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Phosphorylated-tau 217 (pTau217) is currently the most promising blood-based bio-
marker for accurately detecting Alzheimer’s disease (AD) pathology. However, inter-
ference from peripheral tau species in the kidneys or peripheral nerves can hinder
diagnostic precision. Recently developed brain-derived pTau217 (BD-pTau217) assays
emerge as highly specific tools for detecting AD-related pathological changes in the
brain. In this study, we conducted a head-to-head comparison of the NULISAgpcr
BD-pTau217 assay and Simoa ALZpath total p-Tau217 assay in two independent,
amyloid-PET—characterized Chinese cohorts. Our results demonstrate a strong corre-
lation between BD-pTau217 and total pTau217 (p = 0.89 to 0.90), with BD-pTau217
showing significantly reduced interference from kidney dysfunction, as evidenced by
weaker associations with blood levels of urea (ppp., 1217 = 0.02 t0 0.06, PryerpTanai7 =
0.06 to 0.12) and creatinine (Pgp._pyruu217 = 0-03 to 0.08, Py pran2i7 = 0.16 to 0.18).
Moreover, BD-pTau217 is more strongly associated with amyloid-PET Centiloid values
(PBD-pTau217 = 0-78 10 0.80, o1y = 0.74 to0 0.77) and exhibits superior classifica-
tion performance for amyloid-f (Ap) pathology (area under the curve [AUClgp 10017 =
0.96 to 0.98, AUCr, 10017 = 0.94 to 0.97). Furthermore, BD-pTau217 outperforms
total pTau217 for identifying tau-positive individuals within the Af-positive group
(AUCpp. 0217 = 0-89, AUCT, 11017 = 0.78), facilitating more accurate disease staging.
These findings underscore BD-pTau217 as a highly sensitive and specific blood-based
biomarker for AD that has significant potential for early detection, precise classification,
and staging of AD-related brain pathology in clinical practice.

Alzheimer’'s disease | tau pathology | disease staging | brain-derived pTau217 | blood biomarkers

Blood-based biomarkers are increasingly recognized as valuable tools for diagnosing and
prognosing Alzheimer’s disease (AD), owing to their noninvasiveness, cost-effectiveness,
accessibility, and accuracy (1, 2). These advantages are contributing to their growing
acceptance as reliable indicators of AD pathology (2, 3). Among them, tau phosphorylated
at threonine 217 (pTau217) stands out as one of the most promising fluid biomarkers for
AD. Numerous studies showed that elevated levels of pTau217 in cerebrospinal fluid and
plasma robustly reflect AD-related brain amyloid-beta (Af) and tau pathologies, demon-
strating high diagnostic accuracy for distinguishing AD from other neurodegenerative
diseases (1-3). Plasma pTau217 is strongly correlated with amyloid-PET and tau-PET
imaging, and can identify AD at early, preclinical stages, with validated performance across
diverse cohorts and ethnic groups (1, 4). Together with several available immunoassays
for clinical and research applications, pTau217 is positioned as a leading candidate for
noninvasive screening and staging of AD pathology (1, 3, 5).

Despite these successes, a major challenge remains regarding the specificity of plasma
pTau217 for brain-derived pathology. Recent studies report that pTau217 and pTaul81
levels are elevated in the blood of patients with amyotrophic lateral sclerosis (ALS); such
elevation is associated with lower motor neuron dysfunction and may be due to degener-
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ating peripheral nerves and denervated muscle fibers (6-8). Furthermore, the peripheral
nervous system (PNS) and central nervous system (CNS) express structurally distinct
forms of tau, with the PNS expressing a high-molecular-weight (HMW, 110 kDa) isoform
and the CNS predominantly expressing six low-molecular-weight (LMW, 37 to 46 kDa)
isoforms (8—10). Notably, most available immunoassays for pTau quantification, such as
the Simoa ALZpath total p-Tau217 assay, recognize N-terminal epitopes present in both
CNS and PN tau; thus, they measure the total pTau217 and cannot distinguish between
these isoforms (8, 11). This lack of specificity can confound measurements in conditions
involving peripheral tau release, including non-AD neurodegenerative diseases such as
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ALS and even kidney dysfunction (8, 12), ultimately diminishing
the diagnostic accuracy of pTau217 for AD. Given this limitation,
there is an urgent need for assays that selectively measure
brain-derived pTau217 (BD-pTau217) to enhance the reliability
of plasma biomarkers for AD pathology.

Recent advances aiming to address this issue have led to the devel-
opment of assays targeting CNS-specific tau isoforms. For example,
the BD-tau assay selectively measures LMW tau isoforms and serves
as an indicator of neurodegeneration intensity in AD (13, 14).
Moreover, the pTau217 assay developed by Lilly employs detection
antibodies that target the amino acids 111 to 130, which are exclu-
sive to the LMW tau isoforms expressed in the CNS, thereby offer-
ing improved specificity for brain-derived tau species (8). Similarly,
the recently developed NULISAqpcr BD-pTau217 assay utilizes
detection antibodies that target the LMW-specific region to quantify
BD-pTau217 in small volumes of plasma via qPCR (Fig. 14). Based
on these innovations, we hypothesized that a BD-pTau217 assay
designed to target CNS-specific tau isoforms, would provide supe-
rior specificity and diagnostic performance for AD-related brain
pathology compared to assays that measure total pTau217.

Accordingly, in this study, we performed a head-to-head com-
parison of BD-pTau217 and total pTau217 in classifying brain
amyloid and tau pathology across two independent cohorts. Our
results demonstrate a strong correlation between BD-pTau217 and
total pTau217 levels; however, BD-pTau217 exhibits less interfer-
ence from kidney dysfunction and shows a stronger association with
brain amyloid pathology as assessed by amyloid-PET Centiloid.
Furthermore, BD-pTau217 outperforms total pTau217 for differ-
entiating individuals with Af pathology from those without, and
more accurately identifies tau pathology positivity among A" indi-
viduals. Collectively, these findings suggest that BD-pTau217 may
enhance diagnostic accuracy for detecting and staging AD-related

brain pathology, paving the way for the development of a highly
specific and sensitive diagnostic tool for AD classification and stag-
ing in clinical settings.

Results

Participant Characteristics. To conduct the head-to-head
comparison of the BD-pTau217 and total pTau217 assays, we
recruited a total of 429 participants (mean [SD] age, 72.78 [7.64]
years; 242 females [56.64%]) from two independent, amyloid-
PET—characterized Hong Kong Chinese cohorts: the discovery
cohort (7 = 283) and the validation cohort (72 = 146). We classified
participants into three groups according to their A pathology
status, assessed by amyloid-PET imaging and CL quantification:
no or low Ap (CL < 10, Ap™"), intermediate AP (CL 10 to
30, AB™), or high Ap (CL > 30, AR, The discovery cohort
included 283 participants (mean [SD] age, 73.86 [8.09] years; 158
females [55.83%]), including 137, 14, and 132 in the AB"™", AB"™,
and AB™" groups, respectively. Meanwhile, the validation cohort
consisted of 146 participants (mean [SD] age, 70.67 [6.22] years;
84 females [57.53%]), including 79, 15, and 52 in the A[iLow,
AB™, and AB™" groups, respectively. Moreover, all participants
in the validation cohort also had Tau pathology status assessed by
Tau-PET imaging (Table 1).

Associations of Plasma Levels of BD-pTau217 and Total pTau217
with Kidney Function. Both the NULISAgpcr BD-pTau217
and Simoa ALZpath p-Tau217 assays employ pTau217 specific
capturing antibodies but use distinct detection antibodies targeting
different sites and tau isoforms (Fig. 14). The NULISAgpcr BD-
pTau217 assay detects tau in a region at amino acids near the exon
4 to 5 junction, characteristic of brain-derived LMW tau that skips
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Fig. 1. Designs of the BD-pTau217 and total-pTau217 assays and their associations with renal function markers. (A) Schematic representation of the study
workflow and assay designs, illustrating the differences in the capture methods and detection sites between the two pTau217 assays for measuring high-
molecular-weight (HMW) and/or low-molecular-weight (LMW) tau species. (B) Correlation between the two pTau217 assays in the Discovery cohort (Left;
n = 283) and Validation cohort (Right; n = 146). (C) Scatter plots showing the correlations between the two pTau217 assays and the renal function markers,
including serum urea levels (Left) and creatinine levels (Right). Linear regression line with 95% Cl, Spearman correlation coefficients (p), and P-values are shown.

Ap, amyloid-beta; BD, BD-pTau217; NT, N-terminal; Total, Total-pTau217.
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Table 1. Demographic characteristics of the study cohorts

Discovery dataset Data CL<10 CL=10to 30 CL>30
Hong Kong Chinese Sample size (n = 283) 137 14 132
discovery cohort Amyloid-PET, CL (SD) -2.73(6.10) 21.47 (6.53) 73.47 (24.97)
Plasma NULISAgpcr BD-pTau217, pg/mL (SD) 0.37 (0.65) 1.13(2.31) 2.26 (1.90)
Plasma Simoa pTau217, pg/mL (SD) 0.35(0.30) 0.65 (0.61) 1.11(0.52)
Creatinine, umol/L (SD) 82.13 (25.65) 78.62 (15.36) 78.97 (22.26)
Urea, mmol/L (SD) 6.66 (2.26) 6.14 (1.58) 6.32 (2.02)
MoCA (SD) 20.62 (6.43) 18.38 (8.10) 15.38 (5.93)
Age, years (SD) 73.92 (7.49) 74.02 (16.05) 74.01 (7.40)
Sex, female (%) 51.82% 57.14% 59.85%
Validation dataset Data CL<10 CL=10to 30 CL>30
Hong Kong Chinese Sample size (n = 146) 79 15 52
validation cohort Amyloid-PET, CL (SD) -0.68 (4.33) 19.70 (6.29) 69.94 (23.17)
Tau-PET global cortical-to-cerebellum ['®F]-T807 0.99 (0.04) 1.08 (0.00) 1.54(0.16)
retention ratio (SD)
Plasma NULISAgpcr BD-pTau217, pg/mL (SD) 0.21 (0.12) 1.00 (1.15) 1.96 (1.72)
Plasma Simoa p-Tau217, pg/mL (SD) 0.27 (0.14) 0.74 (0.53) 1.23(0.65)
Creatinine, umol/L (SD) 80.66 (30.94) 75.49 (18.10) 77.98 (31.97)
Urea, mmol/L (SD) 6.03 (2.70) 5.60 (1.31) 5.99 (2.33)
MoCA (SD) 22.15(4.62) 19.53 (5.38) 17.81 (6.09)
Age, years (SD) 69.70 (6.31) 73.50 (5.76) 71.31(5.98)
Sex, female (%) 44.30% 60.00% 76.92%

CL, Centiloid; MoCA, Montreal Cognitive Assessment; SD, SD.

exon 4a (14-16). In contrast, the Simoa ALZpath total pTau217
assay utilizes an N-terminal detector antibody that recognizes a
broader spectrum of both circulating LMW and HMW tau species
(Fig. 14).

We first examined the correlation between plasma pTau217
concentration measured by both assays. In both the discovery and
validation cohorts, BD-pTau217 and total pTau217 levels were
strongly correlated (Spearman pp;overy = 0-89, Ppicovery = 8-31 x
107% pyatidasion = 0-90, Pyatidasion = 6-28 x 107% Fig. 1B), indicating
that both assays reflect consistent changes in plasma pTau217
levels. Subsequently, we established a mathematical model to con-
vert pTau217 test results between the two assays by performing
Passing—Bablok regression on the combined dataset after removing
outliers (8 Appendix, Fig. S1A). The regression yielded a slope of
1.37 (95% CI [CI] = 1.24 to 1.49) with an intercept of —0.11
(95% CI = -0.15 to -0.07), explaining most of the variance
between assays (R* = 0.90). Nonetheless, the fitted line diverged
from the identity line, and Bland—Altman analysis demonstrated
proportional differences that increased with higher pTau217 levels
(SI Appendix, Fig. S1B). The systematic differences in measured
concentrations may arise from the distinct detection epitopes of
the two assays.

Notably, individuals with chronic kidney disease exhibit ele-
vated plasma pTau217 levels, regardless of their underlying AD
pathology (3, 17, 18). This elevation may result from impaired
clearance of tau species by the kidneys or dysregulation of periph-
erally expressed tau (18, 19). Several pTau217 assays, including
the Simoa ALZpath pTau2l7 assay, detect both peripherally
derived HMW tau and brain-derived LMW tau, making them
more susceptible to systemic physiological influences. Therefore,
we assessed whether an assay specifically targeting BD-pTau217
could be interfered with the kidney dysfunction. Accordingly, we
performed Spearman rank correlation analysis between the plasma
pTau217 levels measured by either BD-pTau2l7 assay or
total-pTau217 assay and kidney function markers, including blood
urea and creatinine. In the discovery cohort (n = 256), reduced
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kidney function was associated with increased total pTau217, as
reflected by higher blood urea levels (p = 0.12, P = 0.049) and
creatinine levels (p = 0.18, P = 0.004). In contrast, BD-pTau217
showed no association with kidney function (urea: p = 0.06,
P =0.312; creatinine: p = 0.08, P = 0.197, Fig. 1C).

This pattern was replicated in the independent validation cohort
(n = 124), where BD-pTau217 again showed no association with
kidney function (urea: p = 0.02, P = 0.834; creatinine: p = 0.03,
P = 0.724). Conversely, total pTau217 exhibited a trend toward
a positive association with blood urea levels (p = 0.06, P = 0.524;
SI Appendix, Fig. S2) and a significant association with blood cre-
atinine levels (p = 0.16, P = 0.075; SI Appendix, Fig. S2). Thus,
these findings collectively indicate that renal impairment affects
total pTau217 levels, whereas BD-pTau217 levels remain largely
stable across variations in kidney function. Taken together, our
results demonstrate that although total pTau217 and BD-pTau217
levels exhibited consistent changes in blood, the BD-pTau217
assay is more specific to brain-derived LMW tau species, providing
a more physiologically robust signal that is less susceptible to
kidney-related confounding,.

Dysregulation of BD-pTau217 and Total pTau217 Levels in
Individuals with Brain Af} Pathology. Next, we assessed the
dysregulations of plasma pTau217 levels measured by the BD-
pTau217 and total pTau2l7 assays in individuals with brain
AP pathology. In both the discovery and validation cohorts,
BD-pTau217 and total pTau217 levels exhibited a stepwise up-
regulation in individuals with moderate (i.e., Ap™) and high
(i.e., Aﬁngh) brain Ap burden (Fig. 24). Importantly, the median
fold change (FC) of BD-pTau217 was greater than that of total
pTau217 in both the AB™ group (discovery cohort: FCypy 1017
= 2.13, FCryprani7 = 1.67; validation cohort: FCypy 1017 =
3.40, FCryqpma17 = 2.31) and AR group (discovery cohort:
FCpp 17 = 6.98, FCrpmuay = 3.59; validation cohort:
FCpp a7 = 7-30, FCriyiprani7 = 4.71), compared to the AR
group (Fig. 2B). This suggests more prominent dysregulation
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Fig. 2. Dysregulations of plasma BD-pTau217 and total-pTau217 in individuals with brain amyloid pathology. (A) Raincloud plots showing the distribution of
plasma pTau217 levels measured by the two pTau217 assays across Ap pathology stages in the Discovery cohort (Left) and Validation cohort (Right). Ap stages
were indexed by CL values (i.e., AB“>", CL < 10; AB"™, CL 10 to 30; AB"", CL > 30). (B) Fold-changes in the median levels of plasma pTau217 measured by the two
pTau217 assays across Ap pathology stages in the Discovery cohort (Left) and Validation cohort (Right). (C) Scatter plots showing the correlations between the
two pTau217 assays and amyloid-PET CL values in the Discovery cohort (Left) and Validation cohort (Right). For raincloud plots, the p-values from the Wilcoxon
rank-sum test with Bonferroni adjustment are shown. For scatter plots, linear regression lines with 95% Cl, Spearman correlation coefficients (p), and p-values
are shown. Ap, amyloid-beta; BD, BD-pTau217; CL, Centiloid; FC, fold-change; Total, total pTau217, **p < 0.01, ***p < 0.001.

of BD-pTau217 upon the development of brain amyloid
pathology. Association analysis between the two pTau217 assays
and continuous CL values further corroborated this, with BD-
pTau217 levels showing a stronger correlation with CL values
(Ppiscovery = 0-78, Pyatidation = 0-80) than total pTau217 levels

Discovery = 074, Prvitidation = 0-77) in both cohorts (Fig. 2C). Taken
together, these results indicate that BD-pTau217 offers enhanced
sensitivity and a broader dynamic range for detecting changes in
brain AP pathology. Its stronger association with both categorical
AP stages and continuous CL measures suggests that BD-pTau217
may serve as a more robust blood-based biomarker for indicating
and staging AP burden compared to total pTau217.

Head-to-Head Comparison of the Performance of Plasma
BD-pTau217 and Total pTau217 for Determining Brain Af
Positivity. Plasma pTau217 has been widely studied for its
diagnostic udility in classifying brain amyloid positivity (1, 3).
However, the distinct associations of BD-pTau217 and total
pTau217 with kidney dysfunction observed in this study suggest
that differences in assay design may result in varied diagnostic
performance. To evaluate this, we conducted a head-to-head
comparison of the diagnostic utility of BD-pTau217 and total
pTau217 for classifying AP pathology status in our two cohorts.
In the discovery cohort, receiver operating characteristic (ROC)
analyses showed that BD-pTau217 achieved higher discriminative

https://doi.org/10.1073/pnas.2536792123

accuracy in distinguishing Ap” individuals (i.e., AP™ and ApTieh)
from AP” individuals (i.e., AB"™) (AUCyp, 1,017 = 0.96, 95% CI
=0.93 t0 0.98) compared to the total pTau217 (AUC 1 10017 =
0.94, 95% CI = 0.91 t0 0.97; DeLong pys = 0.02; Fig. 34). We
observed a consistent pattern of performance improvement in the
validation cohort, with BD-pTau217 achieving an AUC of 0.98
(95% CI = 0.95 to 1.00), compared to an AUC of 0.97 (95% CI
=0.95 to0 0.99) for total pTau217 (DeLong py; = 0.65; Fig. 3A4).
Further evaluation of the assays’ discriminative performance for
AB—positivity, defined using previously reported CL thresholds
[i.e., CL >24 or >37 as AB* (20, 21)], showed similar accuracy
(SI Appendix, Fig. S3).

Next, we assessed the performance of the two assays across dis-
crete AP stages. When distin§uishing individuals with established
amyloid pathology (i.c., AB'"¢") from the AR group, BD-pTau217
again outperformed total pTau217, achieving an AUC of 0.97
(95% CI = 0.95 to0 0.99) versus 0.95 (95% CI = 0.93 to 0.98) for
total pTau217 in the discovery cohort (Delong pyg = 0.02;
Fig. 3B). Furthermore, BD-pTau217 demonstrated higher accuracy
in differentiating AP™ individuals from AB"" individuals
(AUCgp 1017 = 0.83,95% ClI = 0.74 to0 0.92) compared to total
pTau217 (AUCq, 1 y1a17 = 0.77, 95% CI = 0.65 to 0.89) (DeLong
pa=0.23; Fig. 30), suggesting that BD-pTau217 is better at iden-
tifying early-stage amyloid pathology. Notably, BD-pTau217 also
showed superior performance in distinguishing between the A"
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Fig. 3. Head-to-head comparison of the performance of plasma BD-pTau217 and total pTau217 assays for classifying brain Ap pathology. (A-D) ROC curves
with corresponding AUCs illustrating the diagnostic performance of the two pTau217 assays in classifying (A) Ap” (i.e., CL > 10) versus Ap” (i.e., CL < 10) (pgs = 0.02
and 0.65 in the discovery and validation cohorts, respectively), (B) A™€" versus Ag“" (pg = 0.02 and 0.19 in the discovery and validation cohorts, respectively),
(O) AB™ versus AB™" (pui = 0.23 and 0.96 in the discovery and validation cohorts, respectively), and (D) AB" versus AB™ (pgi = 0.01 and 0.76 in the discovery
and validation cohorts, respectively). The p-values were calculated using DeLong's test. Ap, amyloid-beta; AUC, area under the ROC curve; BD, BD-pTau217; CL,

Centiloid; ROC, receiver operating characteristic; Total, total pTau217.

and AB"™ groups (AUCyp 117 = 0.89, 95% CI = 0.76 to 1.00)
compared to total pTau217 (AUCr, yry017 = 0.84, 95% CI =
0.70 to 0.98; DeLong pyir = 0.01; Fig. 3D), further corroborating
its enhanced capability for staging brain amyloid pathology.
Nonetheless, replication in the validation cohort did not show a
significant difference between the assays in classifying different
stages of brain amyloid pathology (all Delong py > 0.05, Fig. 3
B-D). This lack of significant difference is likely attributable to the
smaller sample size of the validation cohort, particularly after strat-
ification into discrete AP stages. Overall, these results suggest that
BD-pTau217 maintains excellent accuracy for differentiating A
pathology across disease stages. Its relatively stronger performance
in differentiating borderline AP accumulation (i.e., Ap™ versus
AB™ and A" versus AP™) highlights its potential value as a
more sensitive blood-based biomarker for staging Ap pathology.

Performance of BD-pTau217 and Total pTau217 for Staging Brain
Tau Pathology. In addition to classifying amyloid pathology,
several studies have reported the potential of plasma pTau217 to
classify brain tau pathology, thereby enabling the staging of AD (1,
22,23). Given that a subgroup of participants from the validation
cohort underwent tau-PET examination (7 = 128), we evaluated
how the two pTau217 assays reflect tau pathology in this subgroup.
'The results show that both BD-pTau217 and total pTau217 levels
progressively increased with rising tau pathology burden and were
higher in AB"Tau" (i.e., A"/T") individuals compared with those
who were AB* only (i.e., A*/T") (Fig. 44). Importantly, relative to
the AB Tau™ (i.e., A7/T") reference group, BD-pTau217 exhibited
larger fold changes than total pTau217. Specifically, compared to
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the A7/T™ group, BD-pTau217 levels were 3.40-fold and 8.12-
fold higher in the A"/T" and A*/T" groups, respectively (both P <
0.001), whereas total pTau217 levels were 2.67-fold and 4.79-fold
higher, respectively (both P < 0.001; Fig. 4B).

Subsequent assessment of the performance of the two assays in
identifying tau" individuals showed that BD-pTau217 were more
accurate (AUCqp 1,17 = 0.98, 95% CI = 0.96 t0 0.99) than total
pTau217 (AUC, 1 y1a017 = 0.95, 95% CI = 0.92 t0 0.98; DeLong
Pa = 0.21; SI Appendix, Fig. S4). We further evaluated the per-
formance of the two pTau217 assays in identifying tau positivity
in AB" individuals, which is essential for staging disease progres-
sion (24). BD-pTau2l17 again showed higher accuracy
(AUCpp 1217 = 0.89,95% CI = 0.81 t0 0.97) than total pTau217
(AUC1p1a17 = 078, 95% CI = 0.65 to 0.91 (DeLong pyg =
0.49; Fig. 4C). Collectively, these findings indicate that compared
to total pTau217, BD-pTau217 reflects brain tau pathology more
sensitively and exhibits a broader dynamic response to increasing
tau burden. Thus, the performance of BD-pTau217 across analyses
underscores its potential as a versatile blood biomarker for mon-
itoring both AP and tau pathology progression.

Establishing Reference Cutoffs of BD-pTau217 for Classifying
Brain AP Pathology. To facilitate the clinical application of both
pTau217 assays, we established cutoffs for BD-pTau217 based on the
amyloid-PET data from our cohorts, comparing their performance
with the well-established reference cutoffs for total pTau217 (1).
Accordingly, we first evaluated binary cutoffs of BD-pTau217 and
total pTau217 to determine their performance in distinguishing

AB* from AP individuals (SI Appendix, Fig. S5 and Table S1).
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For BD-pTau217, the optimal binary cutoff of >0.66 pg/mL was
derived using the Youden index in the discovery cohort, yielding
86.99% sensitivity, 95.62% specificity, and 91.17% overall percent
agreement (OPA) in the discovery cohort. In the validation cohort,
this cutoff demonstrated 74.63% sensitivity, 100% specificity, and
88.36% OPA (81 Appendix, Table S1). This performance is slightly
superior to that of the total pTau217 binary cutoff (i.e., >0.42 pg/
mL) (1), which has 90.41 to 91.04% sensitivity, ranging from
79.56% to 89.87% specificity, and an OPA of 85.16 to 90.40%.
Given that a three-range cutoff strategy is increasingly being
adopted to enhance diagnostic performance in clinical settings (1,
25, 26), we defined the lower and upper reference points of
BD-pTau217 to correspond to thresholds that yield 95% sensitivity
and 95% specificity in the discovery cohort. Based on this strategy,
individuals with a BD-pTau217 level above the upper cutoff (>0.66
pg/mL) or below the lower cutoff (<0.36 pg/mL) will be classified
as having a positive or negative signal, respectively (SI Appendix,
Fig. S6). Individuals with a BD-pTau217 level between the upper
and lower cutoff points will be classified into an intermediate group
and referred for confirmatory testing, such as cerebrospinal fluid
biomarker assessment or amyloid-PET imaging (25, 26).
Applying this three-range cutoff strategy showed that BD-
pTau217 achieved highly accurate classification of brain amyloid
pathology with an OPA of 94.63 to 98.39% across cohorts, sur-
passing total pTau217, which used two cutoffs (i.e., lower and
upper cutoffs: <0.40 and >0.63 pg/mL) with an OPA of 92.67 to

https://doi.org/10.1073/pnas.2536792123

total pTau217. *p < 0.05, **p < 0.01, ***p < 0.001.

93.75% (Table 2). Moreover, this three-range cutoff strategy of
BD-pTau217 achieved 95.21 to 97.01% sensitivity, 95.62 to
100% specificity, 95.49 to 100% positive predictive value (PPV),
and 93.58 to 97.30% negative predictive value (NPV) across both
cohorts, outperforming total pTau217 (91.04 to 91.10% sensi-
tivity, 97.08 to 97.47% specificity, 96.30 to 96.55% PPV, and
88.79 t0 91.89% NPV). Importantly, both pTau217 assays meet
the recently published acceptable performance of an AD blood
test with two cutoffs for clinical use (27), classifying less than 20%
of individuals into the intermediate group: BD-pTau217 classified
14.49 to 15.07%, while total pTau217 classified 12.33 to 18.02%
of individuals as intermediate (i.e., 0.36 to 0.66 and 0.40 to 0.63
pg/mL, respectively). Thus, by establishing a three-range cutoff
strategy in our amyloid-PET—characterized cohorts, we demon-
strated the high performance of BD-pTau217 in assessing brain
AP pathology. This approach ensures high accuracy, a manageable
percentage of individuals classified as intermediate, and excellent
reproducibility across cohorts. These characteristics highlight the
practical utility of BD-pTau217 for clinical triage and integration
into diagnostic workflows.

Discussion

While pTau217 is increasingly being studied as a promising bio-
marker for facilitating the diagnosis of AD, the presence of periph-
eral sources of tau and pTau217 can potentially interfere with test
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Table 2. Three-range reference of plasma BD-pTau217 and total pTau217 for classifying brain amyloid positivity

Three-range reference for AB positivity:
Plasma BD-pTau217 positive: >0.66 pg/mL
Plasma BD-pTau217 negative: <0.36 pg/mL

Three-range reference for Ap positivity:
Plasma total-pTau217 positive: >0.63 pg/mL
Plasma total-pTau217 negative: <0.40 pg/mL

Characteristic Discovery Validation

Characteristic Discovery Validation

n 283 146

AB-positive, n (%) 146 (51.59%) 67 (45.89%)
Plasma BD-pTau217 positive, n (%) 133 (47.00%) 50 (34.25%)
Plasma BD-pTau217 intermediate 41 (14.49%) 22 (15.07%)

group, n (%)

Plasma BD-pTau217 negative, n (%) 109 (38.52%) 74 (50.68%)

Sensitivity of lower reference 95.21% 97.01%
point, %

Specificity of upper reference 95.62% 100.00%
point, %

PPV, upper reference point, % 95.49% 100.00%

NPV, lower reference point, % 93.58% 97.30%

OPA for BD-pTau217 positive and 94.63% 98.39%

negative, %

n 283 146
AB-positive, n (%) 146 (51.59%) 67 (45.89%)
Plasma total-pTau217 116 (40.99%) 54 (36.99%)
positive, n (%)
Plasma total-pTau217
intermediate group, n (%)

Plasma total-pTau217
negative, n (%)

51(18.02%) 18(12.33%)

116 (40.99%) 74 (50.68%)

Sensitivity of lower 91.10% 91.04%
reference point, %

Specificity of upper 97.08% 97.47%
reference point, %

PPV, upper reference point, % 96.55% 96.30%

NPV, lower reference point, % 88.79% 91.89%

OPA for total-pTau217 positive 92.67% 93.75%

and negative, %

Ap, amyloid-beta; NPV, negative predictive value; OPA, overall percent agreement; PPV, positive predictive value.

results, leading to increased false-positive or false-negative cases,
thereby reducing diagnostic accuracy. Therefore, a blood-based
assay that specifically targets the brain-derived form of pTau217
could provide a solution for highly specific detection of AD-related
brain pathology. In this study, we conducted a head-to-head com-
parison of BD-pTau217 and total pTau217, evaluating their abil-
ity to classify brain amyloid and tau pathology. Our results
demonstrate that, compared to total pTau217, BD-pTau217 is
less affected by kidney dysfunction and exhibits a stronger asso-
ciation with amyloid-PET Centiloid than total pTau217. BD-
pTau217 also provides superior sensitivity and specificity in
detecting individuals with A pathology. Furthermore, BD-
pTau217 outperforms total pTau217 in distinguishing between
different stages of tau pathology, enabling more accurate disease
staging. Collectively, these findings highlight the potential of BD-
pTau217 as a highly specific and sensitive blood-based biomarker
for early classification and staging of AD.

It is important to recognize that total Tau protein is not exclu-
sively expressed in the brain, but is also present in various human
tissues and organs, including the pancreas, kidneys, and peripheral
nerves (9, 15, 28). Consequently, pathological changes in these
organs—such as neurodegeneration outside the CNS or kidney
dysfunction—can result in elevated plasma pTau217 levels inde-
pendently of AD-related brain pathology. For example, individuals
with chronic kidney diseases exhibit elevated plasma pTau217 levels
(12, 17), which are positively associated with markers of kidney
dysfunction, including a decreased estimated glomerular filtration
rate (¢€GFR) (17, 29). Peripheral neuronal damage, as observed in
ALS, can also result in increased blood pTau217 levels (6, 15). As
a result, assays that measure peripheral or total pTau may perform
poorly in distinguishing peripheral changes from brain-specific
pathological changes. Consistent with this concept, our study
showed that total pTau217 assay results are positively associated
with blood levels of creatinine and urea, both established markers
of kidney dysfunction, regardless of brain amyloid status. Moreover,
we observed that 2.34%-5.48% of AP~ individuals were misclassi-
fied as AB* when using total pTau217, likely because of the positive
bias introduced by impaired kidney function, which elevates total
pTau217 levels in AP~ individuals. In contrast, the BD-pTau217

PNAS 2026 Vol.123 No.10 2536792123

assay, which specifically recognizes brain-derived LMW tau isoform
(lacking exon 4a), was not associated with markers of kidney dys-
function and significantly reduced the false-positive rate among
AP individuals to 0 to 2.12%. Furthermore, the BD-pTau217
assay demonstrated greater sensitivity for detecting early amyloid
pathological changes, as evidenced by a larger fold-change (FC =
2.13 to 3.40) in individuals with Centiloid values from 10 to 30,
compared to the total pTau217 assay (FC = 1.67 to 2.31). Taken
together, these findings demonstrate that an assay targeting
brain-specific tau splicing isoforms can effectively eliminate inter-
ference from peripheral changes and dysfunctions, potentially lead-
ing to highly sensitive and specific detection of AD-related
pathological changes in the brain.

Recent clinical practice guidelines on the use of blood-based bio-
markers for AD diagnosis recommend that a blood test should
achieve 290% sensitivity and specificity to serve as a substitute for
amyloid PET imaging or cerebrospinal fluid AD biomarker testing
in patients with cognitive impairment, specifically for confirming
brain amyloid pathology (30). In the present study, by employing a
three-range cutoff strategy (i.e., negative < 0.36 pg/mL, intermediate
0.36 to 0.66 pg/mL, and positive > 0.66 pg/mL), we demonstrated
that BD-pTau217 achieves 95.21 to 97.01% sensitivity, 95.62 to
100% specificity, 93.58 to 97.30% NPV, and 95.49 to 100% PPV
for the classification of brain amyloid positivity, making it superior
to total pTau217. These results suggest that the BD-pTau217 assay
has strong potential to be implemented as a high-performance diag-
nostic tool for detecting brain amyloid pathology in clinical settings.
Furthermore, as suggested by recent AD diagnostic criteria, the clas-
sification of tau-related pathological changes can provide critical
evidence for biological disease staging (24). Importantly, our study
shows that BD-pTau217 performs better than total pTau217 in dif-
ferentiating AP*Tau’ and A" Tau™ individuals (AUC = 0.89 versus
0.78, respectively). Thus, this capacity to accurately distinguish tau
pathology stages highlights the potential of BD-pTau217 for the
detection of brain amyloid positivity as well as the precise staging of
AD, which is critical for disease prognosis and monitoring.
Nonetheless, effective treatment and management of AD require a
comprehensive assessment of disease status that goes beyond amy-
loid- and tau-related changes, encompassing diverse biological
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processes such as neuronal, immune, vascular, and metabolic path-
ways (31-36). Therefore, the future integration of BD-pTau217 with
biomarkers that reflect these additional pathways may be the optimal
strategy for the clinical implementation of AD blood biomarker
assays. Such a multimarker approach would enable a more accurate
and holistic overview of disease status and prognosis, which are key
elements for optimizing therapeutic strategies and improving patient
outcomes.

In the current study, we compared two pTau217 assays imple-
mented on different proteomic platforms: NULISAqpcr and Simoa.
These platforms utilize distinct calibrators and quantification meth-
ods, making it challenging to directly compare the absolute levels of
BD-pTau217 and total pTau217 proteins. Nevertheless, pilot studies
have indicated that only approximately one-fifth of total tau protein
in plasma originates from the brain (14, 37), highlighting the necessity
of ultrasensitive detection platforms for accurate measurement of
BD-pTau217. To date, two proteomic platforms have demonstrated
strong capabilities for quantifying BD-pTau217: Lilly’s pTau217
electrochemiluminescence immunoassay on the Meso Scale Discovery
(MSD) platform and Alamar Biosciences’s NULISAqpcr platform,
which is based on an improved proximity extension assay. The Lilly
MSD assay has been extensively validated across diverse cohorts, con-
sistently shows high concordance with brain amyloid pathology and
outperforms the Simoa ALZpath pTau217 assay for differentiating
ALS from AD (15, 38). In our study, we further demonstrated that
the NULISAqpcr-based BD-pTau217 assay is less affected by kidney
dysfunction and provides superior performance in classifying brain
amyloid and tau pathologies compared to the Simoa assay. Therefore,
both ultrasensitive platforms hold significant promise for enabling
the clinical application of BD-pTau217 assays. Future head-to-head
comparisons and cross-validation studies between these two
BD-pTau217 assays will be crucial to further establish their utility
and reliability in clinical settings. Additionally, it would be valuable
to investigate whether enhanced chemiluminescence immunoassays
(CLIA) can accurately measure BD-pTau217, because this approach
may facilitate the large-scale implementation of this assay in popula-
tion health screening and routine clinical diagnostics.

This study has several limitations that should be acknowledged.
First, all participants in our two cohorts were of Chinese ethnicity,
which raises uncertainty about whether the BD-pTau217 assay
exhibits similarly high performance in populations of other ethnic
backgrounds. Recent studies suggest that race and ethnicity can
significantly influence the levels of AD-related blood biomarkers,
including pTau (39). Therefore, future validation of this assay in
diverse ethnic groups is essential to confirm its generalizability.
Second, in the current study, we assessed the performance of two
pTau217 assays for classifying overall brain amyloid and tau pathol-
ogies. It would be valuable to investigate whether BD-pTau217 also
demonstrates stronger associations with amyloid- or tau-related
pathological changes in specific brain regions. Such analyses could
further support the assay’s specificity for AD and provide deeper
insights into its biological relevance in disease pathogenesis. Third,
although we showed that BD-pTau217 is strongly correlated with
brain amyloid-PET Centiloid data, the specificity of this assay for
AD-related pathological changes requires further validation in
cohorts that include patients with other neurological or neurode-
generative disorders. Expanding the scope of evaluation will help
establish the robustness and clinical utility of BD-pTau217 as a
diagnostic biomarker.

In conclusion, our head-to-head comparison between BD-pTau217
and total pTau217 assays demonstrates that BD-pTau217 is less
affected by peripheral changes, such as kidney dysfunction, and offers
superior specificity and sensitivity for the classification and staging of
AD-related brain pathology. These findings pave the way for the
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development of highly specific and sensitive blood-based diagnostic
tools for AD that have significant potential to enhance early detection,
disease staging, and patient management in clinical settings.

Materials and Methods

Participant Recruitment. We recruited 429 participants from the Hong Kong
Chinese population. The cohort comprised individuals aged 32 y or older who
visited the specialist outpatient clinics of the Department of Medicine and
Therapeutics at the Prince of Wales Hospital, Department of Medicine at Queen
Mary Hospital, Department of Medicine and Geriatrics at Tuen Mun Hospital,
Department of Medicine and Geriatrics at United Christian Hospital, Department
of Medicine & Geriatrics at Ruttonjee &Tang Shiu Kin Hospitals, and Department
of Medicine at Queen Elizabeth Hospital. Participants underwent clinical exami-
nation, the Montreal Cognitive Assessment (MoCA) (40), blood collection for the
measurement of biomarkers, amyloid-PET using [''C]-Pittsburgh Compound B
(PiB), tau-PET using 18F-FIow‘[aucipir(T807),and neuroimaging by MRI (41). Each
participant's age and sex were recorded.

This study was approved by the Joint Chinese University of Hong Kong-New
Territories East Cluster Clinical Research Ethics Committee at CUHK-PWH (CREC
ref. No. 2015.461), the Institutional Review Board, Hospital Authority (UW 22-
027, CIRB-2023-065-1, KC/KE-22-0107/ER-2, and KC/KE-15-0024/FR-3), and
the Human and Artefacts Research Ethics Committee (HAREC) at HKUST (CRP#180,
CRP#225, HREP-2023-0179). All participants or the legal guardians of partic-
ipants with advanced dementia provided written informed consent for study
participation and sample collection.

Imaging Acquisition and Quantification. T1-weighted structural images
were acquired using 3-T MRI scanners. Amyloid-PET imaging was performed
using '"C-PiB PET (detailed in S/ Appendix, Figs. S7-S9, Tables S2 and $3, and
Supplementary Methods S1 and S2). Al participants were assigned to the AB**",
AB™, or AB™" group according to their amyloid status on PET, irrespective of
their cognitive status. Low, intermediate, and high Ap pathology on AB-PET were
defined as <10, 10 to 30, and >30 CL units, respectively. Tau-PET imaging was
performed using "®F-T807 (n = 146). The data were acquired from 85 to 95
min postinjection at Hong Kong Sanatorium & Hospital. The Tau burden was
calculated semiquantitatively by qualified radiologists and the global cortical-
to-cerebellum SUV ratio > 1.14 was used as the cut-off for abnormality in Tau
burden (S/ Appendix, Table S4).

Plasma BD-pTau217 Measurement. We measured plasma BD-pTau217 levels
on an Alamar ARGO HT system using the commercially available NULISAqpcr
BD-pTau217 Assay (Cat. No. 801430, Alamar Biosciences). Briefly, we centrifuged
thawed plasma at 10,000 g for 10 min to remove particulates. We analyzed
35 pl plasma following the manufacturer's instructions and quantified BD-
pTau217 levels by real-time PCR (qPCR). The assay has a quantification range
from 0.09 to 1,355.90 pg/mL. The kit contains quality controls with high (CT,
functional value: 293.55 pg/mL) or low (C2, functional value: 3.31 pg/mL)
assigned pTau217 concentrations. The interassay coefficients of variation for C1
and C2 were 2.4% and 16.51%, respectively. We retested samples if an error was
reported and repeated the experiment if the quality control sample measured
was outside the range specified on the certificate of analysis or if the calibration
curve was poorly fitted.

Plasma Total pTau217 Measurement. We measured plasma total pTau217
levels on a Quanterix HD-X using the commercially available Simoa ALZpath p-Tau
217 Advantage PLUS Reagent Kit (Cat. No. 104570, Quanterix). Briefly, on the day
of analysis, we brought the plasma samples to room temperature and centrifuged
them at 10,000 g for 5 min to remove particulates. Threefold, on-board sample
dilution was performed automatically on the instrument. We prepared the control
samples and reagents according to the manufacturer's instructions. We meas-
ured samples in duplicate and report the mean concentrations herein. This assay
has a quantification range from 0.00244 to 10.0 pg/mL. The kit contains quality
controls with low (QC1, mean concentration: 0.758 pg/mL) or high (QC2, mean
concentration: 8.28 pg/mL) assigned pTau217 concentrations. The interassay
coefficients of variation for QC1 and QC2 were 5.3% and 7.7%, respectively. We
retested samples if an error was reported or the replicate coefficient of variation
was greater than 20%. We repeated the experiment if the quality control sample
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measured was outside the range specified on the certificate of analysis or if the
calibration curve was poorly fitted.

Statistical Analysis and Data Visualization. We performed most statistical
analyses and figure generation using R (version 4.4.2). For cohort characterization,
we used the Wilcoxon rank-sum test with Bonferroni adjustment to compare
continuous variables between groups. We applied Spearman’s rank correlation to
evaluate the strength and direction of associations between continuous variables.
We fitted Passing-Bablok regression for agreement assessment using custom-
written Python code. We conducted Bland-Altman analysis using the built-in
function in Prism (version 10.6.0). We assessed discriminative performance using
ROC analysis and generated ROC curves with the ggroc() function in the pROC
package (v1.18.5)(42). We evaluated statistical differences between ROC curves
using Delong's test. We determined optimal cutoffs using the Youden index with
the coords() function in the pROC package. The level of statistical significance for
all comparisons was set at p < 0.05, and 95% Cl were calculated. We generated
all plots using the ggplot() function in the ggplot2 package (v3.5.1) (43).

Data, Materials, and Software Availability. All other data are available from
the corresponding author upon reasonable request. The consent forms signed
by participants state that the research content will be kept private under the
supervision of the hospital and research team. Therefore, the phenotypic and
proteomic data of participants will only be available and shared in formal collab-
orations. Areview panel hosted at HKUST will process and review any applications
for data sharing and project collaboration and promptly notify applicants of the
decision. Researchers may contact HKUST (skineurosci@ust.hk) for details about
data sharing and project collaboration related to the present study. The codes for
our statistical analyses and data visualization are publicly available at: https:/
github.com/yjiangah/BDpTau217_study/ (44). All statistical data associated with
this study are contained in the main text or S/ Appendix.
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