nature aging

Article

https://doi.org/10.1038/s43587-025-00835-z

Plasma p-tau217 and tau-PET predict
future cognitive declineamong cognitively
unimpaired individuals: implications for

clinical trials

Received: 4 June 2024

A list of authors and their affiliations appears at the end of the paper

Accepted: 12 February 2025

Published online: 28 March 2025

% Check for updates

Plasma p-tau217 and tau positron emission tomography (PET) are strong
prognostic biomarkers in Alzheimer’s disease (AD), but their relative
performance in predicting future cognitive decline among cognitively
unimpaired (CU) individuals is unclear. In a head-to-head comparison

study including nine cohorts and 1,474 individuals, we show that plasma
p-tau217 and medial temporal lobe tau-PET signal display similar
associations with cognitive decline on a global cognitive composite test
(R%per = 0.34 versus R .sma = 0.33, Pyigrerence = 0.653) and with progression to
mild cognitive impairment (hazard ratio (HR)¢r = 1.61 (1.48-1.76) versus
HR jj25ma = 1.57 (1.43-1.72), Pyigterence = 0.322). Combined plasma and PET

models were superior to the single-biomarker models (R*=0.35, P < 0.01).
Sequential selection using plasma phosphorylated tau at threonine 217
(p-tau217) and then tau-PET reduced the number of participants required
foraclinical trial by 94%, compared to a 76% reduction when using plasma
p-tau217 alone. Thus, plasma p-tau217 and tau-PET showed similar
performance for predicting future cognitive decline in CU individuals, and
their sequential use enhances screening efficiency for preclinical AD trials.

Inrecentyears, there hasbeen a substantial increase in the availabil-
ity of biomarkers that reflect core AD neuropathological hallmarks,
specifically amyloid-B (Ap) plaques and tau neurofibrillary tangles’.
Tau-PET has shown excellent diagnostic accuracy and strong asso-
ciations with both concurrent and longitudinal cognitive decline,
outperforming established AD biomarkers like amyloid-PET and
structural magnetic resonance imaging across the clinical continuum
of AD'”. However, tau-PET is expensive and labor intensive and has
inadequate availability, and its sensitivity to detect the earliest stages
oftauaggregationis limited. Thisis particularly troublesome inindi-
viduals with preclinical AD who harbor AD pathology but have not
(yet) developed symptoms®. The recent advent of blood-based bio-
markers of AD pathology potentially offers alow-cost, non-invasive
and scalable alternative’. Within the swiftly evolving realm of plasma
biomarkers, plasma p-tau217 has demonstrated excellent perfor-
mance in detecting AD pathology, distinguishing between AD and
non-AD neurodegenerative disorders and predicting future clinical

progression'’, However, in contrast with tau-PET, plasma p-tau217
provides no regional information on AD pathology, its continuous
values are less representative of the full dynamic range of tau pathol-
ogy and its signal represents a mix of tau and A pathology and is
therefore a less tau-specific biomarker?° 2, In cognitively impaired
individuals, tau-PET has shown performance superior to that of
plasma p-tau217 in predicting future cognitive decline?®**. In CU
individuals, however, it is yet unclear whether there is a meaning-
ful difference in prognostic utility between tau-PET and plasma
p-tau217 biomarkers®. Determining which of the two biomarkers
is the strongest predictor of future cognitive deterioration in ini-
tially CU individuals is of utmost importance, as clinical trials are
increasingly recruiting participants with preclinical AD to enable
early intervention?. This information would become even more
crucialiif treatments such as lecanemab® and donanemab?®® are found
to be effective in preclinical AD, as this would require large-scale
screening of CU populations for AD pathology.
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In previous multicenter cohort studies, we described that
tau-PET* and plasma p-tau217 (ref. 30) individually showed good
prognostic performancein CU populations. To address current knowl-
edge gaps in the literature (that is, which is the best prognostic tau
biomarker in CU individuals? Is there added value in the combined
use of plasma p-tau217 and tau-PET? Can the two tau biomarkers be
effectively implemented in a screening approach for clinical trials?),
we performed a large-scale head-to-head comparison study between
tau-PET and plasma p-tau217. For tau-PET, we extracted signals from
brainregions covering the medial temporal lobe (tau-PETy,) and the
temporal neocortex (tau-PETyg,)*’. We assessed their associations
with longitudinal cognitive decline and diagnostic progression to mild
cognitive impairment (MCI). Additionally, we examined whether and
how plasma p-tau217 and tau-PET canbe combined to furtherincrease
their prognostic accuracy and to optimize recruitment strategies for
clinical trials.

Results

Participants

Weincluded1,474 CU participants from nine cohorts with tau-PET and
plasma p-tau217 data available at baseline, of whom 408 (27.7%) were
AP positive on PET (see Table 1and Supplementary Table 1for data by
cohort). The mean * s.d. age of the participants was 69.3 +10.2 years,
52.8% were females, and the follow-up durationwas 3.8 + 1.8 years. The
associations between tau-PET and plasma p-tau217 levels were mod-
erate (plasma p-tau217 versus tau-PET, p (95% confidence interval
(CI)=0.43(0.38-0.47), P< 0.001; plasma p-tau217 versus tau-PETy,,
p=0.34(0.30-0.39), P< 0.001; Extended Data Fig. 1).

Prediction of future decline in cognitive function

First, we examined across all participants whether the soluble phospho-
rylated and aggregated tau biomarkersindividually and combined were
associated with cognitive decline over time on the modified preclinical
Alzheimer cognitive composite (MPACCS5). We selected the mPACC5
because it is a sensitive measure that can reliably detect longitudinal
changes over time in CU populations and is therefore often used as
an outcome measure in research studies and clinical trials focusing
on preclinical AD***', mPACCS slopes were generated using linear
mixed effects models and then used as dependent variables in linear
regression models adjusting for age, sex, years of education, APOE
€4 carriership and cohort. To account for different assays and trac-
ers across cohorts, we computed cohort-specific zscores for plasma
p-tau217 and tau-PET using amyloid-PET-negative CU individuals from
the same cohort as the reference group. The associations for plasma
p-tau217 and tau-PET with annual mPACCS change are shown both
across (Fig.1a) and within (Fig. 1b) cohorts. The linear regression mod-
els showed that plasma p-tau217 concentrations (R? = 0.33, corrected
Akaike information criterion (AIC,) = 7,239.1), tau-PET uptake in the
medial temporallobe (tau-PET,, R = 0.34,AIC. = 7,232.8) and tau-PET
uptake in the temporal neocortex (tau-PETyo, RZ = 0.33, AIC, = 7,252.6)
were all better predictors of longitudinal cognitive decline than basic
models that included age, sex, education and cohort with APOE €4
status (R?=0.24, AIC_=7,507.5) or without APOE &4 status (R*=0.23,
AIC.=7,524.3) (Fig. 1c and Supplementary Tables 2 and 3). There
were no significant differences between single-biomarker models,
thatis, between plasma p-tau217 and tau-PET,;, (P=0.653), between
plasma p-tau217 and tau-PETy;, (P = 0.752) and between tau-PET,;; and
tau-PETy, (P=0.356). Combined soluble and aggregated tau biomarker
models, thatis, plasma p-tau217 and tau-PET,,;, (R?=0.35,AIC, = 7,146.6)
and plasma p-tau217 and tau-PET . (R?>=0.35, AIC. = 7,149.6), were
more strongly associated with longitudinal mPACCS decline than the
single-biomarker models (all P< 0.01). Therelative contribution of each
biomarker in the combined models further indicated their comple-
mentary value, as, for example, in the combined plasma p-tau217 and
tau-PET,,;, model; of allexplained mPACCS5 variance, 14% was explained

Table 1| Participant characteristics

All participants AR’ participants only

n 1,474 408

Age, years 69.3+10.2 72.7+8.2

Sex, % female 52.8 55.1
Education, years 141+3.3 13.8+3.5
MMSE score 28.8+1.4 28.6+1.4
APOE €4 status, % carriers 371 56.6

A status, % positive 277 100

Follow-up duration, years 3.8+1.8 3.5+1.8
Follow-up visits, median (range) 3(1-8) 3(1-8)

Plasma p-tau217, z score (IQR) 0.46+1.41(1.44) 1.65+1.49 (1.61)

Tau-PETyq, Z score (IQR)
Tau-PET g0, Z score (IQR)

0.29+1.41(1.39)
0.18+1.49 (1.28)

1.29+1.84 (2.39)
0.89+2.18 (1.49)

mPACCS, baseline score 0.04+0.76 -0.25+0.78
mPACCS, annual change -0.041+0.079 -012+0.15
% progression to MCl during max FU ~ 11.0 26.5

% progression to MCl within 2 years 4.6 1.5

% progression to MCl within 4 years 9.5 225

Values represent mean+s.d. unless otherwise indicated. The following variables had missing
data: A status (n=1, 01%), mPACC (n=98, 6.6%), MMSE (n=8, 0.5%), progression to MCI
(n=48, 3.3%). APOE, apolipoprotein E; FU, follow-up; IQR, interquartile range; max, maximum;
MMSE, Mini-Mental State Examination.

by plasma p-tau217 alone, 17% by tau-PET, alone, 22% was shared
variance and the remaining 46% was explained by covariates (Fig. 1d
and Supplementary Table 4). The results were overall consistent across
cohorts (Fig.1b, Supplementary Table 5and Supplementary Fig.1) and
were largely similar whenrestricting the sample to CUindividuals with
atleast4 or 5years of follow-up data available (Supplementary Fig. 2).

Next, we repeated the same set of analyses with mPACCS5 as
the outcome measure in amyloid-PET-positive CU individuals only
(n=396). This analysis yielded a largely similar pattern compared to
analyses of the entire sample (Extended Data Fig. 2 and Supplemen-
tary Tables 6 and 7). The single-biomarker models including plasma
p-tau217 (R2= 0.33,AICc = 2,444.9), tau-PET,;, (R*= 0.37,AIC, = 2,420.0)
or tau-PET o (R*=0.36, AIC. = 2,405.6) outperformed the basic
models with and without APOE €4 status (R*>= 0.20, AICc = 2,535.5
and 2,536.5). Furthermore, there were no differences between the
three single-biomarker models (plasma p-tau217 versus tau-PET
P=0.257; plasma p-tau217 versus tau-PET o, P=0.241; tau-PET
versus tau-PET o, P=0.725). Also, combined biomarker models, that
is, plasmap-tau217 and tau-PET,,;; (R =0.39, AIC.=2,389.7) and plasma
p-tau217 and tau-PET g (R? = 0.38, AIC, = 2,377.7), were more strongly
associated with longitudinal mPACCS decline than their respective sin-
gle-biomarker models (both P < 0.02). Among AfB-positive CUindividu-
als, therelative contribution of the tau-PET measures in the combined
model was substantially greater than in the entire study population,
thatis, tau-PETyy 32% versus 17% and tau-PETy, 34% versus 16%, which
was not the case for plasma p-tau217 (19% versus 17%; Extended Data
Fig.2cand Supplementary Table 8).

Prediction of clinical progression to MCI

Next, we examined across all participants whether the tau biomarkers
individually and combined were associated with the rate of clinical
progression to MClI using Cox proportional hazard models, adjust-
ing for age, sex, years of education, cohort and APOE €4 carriership.
The associations for plasma p-tau217 and tau-PET with clinical pro-
gression to MCl are shown both across (Fig. 2a) and within (Fig. 2b)
cohorts. The analysis revealed that higher baseline plasma p-tau217
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Fig. 1| Plasma p-tau217 and tau-PET prediction of future cognitive decline.

a, Scatterplots showing the association between cognitive change over time on
the mPACCS5 and the tau biomarkers (Q1-Q3 versus Q4) across all participants.
The shaded areaindicates the 95% Cl around the mean derived fromalinear
regression model. Note that the standardized B (Bs;p) coefficients and R? statistics
relate to the tau biomarker as a continuous variable and that classification

into quartiles was performed for visualization purposes only. b, Standardized

P coefficients and 95% Cls from linear regression models for the association
between the continuous tau biomarker and annual change in the mPACCS
(adjusted for age, sex, education and APOE €4 status) for each cohort (ordered by
sample size). The size of the rhomboid resembles the sample size of each cohort.
The vertical dashed line represents standardized 8 = 0, while the thinner vertical
dashed line represents the average standardized S across all cohorts with the
95% Clindicated ingray. ADC, Amsterdam Dementia Cohort; ADRC, Alzheimer’s
Disease Research Center; AIBL, Australian Imaging Biomarkers and Lifestyle
Study of Ageing; MCSA, Mayo Clinic Olmsted Study of Aging; PREVENT-AD,
Pre-symptomatic Evaluation of Experimental or Novel Treatments for

Models

Alzheimer’s Disease; TRIAD, Translational Biomarkers in Aging and Dementia;
WRAP, Wisconsin Registry for Alzheimer’s Prevention. ¢, Explained variance
(R?,inside the bar plot) and model fit (corrected Akaike criterion, outside the bar
plot) for various models predicting longitudinal change in the mPACCS5 across

all participants. Error bars represent the 95% Cl around the mean derived from
alinear regression model. w/, with; w/o, without. d, Partial explained variance
(R?) for combined biofluid and neuroimaging models predicting longitudinal
change in the mPACC5 across all participants. ‘Shared’ in d refers to the explained
variance shared between tau-PET and plasma p-tau217 that could not be
attributed to a single tau biomarker in the model. Note that we computed cohort-
specific zscores for plasma p-tau217 and tau-PET using amyloid-PET-negative CU
individuals from the same cohort as the reference group. The analyses presented
in this figure are based on 1,376 CU individuals. *[**F]flortaucipir PET, **[**F]
MK6240 PET, ~**['"®!FJR0948 PET. #Lilly plasma p-tau217 immunoassay, ##Janssen
plasma p-tau217+assay. *P < 0.05, **P < 0.01, ***P < 0.001. Exact P values can be
found in Supplementary Tables 2 and 3.
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Fig. 2| Plasma p-tau217 and tau-PET prediction of progression to MCI.

a, Survival curves for progression to MCI (Q1-Q3 versus Q4) across all
participants, including a table of the total number of participants available at
each time point. The shaded area indicates the 95% Cl around the mean derived
from Cox proportional hazard models. Note that the HR and Akaike information
criterion (AIC) statistics relate to the tau biomarker as a continuous variable

and that classification into quartiles was only done for visualization purposes.

b, HRs and 95% Cls from Cox proportional hazard models for the association
between the tau continuous biomarker and progression to MCl (adjusted for
age, sex, education and APOE €4 status) for each cohort (ordered by sample size).
Thessize of the rhomboid relates to the sample size of each cohort. The vertical
dashed line represents standardized HR =1, while the thinner vertical dashed line
represents the average HR across all cohorts with the 95% Clindicated in gray.

¢, Model fit (corrected Akaike criterion) for various models predicting future

clinical progression to MCl across all participants. Error bars represent the

95% Cl around the mean derived from Cox proportional hazard models.

d, HRs and 95% Cls around the mean from Cox proportional hazard models
insimple models (that is, modeling one tau biomarker at a time, top three

HRs) and combined models (that is, modeling plasma and PET tau biomarkers
simultaneously, bottom four HRs) when assessing all cohorts together. Vertical
dashed line shows the HR =1 (no effect). Note that we computed cohort-specific
zscores for plasma p-tau217 and tau-PET using amyloid-PET-negative CU
individuals from the same cohort as the reference group. The analyses presented
in this figure are based on 1,426 CU individuals. *[**F]flortaucipir PET, **[*F]
MK6240 PET, ***['*FJRO948 PET. #Lilly plasma p-tau217 immunoassay, ##Janssen
plasma p-tau217+assay. *P < 0.05,**P < 0.01, ***P < 0.001. Exact Pvalues can be
found in Supplementary Tables 9 and 10.
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Fig. 3| A conceptual two-step recruitment approach for clinical trials in
preclinical AD using the mPACC as the outcome measure. a, Conceptual
framework of a sequential two-step recruitment strategy of a clinical trial in
preclinical AD using a cognitive endpoint. b, The obtained sample size reduction
using sample selection based on different percentiles (75th, 50th and 25th)
ofbaseline plasma p-tau217 levels in step 1followed by selection based on the
same percentiles (75th, 50th and 25th) of the tau-PET,;, measurementin step

2 with the mPACCS5 as the primary endpoint. Note that 100% in step 2 refers to
the participants selected by plasma p-tau217 instep 1. Error bars represent the

95% Claround the mean derived from linear effects models. ¢, The calculated
sample size reductions for various plasma p-tau217 and tau-PET,;, quartile
combinations. Red lines represent step 1 with plasma p-tau217, and green

lines represent step 2 with tau-PET,,, . Different line styles represent different
quartiles of tau-PETy,;, from those participants already selected fromstep 1.
Dashed black lines represent 100% of participants needed without that step.
Calculationsinb,care based on the assumption of 80% power to detect a30%
change inthe mPACCSin a4-year trial. The analyses presented in this figure are
based on1,376 CU individuals.

(HR=1.57 (1.43-1.72), AIC.=1,960), tau-PET;;, (HR=1.61(1.48-1.76),
AIC,=1,937) and tau-PE T (HR = 1.43 (1.30-1.52), AIC. = 1,967) levels
were all associated with an increased risk for future progression to

MCI (all P< 0.001; Fig. 2a,b and Supplementary Tables 9 and 10). The
individual fluid versus neuroimaging tau biomarker models did not
differ from each other (plasma p-tau217 versus tau-PET;, P=0.322;
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Fig. 4| Clinical trial sample size reductions through a two-step recruitment
strategy when using clinical progression to MCI as an outcome measure.

a, The obtained sample size reduction using sample selection based on different
percentiles (75th, 50th and 25th) of baseline plasma p-tau217 levels in step 1
followed by selection based on the same percentiles (75th, 50th and 25th) of

the tau-PET,, measurement in step 2 with clinical progression to MCl as the
primary endpoint. Note that 100% in step 2 refers to the participants selected by
plasma p-tau217 instep 1. Error bars represent the 95% Cl around the mean.

b, The calculated sample size reductions for various plasma p-tau217 and
tau-PETyy, quartile combinations. Red lines represent step 1 with plasma
p-tau217,and green lines represent step 2 with tau-PETyq, . Different line styles
represent different quartiles of tau-PET;, from those participants already
selected from step 1. Dashed black lines represent 100% of participants
needed without that step. The analyses presented in this figure are based on
1,426 CU individuals.

plasmap-tau217 versus tau-PETy;,, P= 0.750), while the performance of
tau-PET,,;, showed atrend toward better performance thantau-PETy,
(P=0.059). Thefit was improved for the plasma p-tau217 model when
addingtau-PET (AAIC.=-50,P < 0.001) or tau-PET o (AAIC.=-33,
P=0.009; Supplementary Table 10). Likewise, the model fit also
improved when adding plasma p-tau217 to tau-PET; (AAIC, =-27,
P=0.017) and to tau-PETy, (AAIC.=-40,P=0.004). The results were
largely consistent across cohorts (Fig. 2b, Supplementary Table 11 and
Supplementary Fig. 3) and were largely similar when restricting the
sample to CU individuals with at least 4 or 5 years of follow-up data
available (Supplementary Fig. 4).

When repeating the same set of analyses in AB-positive CU indi-
vidualsonly (n=396), we found alargely similar pattern (Extended Data
Fig.3 and Supplementary Tables 10 and 11). Baseline plasma p-tau217
(HR=1.58(1.38-1.80), AIC,=1,094), tau-PET,,;;, (HR =1.53(1.39-1.70),
AIC,=1,072) and tau-PET,, (HR = 1.34 (1.25-1.44), AIC. = 1,088) levels
were all associated with an increased risk for future progression to
MCI (all P< 0.001). The individual tau biomarker models did not differ
from each other (plasmap-tau217 versus tau-PETy;,, P= 0.200; plasma
p-tau2l17 versus tau-PETy;,, P=0.711; tau-PET,;;, versus tau-PET g,
P=0.209). Adding tau-PET to plasma p-tau217 models improved
the model fit when adding tau-PET;, (AAIC.=-39, P=0.007) and
tau-PET o (AAIC, =-24, P=0.031; Supplementary Tables12and 13). The
modelfitalsoslightlyimproved when adding plasma p-tau217 to either
tau-PET,; (AAIC.=-17, P=0.042) and at trend level for tau-PETy;,
(AAIC.=-18,P=0.061).

A two-step approach to reduce the sample size in clinical trials

Next, we tested whether and how atwo-step sequential approach (that
is, plasma p-tau217 followed by tau-PET) could reduce the number of
participants needed for a preclinical AD trial using longitudinal changes
in cognitive function as the primary outcome. Substantial sample size
reductions can already be achieved in the first step, thatis, using only
plasma p-tau217. When using the mPACCS as the outcome measure,
assuming 80% power and a = 0.05 in a 4-year clinical trial with annual
repeated testing, selecting participants with plasma p-tau217 levels
in quartiles 2-4 (that is, Q2-Q4, excluding the lowest 25% of plasma
p-tau217) would result in a 32% (14-41%) reduction in the number of
required participants compared to including the entire study popu-
lation (Fig. 3 and Supplementary Table 14). Selecting participants in
plasma p-tau217 Q3-Q4 and Q4 further reduced the required sample
size by 64% (51-72%) and 82% (73-86%), respectively. Using clinical
progressionto MClas an outcome measure yielded similar results, that
is, plasma p-tau217 Q2-Q4, 28% (21-36%); Q3 and Q4, 55% (48-64%); and
Q4, 82% (77-87%) (Fig. 4 and Supplementary Table 14). In the second
step, tau-PET measures further reduced the required sample size. For
example, inthe population with plasma p-tau217 concentrations in Q3
and Q4, selecting participants with tau-PET in Q4 would further reduce
thesamplesize from 64% (51-72%) (plasma p-tau217) to 88% (81-90%)
(tau-PET; Fig. 3) or to 85% (76-89%) (tau-PET;o; Extended DataFig.4)
when using the mPACC5 as the outcome measure. As another example
inthe population with plasma p-tau217 concentrationsin Q4, selecting
participants withtau-PETin Q3 and Q4 would further reduce the sample
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group definitions described on the x axis (¢, all participants) and the proportion
of ‘non-progressors’ on the mPACCS (defined as slope > -0.016, see the Methods
for details) (d, n=1,376). Error barsin arepresent the 95% CI. More efficient trials
are expected with lower mPACC slopes and higher percentages of AB* individuals
and trial participants but lower percentages of non-progressors.

size 82% (77-87%) (plasma p-tau217) to 88% (82-94%) (tau-PET 5
Fig. 4) or to 94% (92-97%) (tau-PETygo; Supplementary Fig. 5) when
using clinical progression to MCl as the outcome measure. The esti-
mated sample size reductions for all plasma p-tau217 and tau-PET
quartile combinations are presented in Supplementary Table 14.
Repeating the same set of analyses but now restricted to AB-positive
CU individuals showed that similarly large sample size reductions
can be achieved in this population (Extended Data Fig. 5). Finally,
we considered a scenario in which we tested the sequence plasma
p-tau217, followed by amyloid-PET and then tau-PET when using
changeinthe mPACC as an outcome measure (Extended Data Fig. 6).
The results suggest that, after initial plasma p-tau217 screening
(step 1), incorporating amyloid-PET positivity (step 2) further
reduces the number of trial participants needed. This number can
inturnsubtly be lowered further by implementing tau-PET (step 3).
Changing the outcome measure from the mPACCS to progression to
MClyielded very similar results (Supplementary Fig. 6).

Characterization of combined plasma p-tau217 and

tau-PET groups

Finally, we aimed to characterize the groups resulting from com-
bining different plasma p-tau217 and tau-PET, quartiles in terms
of rates of mMPACCS5 decline, AP positivity and the proportion of par-
ticipants who would be included in the trial as well as the proportion
of ‘non-progressors’ based on each combination relative to the full
dataset. For this purpose, we created four different groups based on
increasingly restrictive tau biomarker combinations: (1) a‘liberal’ group
consisting of participants with plasma p-tau217 levels in Q2-Q4 and
thentau-PET,;, uptakeinQ2-Q4 ofthose selected by plasma, (2) a‘mod-
erate’ group consisting of plasma p-tau217 levelsin Q3 and Q4 and then
tau-PET,, uptakein Q3 and Q4, (3) a‘plasma p-tau217 Q4-only’ group
consisting of individuals with plasma p-tau217 levels in Q4 regardless
oftau-PET and (4) a‘conservative’ group consisting of plasma p-tau217
levelsin Q4 and thentau-PET,;, uptakein Q4.Fig.5indicates aprogres-
sively worse outcome for individuals from approach (1) to (4), withmore
rapid decline onthe mPACC5 from theliberal (1) to the conservative (4)
threshold approach (fromstandardized =-0.06 + 0.09t0-0.17 + 0.13;
Fig. 5a), anincreasing proportion of AB-positive individuals (from
41% to 97%; Fig. 5b) and a smaller proportion of ‘non-progressors’
on the mPACCS (from 38% to 10%; Fig. 5d). Furthermore, the propor-
tion of participants who would be included in a hypothesized clinical
trial with the mPACCS5 as an outcome measure decreased from 54%

(of the entire population) when using the liberal threshold approach
to only 6% when using the conservative threshold approach (Fig. 5c).
Notably, there were no group differences between the plasma p-tau217
Q4-only approach versus the moderate combined threshold approach
formPACCS5 decline (standardized f=-0.09 + 0.10 versus —0.10 + 0.11),
the proportion of participants selected (24.0% versus 24.0%) and the
proportion of ‘non-progressors’ (24.4% versus 23.8%) and only amod-
est difference in AB positivity (that is, 73.0% versus 62.2%). The same
set of analyses using tau-PETy, instead of tau-PET,,;, yielded similar
results (Supplementary Fig. 7). Detailed group characterizations for
all the other possible combinations are presented in Supplementary
Table 15 (thatis, AP positivity, mPACCS5 decline and non-progressors)
and Supplementary Table 16 (that is, age, sex, APOE status and years
of education). Additionally, in the BioFINDER-2 study, we applied pre-
defined cutoffs for both plasma p-tau217 and tau-PET and found that
tau biomarker-positive individuals showed characteristics very simi-
lar to those of individuals in Q4 concerning mPACCS slopes (plasma
p-tau2l7 positive, —0.22 + 0.15; tau-PET, positive, —0.19 + 0.15),
percent of AB-positive individuals (plasma p-tau217,90%; tau-PETq,,
100%), percent of participants included in the trial (plasma p-tau217,
4%; tau-PET ., 8%) and percent of non-progressors (plasma p-tau217,
10%; tau-PETy;,, 13%; Supplementary Fig. 8).

We also calculated the projected costs that could be savedina
hypothetical trial with mPACCS or MCI progression rates as an out-
come measure using the same four groups as above. When assuming
al:5ratio (thatis, cost of one tau-PET scan equals 15 plasma p-tau217
assessments) and using tau-PET,,;,, both the plasma p-tau217 Q4-only
(3) group (96.9%) and the conservative combined (4) group (96.6%
cost reduction) yielded substantially higher cost reductions than the
moderate (2) group (85.6%) and especially theliberal (1) group (54.4%)
when using mPACC as an endpoint (Supplementary Fig. 9a, tau-PET g,
results are presented in Supplementary Fig. 9b). Using the same ratio
(1:15) but now using clinical progression as the endpoint, the plasma
p-tau217 Q4-only (3) groupyielded the highest cost reduction (88.6%),
followed by the conservative combined (4) group (70.9%), the moder-
ate (2) group (53.4%) and the liberal (1) group (25.1%; Supplementary
Fig.10a, tau-PETyo results are presented in Supplementary Fig. 10b).

Discussion

In this multicohort study, we investigated whether tau-PET, a marker
of aggregated tau pathology, or plasma p-tau217, a marker of soluble
hyperphosphorylated tau, is more strongly associated with future
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cognitive declineamong1,474 CU individuals and whether they would
provide complementary informationin screening approaches for clini-
caltrials. Thisisatimely research question, as both tau biomarkers are
frequently incorporatedinto clinical trials and oftenin combination, as
they reflect differentaspects of tau pathophysiology. According to the
revised AD criteria by the Alzheimer’s Association Workgroup, plasma
p-tau2l7isacorelbiomarker (T,) of phosphorylated and secreted AD
tau, while tau-PET isa core 2 biomarker (T,) of AD tau proteinopathy*.
In this study, we observed comparably strong associations between
plasmap-tau2l17 and tau-PET with cognitive decline on asensitive global
cognitive composite test (that is, mPACC5) and with clinical progression
to MClin CU individuals. Importantly, models including both plasma
p-tau217 and tau-PET consistently outperformed single-biomarker
models, suggesting that plasma p-tau217 and tau-PET provide comple-
mentary information. Simulations showed that a two-step approach
(thatis, plasma p-tau217 first, followed by tau-PET in individuals with
high plasma p-tau217 only) could substantially reduce the number and
the cost of recruiting participants for a preclinical AD clinical trial with
change inmPACCS5 or progression to MCl as the primary endpoint. We
conclude that plasma p-tau217 and tau-PET showed similar associations
with future cognitive declinein a CU population, that both tau biomark-
ers provide complementary information and that their sequential
use (thatis, plasma p-tau217 followed by tau-PET in a subset with high
plasmap-tau217) is useful for screeningin clinical trialsin preclinical AD.

Amainfinding of this study is that there were no statistical differ-
ences between plasma p-tau217 concentrations and tau-PET uptake
in their associations with future cognitive changes in a CU popula-
tion. This is in contrast with cognitively impaired populations, in
which tau-PET generally outperforms plasma p-tau217 in terms of
prognostic accuracy”**. This discrepancy between disease stages
might be explained by the differences in underlying pathophysiol-
ogy and subsequent temporal dynamics of the two tau biomarkers.
Plasma p-tau217 measures the hyperphosphorylated tau protein in
soluble forms and has been shown to change very early in the disease
process®. This was also observed in the lower range of our popula-
tion, where plasma p-tau217 zscores started to increase while levels
of tau-PET retention remained unchanged (Extended Data Fig. 1).
Post-mortem studies indicated that ante-mortem plasma p-tau217
levels are associated with the density of both neurofibrillary tau
tangle and A plaque pathology in the brain***. It is conceivable that
this mix of AB- and tau-related signals reflected by plasma p-tau217
levels contributed toits non-inferiority versus tau-PET for predicting
cognitive change over time in this early population. For instance, A
toxicity mightimpact synaptic function or neuroinflammation, which
could subsequently influence cognitive performance®. By contrast,
tau-PET signal largely represents the presence of aggregated paired
helical filaments of the tau protein forming insoluble neurofibrillary
tangles™. In vivo studies have shown that positive tau-PET scans are
relatively rare in CU individuals (that s, ~5-10% among AB-positive CU
individualsinatemporal meta-region of interest)**, and post-mortem
studies have indicated that a positive [**F]flortaucipir tau-PET scan
(quantitatively or by visual read) represents tau pathology in Braak
stages IV and above®”**, This may also explain why the relative con-
tribution to cognitive decline of tau-PET versus plasma p-tau217 was
greater in AB-positive individuals than in AB-negative CU individu-
als. Altogether, this indicates that substantial changes on a tau-PET
scan occur in rather advanced clinical and biological stages of AD,
which may explain why tau-PET in the current mix of AB-positive and
AB-negative CU individuals did not outperform plasma p-tau217 in
predicting future cognitive decline.

Another important finding of the current study was that we did
not observe marked differences between tau-PETy,;; and tau-PET ;o
in this CU population, while previous studies consistently showed
that tau-PET signal in neocortical areas is a better predictor of future
clinical progression than tau-PET signal in medial temporal lobe

regions, especially in cognitively impaired individuals®***. This result
may also appear contradictory with our previous study in which the
tau-PETyo-positive group exhibited a considerably worse prognosis
than the tau-PET;, -positive group?. This discrepancy can be explained
by the different group definitions used in the current study (quartile
based) compared to those of the previous study (binary cutoffs). Inthe
previous study, the tau-PETy,-positive group comprised a relatively
small proportion of the overall CU population (only ~4%). As a result,
eveninthe highest quartile (Q4) of the current study, most individuals
aretau-PET negative (thatis, 56% for tau-PET,;, and 84% for tau-PET ).
The scarcity of tau-PET,-positive individuals in the current study
(and in CU populations in general) attenuates the overall association
between tau-PET and cognitive decline and dilutes the association
even further for the tau-PETy, group. We conclude that the ‘negative’
result for the tau-PETy, group is a valid finding but only within the
specific context of this study (that is, evaluating a CU population using
aquartile-based approach).

Because there were no clear distinctions between the two tau bio-
markersinindividual models, plasma p-tau217 should be prioritized
over tau-PET asastandalone screening toolin CU populations due to
its major practical advantages. An exception could be when the goal
is to demonstrate target engagement of an anti-tau agent, in which
case tau-PET might be the preferred tau biomarker®°, Compared to
single-biomarker models, simultaneous modeling of plasma p-tau217
andtau-PET consistently led to amore accurate forecast of subsequent
cognitive decline. We therefore proposed a conceptual framework of
atwo-step sequential approach for clinical trial design (Fig. 3a), start-
ing with participant selection based on plasma p-tau217 followed by
tau-PET, and tested a simplified version of this strategy. This approach
decreased the cost of selecting appropriate participants for clinical
trials by drastically reducing the number of required tau-PET scans
and participants for screening. This was mainly achieved by selecting,
fromtheentire CUstudy population, the subset of individuals that are
at highest risk for short-term cognitive decline due to their elevated
levels of both baseline plasma p-tau217 and tau-PET. Insuch aworkflow,
the participants’ eligibility in terms of inclusion (for example, age,
cognitive status) and exclusion (for example, the absence of major
neurological or psychiatric disorders) criteria would be assessed first.
Next, participants would be further triaged based on their plasma
p-tau217levels, where ‘low or negative’ participants would not undergo
atau-PET scan as their risk for future cognitive decline would be low,
while ‘high or positive’ participants would undergo a tau-PET scan
to further refine their risk profile**. The degree of tau-PET uptake
can then be used to assign CU individuals on a continuum ranging
from intermediate (that is, ‘high or positive’ plasma p-tau217, ‘low or
negative’ tau-PET) to high (that is, ‘high or positive’ results on both
plasma p-tau217 and tau-PET) risk for future progression. The final
prescreening decision will be based on factors such as the acceptable
rate of screening failures, trial duration, expected effect size of the
drug or intervention and whether the trial is a primary or secondary
intervention strategy. The framework depicted in Fig. 3ais primarily
conceptual, and we recognize that numerous crucial decisions need
to be made during its implementation. This includes, among other
factors, determining the criteria for ‘high or positive’ versus ‘low or
negative’ for both plasma p-tau217 and tau-PET, deciding whether to
use p-tau217 alone or in combination with other plasma biomarkers
(for example, APB4,40), identifying the target region of interest for
tau-PET quantification, selecting a quantitative threshold and/or
visual read metric for tau-PET and potentially adding amyloid-PET to
the proposed workflow (Extended Data Fig. 6)*.

The main strength of this study is the multicenter approach that
yielded asufficient sample size for arobust head-to-head comparison
between tau-PET and plasma p-tau217 as well as a thorough assess-
ment of their potential complementary value. The main limitations of
the study arerelated to the inherent challenges of a multicenter study
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that was not co-designed from the start. First and foremost, we did not
have plasma p-tau217 cutoffs available from all cohorts and instead
used either continuous (z scores) or categorical (quartiles) data
for the analyses. Also, we aimed to optimize pooling of data across
cohorts by standardizing biomarker values using CU AB-negative par-
ticipants. We acknowledge, however, that there may still be residual
heterogeneity caused by use of different amyloid-PET and tau-PET
tracers and different p-tau217 assays as well as the use of different
neuropsychological tests to generate mPACCS5 scores. To mitigate
this, we present both the pooled (main report) and cohort-specific
(supplementary) results. Additionally, tau-PET may have been at a
slight disadvantage compared to plasma p-tau217, as tau-PET data
were more often analyzed locally, whereas plasma p-tau217 was
predominantly analyzed centrally at Lund University. In one of the
cohorts (that is, BioFINDER-2) in which we had predefined cutoffs
available for both plasma p-tau217 and tau-PET, we found that tau
biomarker-positive individuals showed characteristics very simi-
lar to those of individuals in Q4 concerning, for example, mPACC5
slopes and percent of AB-positive individuals (Supplementary
Fig.8). However, future large-scale studies using predefined cutoffs
for both plasma p-tau217 and tau-PET, preferentially in amore diverse
populationinterms of ethnicity, socioeconomic status and medical
comorbidities, are ofimportance to establish the generalizability of
our findings. Another potential threat to the generalizability of our
findings is the intentional focus on CU individuals. This may have
introduced several biases, including survival bias (that is, the CU
individuals in this study may systematically differ from the general
population in terms of genetics or lifestyle, especially among those
with elevated tau biomarkers) and selection bias (thatis, CUindividu-
alswererecruited through varying methods across cohorts). Related
to the latter, inspection of demographic data (Table 1) suggests that
this multicenter study population is enriched for AD risk factors.
For example, the proportion of APOE €4 carriers in our study was
higher (37%) than in the general population (15-30%, depending on
ethnic group variations)*”*%, This pattern was also observed within the
AB-positive group, in which 57% were APOE €4 carriers, compared to
51% in an independent multicenter study*.

In summary, our data suggest that plasma p-tau217 and tau-PET
show similar associations with future cognitive decline and clinical
progressionina CU population. We also showed that plasma p-tau217
and tau-PET provide complementary information and that a two-step
approach (that is, plasma p-tau217 followed by tau-PET) substan-
tially reduces the number of required tau-PET scans and screened
participants. Altogether, our data support the feasibility of a clinical
trial design in which all participants undergo screening with plasma
p-tau217, but only asubset with high or abnormal plasma p-tau217 will
undergo tau-PET.

Methods

Participants

Weincluded1,474 participants from the Swedish BioFINDER-1 (n =39,
NCT01208675) and BioFINDER-2 (n =481, NCT03174938) studies
at Lund University”*?, the MCSA*® (n=363), the AIBL" (n=180), the
Knight ADRC at Washington University (n=109), TRIAD (n=124) and
PREVENT-AD (n =52) at McGill University, the WRAP (n =82) at the
University of Wisconsin-Madison and the SCIENCe project®, whichis
part of the ADC (n=44). The overlap of CU participants between the
current and our previous multicenter studies where we assessed the
prognostic performance of tau-PET and plasma p-tau217 individu-
ally was 630 of 1,474 (43%) and 170 of 1,474 (12%), respectively. A brief
description of each cohort is provided in Supplementary Table 17. All
participants were (1) CU at baseline, defined by neuropsychological
testscores within the normativerange givenanindividual’s age, sex and
educational background, (2) had amyloid-PET available to determine
Ap status, (3) underwent a tau-PET scan and blood sampling within a

maximum interval of 1 year and (4) had at least one clinical follow-up
visit available. Follow-up data were collected until 1 November 2023.
Writteninformed consent was obtained from all participants and local
institutional review boards for humanresearch approvedin the study.
Thisincludes the Mayo Clinic and Olmsted Medical Center institutional
review boards for the MSCA, the regional ethics committee at Lund Uni-
versity for BioFINDER-1and BioFINDER-2, institutional human research
ethics committees of Austin Health, St. Vincent’s Health, Hollywood
Private Hospital and Edith Cowan University for the AIBL, the medical
ethicsreview committee of the Amsterdam University Medical Center
for the ADC, the McGill Research Ethics Board for PREVENT-AD and
TRIAD, the Washington University School of Medicine in St. Louis for
the Knight ADRC and the University of Wisconsin Institutional Review
Board for the WRAP.

Amyloid-PET status

Ap status was determined using center-specific cutoffs or visual read
metrics using [*Flflutemetamol PET for BioFINDER-1and BioFINDER-2,
["'C]Pittsburgh compound B PET was used for the MCSA, the Knight
ADRC and the WRAP, [*F]florbetapir PET was used for the ADC, and
[8FINAV4694 was used for TRIAD, PREVENT-AD and the AIBL; see Sup-
plementary Table 18 for details.

Tau positron emission tomography

Tau-PET was performed using [*F1flortaucipir for BioFINDER-1, MSCA,
Knight ADRC and ADC cohorts using [*FIMK6240 for TRIAD, the AIBL
and the WRAP and using ['*FJR0948 for BioFINDER-2. Data were cen-
trally processed at Lund University for BioFINDER-1, BioFINDER-2
and the ADC and locally processed for the other cohorts following
previously described procedures (Supplementary Table 19). In line
with our previous study”, we generated tau-PET standardized uptake
value ratios (SUVRs) for amedial temporal lobe (unweighted average
ofthebilateral entorhinal cortex and the amygdala) and aneocortical
temporal (weighted average of bilateral middle temporal and inferior
temporal gyri) region of interest™>,

Plasma p-tau217

Plasma p-tau217 levels were measured using an immunoassay devel-
opedby Lilly Research Laboratories onaMeso Scale Discovery platform
atLund University for BioFINDER-1, BioFINDER-2, the ADC, the WRAP,
PREVENT-AD and the Knight ADRC** and at the Mayo Clinic for the
MSCAP, For the AIBL and TRIAD, a plasma p-tau217+ assay developed
byJanssen R&D onaSingle Molecule Array (Simoa) HD-X platformwas
used®. The correspondence between the two plasma p-tau217 assays
used in this study has been shown to be high in a direct head-to-head
comparison study®.

Clinical outcome measures

We used both continuous and binary measures of clinical progression.
First, we examined cognitive trajectories using a sensitive composite
measure specifically developed to detect cognitive changesin preclini-
calstages of AD (thatis, the mPACCS (refs. 31,56)). The mPACCS5 consists
of tests capturing episodic memory, executive function, semantic
memory and global cognition®. Individual neuropsychological tests
were z transformed using the baseline test scores of AB-negative par-
ticipants in each cohort as the reference group and then averaged to
obtain a composite zscore. The composition of the mPACCS5 for each
cohortisdescribedin Supplementary Table 20.Second, we examined
progression from CU to MCI. MCl was established using the Petersen
criteria® and is defined as notable cognitive symptoms as assessed by
aphysician, incombination with cognitive impairment in one or multi-
ple domains (for example, memory, executive functioning, attention,
language), thatis, below the normative range given anindividual’s age,
sex and educational background but not sufficiently severe to meet
diagnostic criteria for dementia®,
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Statistics and reproducibility

All statistical analyses were performed in R version 4.3.1. Statistical
significance for all models was set at P < 0.05, two sided, without cor-
rection for multiple comparisons. To enable pooling of the data across
cohorts, we z transformed both tau-PET SUVRs and plasma p-tau217
concentrations based on the mean and the standard deviation of
AB-negative participants within each cohort. We conducted two sets
of mainanalyses, in which we examined (1) the individualand combined
utility of tau biomarkers for their associations with longitudinal cogni-
tive decline on the mPACCS5 and with clinical progression from CU to
MCI and (2) a sequential two-step approach for participant selection
inapreclinical AD trial with a cognitive endpoint.

Within analyses assessing tau-PET and plasma p-tau217 versus
mPACCS change and progression to MCI, we used three different sta-
tistical models, including (1) only plasma p-tau217 concentration as a
(continuous) predictor, (2) only a tau-PET measure as a (continuous)
predictor (that is, tau-PET, or tau-PETy, SUVR) or (3) including
plasma p-tau217 and one of the tau-PET measures (that is, tau-PET,,;, or
tau-PETy;, SUVR) simultaneously as predictors. Additionally, we tested
two basic models: model 1including age, sex, years of education and
cohortand model 2 consisting of the model 1 variables and APOE €4 car-
riership. We calculated change in mPACCS using linear mixed models
withrandomtimeslopes and arandomintercept using the Ime4 pack-
age. Subsequently, these slopes were entered as the dependent variable
in linear regression models with plasma p-tau217 and/or tau-PET as
predictors, while adjusting for age, sex, education, cohort and APOF
€4 carriership. Differences in model performance were assessed by
comparing differences in R?by bootstrapping (1,000 repetitions with
resample, boot package). Partial R* values were calculated to assess
the specific contribution of each predictor in the combined plasma
p-tau217 and tau-PET models (rsq package).

Next, we examined progression from CU to MCl using Cox propor-
tional hazard models, adjusting for age, sex, years of education, APOE
€4 carriership and cohort using the continuous variables as predic-
tors. For individuals who progressed to MCI, we used the respective
times at diagnostic progression to MClI for the analyses. To compare
the predictive value of tau-PET versus plasma p-tau217 for diagnostic
conversion, we compared the difference in AIC, using bootstrapping
procedures (1,000 repetitions with resample). In secondary analy-
ses, all the above-mentioned analyses were repeated in AB-positive
participants.

To assess potential differences between cohorts, we performed
several sensitivity analyses. First, for the associations between the tau
biomarkers and mPACCS5 decline, we examined the effect sizes in all
the previous models for each cohort independently (Figs. 1b and 2b).
Tothat end, we applied the same linear regression models used in the
main analyses to each cohort separately, without including cohort as
a covariate. Similarly, we used Cox proportional hazard models in all
cohortsindependently to calculate the HRs and C-indices (Supplemen-
tary Table 11). Finally, we calculated the root mean square error of the
predictions for each cohort whenit was excluded fromthe training set.
Todothis, we calculated the cognition slopes for all cohorts combined,
regressed out the cohort variable using a linear regression model
and then trained amodel (with age, sex and APOE as covariates) on all
cohorts except one, subsequently predicting cognitive decline in the
excluded cohort. We then calculated the root mean square error from
the difference between the predicted data versus the observed data.
We also performed additional analyses for both mPACCS and progres-
sion to MCl when including only individuals with a minimum of 4 and
Syears of follow-up data available.

To derive optimal sample size reduction for a clinical trial in the
two-step approach, we generated a data-driven estimate of the com-
plementary value of tau-PET and plasma p-tau217 whenimplementing
asequential two-step approach (thatis, plasma p-tau217 first, followed
by tau-PET). First, we calculated the obtained sample size reduction

whenassuming 80% power to detect a30% change in cognitive change
(mPACCS5) ina4-year clinical trial (with annual repeated testing). Sam-
ple size was then defined by using different percentiles (75th, 50th
and 25th) of the participants’ baseline plasma p-tau217 levels using
the Immpower function in the longpower package. The approach
was repeated, selecting the 75th, 50th and 25th percentiles of the new
participants’ tau-PET measures. We additionally tested a three-step
approach in which, after initial plasma p-tau217 screening (step 1),
amyloid-PET positivity (step 2) was incorporated, in turn followed by
tau-PET (step 3). The percentage of participants needed compared
to the entire study population and the plasma-selected sample are
reported. Similar analyses were performed for progression to MC,
using the ssizeCT.default function from the powerSurvEpi package.
In this analysis, we aimed to detect a 30% reduction of events (that is,
progression to MCI) at 80% power.

Next, we compared the characteristics of the sampleincluded and
excluded from the hypothetical clinical trial based on the different
approaches presented. We focused on four combinations based onthe
participants selected on their plasma p-tau217 (step 1) and tau-PET
(step2) levels, thatis, (1) a‘liberal’ group comprising Q2-Q4 of plasma
p-tau217 levels and Q2-Q4 of tau-PET of those selected by plasma,
(2) a‘moderate’ group consisting of individuals within Q3 and Q4 of
plasma p-tau217 levels and Q3 and Q4 of tau-PET of those selected by
plasma, (3) plasma p-tau217 Q4-only and (4) a ‘conservative’ group
consisting of individuals within Q4 of plasma p-tau217 levels and Q4 of
tau-PET of those selected by plasma. Based on these selection criteria,
we compared mPACC slopes, the proportion of Ap positivity, the final
number of participantsincluded and the proportion of ‘non-progres-
sors’ between the plasma p-tau217 and tau-PET groups. We defined
‘non-progressors’ based on the mean and s.d. of the mPACC5 slope in
the AB-negative CU participants from BioFINDER-2 (the largest cohort).
By extracting the s.d. from the mean, we accounted for natural varia-
tionand/or fluctuationsin (longitudinal) cognitive testing and poten-
tial learning effects. Based on this approach, every participant with a
slope > -0.016 on the mPACC5 was classified as a ‘non-progressor’. As
asensitivity analysis, werepeated this analysisin BioFINDER-2 in which
we had predefined cutoffs available for both plasma p-tau217 (0.499)*°
and tau-PET (medial temporal lobe, 1.34 SUVR; temporal neocortex,
1.36 SUVR)” and could classify individuals as ‘tau positive’ instead of
using the quartile approach. Finally, we investigated the percentage
of cost reductions of such approaches for participant selection in a
hypothetical clinical trial using either mPACC5 or progression to MCI
asthe outcome measure assuming 80% power to detect a30% change
inmPACCS5 or progression to MCl in a4-year clinical trial (with annual
repeated clinical assessments). We provided percentage cost reduc-
tions using different ratios of costs for tau-PET versus plasma p-tau217:
1:5 (that is, cost of one tau-PET scan resembling five plasma p-tau217
assessments), 1:10, 1:15 and 1:20.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Dueto the multicenter design of the study, access to individual partici-
pantdatafromeach cohort will have tobe made available through the
Pls of the respective cohorts (that is, bf executive@med.lu.se for the
Swedish BioFINDER-1 and BioFINDER-2 studies, C.R.J. for the MCSA,
C.R. for the AIBL, T.L.S.B. for the Knight ADRC, P.R.-N. for TRIAD, S.V.
for the PREVENT-AD, S.]J. for the WRAP and W.M.v.d.F. for the ADC).
Generally, anonymized data can be shared by request from qualified
academicinvestigators for the purpose of replicating procedures and
results presented in the article, if data transfer is in agreement with
data protection regulation at the institution and is approved by the
local ethics review board.
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Code availability

The codes used for data analyses can be found at https://github.com/

OssenKoppelLab.
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Extended Data Fig. 1| The association between plasma p-tau217 and Tau-PET,;,/Tau-PET,;, across cohorts. Spearman correlation analyses between plasma
p-tau217 and Tau-PETy, (left panel) and between plasma p-tau217 and Tau-PET, (right panel), color coded by cohort.
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Extended DataFig. 2 | Plasma p-tau217 and Tau-PET prediction of future
cognitive decline on the mPACCS5 in AB+ participants. a, Scatterplots showing
the association between cognitive change over time on the mPACCS5 and the

tau biomarkers (Quartile 1-3 vs Quartile 4) across A+ participants. The shadow
areaindicated the 95% confidence interval around the mean derived from linear
regression models. Note that the standardized B-coefficients and R statistics
relate to the tau biomarker as a continuous variable and that classification into
quartiles was performed for visualization purposes only. b, Explained variance
(R?, inside the bar plot) and model fit (corrected Akaike criterion, outside the bar
plot) for various models predicting longitudinal change on the mPACCS across

all participants. Errorbars represent the 95% Cl around the mean derived from
linear regression models. ¢, Partial explained variance (R?) for combined biofluid
and neuroimaging models predicting longitudinal change on the mPACCS5 across
all participants. “Shared” in panel c refers to the explained variance shared
between Tau-PET and plasma p-tau217 that could not be attributed to asingle
taubiomarker in the model. Note that we computed cohort-specific z-scores for
plasma p-tau217 and Tau-PET using amyloid-PET negative CU individuals from
the same cohort as the reference group. *p<0.05, **p<0.01, **p<0.001. Exact
p-values can be found in Supplementary Tables 6 and 7.
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Extended Data Fig. 3 | Plasma p-tau217 and Tau-PET prediction of future
progression to MCI in AB+ participants. Note that all analyses are performed
in AB+ participants only. a, Survival curves for progression to mild cognitive
impairment (Quartile 1-3 vs Quartile 4) across in AR+ participants, including a
table of total number of participants available at each time point. The shadow
areaindicated the 95% confidence interval around the mean derived from Cox
proportional hazard models. Note that the HR and AIC statistics relate to the tau
biomarker as a continuous variable, and that classification into quartiles was
only done for visualization purposes. b, Model fit (corrected Akaike criterion)
for various models predicting future clinical progression to mild cognitive
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impairmentacross all participants. Error bars represent the 95% Cl around the
mean derived from Cox proportional hazard models. ¢, Hazard ratios and 95%
confidence intervals around the mean derived from Cox proportional hazard
modelsin simple models (thatis, modeling one tau biomarker at the time, top
three HR’s) and combined models (that is, modeling plasma and PET biomarkers
simultaneously, bottom four HR’s). Note that we computed cohort-specific
z-scores for plasma p-tau217 and Tau-PET using amyloid-PET negative CU
individuals from the same cohort as the reference group. * p<0.05, **p<0.01,
***p<0.001. Exact p-values can be found in Supplementary Tables 12 and 13.
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Extended Data Fig. 4 | A two-step recruitment approach for clinical trialsin
preclinical Alzheimer’s disease using the mPACC as outcome measure with
plasma p-tau217 and Tau-PET,;,. Note that all analyses are performed using
Tau-PETy, only. a, the obtained sample size reduction using sample selection
based on different percentiles (75th, 50th and 25th) of baseline plasma p-tau217
levels in step 1 followed by the selection based on the same percentiles (75th, 50th
and 25th) of the Tau-PETy;, measurement in step 2 with mPACCS as the primary
endpoint. Note that 100% in step 2 refers to the participants selected by plasma

p-tau217instep 1. Error bars represent the 95% Cl around the mean derived

from mixed effects models. b, shows the calculated sample size reductions for
various plasma p-tau217 and Tau-PETy;, quartile combinations. Calculations are
based on the assumption of 80% power to detect a30% change on the mPACCS5
ina4-yeartrial. Red lines represent step 1 with plasma p-tau217 and blue lines
represent step 2 with Tau-PET . Different line styles represent different
quartiles of Tau-PETy;, from those subjects already selected from step 1. Dotted
black lines represent 100% participants needed without that step.
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Extended Data Fig. 5| See next page for caption.
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Extended Data Fig. 5| A two-step recruitment approach for clinical trialsin
preclinical Alzheimer’s disease using the mPACC as outcome measure in Ap+
participants. Note that all analyses are performed in AB+ participants only.

a, the obtained sample size reduction using sample selection based on different
percentiles (75th, 50th and 25th) of baseline plasma p-tau217 levels in step 1
followed by the selection based on the same percentiles (75th, 50th and 25th)

of the Tau-PET;, measurement in step 2 with mPACCS5 as the primary
endpoint. Note that 100% in step 2 refers to the participants selected by

plasma p-tau217instep 1. Error bars represent the 95% Cl around the mean.

b, shows the calculated sample size reductions for various plasma p-tau217 and
Tau-PETyy, quartile combinations. Calculations are based on the assumption
of 80% power to detect a30% change on the mPACCS5in a 4-year trial. Red lines
represent step 1 with plasma p-tau217 and green lines represent step 2 with
Tau-PETyy,. Different line styles represent different quartiles of Tau-PET
from those subjects already selected from step 1. Dotted black lines represent
100% participants needed without that step. ¢,d same as above, but now for
Tau-PET g instead of Tau-PET
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Extended DataFig. 6 | A three-step recruitment approach for clinical
trialsin preclinical Alzheimer’s disease, now also implementing Amyloid-
PET. a, the obtained sample size reduction using sample selection based on
different percentiles (75th, 50th and 25th) of baseline plasma p-tau217 levels
instep1, followed by adding Amyloid-PET positivity (step 2) followed by the
selectionbased on the same percentiles (75th, 50th and 25th) of the Tau-PET ,;,
measurement in step 3 with mPACCS5 as the primary endpoint. Error bars
represent the 95% Claround the mean. Red lines represent step 1 with plasma

p-tau217, light blue lines represent step 2 with Amyloid PET and green lines step 3
with Tau-PETy,. Different line styles represent different quartiles of Tau-PET ;o
from those subjects already selected from steps 1and 2. b, shows the calculated
sample size reductions for various plasma p-tau217 (quartiles), Amyloid-PET
(status) and Tau-PET,,, (quartiles) combinations. Calculations are based on the
assumption of 80% power to detect a30% change on the mPACC5in a4-year trial.
c,dsame as above, but now for Tau-PET g instead of Tau-PETy,.
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Austin Health, St. Vincent’s Health, Hollywood Private Hospital and Edith Cowan University for AIBL, the medical ethics
review committee of the Amsterdam University Medical Center for ADC, the McGill Research Ethics Board for PREVENT-AD
and TRIAD, the Washington University School of Medicine in St. Louis for Knight ADRC and the University
of Wisconsin Institutional Review Board for WRAP.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design
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Sample size We included a total of 1,474 participants from 9 independent cohorts. Sample size was not determined a priori and was instead determined
based on availability of data.

Data exclusions  There was no data exclusion in this study.

Replication Results of this study were consistent across 9 observational cohorts. Results by individual cohorts are shown in Supplementary material and
extended data.

Randomization  Thisis an obervational diagnostic study and no allocation into groups was performed. Hence randomization is not relevant to this study.

Blinding Plasma measurments were performed blinded to the clinical data.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
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Plants
Antibodies
Antibodies used Detailed information of the immunoassays in the manuscript has been published previously (and is referred to in the manuscript).
Validation The plasma p-tau217 Lilly immunoassay used in BioFINDER-1, BioFINDER-2, ADC, WRAP, PREVENT-AD, MCSA and Knight ADRC has
been previously validated and described in full detail by Palmqvist et al. (JAMA.
2020:324(8):772-781) and by Groot et al (Alz Res Ther; 2022 May 14;14(1):67). For AIBL and TRIAD a plasma p-tau217+ assay
developed by Janssen R&D (CA, USA) on a Single Molecule Array (Simoa) HD-X platform was used, which was previously validated
(JPAD; 2023; 10:828-836)
Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration = NCT03174938 (BioFINDER-2) and NCT01208675 (BioFINDER-1)
Study protocol For BioFINDER-2: www.biofinder.se.

Data collection All participants were i) cognitively unimpaired at baseline defined by neuropsychological test scores within the normative range given
an individuals’ age, sex and educational background, ii) had Amyloid-PET available to determine Ab status, iii) underwent a Tau-PET
scan and blood sampling within a maximum 1 year interval, and iv) had at least one clinical follow-up visit available. Follow-up data
was collected until November 1st, 2023.

Outcomes Main outcomes were cognitive decline, as measured by change in mPACC, and progression to MCl.
Plants
Seed stocks NA

Novel plant genotypes ~ NA

Authentication NA
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