K, H.P, M.C, E.L, H.J and H.J.K. acquired 
the data. H.K., Y.G., J.L, J.K and S.S. contributed to data curation and formal 
analysis.S.S. provided critical review and editing of the manuscript. Funding 
was obtained by H.Z., K.B., F.G.O., N.J.A., H.J. and S.S. D.S. and S.S. supervised the 
study. All authors contributed to the final manuscript and were involved in the 
decision to submit it for publication.

Funding
Sang Won Seo was supported by the Korea Dementia Research Project 
through the Korea Dementia Research Center (KDRC), funded by the 
Ministry of Health & Welfare and Ministry of Science and ICT, Republic of 
Korea (RS-2020-KH106434); the National Research Foundation of Korea 
(NRF) grant funded by the Korea government (MSIT) (RS-2019-NR040057); 
Korea National Institute of Health research project (2024-ER1003-01); and 
the Korea Health Technology R&D Project through the Korea Health Industry 
Development Institute (KHIDI), funded by the Ministry of Health & Welfare 
(RS-2025-02223212). Henrik Zetterberg is a Wallenberg Scholar supported 
by grants from the Swedish Research Council (#2023 − 00356, #2022 − 01018, 
#2019–02397), the European Union’s Horizon Europe (101053962), Swedish 
State Support for Clinical Research (ALFGBG-71320), Alzheimer’s Drug 
Discovery Foundation (ADDF, #201809–2016862), AD Strategic Fund and the 
Alzheimer’s Association (#ADSF-21-831376-C, #ADSF-21-831381-C, #ADSF-
21-831377-C, #ADSF-24-1284328-C), Bluefield Project, Cure Alzheimer’s Fund, 

Olav Thon Foundation, Erling-Persson Family Foundation, Familjen Rönströms 
Stiftelse, Stiftelsen för Gamla Tjänarinnor, Hjärnfonden (#FO2022-0270), EU 
Horizon 2020 (Marie Skłodowska-Curie 860197, MIRIADE), EU Joint Programme 
– Neurodegenerative Disease Research (JPND2021-00694), National Institute 
for Health and Care Research University College London Hospitals Biomedical 
Research Centre, and the UK Dementia Research Institute at UCL (UKDRI-
1003). KB is supported by the Swedish Research Council (#2017 − 00915 and 
#2022 − 00732), the Swedish Alzheimer Foundation (#AF-930351, #AF-939721, 
#AF-968270, and #AF-994551), Hjärnfonden, Sweden (#ALZ2022-0006, 
#FO2024-0048-TK-130 and FO2024-0048-HK-24), the Swedish state under the 
agreement between the Swedish government and the County Councils, the 
ALF-agreement (#ALFGBG-965240 and #ALFGBG-1006418), the European 
Union Joint Program for Neurodegenerative Disorders (JPND2019-466-
236), the Alzheimer’s Association 2021 Zenith Award (ZEN-21-848495), the 
Alzheimer’s Association 2022–2025 Grant (SG-23-1038904 QC), La Fondation 
Recherche Alzheimer (FRA), Paris, France, the Kirsten and Freddy Johansen 
Foundation, Copenhagen, Denmark, Familjen Rönströms Stiftelse, Stockholm, 
Sweden, and an anonymous filantropist and donor. Data collection and 
sharing for ADNI were funded by the National Institutes of Health (U01 
AG024904) and the Department of Defense (W81XWH-12-2-0012). ADNI is 
funded by the National Institute on Aging, the National Institute of Biomedical 
Imaging and Bioengineering, and through contributions from the Alzheimer’s 
Association, Alzheimer’s Drug Discovery Foundation, Biogen, Bristol-Myers 
Squibb, Eisai, Eli Lilly, F. Hoffmann-La Roche, GE Healthcare, Genentech, 
Janssen Alzheimer Immunotherapy, Johnson & Johnson, Lundbeck, Merck, 
Meso Scale Diagnostics, Novartis, Pfizer, Servier, Takeda, and other partners. 
The Canadian Institutes of Health Research supports ADNI clinical sites in 
Canada. Private sector contributions are facilitated by the Foundation for 
the National Institutes of Health (www.fnih.org). The grantee organization is 
the Northern California Institute for Research and Education, coordinated by 
the Alzheimer’s Therapeutic Research Institute at the University of Southern 
California, with data dissemination by the Laboratory for Neuro Imaging at 
USC. K-ROAD was supported by a research grant from the Korean Dementia 
Association (2024-R001).

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The institutional review board of Samsung Medical Center (No. 2021-02-135) 
approved this study. All participants provided informed consent to participate 
in the study, and the data were collected in accordance with the Declaration 
of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Neurology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul  
06351, Republic of Korea
2Alzheimer’s Disease Convergence Research Center, Samsung Medical 
Center, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Republic of Korea
3Department of Psychiatry and Neurochemistry, Institute of Neuroscience 
and Physiology, the Sahlgrenska Academy at the University of 
Gothenburg, Medicinaregatan 3, 413 90, Göteborg 40530, Sweden
4Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Blå 
stråket 7, 413 45, Göteborg 42180, Sweden
5Department of Neurodegenerative Disease, UCL Institute of Neurology, 
Queen Square, London WC1N 3BG, UK
6UK Dementia Research Institute at UCL, Queen Square,  
London WC1N 3BG, UK
7Hong Kong Center for Neurodegenerative Diseases, Clear Water Bay, 
Hong Kong 53792, P.R. China

https://doi.org/10.1186/s13195-025-01952-y
https://doi.org/10.1186/s13195-025-01952-y
http://www.fnih.org


Page 11 of 12Kang et al. Alzheimer's Research & Therapy           (2026) 18:33 

8Wisconsin Alzheimer’s Disease Research Center, University of Wisconsin 
School of Medicine and Public Health, University of Wisconsin-Madison, 
600 Highland Ave, Madison, WI 53792, USA
9Paris Brain Institute, ICM, Pitié-Salpêtrière Hospital, Sorbonne University, 
47 Boulevard de l‘Hôpital, Paris 75013, France
10Neurodegenerative Disorder Research Center, Division of Life Sciences 
and Medicine, and Department of Neurology, Institute on Aging and 
Brain Disorders, University of Science and Technology of China and First 
Affiliated Hospital of USTC, 96 Jinzhai Road, Hefei, Anhui  
230026, P.R. China
11Banner Alzheimer’s Institute and University of Arizona, Phoenix,  
AZ 85006, USA
12Banner Sun Health Research Institute, Sun City, AZ 85351, USA
13Centre for Age-Related Medicine, Stavanger University Hospital, Gerd-
Ragna Bloch Thorsens gate 8, Stavanger 4011, Norway
14Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, USA
15Department of Radiology and Biomedical Imaging, University of 
California, San Francisco, CA 94143, USA
16Department of Neurology, Yonsei University College of Medicine, 145-1, 
Jayang-ro, Gwangjin-gu, Seoul 05025, Republic of Korea
17Department of Neurology, Yongin Severance Hospital, Yonsei University 
Health System, 225 Geumhak-ro, Cheoin-gu, Yongin-si,  
Gyeonggi-do 17046, Republic of Korea
18Department of Radiology and Imaging Sciences, Indiana University 
School of Medicine, 355 W 16th St, Indianapolis, IN 46202, USA
19Indiana Alzheimer Disease Research Center, Indiana University School of 
Medicine, 355 W 16th St, Indianapolis, IN 46202, USA
20Neuroscience Center, Samsung Medical Center, 81 Irwon-ro, Gangnam-
gu, Seoul 06351, Republic of Korea
21Department of Digital Health, SAIHST, Sungkyunkwan University, 81 
Irwon-ro, Gangnam-gu, Seoul 06351, Republic of Korea
22Happymind Clinic, 23 Teheran-ro 87-gil, Gangnam-gu, Seoul  
06169, Republic of Korea
23Department of Neurology, Asan Medical Center, University of Ulsan 
College of Medicine, 88 Olympic ro 43 gil, Songpa gu, Seoul  
05505, Republic of Korea
24Department of Health Sciences and Technology, SAIHST, 
Sungkyunkwan University, 81 Irwon-ro, Gangnam-gu, Seoul  
06351, Republic of Korea
25Department of Intelligent Precision Healthcare Convergence, 
Sungkyunkwan University, 2066 Seobu-ro, Jangan-gu, Suwon,  
Gyeonggi-do 16419, Republic of Korea

Received: 27 November 2025 / Accepted: 30 December 2025

References
1.	 Giacomucci G, et al. The two cut-offs approach for plasma p‐tau217 in 

detecting Alzheimer’s disease in subjective cognitive decline and mild cogni-
tive impairment, vol. 17. Alzheimer’s & Dementia: Diagnosis, Assessment & 
Disease Monitoring; 2025. p. e70116.

2.	 Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease: progress 
and problems on the road to therapeutics. Science. 2002;297(5580):353–6.

3.	 Nguyen HV, et al. Cost-effectiveness of Lecanemab for individuals with early-
stage Alzheimer disease. Neurology. 2024;102(7):e209218.

4.	 Ossenkoppele R, et al. Plasma p-tau217 and tau-PET predict future cognitive 
decline among cognitively unimpaired individuals: implications for clinical 
trials. Nature Aging. 2025:1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​3​5​8​7​-​0​2​5​-​0​0​8​3​5​-​z.

5.	 Van Dyck CH, et al. Lecanemab in early alzheimer’s disease. N Engl J Med. 
2023;388(1):9–21.

6.	 Boxer AL, et al. The Alzheimer’s tau platform (ATP): a phase 2, combination 
amyloid and tau therapy clinical trial for early AD. Alzheimer's & Dementia, 
2024;20:e085111. 

7.	 Congdon EE, Sigurdsson EM. Tau-targeting therapies for Alzheimer disease. 
Nat Rev Neurol. 2018;14(7):399–415.

8.	 Cummings JL, et al. The therapeutic landscape of tauopathies: challenges 
and prospects. Alzheimer's research & therapy. 2023;15(1):168. 

9.	 Mummery CJ, et al. Tau-targeting antisense oligonucleotide MAPTRx in mild 
alzheimer’s disease: a phase 1b, randomized, placebo-controlled trial. Nat 
Med. 2023;29(6):1437–47.

10.	 Contador Muñana JM et al. Cost-effectiveness of Alzheimer’s disease 
CSF biomarkers and amyloid-PET in early-onset cognitive impairment 
diagnosis. European Archives Of Psychiatry And Clinical Neuroscience. 
2022;273(1)243–52. 

11.	 Feizpour A, et al. Alzheimer’s disease biological PET staging using plasma 
p217 + tau. Commun Med. 2025;5(1):53.

12.	 Hansson O, et al. Blood biomarkers for alzheimer’s disease in clinical practice 
and trials. Nat Aging. 2023;3(5):506–19.

13.	 Teunissen CE, et al. Plasma p-tau immunoassays in clinical research for 
Alzheimer’s disease. Alzheimer’s & Dementia. 2025;21(1):e14397. 

14.	 Ahn J, et al. Tailoring thresholds for interpreting plasma p-tau217 levels. J 
Neurol Neurosurg Psychiatry. 2025;96:722–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​0​
2​5​-​3​3​5​8​3​0.

15.	 Ashton NJ, et al. Differential roles of Aβ42/40, p-tau231 and p-tau217 
for alzheimer’s trial selection and disease monitoring. Nat Med. 
2022;28(12):2555–62.

16.	 Ding X, et al. Ultrasensitive assays for detection of plasma Tau and phosphor-
ylated Tau 181 in alzheimer’s disease: a systematic review and meta-analysis. 
Translational Neurodegeneration. 2021;10(1):10.

17.	 Khalafi M, et al. Diagnostic accuracy of phosphorylated tau217 in detect-
ing Alzheimer’s disease pathology among cognitively impaired and 
unimpaired: a systematic review and meta-analysis. Alzheimers Dement. 
2025;21(2):e14458. 

18.	 Palmqvist S, et al. Plasma phospho-tau217 for Alzheimer’s disease diagnosis 
in primary and secondary care using a fully automated platform. Nat Med. 
2025:1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​1​-​0​2​5​-​0​3​6​2​2​-​w.

19.	 Jack CR Jr, et al. Predicting amyloid PET and Tau PET stages with plasma 
biomarkers. Brain. 2023;146(5):2029–44.

20.	 Jang H, et al. Differential roles of Alzheimer’s disease plasma biomarkers 
in stepwise biomarker-guided diagnostics. Alzheimer’s & Dementia. 2025; 
21(2):e14526. 

21.	 Mattsson-Carlgren N, et al. Prediction of longitudinal cognitive decline 
in preclinical alzheimer disease using plasma biomarkers. JAMA Neurol. 
2023;80(4):360–9.

22.	 Brum WS, et al. A blood-based biomarker workflow for optimal tau-PET refer-
ral in memory clinic settings. Nat Commun. 2024;15(1):2311.

23.	 Devanarayan V, et al. Plasma pTau217 ratio predicts continuous regional brain 
tau accumulation in amyloid-positive early Alzheimer’s disease. Alzheimers 
Dement. 2025;21(2):e14411. 

24.	 Hsieh PF, et al. Plasma phosphorylated Tau 217 as a discriminative biomarker 
for cerebral amyloid angiopathy. Eur J Neurol. 2025;32(2):e70066.

25.	 Palmqvist S, et al. Blood biomarkers to detect alzheimer disease in primary 
care and secondary care. JAMA. 2024;332(15):1245–57.

26.	 Brum WS, et al. A two-step workflow based on plasma p-tau217 to screen for 
amyloid β positivity with further confirmatory testing only in uncertain cases. 
Nat Aging. 2023;3(9):1079–90.

27.	 Ashton NJ, et al. Diagnostic accuracy of a plasma phosphorylated 
Tau 217 immunoassay for alzheimer disease pathology. JAMA Neurol. 
2024;81(3):255–63.

28.	 Janelidze S, et al. Head-to-head comparison of 10 plasma phospho-tau 
assays in prodromal alzheimer’s disease. Brain. 2023;146(4):1592–601.

29.	 Jang H, et al. Ethnic differences in the prevalence of amyloid positivity and 
cognitive trajectories. Alzheimer’s Dement. 2024;20(11):7556–66.

30.	 Nakamura A, et al. High performance plasma amyloid-β biomarkers for 
alzheimer’s disease. Nature. 2018;554(7691):249–54.

31.	 Therriault J, et al. Comparison of two plasma p-tau217 assays to detect and 
monitor Alzheimer’s pathology. EBioMedicine. 2024;102:105046. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​
r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​​.​e​b​​​i​o​m​.​​​2​​0​2​4​.​1​0​5​0​4​6.

32.	 Albert MS, 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 & Dementia. 2011;7(3):270–9. 

33.	 McKhann GM, et al. The diagnosis of dementia due to Alzheimer’s disease: 
recommendations from the National Institute on Aging-Alzheimer’s Associa-
tion workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimer’s 
& Dementia. 2011;7:263–9. 

34.	 Klunk WE, et al. The centiloid project: standardizing quantitative amyloid 
plaque Estimation by PET. Alzheimer’s Dement. 2015;11(1):1–15. e4.

35.	 Ahn H-J, et al. Seoul neuropsychological screening Battery-dementia version 
(SNSB-D): a useful tool for assessing and monitoring cognitive impairments in 
dementia patients. J Korean Med Sci. 2010;25(7):1071.

https://doi.org/10.1038/s43587-025-00835-z
https://doi.org/10.1136/jnnp-2025-335830
https://doi.org/10.1136/jnnp-2025-335830
https://doi.org/10.1038/s41591-025-03622-w
https://doi.org/10.1016/j.ebiom.2024.105046
https://doi.org/10.1016/j.ebiom.2024.105046


Page 12 of 12Kang et al. Alzheimer's Research & Therapy           (2026) 18:33 

36.	 Royse SK, et al. Validation of amyloid PET positivity thresholds in centiloids: a 
multisite PET study approach. Alzheimers Res Ther. 2021;13(1):99. 

37.	 Park CJ, et al. Predicting conversion of brain β-amyloid positivity in amyloid-
negative individuals. Alzheimers Res Ther. 2022;14(1):129.

38.	 Sperling RA, et al. Association of factors with elevated amyloid burden in 
clinically normal older individuals. JAMA Neurol. 2020;77(6):735–45.

39.	 Reith F, et al. Application of deep learning to predict standardized uptake 
value ratio and amyloid status on 18F-florbetapir PET using ADNI data. Am J 
Neuroradiol. 2020;41(6):980–6.

40.	 Ioannou K, et al. Tau PET positivity predicts clinically relevant cognitive 
decline driven by alzheimer’s disease compared to comorbid cases; proof of 
concept in the ADNI study. Mol Psychiatry. 2025;30(2):587–99.

41.	 Jagust WJ, et al. The Alzheimer’s disease neuroimaging initiative 2 PET core: 
2015. Alzheimers Dement. 2015;11:757–71. 

42.	 Maass A, et al. Comparison of multiple tau-PET measures as biomarkers in 
aging and alzheimer’s disease. NeuroImage. 2017;157:448–63.

43.	 Costoya-Sánchez A, et al. Partial volume correction in longitudinal Tau PET 
studies: is it really needed? Neuroimage. 2024;289:120537.

44.	 Schwarz CG, et al. A comparison of partial volume correction techniques 
for measuring change in serial amyloid PET SUVR. J Alzheimer’s Disease. 
2019;67(1):181–95.

45.	 Ossenkoppele R, et al. Amyloid and Tau PET-positive cognitively unim-
paired individuals are at high risk for future cognitive decline. Nat Med. 
2022;28(11):2381–7.

46.	 Ossenkoppele R, et al. Discriminative accuracy of [18F] flortaucipir positron 
emission tomography for alzheimer disease vs other neurodegenerative 
disorders. JAMA. 2018;320(11):1151–62.

47.	 Sanchez JS, et al. Longitudinal amyloid and tau accumulation in autosomal 
dominant Alzheimer’s disease: findings from the Colombia-Boston (COLBOS) 
biomarker study. Alzheimers Res Ther. 2021;13(1):27. 

48.	 Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness—the 
curious resilience of the $50,000-per-QALY threshold. N Engl J Med. 
2014;371(9):796–7.

49.	 Janelidze S, et al. Cerebrospinal fluid p-tau217 performs better than p-tau181 
as a biomarker of alzheimer’s disease. Nat Commun. 2020;11(1):1683.

50.	 Montoliu-Gaya L, et al. Mass spectrometric simultaneous quantification of 
Tau species in plasma shows differential associations with amyloid and Tau 
pathologies. Nat Aging. 2023;3(6):661–9.

51.	 Pluta R, Ułamek-Kozioł M. Tau protein-targeted therapies in alzheimer’s dis-
ease: current state and future perspectives. In: Exon Publications. 2020:69–82. 

52.	 Yakoub Y, et al. Plasma p-tau217 identifies cognitively normal older adults 
who will develop cognitive impairment in a 10‐year window. Alzheimers 
Dement. 2025;21(2):e14537. 

53.	 Pais MV, Forlenza OV, Diniz BS. Plasma biomarkers of Alzheimer’s disease: a 
review of available assays, recent developments, and implications for clinical 
practice. J Alzheimers Dis Rep. 2023;7(1):355–80.

54.	 Teunissen CE, et al. Blood-based biomarkers for alzheimer’s disease: towards 
clinical implementation. Lancet Neurol. 2022;21(1):66–77.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Double cutoff strategies for plasma pTau217 to predict Tau PET positivity across multiple assay platforms: Tau-enriched and Tau-scarce cohorts for cost-effective clinical use
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿A﻿β﻿ PET acquisition and definition of A﻿β﻿ PET positivity
	﻿Tau PET data acquisition
	﻿Quantitative analysis of Tau PET and definition of Tau PET positivity
	﻿Plasma collection and processing
	﻿Cost-based evaluation of misclassification under different pTau217 cutoff strategies
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the study population
	﻿Single cutoff performance in predicting tau PET positivity
	﻿Double cutoff strategy for predicting tau PET positivity
	﻿Cost-sensitive evaluation of single vs. double cutoff strategies

	﻿Discussion
	﻿References


