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ARTICLE INFO ABSTRACT

Keywords: Background: Recently developed blood test of Alzheimer’s disease (AD) has been recognized as a promising
Ap PET alternative to CSF and PET, as it is noninvasive, cost-effective, and more accessible. Particularly, plasma p-tau217
Longitudinal shows high sensitivity in detecting f-amyloid (Af) and tau positivity in early AD. However, the potential value
p'tau,21,7 of p-tau217 in revealing Ap and tau distribution and predicting future development has not been studied.
Preclinical AD s . . o .

Tau PET Objectives: We investigated the dose-response associations between p-tau217 and regional Af and tau measured

by PET, as well as the longitudinal prediction of p-tau217 for prospective A and tau accumulation measured by
longitudinal PET.

Design: Cross-sectional and longitudinal analyses.

Setting: We used data in Anti-Amyloid Treatment in Asymptomatic Alzheimer’s disease (A4) study (N = 333) for
primary analyses and Alzheimer’s Disease Neuroimaging Initiative (ADNI) (N = 410) for validation.
Participants: Cognitively unimpaired older adults (N = 333) from A4 study and cognitively unimpaired older
adults (N = 222), mild cognitive impairment (N = 114), and dementia (N = 74) from ADNI.

Measurements: Plasma p-tau217 was measured using Lilly (A4) and Fujirebio (ADNI) assays. '8FFlorbetapir PET
and 8 FFlortaucipir PET measured regional Ag and tau.

Results: Plasma p-tau217 was associated with concurrent Af in most cortical regions and tau in temporo-parietal
cortices. Longitudinally, p-tau217 predicted brain-wide tau accumulation in widespread cortical regions in pre-
clinical AD, but not Af change anywhere.

Conclusions: Plasma p-tau217 shows dose-response, brain-wide relationships with concurrent Ag and future tau
development in preclinical AD, suggesting its potential in disease trajectory monitoring and large-scale screening

for individuals approaching certain biological stages of AD in clinical trials.

1. Introduction

Extracellular deposition of p-amyloid (Af) plaques and intracellu-
lar aggregation of hyperphosphorylated tau proteins in neurofibrillary
tangles are the hallmark pathologies of Alzheimer’s disease (AD) [1-
3]. Positron emission tomography (PET) and cerebrospinal fluid (CSF)
provide in-vivo measurements of AD pathology that allow for clinical di-
agnosis of AD and can detect Af and tau even prior to significant symp-
toms [4]. Recently, blood-based biomarkers have emerged as a promis-
ing alternative that is more cost-effective, accessible, and less invasive
[5,6]. In particular, plasma phosphorylated-tau (p-tau) biomarkers can
differentiate AD from non-AD patients and show high correlations with
AD pathologies in both autopsy-confirmed and PET-based AD studies
[7-11]. Very recently, FDA approved the first blood test for AD using
p-tau217/p-amyloid 1-42 ratio, recognizing that p-tau217 signals AD

pathology with high accuracy and sensitivity [12-14] comparable to
other previously FDA-approved CSF biomarkers [15-17].

Recent AD research and clinical trials have shown encouraging out-
comes in treating mildly impaired individuals [18,19] and suggested
that intervening before symptoms may be more optimal to prevent ir-
reversible cognitive impairment [20]. In this coming era of disease-
modifying treatments, blood-based biomarkers have the potential to en-
able large-scale pre-screening of individuals with preclinical AD pathol-
ogy, particularly in areas with limited PET access, mitigating health dis-
parities by enrolling underserved populations while reducing unneces-
sary PET scans [21].

While plasma p-tau biomarkers have drawn increasing attention,
PET scans of Af and tau, as the gold standard for characterizing AD
neuropathology, provide critical regional quantifications of pathology
in the brain [22]. This unique information on spatial distribution of
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pathology has been increasingly recognized as an important aspect for
understanding heterogeneity [23] and monitoring disease progression in
AD [5]. Particularly, the regional presentation of tau reflects the biolog-
ical staging of AD [24,25] and is closely predictive of downstream neu-
rodegeneration (e.g., atrophy, hypometabolism) [26,27] and domain-
specific cognitive impairment in AD [28-30], thus informing AD sever-
ity and predicting clinical manifestation. This valuable topographic in-
formation of tau captured by PET is unavailable in biofluid biomarkers.
In this study, we investigate whether plasma p-tau217 can be used to
infer regional burden and predict accumulation of AD pathology, espe-
cially tau, in preclinical AD by examining the dose-response relation-
ships, cross-sectionally and longitudinally, between plasma p-tau217
and PET-quantified A and tau.

Plasma p-tau217 has been related to signaling A positivity and
higher Ap in precuneus, medial frontal, and temporal regions in cog-
nitively unimpaired and impaired groups [31-34], with a weaker as-
sociation in later disease stages [35]. Plasma p-tau217 has also been
recently correlated with tau in limited temporal regions in earlier AD
and broader temporo-parietal regions, further extending to frontal lobe,
in later stages [31,32,35]. Researchers also found plasma p-tau217 in-
creased in PET-confirmed Ap and tau positive individuals in three differ-
ent cohorts, further validating its value in estimating PET-based pathol-
ogy [36]. Meanwhile, there is very limited investigation on how plasma
p-tau217 can predict longitudinal change in PET. A few studies using
BioFINDER data [37-39] found significant predictions of p-tau217 on
early tau regions, suggesting the potential of plasma p-tau217 in pre-
dicting future tauopathy. Our study, building on the knowledge of the
validity of plasma p-tau217, further examines its predictive utility for
Ap and tau pathologies at regional level particularly in preclinical AD.

Despite the preliminary evidence on cross-sectional associations,
very little information is available on the predictive utility of p-tau
biomarkers for longitudinal accumulation, especially in cognitively
unimpaired people at preclinical stage where regional burden is most
variable and the use of plasma biomarker is most valuable. Thus, the pri-
mary focus of this study was to explore how well plasma p-tau217 can
reflect regional AD pathology in preclinical AD, using baseline plasma
p-tau217 and longitudinal PET data from the Anti-Amyloid Treatment in
Asymptomatic Alzheimer’s disease (A4) study. In addition, we replicated
our analyses in Alzheimer’s Disease Neuroimaging Initiative (ADNI) for
validation, where an independent sample and a different p-tau217 as-
say were used, to examine whether our conclusions were generalizable.
We hypothesized that high plasma p-tau217 would be an indicator of
globally elevated Ap and increased tau burden in early-tau regions in
the temporal lobe, and a valid predictor of longitudinal tau accumula-
tion in preclinical AD. Specifically, p-tau217 would predict longitudinal
tau accumulation in more neocortical regions, than the cross-sectional
associations, as tau begins to spread beyond the temporal cortex in the
development of AD, which can be predicted by elevations in p-tau217.
Significant relationships between p-tau217 and regional AD pathology
would suggest its unique value in informing early-stage AD and predict-
ing future tau development especially when PET is not available.

2. Methods
2.1. Participants

This study included 333 Ap+ cognitively unimpaired older adults
(age 65-85 years) from the A4 study who had baseline plasma p-tau217,
Ap PET with 18FFlorbetapir (FBP) and tau PET with ®FFlortaucipir
(FTP). The details have been published elsewhere [20,40,41]. Briefly,
participants were A+ cognitively unimpaired older individuals, defined
as CDR of 0, MMSE of 25-30, and Logical Memory IIA (delayed recall)
of 6-18. Ap status was determined by combining quantitative criteria
and qualitative visual read. Tau PET was acquired for a subset of them.

In A4 study, the cross-sectional analysis included pre-randomization
data at baseline from all participants including the anti-amyloid treat-
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ment and placebo groups. For the longitudinal analysis, we focused on
the placebo group, including 138 with longitudinal FBP PET and 146
with longitudinal FTP PET. Meanwhile, we repeated all cross-sectional
and longitudinal analyses in the two groups separately to examine any
group-specific difference, and the primary results were largely consis-
tent.

For validation and sensitivity analyses, 410 older adults with plasma
p-tau217 from ADNI who underwent either Ap PET with FBP (N = 410)
or tau PET with FTP (N = 292) were included. Among them, 214 in-
dividuals were Ap+ and 196 individuals were Ap- based on ADNI’s Ap
positivity threshold SUVR=1.11 (centiloid=19.76) [42]. For validation,
we focused on the Ap+ cognitively unimpaired group. For further sen-
sitivity analysis, we examined all groups encompassing Ap- participants
and Ap+ cognitively impaired group. Cross-sectional analyses included
410 participants with FBP PET and 291 participants with FTP PET. Lon-
gitudinal analyses only included participants with longitudinal prospec-
tive FBP (N = 133) or FTP PET (N = 76) scans after p-tau217 mea-
surement. We note that the primary analyses (see Statistical Analysis
for details) excluded participants with missingness in covariates such as
APOE genotype information (Table 1) leading to a slightly smaller sam-
ple size. Data used in the preparation of this article were obtained from
the ADNI database (adni.loni.usc.edu). The ADNI was launched in 2003
as a public-private partnership, led by Principal Investigator Michael
W. Weiner, MD. The original goal of ADNI was to test whether serial
magnetic resonance imaging (MRI), PET, other biological markers, and
clinical and neuropsychological assessment can be combined to measure
the progression of MCI and early AD. The current goals include vali-
dating biomarkers for clinical trials, improving the generalizability of
ADNI data by increasing diversity in the participant cohort, and provid-
ing data concerning the diagnosis and progression of AD to the scientific
community. For up-to-date information, see adni.loni.usc.edu.

To assess the cross-sectional associations between plasma p-tau217
and regional AD pathologies, we focused on concurrent PET closest to
(within 1 year) the plasma p-tau217 exam date. To assess the longitu-
dinal prediction of plasma p-tau217 on regional accumulation of AD
pathologies, we focused on prospective change in PET using scans close
to (within 1 year) and after the plasma p-tau217 exam date.

2.2. Plasma p-tau217

The details of plasma p-tau217 in A4 [43] and ADNI [44,45] have
been published previously. Briefly, in A4 study, p-tau217 levels were
measured using an electrochemiluminescence (ECL) immunoassay de-
veloped by Eli Lilly. The sample preparation was automated by the
Tecan Fluent workstation, and the detection was performed on the
MesoScale (MSD) Sector S Imager 600 MM at the CAP-accredited and
CLIA-certified Lilly Clinical Diagnostics Laboratory. In ADNI, p-tau217
levels were analyzed on the Fujirebio Lumipulse G1200 automated im-
munoassay platform.

2.3. PET

PET data acquisition and processing in A4 [20,40,41] and ADNI
[42,46] have been detailed previously. Briefly, in A4 study, FBP SUVR
was normalized by whole cerebellum as the reference region. The com-
posite summary SUVR was based on frontal, temporal, parietal, pre-
cuneus, anterior cingulate, and posterior cingulate cortices, and cen-
tiloid value was used for global Ag (FBP centiloid = 183.07 * compos-
ite summary SUVR - 177.26). Additionally, we used frontal, temporal,
parietal, precuneus, anterior cingulate, and posterior cingulate cortices
as representative ROI SUVRs. FTP SUVR was normalized by cerebellar
crus as the reference region. We used cortical ROI SUVRs and the early-
tau composite (amygdala, entorhinal, and parahippocampal) provided
in A4 study protocol [20].

In ADNI, we used FBP and FTP PET data with a 6 mm Gaussian
Kernel. FBP SUVR was normalized by whole cerebellum as a refer-
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Characteristics and longitudinal PET visit information of participants in A4 and ADNI. The values are presented as mean + standard deviation and number
(%) for continuous and categorical variables, respectively. Among 410 participants from ADNI, 410 had Ap PET that was used to define their Ag positivity whose
baseline characteristics are presented separately (214 Af+, 196 Ap-). Among them, 291 had cross-sectional tau PET, 133 had longitudinal Ap PET, and 76 had

longitudinal tau PET.

A4 ADNI
Treatment Placebo

Total (N = 333) (N =165) (N =168) Total (N = 410) Ap+(N=214) Ap+CUIN=86) Ap-(N=196)
Age 722+ 4.8 72.6 +4.7 71.8 +4.9 75.1 + 8.6° 76.5 + 8.0 76.1 £7.3* 73.6 + 8.9
Sex (female) 190 (57.1 %) 87 (52.7 %) 103 (61.3 %) 202 (49.3 %) 105 (49.1 %) 59 (68.6 %) 97 (49.5 %)
Education 16.2 + 2.9 16.4 + 2.8 16.0 + 2.9 16.4 + 2.6 16.3 + 2.8 16.6 + 2.9 16.6 + 2.3
APOE ¢4 carrier (%) 194 (58.3 %) 95 (57.6 %) 99 (59.0 %) 165 (42.9 %)’ 126 (62.4 %) 48 (67.9 %) 39 (21.3 %)
CDR Global 0+0 0+0 0+0 0.3 +0.4 0.4+ 0.5' 0+0.1 0.2 +0.3
CDR Sum of boxes 0.1+0.2 0.1+0.2 0.1+0.2 1.5+25 224297 0.1 +0.2 0.7 +1.5
MMSE 28.6 +1.3 28.7 +1.3 28.6 +1.3 27.0 + 3.9 25.8 + 4.6' 288+ 1.5 28.4 +2.4
FBP PET (centiloid) 65.6 + 31.5 65.8 + 32.1 65.4 + 31.1 42.1 +51.3° 82.4 + 39.3" 63.6 + 34.5 -1.9 +10.6
P-tau 217 Lilly (U/ml) 0.28 + 0.15 0.29 + 0.16 0.27 + 0.14
P-tau 217 Fujirebio (pg/ml) 0.33 + 0.35 0.50 + 0.38 0.29 + 0.21 0.14 + 0.18
FBP PET visits 1-2 1-7

Concurrent FBP PET - p-tau -0.17 + 0.06
217 interval (years) [-0.52, —0.05]
FBP PET follow-up 4.75 + 0.84
intervals (years) [0.61, 6.40]

FTP PET visits 1-5

Concurrent FTP PET - p-tau  —0.04 + 0.04
217 interval (years) [-0.21, 0.14]
FTP PET follow-up 1.67 + 0.46
intervals (years) [0.55, 6.78]

—0.10 + 0.32 [-1.00, 0.84]
2.31 £ 0.72 [0.97, 5.73]

1-4
0.03 + 0.17 [0.95, 0.96]

2.06 + 1.40 [0.64, 5.98]

* p < .05 A4 vs. ADNI total.
T p <.05 A4 vs. ADNI Ap+.
¥ p <.05 A4 vs. ADNI Af+ CU.

ence region. The cortical summary SUVR was based on frontal, ante-
rior/posterior cingulate, lateral parietal, lateral temporal regions, and
centiloid value was used for global Ap (FBP centiloid = 188.22 * corti-
cal summary SUVR - 189.16). Additionally, we examined associations
between p-tau217 and regional Ap in cortical ROIs. FTP SUVR was nor-
malized by inferior cerebellar GM as a reference region. We used cortical
ROI SUVRs, as well as the temporal meta-ROI provided by ADNI [47].

2.4. Statistical analysis

To compare demographic and clinical characteristics of A4 and ADNI
participants, t-test and chi-square test were used for continuous and cat-
egorical variables, respectively. Linear regression was used to present
the associations between plasma p-tau217 and AD pathologies assessed
by PET, adjusting for age, sex, and APOE ¢4 carriership. Standardized
regression coefficients () as well as unstandardized regression coeffi-
cients (b) and 95 % confidence interval (CI) were reported. Additionally,
simple regression models presenting the bivariate relationships between
p-tau217 and AD pathologies without any covariate were performed and
included in the supplementary material. Statistical significance was re-
ported based on p-values (< 0.05) after family-wise error (FWE) correc-
tion. Uncorrected p-values were included to help interpretations.

To highlight the potential utility of p-tau217 in inferring regional
FTP SUVR, we visually compared the observed and estimated patterns
of FTP PET. The observed pattern was calculated by averaging the re-
gional SUVR of individuals who fell within the specific range of p-
tau217. To visualize the estimated pattern of concurrent tau distribu-
tion and future tau accumulation, we used unstandardized regression
coefficients (b) in the regression model for each ROI, (y ~ by + bysp-
tau217 + byeage + bsesex + bysAPOE &4 carriership), to calculate es-
timated value (i.e., estimated ROI SUVR for cross-sectional, estimated
slope of ROI SUVR for longitudinal) for a given p-tau217 while keeping
other covariates constant at the mean value in the sample (mean age,
proportion of female, proportion of ¢4 carrier). We combined the last
four groups with highest p-tau217 (0.6 to 1.0 U/ml). The number of
participants in these groups was much smaller (n < 8). This allows us

to create a relatively equal distribution with a sample size comparable
to other lower groups. To identify regions approaching tau-positivity
given different p-tau217 levels, we used two cut-offs (SUVR=1.22 [48]
and 1.29 [49]) to define tau-positive regions.

To analyze longitudinal prediction, linear mixed effects models
(LMM) were used to extract random slopes for longitudinal changes in
PET per year, allowing each individual to have a unique slope. Specifi-
cally, simple LMM included the time interval (years) between baseline
plasma p-tau217 exam date and each scan date as a fixed predictor and
estimated both random intercept and random slope. The fixed slope (av-
erage slope of the group) and random slope (individual deviance from
the average slope) together represents the individual slope. The A4 study
included only two Ap PET visits for every participant. Thus the slopes
for longitudinal A PET changes in A4 were calculated using the fol-
lowing formula: Individual slope of Af PET changes = (SUVRgjiqw-up
— SUVRyaseline) / time differences in years. All statistical analyses were
performed using R version 4.4.1.

3. Results

3.1. Demographic and clinical characteristics of participants in A4 and
ADNI

Participants characteristics at baseline are presented in Table 1.
The A4 study included all A+ cognitively unimpaired older individ-
uals, while 214 (52.2 %) participants were Af+ in ADNI across dif-
ferent clinical stages. Compared to ADNI, A4 study participants were
younger (t = —5.903, p < .001) and had a higher proportion of females
(x?> = 4.166, p = .041) and APOE &4 carriers (x*> = 16.331, p < .001).
ADNI participants were clinically more advanced than A4, including 222
cognitively unimpaired, 114 MCI, and 74 dementia patients.

Overall, A4 participants (65.6 centiloid) showed higher global Ag
than ADNI (42.1 centiloid) which included both Ag- and Ap+ partic-
ipants (t = 7.670, p < .001). ADNI Ap+ (86 cognitively unimpaired
and 128 cognitively impaired) participants (82.4 centiloid) had higher
global Ap than A4 (t = —5.241, p < .001), and there was no signifi-
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Fig. 1. Relationships between p-tau217 and PET in A4 after adjusting for age, sex,

and APOE status. (a) P-tau217 was significantly associated with cross-sectional

Ap levels globally (al) and at regional level (a2) (psz < 0.05), (b) but did not predict longitudinal Af changes at the global (b1) nor regional level (b2) (Ppyr >
0.05). (c) P-tau217 was significantly associated with cross-sectional tau deposition in the early-tau composite region (c1) and in temporo-parietal regions including
fusiform gyrus, banks of the superior temporal sulcus, parahippocampal gyrus, entorhinal cortex, precuneus, isthmus cingulate cortex, middle temporal gyrus, inferior
parietal lobule, inferior temporal gyrus, posterior cingulate cortex, lingual gyrus, supramarginal, and caudal middle frontal gyrus (¢2) (ppyz < 0.05). (d) P-tau217

was significantly associated with longitudinal changes in tau accumulation in the ea:
frontal, and occipital regions (d2) (ppyz < 0.05).

cant difference in centiloid levels between A4 and ADNI A+ cogni-
tively unimpaired participants (63.6 centiloid) (t = 0.481, p = .631).
Additionally, when compared to ADNI Af+ or ADNI Af+ cognitively
unimpaired, A4 study participants remained younger (t = —7.192 and
—4.698, respectively; both p < .001), although there were no significant
differences in sex (x? = 3.035, p = .081 and x? = 3.316, p = .069, respec-
tively) and APOE ¢4 carriership (x> = 0.724, p = .395 and x2 = 0.001,
p = .970, respectively).

rly-tau composite region (d1) and in most cortices including temporal, parietal,

3.2. Cross-sectional and longitudinal relationships between plasma
p-tau217 and Ap PET in A4

Cross-sectionally, higher p-tau217 was related to greater concur-
rent global Ap (f = 0.410, b = 86.477, 95 % CI = 66.540 — 106.415,
Prwe < 0.001; Fig. 1al) and regional Ag in all cortical composite ROIs
(p = 0.305-0.435, b = 0.355 - 0.664, all ppyr < 0.001; Fig. 1a2) with
the strongest correlation observed in precuneus ( = 0.435, b = 0.664,
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Cross-sectional Tau Distribution at Varying P-tau217 Levels
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Fig. 2. High similarities between the observed and estimated regional tau PET pattern across the levels of p-tau217 (U/ml). (a) observed and (b) estimated
concurrent tau deposition. (¢) observed and (d) estimated longitudinal changes in tau accumulation. We used unstandardized regression coefficient (b) in the
regression model for each ROI, (y ~ by + b;sp-tau217 + b,sage + bgesex + b,sAPOE ¢4 carriership), to calculate estimated value (i.e., estimated ROI SUVR for
cross-sectional, estimated slope of ROI SUVR for longitudinal) for a given p-tau217 while keeping other covariates constant at the mean value in the sample.

95 % CI = 0.519 - 0.809, ppyr < 0.001). Longitudinally, p-tau217
was not predictive of global Ag slope (f = —0.036, b = —1.223, 95 %
CI = —-6.960 - 4.515, p = .674; Fig. 1bl) nor regional Ap in any ROIs
(p =-0.122 - 0.046, b = —0.022 - 0.009, all p > .05; Fig. 1b2). The bi-
variate relationships between p-tau217 and Ap PET without covariates
are very consistent with the full model results and presented in Supple-
mentary Fig. 1.

Repeating the cross-sectional analyses separately in two groups, we
found that the cross-sectional results were very similar across treatment
and placebo groups, consistent with the strong relationship reported in
the whole group (Supplementary Fig. 2a). Longitudinally, when repeat-
ing the analysis in the treatment group, we found that individuals with
higher baseline p-tau217 had greater A decrease in anterior cingulate
(p=-0.238,b =-0.054, 95 % CI = —0.092 — —0.016, pryz = 0.040; Sup-
plementary Fig. 2b), suggesting that participants in the treatment group
with higher p-tau217 at baseline benefited most from the anti-amyloid
treatment with the larger decrease in Ap. However, when further ex-
amining a moderation effect of treatment on the relationship between
p-tau217 and longitudinal Ap slope, there was no significant group dif-
ference in the relationship (all p > .05).

3.3. Cross-sectional and longitudinal relationships between plasma
p-tau217 and tau PET in A4

Cross-sectionally, higher p-tau217 was related to greater concurrent
tau deposition in the early-tau composite region (f = 0.394, b = 0.358,
95 % CI = 0.267 — 0.449, ppyr < 0.001; Fig. 1c1). Specifically, higher
p-tau217 was indicative of greater tau mostly in temporo-parietal re-
gions including fusiform, banks of the superior temporal sulcus, parahip-
pocampal, entorhinal, precuneus, isthmus cingulate, middle temporal,
inferior parietal, inferior temporal, lingual, and posterior cingulate,

supramarginal, caudal middle frontal ROIs (f = 0.192-0.396, b = 0.149
- 0.434, ppywg < 0.05; Fig. 1c2). Longitudinally, higher p-tau217 was
predictive of faster tau accumulation in the early-tau composite region
(p=0.665,b =0.123, 95 % CI = 0.100 — 0.146, pry < 0.001; Fig. 1d1)
and faster tau accumulation in broader regions extending to the ma-
jority of cortical regions beyond temporo-parietal regions (f = 0.278 -
0.619, b = 0.016 — 0.147, pryr < 0.05; Fig. 1d2) in both hemispheres.
The bivariate relationships between p-tau217 and tau PET are similar
and presented in Supplementary Fig. 3.

Repeating the analyses in both groups yielded similar results across
the treatment and the placebo groups with slightly stronger relation-
ships in the placebo group than the treatment group for both cross-
sectional associations (Supplementary Fig. 4a) and longitudinal predic-
tions (Supplementary Fig. 4b). However, the result patterns are overall
very consistent, suggesting the reliable predictive utility of p-tau217 for
tau PET.

3.4. Estimating regional tau deposition, accumulation, and positivity using
plasma p-tau217

To further aid the interpretation of our results, we explored the po-
tential use of p-tau217 to [1] estimate the concurrent distribution and
future accumulation of tau, and [2] identify regions approaching tau-
positive. We first developed regression models for each region where
regional tau SUVR was estimated using p-tau217 and the covariates. We
observed high similarities in regional tau patterns between the observed
PET data and estimated tau SUVRs across p-tau217 levels, in both con-
current regional tau deposition (Fig. 2a-b) and longitudinal regional tau
accumulation (Fig. 2c-d), suggesting high predictive utility of p-tau217
for regional tau. For example, people with 0.55 U/ml of p-tau217 are
likely to have elevated tau in medial, lateral, and middle temporal re-
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Table 2
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Estimated regional tau-positivity using different SUVR cut-offs: (a) 1.22 and (b) 1.29. Each estimated SUVR was calculated
using unstandardized regression coefficients from regression model (y ~ b, + b;sp-tau217 + byeage + bsesex + b,sAPOE ¢4
carriership) with substituting the given p-tau217 and keeping other covariates constant at the mean value in the sample (mean

age, proportion of female, proportion of ¢4 carrier.

(a) When using 1.22 SUVR to define regional tau positivity (Maass et al., 2017), some temporal regions (e.g., banks of the superior
temporal sulcus, entorhinal, fusiform) start to reach the tau positive threshold at 0.25-0.35 of p-tau217, followed by other temporal and
medial parietal regions (e.g., inferior temporal, middle temporal, parahippocampal, precuneus) at 0.45-0.55 of p-tau217, parietal regions
(e.g., inferior parietal, isthmus cingulate, temporal pole, posterior cingulate) at 0.65-0.85 of p-tau217, and additional occipital regions
(e.g., lingual) at 0.95 of p-tau217.

Level of p-tau217

(U/ml) Estimated tau-positive regions (SUVR > 1.22)

0.15

0.25 right bankssts, left bankssts, right entorhinal

0.35 + right fusiform, left entorhinal

0.45 + right inferior temporal, left middle temporal, left fusiform, right middle temporal, left inferior temporal
0.55 + left parahippocampal, right precuneus, right parahippocampal

0.65 + left inferior parietal, right inferior parietal

0.75 + right isthmus cingulate, left precuneus, left temporal pole

0.85 + right posterior cingulate, left isthmus cingulate

0.95 + right temporal pole, left lingual

(b) When a more rigorous cut-off of 1.29 SUVR was used to define tau positivity in each region (Lowe et al., 2019), medial and lateral,
inferior temporal regions (banks of the superior temporal sulcus, entorhinal, fusiform) become tau-positive at 0.45-0.55 U/ml of p-tau 217,
followed by broader temporal and medial parietal regions (inferior temporal, middle temporal, parahippocampal, precuneus) at 0.65-0.75,

before extending to parietal regions approaching positive (inferior parietal, isthmus cingulate) at 0.95.

Level of p-tau217

Estimated tau-positive regions (SUVR > 1.29)

(U/ml)

0.15

0.25

0.35

0.45 right bankssts, right entorhinal, left bankssts

0.55 + left entorhinal, right fusiform

0.65 + right inferior temporal, left fusiform, left middle temporal, right middle temporal
0.75 + left inferior temporal, left parahippocampal, right parahippocampal, right precuneus
0.85

0.95 + right inferior parietal, left inferior parietal, right isthmus cingulate

gions as well as inferior parietal and posterior medial regions (Fig. 2b),
with several temporal regions including banks of the superior tempo-
ral sulcus, entorhinal, fusiform, inferior and middle temporal cortices,
parahippocampal, and precuneus approaching positive using cut-off of
1.22 SUVR (Table 2a). It suggests that this individual has positive PET
signals in Braak Stage IV regions, likely having even later Braak stage
tau pathology if inspected in an autopsy [50,51]. Meanwhile, they are
expected to accumulate approximately 0.07 SUVR per year in inferior
temporal, middle temporal, and inferior parietal regions (Fig. 2d). In the
visualizations, the four groups at higher end of p-tau217 were combined
into one group (0.6 — 1.0 U/ml of p-tau217) to create a relatively equal
distribution with a sample size comparable to the other lower groups
and to mitigate bias that the small number of participants per group
leads to greater variability.

3.5. Plasma p-tau217 and PET relationships in ADNI

3.5.1. Validation in Ap+ cognitively unimpaired group

In Ap+ cognitively unimpaired group, higher p-tau217 was related
to greater cross-sectional global Ap (f = 0.485, b = 80.098, 95 %
CI = 46.338 - 113.857, ppyr < 0.001; Fig. 3b1). Specifically, higher p-
tau217 was indicative of greater Ap in globally diffused cortical regions,
including parietal, frontal, and temporal cortices (f = 0.382 — 0.541,
b =0.278 - 0.602, ppyx < 0.05; Fig. 3b2). Longitudinally, p-tau217 ap-
peared to predict longitudinal global Ag accumulation, although the pre-
diction was not significant after FWE correction (f = 0.499, b = 1.962,
95 % CI = 0.799 - 3.124, p = .002, ppyr = 0.112; Fig. 3el). Specif-
ically, higher p-tau217 was associated with steeper Af accumulation
in limited regions of right hemisphere, including paracentral, supra-
marginal, precuneus, posterior cingulate, fusiform, inferior temporal re-

gions (f = 0.503 - 0.634, b = 0.009 - 0.018, ppy < 0.05; Fig. 3e2).
Overall, the cross-sectional association of p-tau217 for global Ag bur-
den was consistent with the findings in A4 data of preclinical AD, while
the longitudinal prediction of p-tau217 for regional Ap were addition-
ally observed in ADNI data.

When predicting tau PET, p-tau217 was related to cross-sectional
temporal meta-ROI tau at a similar strength as observed in A4
(B = 0.394; Fig. 1cl), despite being non-significant after FWE correc-
tion (f = 0.333, b =0.195, 95 % CI = 0.036 — 0.354, p = .017, ppyr = 1;
Fig. 3h1). Before FWE correction, higher p-tau217 was associated with
greater tau deposition in similar regions as observed in A4, including
inferior parietal, inferior temporal, fusiform, lateral occipital, lingual,
and middle temporal regions (§ = 0.304 — 0.380, b = 0.159 - 0.451,
D < .05, ppwr > 0.05; Supplementary Fig. 5), although these associa-
tions did not survive FWE correction. Longitudinally, different from A4,
p-tau217 was not related to longitudinal tau accumulation in temporal
meta-ROI (f = -0.102, b = —0.011, 95 % CI = —0.076 — 0.054, p = .725;
Fig. 3k1) nor in any ROIs (all p > .05; Fig. 3k2 and Supplementary Fig.
5).

3.5.2. Sensitivity analysis in Af+ cognitively impaired and Ap- groups

In Ap+ cognitively impaired group, p-tau217 was strongly related
to brain-wide tau burden and longitudinal tau accumulation. Specifi-
cally, higher p-tau217 was related to greater temporal meta-ROI tau
(p =0.582, b =0.692, 95 % CI = 0.483 — 0.902, ppyr < 0.001; Fig. 3i1)
as well as greater brain-wide tau deposition in the majority of cortical re-
gions (f =0.367 -0.706,b =0.211 - 1.056, ppyy; < 0.05; Fig. 3i2), which
encompass much broader regions than in A4. Longitudinally, p-tau217
was related to faster temporal meta-ROI tau accumulation (f = 0.887,
b =0.140, 95 % CI = 0.096 — 0.183, pryr < 0.001; Fig. 311) and steeper
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Fig. 3. Relationships between p-tau217 and PET in ADNI after adjusting for age, sex, and APOE status. P-tau217 was significantly associated with cross-
sectional Af (al-2) and tau (g1-2) levels and predicted longitudinal tau (j1-2), but not Ag (d1-2), changes. In A+ cognitively unimpaired group, p-tau217 was
significantly associated with cross-sectional Ap levels (b1-2) (ppyz < 0.05) but did not predict longitudinal A changes (€1-2) (pgyz > 0.05). P-tau217 was not
associated with concurrent temporal meta-ROI tau deposition (h1-2) (pgyy > 0.05) nor longitudinal tau changes (k1-2) (pgy; > 0.05). However, in Af+ cognitively
impaired group, p-tau217 was strongly associated with concurrent temporal meta-ROI tau as well as brain-wide tau deposition in most regions (i1-2) (pgyy < 0.05)
and predicted longitudinal tau accumulation (11-2) (pzyz < 0.05), but not Ag (c1-2, f1-2) (pgy > 0.05).

tau accumulation in most regions (# = 0.600 — 0.960, b = 0.020 - 0.186,
Prwe < 0.05; Fig. 312). Overall, cross-sectional association and longitu-
dinal prediction of p-tau217 for brain-wide tau was observed in Ag+
cognitively impaired group of ADNI, with much stronger and broader
relationships than those in preclinical AD of A4 data. On the other hand,
p-tau217 was not related to cross-sectional nor longitudinal Ag in A+
cognitively impaired individuals (all p > .05 in global Ag, all ppyr >
0.05 in any ROIs; Fig. 3c and 3f).

In Ap- participants, there were no significant findings in global Ap,
temporal meta-ROI tau (both p > .05; Supplementary Fig. 6), or regional
Ap or tau SUVRs (all pgyr > 0.05; Supplementary Fig. 6). The bivariate
relationships between p-tau217 and A and tau PET are similar and
presented in Supplementary Fig. 7-8.

In summary, the associations between p-tau217 and PET observed in
A4 data were overall well replicated in Ap+ participants in ADNI. Inter-
estingly, the association between p-tau217 and cross-sectional Af was
driven by Ap+ cognitively unimpaired individuals, which corresponded
to preclinical AD in A4, while the cross-sectional association and longi-
tudinal prediction of p-tau217 for brain-wide tau were more evident in
Ap+ cognitively impaired group.

4. Discussion

Plasma p-tau217 has emerged as a promising biomarker for AD. Al-
though its value in identifying Ap+ individuals has been increasingly
recognized, its potential in indicating severity of regional Af and tau
pathology in AD and predicting future AD pathology development is
still unclear. In this study, we showed that in preclinical AD, plasma p-
tau217 was highly indicative of Ag burden across the brain but did not
predict longitudinal Ap change, while plasma p-tau217 closely reflected
tau burden in temporo-parietal regions and predicted brain-wide tau ac-

cumulation in broader cortical regions across the brain. These findings
advance our existing knowledge on the high accuracy of p-tau217 in
inferring PET-based biomarkers [36,38] and suggest that elevations in
plasma p-tau217 may reflect earlier tau change prior to PET detection
in Alzheimer’s disease and highlight the potential utility of plasma p-
tau217 in indexing concurrent A and early tau severity, as well as pre-
dicting future tau accumulation at regional level in the development of
Alzheimer’s disease.

In preclinical AD, higher p-tau217 was related to increased Ap bur-
den in many cortical regions, validating its use as a biomarker of Ap
severity. This was further replicated in ADNI where the cross-sectional
associations with concurrent Af were driven by Af+ cognitively unim-
paired participants, not Ag- participants nor Ap+ cognitively impaired
group. This agrees with previous findings that p-tau217 was only related
to global Ag in Ap+ and that there was lower or non-significant asso-
ciation in Ap- people [33,52,53]. Our study further provides regional
evidence that p-tau217 can further reflect A deposition in preclinical
AD and that these relationships are evident across the majority of corti-
cal regions.

Higher p-tau217 also indicated tau deposition in temporo-parietal re-
gions, primarily driven by Ag+ participants. Its association pattern mir-
rors the stereotypical tau distribution in early-stage of AD [54]. When
comparing the p-tau217 estimated tau map to the actual regional tau
SUVR measured by PET (Fig. 2a-b), we observed high similarity sug-
gesting the potential use of p-tau217 to estimate the likely distribution
of brain tauopathy in asymptomatic individuals especially in typical AD
cases. For example, individuals with elevated p-tau217 at 0.45 U/ml
can be expected to have neocortical regions approaching PET-based tau
positivity primarily in the temporal lobe (Table 2a), with the regions ex-
tending to the parietal lobe at 0.55 U/ml suggesting that this individual
has positive PET signals in Braak Stage IV regions and may present even
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later Braak stage tauopathy if inspected in an autopsy [50,51]. To our
knowledge, only very few studies have explored the association between
plasma biomarker and regional tau PET in preclinical AD, with findings
of its association with advanced Braak stages [55-57]. Our findings sug-
gest that p-tau217 can help offer information on the likely spatial extent
of tau distribution in the brain, which is especially valuable when tau
PET is not available.

Importantly, p-tau217 strongly predicted prospective tau accumu-
lation measured by longitudinal PET in A4 participants. In particular,
higher p-tau217 was related to steeper tau accumulation across many
neocortical regions, expending beyond temporo-parietal regions where
increasing tau is most characteristic in preclinical stage. Specifically,
when inspecting the accumulation pattern of tau SUVR predicted by p-
tau217 (Fig. 2d), higher p-tau217 predicts tau accumulation in medial,
middle, and lateral temporal regions, then inferior and medial parietal
regions, followed by frontal and association cortex, closely following
the spreading pattern of tau in early AD. P-tau217 has previously been
associated with tau PET in broader, later regions only in cognitively im-
paired individuals [31,32,35]. Our study presents that longitudinally,
p-tau217 can predict subsequent tau accumulation in neocortical tau
regions beyond medial temporal lobe as early as in cognitively unim-
paired individuals. This suggests that p-tau217 may be used to sensi-
tively identify individuals who likely present neocortical tauopathy or
are accumulating neocortical tau, which can be especially helpful when
enrolling participants approaching certain tau stages in clinical trials
especially focusing on anti-tau treatment.

Meanwhile, we noted that p-tau217 was not predictive of regional
tau increase in preclinical AD (Af+ cognitively unimpaired) in ADNI;
instead, the prediction of p-tau217 for longitudinal tau was observed in
later stages of AD continuum (Af+ cognitively impaired). Several factors
may have contributed to the different observations. First, ADNI has a
very small sample of preclinical AD with p-tau217 and longitudinal tau
PET (N = 16) where we attempted the exact replication as in A4. This
small number of participants greatly limited our analysis power. Second,
the ADNI preclinical AD were at the lower end of p-tau217 with limited
change (cool color; Supplementary Fig. 9), indicative of earlier stage
of tauopathy, which may suggest that the prediction of p-tau217 for
longitudinal tau changes would be reflective across AD continuum but
less informative when tau change is minimal. Finally, the ADNI sample
used a different assay of p-tau217. Although both assays have shown
high accuracy for AD pathology, the Lilly assay used in A4 appears to
have slightly better performance for detecting longitudinal change[58],
which may contribute to the difference in the result. Nevertheless, the
significant relationships with concurrent and longitudinal tau, but not
Ap, in the A+ cognitively impaired group may suggest p-tau217 tracks
tauopathy, but not Ap, very well as Af may enter a plateau while tau
continues to accumulate in more advanced stage of AD, confirming p-
tau217 as a promising biomarker of subsequent tau accumulation.

Interestingly, despite the strong association with concurrent Ag de-
position in widespread regions, p-tau217 was not related to longitudi-
nal Ap accumulation in preclinical AD, which is largely replicated in
ADNI. Previous studies have reported that plasma biomarkers of p-tau
appeared more strongly associated with Ag PET than tau [11,34], sus-
pecting that its level reflects Af rather than increasing tau pathology.
But we found in the present study that p-tau217 is primarily related
to concurrent brain-wide A deposition (but not tau) and longitudinal
brain-wide tau change (but not Ag). Phenomenally, the emergence of
early tauopathy rises as Ap deposition becomes detectable in Ap PET,
likely leading to the high correlation between p-tau217 and Ap PET. We
argue that the soluble form of p-tau217, despite being a useful proxy of
Ap, labels the pretangle of tauopathy before tau aggregates detected by
tau PET [59] and thus sensitively predicts the development of neurofib-
rillary tangles that are closely associated with deposition of A plaques.
P-tau217, as a significant predictor of future tau aggregation, should be
considered an early biomarker being abnormal prior to than PET [55].
However, its prediction for tau changes and the lack of prediction for Ap
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changes should not hinder the use of p-tau217 as a marker for current
Ap. Future studies may investigate more waves of data including lon-
gitudinal p-tau217 change to examine whether elevations in p-tau217
may be closely related to changes in Ap or tau PET change.

Overall, our study highlights that the significant potential of plasma
p-tau2l7 in inferring the spatial extent of tau pathology, which reveals
the severity and biological staging of the disease. The newly revised cri-
teria for diagnosis and staging of Alzheimer’s disease [2] highlights the
role of plasma biomarker as a Core 1 biomarker providing diagnostic in-
formation suggesting AD positivity, and tau PET as a Core 2 biomarker
providing prognostic information such as neocortical tau presence that
defines biological staging of AD. The very recent FDA approval of the
first blood test for AD marks the beginning of a new era for AD biomark-
ers. Our study suggests that a single measure of p-tau217 may have the
potential of offering both the diagnostic information regarding Ap pos-
itivity and also the estimated regional tau presence that can help deter-
mine a patient’s biological staging when tau PET is not available.

While our study has many strengths, including the use of longitudinal
PET, the validation of results in a different sample, and well-balanced
sample distribution, including Ap+ individual with low tau yet captur-
ing full spectrum in the early stage of AD (Supplementary Fig. 10),
it does have limitations. First, we replicated our analyses using ADNI
data and found the primary findings in A4 study were supported. How-
ever, due to differences in plasma biomarker and tau PET processing
pipelines, we were not able to directly examine if the exact critical val-
ues for plasma p-tau217 for regional tau positivity would be similar
in a new sample. Previous studies showed that different assays of p-
tau217 had relatively comparable accuracy for identifying AD pathology
[60,611, but our findings should be further validated by the same assay
of plasma p-tau217 and other assays for their generalizability. Never-
theless, most of the results found in A4 were largely replicated, demon-
strating convergence across different assays. With increasing efforts in
harmonizing PET biomarkers [62,63], future studies may explore a stan-
dardized scale for plasma p-tau217 concentrations, which would facili-
tate broader use and comparison of p-tau217 as a rising biomarker for
AD. Additionally, the small sample size in ADNI also limited further
explorations. The lack of sufficient phenotypical heterogeneity in im-
paired individuals did not allow further examination of how clinical
phenotypes may help to improve regional-specific prediction of tauopa-
thy. It should be noted that the revealed utility of p-tau217 in inferring
regional tau largely relies on AD-related stereotypical tau pattern. Atyp-
ical variants of AD may have distinct tau distribution deviating from
stereotypical one [28,64]. Future studies with larger samples in non-
amnestic AD are needed to examine the use of p-tau217 in estimating
tau distribution and spreading across different phenotypes. Similarly,
the estimation and prediction based on p-tau217 are most appropriate
to offer inferences at the group level, while individualized prediction
would rely on much more individual variability information. Finally,
the lack of sample diversity in existing AD research data may limit the
generalizability of our findings. The samples in both cohorts are highly
educated with mean education greater than 16 years. Future studies are
needed to include participants from more diverse backgrounds.

In conclusion, our study underscores the role of plasma p-tau217
in informing concurrent Af and temporo-parietal tau burden, as well
as predicting future tau accumulation at regional level, in cognitively
unimpaired people developing AD. Plasma p-tau217 has significant po-
tential in screening individuals approaching certain biological stages of
AD, particularly offering inferences regarding the present and future of
tauopathy. This can facilitate the enrollment in clinical trials targeting
a specific pathology at a certain stage and also allow better monitoring
of the disease progression.
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