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Abstract
BACKGROUND: Blood-based AD biomarkers such as plasma 
P-tau217 are increasingly used in clinical trials as a screening 
tool.
O B J E C T I V E S :  To  a s s e s s  t h e  u t i l i t y  o f  a n 
electrochemiluminescence (ECL) immunoassay in predicting 
brain amyloid PET status in cognitively unimpaired individuals.
SETTING: Plasma samples collected at baseline, week 12, 
and week 240 or endpoint originated from the Anti-Amyloid 
Treatment in Asymptomatic Alzheimer’s Disease (A4) trial and 
the companion Longitudinal Evaluation of Amyloid Risk and 
Neurodegeneration (LEARN) study. 
PARTICIPANTS: Both A4 and LEARN enrolled eligible 
cognitively unimpaired persons 65 to 85 years. Individuals 
with elevated brain amyloid PET levels were eligible for the A4 
Study, while those without elevated brain amyloid PET levels 
were eligible for the LEARN Study. 
INTERVENTION: Participants in the A4 Study received 
intravenous solanezumab (up to 1600 mg) or placebo every 4 
weeks.  The LEARN Study is an observational study without 
intervention.
MEASUREMENTS: Plasma P-tau217 concentration levels 
from A4 Study participants were measured using an ECL 
immunoassay. Receiver Operating Characteristic (ROC) curve 
analysis was performed for each biomarker against amyloid 
positivity, defined by ≥22 CL and ≥ 33 CL.
RESULTS: Receiver operating characteristic curve (ROC) 
analysis indicates high diagnostic value of P-tau217 in 
individuals with amyloid PET ≥ 20 (Area under the ROC 
(AUROC): 0.87) and ≥ 33 CL (AUROC: 0.89). Repeated testing 
with the placebo group taken 12 weeks apart (range: 68 to 143 
days) and the LEARN participants taken between 1.4 and 1.75 
years resulted in a strong positive correlation (Corr. 0.91 (0.90 to 
0.92)).
CONCLUSION: An ECL immunoassay testing plasma P-tau217 
accurately predicts amyloid PET positivity in cognitively 
unimpaired individuals.  Our future analyses aim to determine 
if use of this assay may reduce the screening burden of 
preclinical individuals into anti-amyloid clinical trials. 

Key words: PET, p-tau, immunoassay, longitudinal amyloid, 
Alzheimer’s disease. 

Introduction

The neuropathological changes observed in 
Alzheimer ’s disease (AD), an age-related 
neurodegenerative disease, begins at least two 

decades prior to overt cognitive symptoms. In the US, 
approximately 6.5 million individuals are living with 
symptomatic AD, and this is projected to increase to 7.2 
million by 2025 (1). AD is characterized by increased 
cerebral amyloid-beta (Aβ) accumulation that precedes 
cognitive impairment and phosphorylated tau (P-tau) 
that increases in direct correlation with cognitive change 
(2). Cognitively normal individuals with high levels 
of brain Aβ have more rapid rates of cognitive decline 
and have higher risk of progressing to overt dementia 
compared with individuals without elevated brain Aβ (3)    

Anti-amyloid therapeutics directed at reducing 
cerebral Aβ accumulation have demonstrated efficacy 
in early symptomatic AD populations and are currently 
being studied in cognitively unimpaired individuals with 
evidence of AD pathology.  If a treatment is approved 
for preclinical AD, there will be a significant demand 
for a cost-effective and scalable diagnostic for early 
detection of elevated brain Aβ (4). Readily available, 
high throughput tests that can detect the extent of 
cerebral Aβ plaques and tau pathology using positron 
emission tomography (PET) and/or cerebrospinal fluid 
(CSF) have been demonstrated to be effective tools in 
the clinical trial setting for identification of individuals 
with AD pathology. It is well established that elevated 
brain Aβ PET and lower CSF Aβ42/Aβ40 levels 
in cognitively unimpaired individuals are consistent 
with AD and identify populations who are at risk of 
cognitive decline (5-7). CSF studies demonstrate that 
hyperphosphorylation on specific residues of tau can 
inform on AD pathology and predict disease progression 
(8, 9). While these biomarker tools have been invaluable, 
the invasive nature of the testing in addition to high 
cost and participant burden has dramatically limited 
broad use (10-12). Blood biomarkers have been 
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Table 1. Demographics of A4 and LEARN cohort with baseline P-tau217
Placebo (N=562) Solanezumab (N=540) LEARN (N=524) Total (N=1626)

Age (y) 71.9 (5.0) 72.0 (4.6) 70.5 (4.3) 71.5 (4.7)
Female sex 343 (61.0%) 313 (58.0%) 322 (61.5%) 978 (60.1%)
Education (y) 16.5 (2.9) 16.6 (2.7) 16.7 (2.6) 16.6 (2.7)
Racial categories
   White 529 (94.1%) 511 (94.6%) 490 (93.5%) 1530 (94.1%)
   Black or African American 14 (2.5%) 10 (1.9%) 12 (2.3%) 36 (2.2%)
   Asian 13 (2.3%) 9 (1.7%) 11 (2.1%) 33 (2.0%)
   American Indian or Alaskan Native 0 (0.0%) 1 (0.2%) 5 (1.0%) 6 (0.4%)
   More than one race 3 (0.5%) 5 (0.9%) 5 (1.0%) 13 (0.8%)
   Unknown or Not Reported 3 (0.5%) 4 (0.7%) 1 (0.2%) 8 (0.5%)
Ethnicity
   Not Hispanic or Latino 539 (95.9%) 518 (95.9%) 503 (96.0%) 1560 (95.9%)
   Hispanic or Latino 18 (3.2%) 16 (3.0%) 17 (3.2%) 51 (3.1%)
   Unknown or Not reported 5 (0.9%) 6 (1.1%) 4 (0.8%) 15 (0.9%)
Family history of dementia (parent or sibling) 430 (76.5%) 395 (73.1%) 348 (66.4%) 1173 (72.1%)
APOE Genotype
   Missing 0 0 2 2
   E2/E2 0 (0.0%) 1 (0.2%) 4 (0.8%) 5 (0.3%)
   E2/E3 32 (5.7%) 27 (5.0%) 65 (12.5%) 124 (7.6%)
   E2/E4 20 (3.6%) 13 (2.4%) 10 (1.9%) 43 (2.6%)
   E3/E3 201 (35.8%) 191 (35.4%) 337 (64.6%) 729 (44.9%)
   E3/E4 264 (47.0%) 264 (48.9%) 104 (19.9%) 632 (38.9%)
   E4/E4 45 (8.0%) 44 (8.1%) 2 (0.4%) 91 (5.6%)
FBP SUVr 1.3 (0.2) 1.3 (0.2) 1.0 (0.1) 1.2 (0.2)
FBP Centiloid 65.6 (32.1) 66.7 (33.5) 4.3 (12.5) 46.2 (40.2)
P-tau217 (U/ml) 0.27 (0.15) 0.29 (0.17) 0.15 (0.05) 0.23 (0.15)
Total A-Beta1-42 (pg/ml)
   Missing 419 420 524 1363
   Mean (SD) 815.3 (334.0) 836.0 (319.7) - 824.8 (327.1)
Total A-Beta1-40 (pg/ml)
   Missing 418 420 524 1362
   Mean (SD) 11803.9 (3667.4) 12358.1 (3839.0) - 12055.8 (3749.4)
Total CSF A-Beta42/40
   Missing 419 420 524 1363
   Mean (SD) 0.071 (0.027) 0.071 (0.025) - 0.071 (0.026)
PACC -0.0 (2.6) 0.0 (2.8) 0.8 (2.3) 0.3 (2.6)
LM Delayed Recall
   Missing 1 0 0 1
   Mean (SD) 12.7 (3.5) 12.6 (3.9) 13.5 (3.4) 12.9 (3.6)
MMSE 28.8 (1.3) 28.8 (1.3) 29.0 (1.2) 28.9 (1.2)
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investigated as a screening tool to identify preclinical 
AD study participants to reduce reliance on CSF and/or 
PET testing.  Because blood sample testing is minimally 
burdensome and less costly than CSF and PET, use of 
blood biomarkers may be well suited to identify people 
with preclinical AD (13, 14). 

Measurement of Aβ and tau in blood products, 
serum and plasma, has dramatically improved in recent 
years with the implementation of mass spectrometry 
(MS). Data from the AHEAD study team and others 
have demonstrated that plasma Aβ42/Aβ40 ratio as 
well as tau phosphorylated at residue 217 (P-tau217) as 
measured by MS predicts amyloid PET status with a high 
degree of sensitivity and specificity (15). The predictive 
capability of plasma P-tau217 and Aβ42/Aβ40 has been 
replicated using separate cognitively unimpaired cohorts 
and all consistently demonstrate that P-tau217 was highly 
predictive of which participants would develop MCI (16). 
Recent work using immunoassays supports the use of 
P-tau217 as an accurate marker for Aβ PET positivity and 
AD progression (17, 18).  Plasma P-tau217 is currently 
being used as an inclusion criterion in a preclinical AD 
clinical trial (19).

In this study we used biobanked plasma samples from 
the active and placebo arms of the completed negative 
A4 clinical trial, which tested solanezumab. In addition, 
we included participant samples from the Longitudinal 
Evaluation of Amyloid Risk and Neurodegeneration 
Study (LEARN) cohort, a group of individuals 
determined to be amyloid PET negative, but would have 
otherwise met A4 inclusion criteria, who were followed 
in parallel with A4.  The A4 trial used amyloid PET to 
identify eligible participants using the centiloid (CL) 
metric, which allows for standardization of amyloid 
PET (20, 21). Although there is no consensus in the field 
regarding absolute threshold, previous work suggest that 
CL ≥ 33 reliably identifies individuals with substantial 
presence of amyloid plaque in brain and enriches for 
participants who will continue to have accumulation 
(22-25).  As mentioned above, our previous work using 
MS assays of P-tau217 as a biomarker for amyloid PET 
positivity were highly successful, in this study we 
tested whether an electrochemiluminescence (ECL) 
immunoassay developed by Eli Lilly and Company could 
yield comparable results and have utility and reliability 
to predict brain amyloid PET status in cognitively 
unimpaired individuals.

 
Methods

The A4 Study methods have been described previously 
(26). LEARN was a companion observational study of 
individuals without elevated brain amyloid but would 
have otherwise met A4 inclusion criteria.  Quantification 
of P-tau217 was assayed on an analytically validated 
ECL immunoassay using an MesoScale (MSD) Sector S 
Imager 600 MM at the CAP-accredited, CLIA-certified 

Lilly Clinical Diagnostics Laboratory on plasma samples 
from baseline, week 12, and week 240 or endpoint 
from A4, and from LEARN. Solanezumab, placebo, 
and LEARN groups are summarized with means and 
standard deviations for continuous measures; and counts 
and percentages for binary or categorical variables 
(Table 1). Associations among biomarkers at baseline are 
visualized with scatter plots, locally estimated scatterplot 
smoothing curves, and Spearman’s rank correlations with 
95% confidence intervals. The utility of plasma P-tau217 
for predicting amyloid PET level ≥ 20 or 33 CLs is 
summarized with receiver operating characteristic (ROC) 
curves and the area under the ROC curve (AUROC) with 
95% confidence intervals. The repeatability of P-tau217 is 
summarized with Spearman’s rank correlation between 
the first two visits in A4 placebo group and LEARN 
participants. Observations from A4 placebo group 
participants which occurred more than 143 days apart 
were excluded from the repeatability analysis, as were 
observations from LEARN participants which occurred 
more than 1.75 years apart.

The treatment effect of solanezumab on plasma 
P-tau217 and amyloid PET CL in A4 is estimated by a 
constrained longitudinal data analysis model with fixed 
effects for time, time-by-treatment, age, and APOEε4 
status (27). Time is modeled using natural cubic splines 
with two degrees of freedom (28). Residuals are assumed 
to be correlated with a heterogeneous Toeplitz variance-
covariance structure. The modeled difference between 
groups is summarized with the nominal (i.e. without 
multiplicity adjustment) 95% confidence interval and 
p-value.

Associations among annual change in biomarkers are 
visualized with scatter plots, linear regression trend lines 
by treatment group, and Spearman’s rank correlations 
with 95% confidence intervals. Estimates of change per 
year were derived from linear models with fixed effects 
for time, treatment, time-by-treatment, age, and APOEε4 
status; and participant-specific random intercepts and 
slopes. The fixed effects for time were again modeled 
with natural cubic splines with two degrees of freedom. 
All analyses were conducted using R version 4.3.2 (29), 
and the nlme and ggplot2 packages (29). Results will 
be presented using modelled marginal means and 95% 
confidence intervals instead of the raw values to reflect 
the multivariable model utilized used to describe the 
trend over time. This approach does interpolate the 
estimates where data are sparse or do not exist. See 
supplementary Figure 1 for raw scores for P-tau and PET 
over time.

Results

Table 1 summarizes the characteristics of the 
randomized A4 treatment groups (placebo and 
solanezumab) and LEARN. The overall age of the 
study population was 71.5 years, 60.1% female and 
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predominantly white (94.1%). On average, compared to 
LEARN, A4 participants had greater amyloid PET burden 
(FBP Centiloid: 65.6 (placebo) and 66.7 (solanezumab) 
vs 4.3 (LEARN)), greater plasma P-tau217 (P-tau217 x 
1000: 266.6 (placebo) and 286.9 (solanezumab) vs 147.3 
(LEARN)), and higher rate of APOEε4 carriage (Percent 
E3/E4: 47.0% (placebo) and 48.9% (solanezumab) vs 
19.9% (LEARN)). At the time of the writing of this 
manuscript, CSF Aβ has not yet been assayed in the 
LEARN cohort.

Figure 1 demonstrates that plasma P-tau217 is 
correlated with amyloid PET CL (Corr. 0.73 (0.71 to 0.75) 
(95% confidence interval); Panel A) and CSF A3B2 42/40 
ratios (Corr. -0.54 (-0.62 to -0.45); Panel B). ROC and 
AUROC demonstrate the value of P-tau217 for predicting 
individuals with amyloid PET ≥ 20 (AUROC 0.87 (0.85 to 
0.88)) or 33 CL (AUROC 0.89 (0.87 to 0.90)) (Panel C). The 
repeated testing based on observations among placebo 
group individuals taken 68 to 143 days apart, and among 
LEARN participants taken between 1.4 and 1.75 years 

Figure 1. Baseline P-tau217 associations and short-term repeatability

Plasma P-tau217 is correlated with amyloid PET centiloids (CL) Panel A) and CSF Aβ 42/40 ratios (Panel B). Receiver operating characteristic (ROC) curves and the area 
under the ROC curve (AUROC) demonstrate the value of P-tau217 for predicting individuals with amyloid PET greater than 20 or 33 CL (Panel C). Panel D shows short-
term repeatability among Placebo group individuals taken 68 to 143 days apart and among LEARN individuals taken between 1.4 and 1.75 years apart. Plasma P-tau217 is 
plotted with the axis log transformed. Correlations are Spearman’s rank correlations. Values in parentheses are 95% confidence intervals.
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demonstrated good correlation (Corr. 0.91 (0.90 to 0.92)).
Figure 2 shows no significant difference between the 

solanezumab and placebo arms with numerically less 
accumulation of plasma P-tau217 in the solanezumab 
treated arm whereas amyloid PET CL showed a similar 
difference but was statistically significant. The difference 
between groups at week 240 in P-tau217 was -0.018 U/ml 
(-0.055 to 0.019; nominal p=0.352). The difference between 
groups at week 240 in amyloid PET was -7.6 CL (-10.3 to 
-4.94; nominal p<0.001). 

Natural cubic spline modeling was used to estimate means, 95% confidence 
intervals and p-values of P-Tau217 (top) and amyloid PET (bottom). Models 
assume a natural cubic spline for time with two degrees of freedom per group and 
control for age and APOEε4 carriage; and assume heterogeneous unstructured 
variance-covariance. Shaded regions are 95% confidence intervals. The p-value is 
associated with the treatment group difference at 240 weeks, which is indicated by 
the vertical dotted line. Please note the sparse data in A4 (and no data in LEARN) 
between baseline (week 0) and week 240, with interpolated estimates in modelled 
curves.

Figure 3 shows change in plasma P-tau217 per year 
is weakly correlated (about 0.15) with amyloid PET CL 
change per year (Panel A), and moderately negatively 
correlated (about -0.3) with and CSF Aβ 42/40 change 
(Panel B). Correlation between amyloid PET and CSF Aβ 
42/40 change is minimal (about -0.1 or weaker, Panel C).

Discussion

In this study we used longitudinally collected plasma 
samples from the A4 Study in preclinical AD to assess 
the utility of an ECL immunoassay for plasma P-tau217.  

We included a cohort of participants from the A4 Study, 
which included asymptomatic, high-risk individuals 
with amyloid plaque levels ≥33 CL. Our findings 
demonstrate excellent performance for identifying 
amyloid PET positive, asymptomatic participants through 
measurement of plasma P-tau217. In addition, we found 
excellent pharmacodynamic biomarker tracking to 
amyloid PET change and short-term test repeatability 
when participant samples from different time-points were 
compared.   

Our data support previous studies using bioassays that 
target P-tau species to identify staging of AD.  Several 
of these studies demonstrate that elevated plasma 
P-tau181 correlates with amyloid PET status in MCI 
and AD cases (9, 31).  Other studies report that plasma 
P-tau217 performs better than P-tau181 for predicting 
AD pathology (32-34). Furthermore, longitudinal studies 
using P-tau217 demonstrate increased levels with disease 
progression (17). Using the P-tau217 ECL immunoassay 
developed by Eli Lilly and Company, we demonstrated 
that P-tau217 can be used to predict presence of amyloid 
neuritic plaque as defined by amyloid PET CL ≥ 20 and 
33 which is supported by other recent studies using 
biosamples from participants with a high degree of family 
history of AD and APOEε4 allele representation (32). In 
our analysis, 59% of A4 participants, and 22% of LEARN 
participants, had at least one APOEε4 allele (Table 1), and 
608/766 = 79.4% of APOEε4 carriers were characterized 
as amyloid PET positive (≥33 CL).  MS-based P-tau217 
studies have found similar AUC values to what we report 
here but require somewhat complicated algorithms that 
include additional variables such as non-phosphorylated 
tau217, age, BMI and APOEε4 (35). Current biomarkers 
used for AD screening include the extensively studied 
P-tau181 in the CSF, which has resulted in reducing 
screening failures by 50% (36). Recent studies have 
shown P-tau217 has higher sensitivity over P-tau181 
for detecting AD in CSF (37-39). Additionally, plasma 
P-tau217 performs equally as CSF P-tau217 in detecting 
AD status, further supporting the use of plasma P-tau217 
as a biomarker for AD (40). 

Limitations of our study include the sample 
participants’ racial composition; a high proportion of 
A4 participants reported being non-Hispanic White 
(93.8%, Table 1). As we recently published, A4 screen 
failed Hispanic and non-White participants at a higher 
frequency during screening, despite a higher prevalence 
of AD in racial groups such as African Americans and 
Hispanics/Latino(s) compared to non-Hispanic Whites 
(41). Although the influence of covariates such as 
demographics, lifestyle and cognition (5, 42, 43) can be 
factored into biomarker statistical analyses, the impact 
of race and/or ethnicity continues to remain elusive.  
Expansion of cohorts to include racial and ethnic 
representation among clinical trial participants would 
provide crucial information (44). With expanded efforts 
to increase representation of racial and ethnic groups in 
current trials (e.g. AHEAD, TB3) through use of remote 

Figure 2. Modeled mean P-tau217 and amyloid PET
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blood screening events and other expanded recruitment 
efforts, the ability to evaluate potential racial differences 
in biomarker performance may be possible. Repeat 
testing across multiple time points may also introduce 
unaccounted biological variables such as fasting state and 
time elapsed before freezing. While our model accounts 
for variables such as time and age, it is possible that 
metabolism may influence test results independent of 
disease state.

Our findings demonstrate that an ECL-based P-tau217 
bioassay can correctly identify people as amyloid positive 
in the A4/LEARN analysis set based on standardized 
measurements of amyloid such as PET, even with a 
relatively low CL threshold of 20 CL.  Using this assay, 

we find that plasma P-tau217 is a viable and sensitive 
biomarker that is sufficient to predict amyloid PET. 
Performance of P-tau217 using this immunoassay 
was equivalent to recently published MS data from 
the AHEAD trial (34). We also found that P-tau217 
demonstrated good pharmacodynamic biomarker 
properties in tracking change in amyloid PET over the 
trial with treatment.  In addition to identification and 
tracking of change in amyloid PET status, we also found 
the bioassay to have excellent short-term repeatability 
correlation when using participant samples collected at 
different timepoints. Additionally, further investigation 
into the influence of other technical and biological 
variables on test results will help improve the overall 

Figure 3. Change in plasma P-tau217 per year

P-tau217 is weakly correlated with amyloid PET centiloid (CL) change per year (Panel A), and moderately correlated with and CSF Aβ 42/40 change (Panel B). Correlation 
between amyloid PET and CSF Aβ 42/40 change is also minimally correlated (Panel C). Estimates of change per year are derived from linear models with fixed effects for 
time (spline with two degrees of freedom), treatment, time-by-treatment, age, and APOEε4 status; and participant-specific random intercepts and slopes. Correlations are 
Spearman’s rank correlations of the participant-specific estimates of annualized change at 240 weeks. Values in parentheses 95% confidence intervals. Trend lines are from 
ordinary least square regression and shaded regions are 95% confidence intervals.
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utility of the bioassay. Ongoing work is specifically 
focused on how P-tau217 can predict tau PET and other 
tracers in the context of differential levels and regional 
distributions for amyloid and tau PET signal. Lastly, as 
alluded to above, one major priority of our current work 
involves expanding these findings to more representative 
populations (45) to determine whether specific plasma 
P-tau217 cutoff values exist and their relation to amyloid 
and tau PET status across different racial, ethnic groups. 

 
Acknowledgements: The authors would like to thank the Alzheimer Clinical 

Trials Consortium (ACTC) and USC Alzheimer’s Therapeutic Research Institute 
(ATRI) coordinating center staff and site PIs and site staff for AHEAD 3-45 
Study.  The authors thank Dr. Jennifer Ngolab for critical reading and editing of 
this manuscript and the Lilly Clinical Diagnostics Laboratory for performing the 
P-tau217 testing.

Funding: This work was supported by the NIH/NIA [Grant Numbers 
AG018440, AG058252, AG078109 AG058533 and AG073979 to RAR. A4 and 
LEARN were supported by a public-private-philanthropic partnership which 
included funding from the National Institute of Aging of the National Institutes 
of Health (R01 AG063689, U19AG010483 and U24AG057437), NIA ACTC U24 
AG057437 to PSA and RAS]. In addition, the studies were supported by Eli Lilly 
and the Alzheimer’s Association.

Ethical Considerations: Approval from an institutional review board or ethics 
committee was obtained at each of the sites. All participants and their study 
partners provided written informed consent prior to data collection, which 
included consent for data sharing. 

Disclosures of Potential Conflicts of Interest: RAR: has research support from the 
National Institute on Aging, the Alzheimer’s Association and is a consultant for 
Amydis Inc, Bioivt, Lexeo, Keystone Bio, Allyx, DiamiR, Ionis and PrecisionMed. 
MD: Nothing to report. OL: Nothing to report. SAL: Nothing to report. RR has 
received research support from the National Institutes of Health (NIH), the 
Alzheimer’s Association, American Heart Association, Eli Lilly and Eisai. GJM 
has received research support from the National Institutes of Health (NIH), the 
Alzheimer’s Association, American Heart Association, Gates Ventures, Eli Lilly, 
and Eisai. KAJ has received research funding from National Institutes on Aging, 
National Institutes of Health, Alzheimer’s Association, and the GHR Foundation.  
He has served as a consultant for Merkc, Novartis, Janssen, and Prothena. DMR 
received salary and research support from the National Institutes of Health and 
has received payment or honoraria from USC Institute on Methods and Protocols 
for Advancement of Clinical Trials in ADRD (IMPACT AD) course and External 
Advisory Boards from the University of California-Davis, Washington University, 
Boston University and Northwestern. She has also received travel support to 
ACTC meetings, to the University of California Advisory Board Meeting and 
the Washington University Advisory Board Meeting. RY  is an employee and 
minor shareholder of Eli Lilly and Company. KCH is an employee and minor 
shareholder of Eli Lilly and Company. JRS is an employee and minor shareholder 
of Eli Lilly and Company. PSA has received grants or contracts from the National 
Institutes of Health (NIH), Alzheimer’s Association, Foundation for NIH (FNIH), 
Lilly, Janssen and Eisai and consulting fees from Merck, Biogen, AbbVie, Roche, 
and Immunobrain Checkpoint. RAS reports grant support from the National 
Institutes on Aging, National Institutes of Health, Alzheimer’s Association, GHR 
Foundation, and Gates Ventures.  She has received trial research funding from 
Eisai and Eli Lilly for public-private partnership trials. She reported serving as 
a consultant for AbbVie, AC Immune, Alector, Biohaven, Bristol-Myers-Squibb, 
Ionis, Janssen, Genentech, Merck, Prothena, Roche, and Vaxxinity.

Open Access: This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons 
license and indicate if changes were made.

References
1.	 Rajan KB, Weuve J, Barnes LL, McAninch EA, Wilson RS, Evans DA. 

Population estimate of people with clinical Alzheimer’s disease and mild 
cognitive impairment in the United States (2020–2060). Alzheimer’s & 
Dementia. 2021;17(12):1966-75.

2.	 Jack CR, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, et al. 
NIA-AA Research Framework: Toward a biological definition of Alzheimer’s 
disease. Alzheimer’s & Dementia. 2018;14(4):535-62.

3.	 Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, 

Cummings J, et al. Research criteria for the diagnosis of Alzheimer’s disease: 
revising the NINCDS-ADRDA criteria. Lancet Neurol. 2007;6(8):734-46.

4.	 Sperling RA, Jack CR, Aisen PS. Testing the Right Target and Right Drug at the 
Right Stage. Science Translational Medicine. 2011;3(111):111cm33-cm33.

5.	 Donohue MC, Sperling RA, Petersen R, Sun CK, Weiner MW, Aisen PS, 
Initiative AsDN. Association Between Elevated Brain Amyloid and 
Subsequent Cognitive Decline Among Cognitively Normal Persons. JAMA. 
2017;317(22):2305-16.

6.	 Mormino EC, Papp KV, Rentz DM, Donohue MC, Amariglio R, Quiroz YT, et 
al. Early and late change on the preclinical Alzheimer’s cognitive composite 
in clinically normal older individuals with elevated amyloid β. Alzheimers 
Dement. 2017;13(9):1004-12.

7.	 Petersen RC, Wiste HJ, Weigand SD, Rocca WA, Roberts RO, Mielke MM, et 
al. Association of Elevated Amyloid Levels With Cognition and Biomarkers 
in Cognitively Normal People From the Community. JAMA Neurol. 
2016;73(1):85-92.

8.	 Barthélemy NR, Li Y, Joseph-Mathurin N, Gordon BA, Hassenstab J, Benzinger 
TLS, et al. A soluble phosphorylated tau signature links tau, amyloid and 
the evolution of stages of dominantly inherited Alzheimer’s disease. Nature 
Medicine. 2020;26(3):398-407.

9.	 Mielke MM, Hagen CE, Xu J, Chai X, Vemuri P, Lowe VJ, et al. Plasma 
phospho-tau181 increases with Alzheimer’s disease clinical severity and is 
associated with tau- and amyloid-positron emission tomography. Alzheimers 
Dement. 2018;14(8):989-97.

10.	 Blennow K, Dubois B, Fagan AM, Lewczuk P, de Leon MJ, Hampel H. Clinical 
utility of cerebrospinal fluid biomarkers in the diagnosis of early Alzheimer’s 
disease. Alzheimer’s & dementia : the journal of the Alzheimer’s Association. 
2015;11(1):58-69.

11.	 Ray S, Britschgi M, Herbert C, Takeda-Uchimura Y, Boxer A, Blennow K, et 
al. Classification and prediction of clinical Alzheimer’s diagnosis based on 
plasma signaling proteins. Nat Med. 2007;13(11):1359-62.

12.	 Laske C, Sohrabi HR, Frost SM, López-de-Ipiña K, Garrard P, Buscema M, 
et al. Innovative diagnostic tools for early detection of Alzheimer’s disease. 
Alzheimers Dement. 2015;11(5):561-78.

13.	 Henriksen K, O’Bryant SE, Hampel H, Trojanowski JQ, Montine TJ, Jeromin 
A, et al. The future of blood-based biomarkers for Alzheimer’s disease. 
Alzheimers Dement. 2014;10(1):115-31.

14.	 O’Bryant SE, Edwards M, Johnson L, Hall J, Villarreal AE, Britton GB, et al. 
A blood screening test for Alzheimer’s disease. Alzheimers Dement (Amst). 
2016;3:83-90.

15.	 Korecka M, Shaw LM. Mass spectrometry-based methods for robust 
measurement of Alzheimer’s disease biomarkers in biological fluids. J 
Neurochem. 2021;159(2):211-33.

16.	 Janelidze S, Palmqvist S, Leuzy A, Stomrud E, Verberk IMW, Zetterberg 
H, et al. Detecting amyloid positivity in early Alzheimer’s disease using 
combinations of plasma Aβ42/Aβ40 and p-tau. Alzheimer’s & Dementia. 
2022;18(2):283-93.

17.	 Mattsson-Carlgren N, Janelidze S, Palmqvist S, Cullen N, Svenningsson AL, 
Strandberg O, et al. Longitudinal plasma p-tau217 is increased in early stages 
of Alzheimer’s disease. Brain. 2020;143(11):3234-41.

18.	 Teunissen CE, Thijssen EH, Verberk IMW. Plasma p-tau217: from ‘new 
kid’ to most promising candidate for Alzheimer’s disease blood test. Brain. 
2020;143(11):3170-2.

19.	 Eli Lilly and Company. A Donanemab (LY3002813) Prevention Study in 
Participants With Alzheimer’s Disease (TRAILBLAZER-ALZ 3). 2021.

20.	 Klunk WE, Koeppe RA, Price JC, Benzinger TL, Devous Sr. MD, Jagust WJ, 
et al. The Centiloid Project: Standardizing quantitative amyloid plaque 
estimation by PET. Alzheimer’s & Dementia. 2015;11(1):1-15.e4.

21.	 Rafii MS, Sperling RA, Donohue MC, Zhou J, Roberts C, Irizarry MC, et al. 
The AHEAD 3-45 Study: Design of a prevention trial for Alzheimer’s disease. 
Alzheimer’s & Dementia. 2022;n/a(n/a).

22.	 Amadoru S, Doré V, McLean CA, Hinton F, Shepherd CE, Halliday GM, 
et al. Comparison of amyloid PET measured in Centiloid units with 
neuropathological findings in Alzheimer’s disease. Alzheimer’s Research & 
Therapy. 2020;12(1):22.

23.	 Milà-Alomà M, Shekari M, Salvadó G, Gispert JD, Arenaza-Urquijo EM, 
Operto G, et al. Cognitively unimpaired individuals with a low burden of 
Aβ pathology have a distinct CSF biomarker profile. Alzheimer’s Research & 
Therapy. 2021;13(1):134.

24.	 La Joie R, Ayakta N, Seeley WW, Borys E, Boxer AL, DeCarli C, et al. Multisite 
study of the relationships between antemortem [11C]PIB-PET Centiloid 
values and postmortem measures of Alzheimer’s disease neuropathology. 
Alzheimer’s & Dementia. 2019;15(2):205-16.

25.	 Salvadó G, Molinuevo JL, Brugulat-Serrat A, Falcon C, Grau-Rivera O, Suárez-
Calvet M, et al. Centiloid cut-off values for optimal agreement between PET 
and CSF core AD biomarkers. Alzheimer’s Research & Therapy. 2019;11(1):27.

26.	 Sperling RA, Donohue MC, Raman R, Rafii MS, Johnson K, Masters CL, et 



830

LONGITUDINAL ANALYSIS OF P-TAU217 IN AD

al. Trial of Solanezumab in Preclinical Alzheimer’s Disease. N Engl J Med. 
2023;389(12):1096-107.

27.	 Pinheiro J, Bates D. Mixed-Effect Models in S and S-plus2002.
28.	 Donohue MC, Langford O, Insel PS, van Dyck CH, Petersen RC, Craft S, 

et al. Natural cubic splines for the analysis of Alzheimer’s clinical trials. 
Pharmaceutical Statistics. 2023;22(3):508-19.

29.	 R Core Team. R: A Language and Environment for Statistical Computing. . 
Vienna, Austria: R Foundation for Statistical Computing; 2023.

30.	 Wickham H. Ggplot2: Elegant Graphics for Data Analysis. New York: 
Springer-Verlag; 2016.

31.	 Fowler C, Stoops E, Rainey-Smith S, Vanmechelen E, Vanbrabant J, Dewit N, 
et al. Plasma p-tau181/Aβ1-42 ratio predicts Aβ-PET status and correlates 
with CSF-p-tau181/Aβ1-42 and future cognitive decline. medRxiv. 
2022:2022.03.13.22272320.

32.	 Milà-Alomà M, Ashton NJ, Shekari M, Salvadó G, Ortiz-Romero P, 
Montoliu-Gaya L, et al. Plasma p-tau231 and p-tau217 as state markers of 
amyloid-β pathology in preclinical Alzheimer’s disease. Nature Medicine. 
2022;28(9):1797-801.

33.	 Palmqvist S, Janelidze S, Quiroz YT, Zetterberg H, Lopera F, Stomrud E, et al. 
Discriminative Accuracy of Plasma Phospho-tau217 for Alzheimer Disease vs 
Other Neurodegenerative Disorders. Jama. 2020;324(8):772-81.

34.	 Rissman RA, Langford O, Raman R, Donohue MC, Abdel-Latif S, Meyer MR, 
et al. Plasma Aβ42/Aβ40 and phospho-tau217 concentration ratios increase 
the accuracy of amyloid PET classification in preclinical Alzheimer’s disease. 
Alzheimer’s & Dementia. 2024;20(2):1214-24.

35.	 Barthélemy NR, Horie K, Sato C, Bateman RJ. Blood plasma phosphorylated-
tau isoforms track CNS change in Alzheimer ’s disease. J Exp Med. 
2020;217(11).

36.	 Moscoso A, Karikari TK, Grothe MJ, Ashton NJ, Lantero-Rodriguez 
J, Snellman A, et al. CSF biomarkers and plasma p-tau181 as predictors 
of longitudinal tau accumulation: Implications for clinical trial design. 
Alzheimers Dement. 2022;18(12):2614-26.

37.	 Karikari TK, Emeršič A, Vrillon A, Lantero-Rodriguez J, Ashton NJ, 
Kramberger MG, et al. Head-to-head comparison of clinical performance 
of CSF phospho-tau T181 and T217 biomarkers for Alzheimer’s disease 
diagnosis. Alzheimers Dement. 2021;17(5):755-67.

38.	 Barthélemy NR, Bateman RJ, Hirtz C, Marin P, Becher F, Sato C, et al. 
Cerebrospinal fluid phospho-tau T217 outperforms T181 as a biomarker for 
the differential diagnosis of Alzheimer’s disease and PET amyloid-positive 
patient identification. Alzheimers Res Ther. 2020;12(1):26.

39.	 Janelidze S, Stomrud E, Smith R, Palmqvist S, Mattsson N, Airey DC, et al. 
Cerebrospinal fluid p-tau217 performs better than p-tau181 as a biomarker of 
Alzheimer’s disease. Nat Commun. 2020;11(1):1683.

40.	 Therriault J, Servaes S, Tissot C, Rahmouni N, Ashton NJ, Benedet AL, et al. 
Equivalence of plasma p-tau217 with cerebrospinal fluid in the diagnosis of 
Alzheimer’s disease. Alzheimer’s & Dementia. 2023;19(11):4967-77.

41.	 Raman R, Quiroz YT, Langford O, Choi J, Ritchie M, Baumgartner M, et al. 
Disparities by Race and Ethnicity Among Adults Recruited for a Preclinical 
Alzheimer Disease Trial. JAMA Netw Open. 2021;4(7):e2114364.

42.	 Sperling RA, Donohue MC, Raman R, Sun CK, Yaari R, Holdridge K, et al. 
Association of Factors With Elevated Amyloid Burden in Clinically Normal 
Older Individuals. JAMA Neurol. 2020;77(6):735-45.

43.	 Hedden T, Oh H, Younger AP, Patel TA. Meta-analysis of amyloid-cognition 
relations in cognitively normal older adults. Neurology. 2013;80(14):1341-8.

44.	 Manzine PR, Vatanabe IP, Peron R, Grigoli MM, Pedroso RV, Nascimento 
CMC, Cominetti MR. Blood-based Biomarkers of Alzheimer’s Disease: The 
Long and Winding Road. Curr Pharm Des. 2020;26(12):1300-15.

45.	 O’Bryant SE, Johnson LA, Barber RC, Braskie MN, Christian B, Hall JR, et al. 
The Health & Aging Brain among Latino Elders (HABLE) study methods and 
participant characteristics. Alzheimer’s & Dementia: Diagnosis, Assessment & 
Disease Monitoring. 2021;13(1):e12202.

© The Authors 2024

How to cite this article: R.A. Rissman, M.C. Donohue, O. Langford, et 
al. Longitudinal Phospho-tau217 Predicts Amyloid Positron Emission 
Tomography in Asymptomatic Alzheimer’s Disease. J Prev Alz Dis 
2024;4(11):823-830; http://dx.doi.org/10.14283/jpad.2024.134


