
Received: 16May 2022 Revised: 15 August 2022 Accepted: 21October 2022

DOI: 10.1002/alz.12875

F E ATU R ED ART I C L E

Tau-PET is superior to phospho-tauwhen predicting cognitive
decline in symptomatic AD patients

Ruben Smith1,2 Nicholas C. Cullen1 Alexa Pichet Binette1 Antoine Leuzy1

Kaj Blennow3,4 Henrik Zetterberg3,4,5,6,7 Gregory Klein8 Edilio Borroni8

Rik Ossenkoppele1,9 Shorena Janelidze1 Sebastian Palmqvist1,10

NiklasMattsson-Carlgren1,2,11 Erik Stomrud1,10 Oskar Hansson1,10 for the

Alzheimer’s Disease Neuroimaging Initiative*

1Department of Clinical Sciences, Clinical Memory Research Unit, Malmö, Lund University, Lund, Sweden

2Department of Neurology, Skåne University Hospital, Lund, Sweden

3Department of Psychiatry andNeurochemistry, Institute of Neuroscience and Physiology, The Sahlgrenska Academy at the University of Gothenburg, Mölndal,

Sweden

4Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Mölndal, Sweden

5Department of Neurodegenerative Disease, UCL Institute of Neurology, London, UK

6UKDementia Research Institute at UCL, London, UK

7Hong Kong Center for Neurodegenerative Diseases, Hong Kong, China

8F. Hoffmann-La Roche Ltd., Basel, Switzerland

9Department of Neurology, Alzheimer Center Amsterdam, AmsterdamNeuroscience, Vrije Universiteit Amsterdam, AmsterdamUMC, Amsterdam, The Netherlands

10Memory Clinic, Skåne University Hospital, Malmö, Sweden

11Wallenberg Center forMolecularMedicine, Lund University, Lund, Sweden

Correspondence

Oskar Hansson,Memory Clinic, Skåne

University Hospital SE-205 02,Malmö,

Sweden.

Email: Oskar.Hansson@med.lu.se

*Part of the data used in preparation of this

article were obtained from the Alzheimer’s

Disease Neuroimaging Initiative (ADNI)

database (adni.loni.usc.edu). As such, the

investigators within the ADNI contributed to

the design and implementation of ADNI and/or

provided data but did not participate in

analysis or writing of this report. A complete

listing of ADNI investigators can be found at:

http://adni.loni.usc.edu/wp-

content/uploads/how_to_apply/

ADNI_Acknowledgement_List.pdf

Funding information

Swedish Research Council, Grant/Award

Number: 2016-00906; Knut and Alice

Abstract

Introduction: Biomarkers for the prediction of cognitive decline in patients with

amnestic mild cognitive impairment (MCI) and amnestic mild dementia are needed for

both clinical practice and clinical trials.

Methods:We evaluated the ability of tau-PET (positron emission tomography), corti-

cal atrophy on magnetic resonance imaging (MRI), baseline cognition, apolipoprotein

E gene (APOE) status, plasma and cerebrospinal fluid (CSF) levels of phosphorylated

tau-217, neurofilament light (NfL), and amyloid beta (Aβ)42/40 ratio (individually and in
combination) to predict cognitive decline over 2 years inBioFINDER-2 andAlzheimer’s

Disease Neuroimaging Initiative (ADNI).

Results:Baseline tau-PET and a composite baseline cognitive scorewere the strongest

independent predictors of cognitive decline. Cortical thickness andNfL provided some

additional information. Using a predictive algorithm to enrich patient selection in a

theoretical clinical trial led to a significantly lower required sample size.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
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Discussion:Models includingbaseline tau-PETand cognition consistently provided the

best prediction of change in cognitive function over 2 years in patients with amnestic

MCI or mild dementia.

KEYWORDS

AD, blood biomarkers, cognition, PET, tau

1 INTRODUCTION

Amyloid beta (Aβ) plaques and tau tangles are the pathologies that

define Alzheimer’s disease (AD).1 Cerebrospinal fluid (CSF) Aβ was

shown to be associated with an increased risk of progression from

mild cognitive impairment (MCI) to AD dementia already 20 years

ago,1–3 and the first positron emission tomography (PET) tracer for Aβ
was developed shortly thereafter.4 More recently, methods to accu-

rately measure Aβ in plasma have been developed.1,5–7 Over the past

several years, new methods have been developed to visualize tau

pathology in vivo using tau-PET imaging8 and to determine levels of

phosphorylated tau (p-tau) in CSF9,10 and plasma.1,11–16 The rapid

development of tau-PET tracers has led to the recent approval by the

US Food and Drug Administration (FDA) of [18F]flortaucipir as a diag-

nostic agent in AD dementia.17 Tau-PET has been shown to reliably

detect the tau aggregates formed in AD,18,19 and shows strong asso-

ciations with both cognitive decline20–24 and neurodegeneration.25,26

Levels of p-tau in CSF and plasma have been shown to begin increas-

ing at the asymptomatic (preclinical) stage of AD in response to

very early Aβ pathology.27–30 Higher baseline concentrations of p-

tau have also been shown to accurately predict progression to AD

dementia in both cognitively unimpaired (CU) individuals and in

patients with MCI.12,31–33 Neurofilament light (NfL), a more general

marker of neurodegeneration, has been reported to be increased

in AD,34 and to be associated with conversion from MCI to AD

dementia.32

As mentioned in the preceding text, we and others have recently

shown that blood-based biomarkers of Aβ (A), tau (T), and neurode-

generation (N) canpredict both future cognitivedecline andconversion

to AD dementia.11–16,31–33 Furthermore, tau-PET has also been shown

to be an important predictor of cognitive decline in AD.26,35,36 How-

ever, there is a clear lack of head-to-head comparisons of these type

of promising fluid and imaging biomarkers, and there is also an urgent

need to determine the optimal biomarker combinations for the predic-

tion of cognitive decline in patients with MCI or mild dementia over

a clinically relevant time span such as 24 months. This information

is of great importance both in clinical settings to establish the risk

of cognitive decline in symptomatic patients at a subject level, and in
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SMITH ET AL. 3

the settings of clinical trials directed against symptomatic AD where

follow-up time typically ranges between 18 and 24months.37–39

We, therefore, aimed to determine the ability of different blood and

CSF, as well as imaging ATN biomarkers associated with AD, to inde-

pendently predict cognitive decline in patients with objective memory

impairment. To this end,we analyzed the ability of (1) themost relevant

plasma and CSF biomarkers (i.e., p-tau217, NfL, and the ratio of Aβ42
to Aβ40 [Aβ42/40]), (2) tau-PET ([18F]RO948 standardized uptake value

ratios [SUVRs]) in threedifferent regions of interest (ROIs); (3) baseline

cognition; (4) magnetic resonance imaging (MRI; cortical thickness in

an “AD-signature” temporal-ROI40); and (5) the main genetic risk vari-

ant for sporadic AD (the apolipoprotein E (APOE) ε4 allele), to predict

longitudinal cognitive performance over 2 years in patients presenting

with amnestic MCI or amnestic mild dementia. We included patients

with amnestic MCI or mild amnestic dementia without requiring them

to already have evidence of Aβ pathology (defined byCSF or PET) to be
able to identify which markers best predict cognitive decline indepen-

dent of Aβ status. This is a relevant situation in clinical practice, where
most patients with amnestic memory impairment have an unknown Aβ
status. In a sensitivity analysis we restricted the participants to only

include Aβ-positive participants to mimic a clinical trial setting. Based

on the main results presented in this study, including all participants,

we have developed a prototype of an online prognostic tool that can

be used to predict cognitive decline over 24 months, either to provide

individualizedprognostic information in clinic practice orwhen recruit-

ing suitable participants to clinical trials. It is important to note that

themain resultswere replicated in an independent cohort (Alzheimer’s

Disease Neuroimaging Initiative [ADNI]).

2 METHODS

2.1 Participants

We included participants from the Swedish BioFINDER-2 study

(n = 118; May 2017–March 2021; www.biofinder.se). The inclusion

criteria for the present study were (1) either amnestic MCI (n = 90)

or early amnestic dementia (n = 28) and (2) a baseline Mini-Mental

StateExamination (MMSE) scoreof≥22points; and (3) a completedata

set for all studied biomarkers. In addition to presenting with amnes-

tic memory problems patients with MCI, either fulfilled established

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition

(DSM-5) clinical criteria for mild neurocognitive disorder, or met the

DSM-5 criteria for major neurocognitive disorder possibly due to AD.

BioFINDER-2 participants underwent a medical history and neuro-

logical examination, brain MRI, blood and CSF sampling, [18F]RO948

tau-PET, and repeated neuropsychological testing after 1, 2, and 3

years. Only participants with cognitive follow-up data extending over

≥2 years were included in the analysis, but results from all available

time points were used for cognitive slope calculation. At baseline,

participants also underwent a cognitive battery including Trail Mak-

ing Test Parts A and B (TMT-A, TMT-B), animal fluency (AF), and the

wordlist delayed recall part of the Alzheimer’s Disease Assessment

RESEARCH INCONTEXT

1. Systematic review: We reviewed the literature regard-

ing biomarkers and subsequent cognitive decline in mild

cognitive impairment (MCI) and Alzheimer’s disease (AD)

dementia. Many individual biofluid and imaging biomark-

ers have been shown to be able to predict future cog-

nitive decline. However, a comprehensive head-to-head

study of the individual contribution of the most rel-

evant biomarkers, such as tau-PET (positron emission

tomography) and plasma phosphorylated tau (p-tau), is

lacking.

2. Interpretation: The biomarker exhibiting the best inde-

pendent prediction of cognitive decline in patients with

amnestic MCI or amnestic dementia was tau-PET fol-

lowed by baseline cognition. The results imply that tau-

PET might be an important addition to the diagnostic

work-up of AD in clinical practice and trials when prog-

nostic information is of importance.

3. Future directions: Even though the resultswere very sim-

ilar between BioFINDER-2 (single-center study in Swe-

den) and Alzheimer’s Disease Neuroimaging Initiative

(ADNI; multi-center study in the United States), further

studies need to validate the results in more diverse study

populations.

Scale-cognitive subscale (ADAS-cog). These tests were used to calcu-

late a baseline cognitive composite score by computing z-scores based

on the means and standard deviations of CU participants (n = 465)

from the BioFINDER2 study. The baseline cognitive composite was

calculated as −ADAS-cogz-score + −TMT-Bz-score + AFz-score. These three

cognitive tests were used in combination because they were shown to

be thebest predictors of conversion toADdementia.33 For a sensitivity

analysis using a modified Preclinical Alzheimer Cognitive Composite

(PACC) as an outcomewe calculatedmodified PACC z-scores using the

formula:MMSE z-score +2 x (−ADAS-cogz-score)+−TMT-Az-score +AFz-score.

TMT-A was used instead of TMT-B in the longitudinal analysis to min-

imize the loss of AD participants at follow-up visits. Written informed

consent was obtained from all participants prior to entering the study

and the study was approved by the regional review board for human

research ethics at Lund University. Details on ADNI participants are

provided in the Supplemental Information.

2.2 Image acquisition, processing, and biofluid
biomarker collection and processing

Image acquisition and processing as well as biofluid biomarker han-

dling are described in detail in the Supplementary Information. In

an initial analysis we found that Braak III/IV was the best predictor
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4 SMITH ET AL.

(highest t-value) of cognitive decline of these three meta-ROIs, and

consequently only the Braak III/IV (temporal ROI) region was used

in further analyses, to avoid multiple, dependent tau-PET predictors

(Table S1).

2.3 Statistics

Linear regression modeling was used to predict change in cognition,

with each biomarker measured separately as the main predictor and

in combination. Age, sex, education, and baselineMMSEwere included

as covariates. Change inMMSE (slope) was calculated for each individ-

ual as the slope of a linear regression based on all available follow-up

visits. Only individuals who had all available biomarker measurements

were included in order to ensure direct comparability of model results.

Models were evaluated using t-values, R2, and change in Akaike infor-

mation criterion (AIC) values. A model with an AIC value more than

two points lower than another model can be considered significantly

different.32 To find the most parsimonious model that could predict

cognitive decline we performed an initial selection using the R pack-

age MuMIn, which tests all possible variable combinations and then

ranks themodels according to their AIC.41 As a complementarymodel,

stepwise removal of the variable with the highest p-value from the full

model was performed and the model with the lowest AIC was consid-

ered as the optimal model with the best tradeoff between model fit

and complexity. The parsimonious model selected was the model with

the fewest predictors within two AIC points from the optimal model.

Note that before starting the analyses, to limit the number of biomark-

ers studied and minimize the risk of random false-positive findings, we

selected biomarkers shown in previous studies to be associated with

cognitive decline in AD. To avoid collinearity due to dependent predic-

tors (such as for example p-taumeasured in CSF and plasma), and since

in clinical practice or clinical trial settings often blood, but not CSF,

is sampled, we performed the analysis of plasma and CSF biomarkers

separately.

Finally, we performed a simulated clinical trial power analysis in

which the ability of each measure to increase trial power was deter-

mined when used for inclusion screening. First, the number of trial

participants needed to achieve 80% power to detect a reduction in

cognitive change was calculated for each group without any additional

inclusion criteria (“unenriched scenario”). Next, the same calculation

was performed when assuming that only individuals in the 25%, 30%,

35%, etc., top percentile of risk for cognitive decline as predicted by

the parsimonious model would be included in the trial (“enriched sce-

nario”). The percent difference in number of trial participants needed

between the unenriched and enriched scenarios was then reported

along with p-values based on the proportion of 1000 bootstrap tri-

als in which the enriched scenario required fewer participants than

the unenriched scenario. All statistical tests were two tailed with a

significance level of 0.05. All analyses were performed using the R

programming language (v 4.0).

TABLE 1 Demographic information

Participants

n 118

Sex (F/M) 57/61

Age (years± SD) 71.0 ± 8.6

Education (years± SD) 12.8 ± 4.4

BaselineMMSE (mean± SD) 26.4 ± 2.4

MMSE slope (mean± SD) −1.40 ± 1.92

mPACC slope (mean± SD)a −1.30 ± 2.67

Cognitive baseline z-score (mean± SD) −6.3 ± 3.2

[18F]RO948 temporal SUVR (mean± SD) 1.47 ± 0.47

Plasma p-tau217 (ng/mL; mean± SD) 3.97 ± 5.02

PlasmaNfL (ng/mL; mean± SD) 21.2 ± 24.4

Plasma Aβ42/40 ratio (mean± SD) 0.21 ± 0.04

CSF p-tau217 (ng/mL; mean± SD) 278 ± 286

CSFNfL (ng/mL; mean± SD) 234 ± 182

CSF Aβ42/40 ratio (mean± SD) 0.07 ± 0.03

Aβ positive (%) 77/118 (65)

Abbreviations: CSF, cerebrospinal fluid; F, female; M, male; mL, milliliter;

MMSE, Mini-Mental State Examination; mPACC, modified Preclinical

AlzheimerCognitiveComposite; n, number;NfL,Neurofilament Light chain;

ng, nanogram; SD, standard deviation; SUVR, standardized uptake value

ratio.
aModified PACCmeasurement used for a sensitivity analysis (n= 103).

3 RESULTS

Participants and biomarkers

A total of 118 participants presentingwithmemory impairment (either

amnestic MCI or amnestic mild AD dementia) from the Swedish

BioFINDER-2 study were included in the study. The mean age ± SD

was 71.0 ± 8.6 years, mean education duration was 12.8 ± 4.4 years,

48% of participants were female, and the mean baseline MMSE was

26.4 ± 2.4 (range 22–30). Participant demographics for the included

cohort are provided in Table 1.MMSE scoreswere obtained at baseline

and at annual follow-up for up to 3 years. Cognitive decline was com-

puted as the change (slope) in MMSE score per year and correlated to

10 biomarkers: plasma and CSF p-tau217, plasma and CSFNfL, plasma

and CSF Aβ42/40 ratio, tau-PET SUVR in a temporal ROI (correspond-

ing to Braak imaging stages III–IV),APOE ε4 status, cortical thickness in
“AD-signature” cortex, and the cognitive baseline composite score.

Prediction of cognitive decline by individual
biomarkers

We found that baseline tau-PET SUVR in the temporal ROI showed the

highest t-values, R2, and lowest AIC values, when each biomarker was
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SMITH ET AL. 5

F IGURE 1 Prediction of cognitive decline using biomarkers individually or in combination. The figure shows the effect sizes for each
biomarker in predicting future cognitive decline either alone (orange bars, on top) or in a combinedmodel (black bars, below). Significant
biomarkers are representedwith a star. Themodel using cerebrospinal fluid (CSF) biomarkers is shown in the left panel and themodel using plasma
biomarkers in the right panel. Bars represent 95% confidence intervals

used individually to predict change in cognition (t = −6.26, R2 = 0.33,

ΔAIC−33 compared to a model including only the covariates; Figure 1

and Tables S2 and S3). Baseline cognition, cortical atrophy, CSF NfL,

and plasma and CSF p-tau217 also individually significantly predicted

cognitive decline (Figure 1, Tables S2 and S3). As expected, models

including all biomarkers provided better model fit (higher R2-values).

They also provided better ΔAIC values as compared to the best single

predictor tau-PET (Tables S2 and S3).

Prediction of cognitive decline by biomarker
combinations

Wenext determined themost parsimoniousmodel that could provide a

non-inferior prediction of future cognitive decline compared to the full

models combining all predictors. We, therefore, sequentially removed

one biomarker at a time from the full model in a step-wise fashion (the

biomarkerwith thehighest p-value in themodelwas removed) and refit

the model. Data showing the change in AIC and R2 upon biomarker

removal are presented in Table 2. The combination of tau-PET, baseline

cognition, cortical atrophy, and NfL provided the most parsimonious

models (with the fewest number of predictors, and AICwithin<2 from

the model with the lowest AIC), where tau-PET and baseline cognition

were the strongest predictors (Table 2). We next confirmed this model

using an automated data-driven model selection (MuMIn) to evaluate

the ability of all possible biomarker combinations to predict cognitive

decline. Again we found that for both plasma and CSF analyses, the

combination of tau-PET, cortical atrophy, NfL, and baseline cognition

provided the lowest AICs.

In a sensitivity analysis, when restricting the analysis to only amnes-

tic MCI participants (n = 90), we found similar results (Table S4).

Furthermore, when including only participants that were Aβ positive
(Table S5) to mimic the scenario of a clinical trial, tau-PET and baseline

cognition were significant predictors, whereas NfL and cortical atro-

phywere no longer significant predictors. Finally, when using change in

modified PACC over time as the cognitive outcome (instead of change

in MMSE), we again found that tau-PET and baseline cognition were

the strongest predictors of cognitive decline in the parsimonious mod-

els, butwithminor contributions fromplasmaNfL andplasmap-tau217

(Table S6). In another sensitivity analysis we found no added value of

plasma or CSF glial fibrillary acidic protein (GFAP) or CSF levels of

the synaptic marker neurogranin in the BioFINDER cohort (data not

shown).

To validate our findings we included 50 participants from the

ADNI cohort having a complete set of biomarkers for age, sex, edu-

cation, baseline and longitudinal MMSE, baseline cognition, tau-PET

([18F]flortaucipir), APOE ε4 status, Aβ status, plasma NfL, plasma p-

tau181, and cortical thickness. We found that tau-PET and baseline

cognition were again the best predictors of longitudinal cognitive

decline, but plasma NfL and cortical atrophy did not contribute to the

model (Table S7).

Enrichment of clinical trials using biomarkers

With the aim of studying the importance of screening biomarker data

for clinical trial design we next calculated the impact of biomarker

enrichment on group sizes needed to achieve a preset statistical power

of 80%. We found that using the parsimonious models defined in

BioFINDER-2—that is, tau-PET, baseline cognition, NfL, and cortical

thickness—to enrich for higher risk of cognitive decline resulted in

significant reduction in group sizes with preserved statistical power
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SMITH ET AL. 7

F IGURE 2 Enrichment for clinical trials using the parsimoniousmodel biomarkers. The top panel of the graph shows the effect on group size
needed to include in a clinical trial to retain statistical power when enriching for pathological values for the tau-PET (positron emission
tomography), baseline cognition, cortical thickness, and neurofilament light (NfL) biomarkers (cerebrospinal fluid [CSF] NfL in black; plasmaNfL in
orange). The bottom panel shows the rate of amyloid beta (Aβ) positivity with the different inclusion thresholds (CSF in black; plasma in orange)

(Figures 2 and S1; full details provided in Table S8). These results are

independent of the assumed treatment effect. There were no statisti-

cally significant differences in the reduced group sizes between using

CSF and plasma biomarkers (Figure S1). The results indicated that

restricting inclusion to the 50% of participants with the highest pre-

dicted risk for cognitive decline resulted in a need for ≈52% fewer

participants compared to having no enrichment strategy (Figure 2).

Biomarker enrichment further resulted in removal of Aβ-negative indi-
viduals, even if Aβ biomarkers were not used in the parsimonious

selection model. For example, in an unselected population, 65% of

amnestic individuals were Aβ positive, compared to ≈80% using a 75%

cutoff (i.e., including the 75% with the most pathological values, and

excluding the 25% with most normal values), 92%–93% using a 50%

cutoff, and 97% using a 25% cutoff. In a sensitivity analysis, a simpler

model containing only the most important predictors (i.e., tau-PET and

cognition) performed similarly as the full models for study enrichment

(Figure S2).

Generation of a prediction algorithm for future
cognitive decline

To simplify the use of the data provided herein we have gener-

ated a web-based application for calculating the risk of cognitive

decline over a 2-year period, based on the full BioFINDER2 data

set. Theweb-application is available at: https://brainapps.shinyapps.io/

PredictMMSE (Figure 3).

4 DISCUSSION

Plasma,12,33 CSF,42,43 and imaging biomarkers35,36,42–48 of A, T, and

N have been used previously individually or in combination to predict

cognitive decline and conversion to AD dementia. However, a compre-

hensive direct head-to-head comparison of the relative contributions

of plasma, CSF, and tau-PET biomarkers to the prediction of cognitive

decline is lacking. Toaddress this gapand toallowdirect comparisonsof

the relative contribution of the different biomarkers to the prediction,

we used a data setwhere data for all studied biomarkerswere available

in all participants. In short, we found that models consisting of tau-PET

and baseline cognition were most strongly and consistently associ-

atedwith subsequent cognitivedecline in aheterogenouspopulationof

patients with amnestic MCI or mild amnestic dementia. Furthermore,

there were more modest and more variable contributions of NfL and

cortical thickness, but plasma (or CSF) p-tau, plasma (or CSF) Aβ42/40,
and APOE ε4 status were not included in themainmodels.

The present results are in line with a recent study showing that

tau-PET is superior to Aβ-PET and MRI when predicting subsequent

cognitive change in AD,35 but in that large multicenter cohort plasma

biomarkers, CSF biomarkers, and baseline cognition were not studied.

The present finding that NfL and cortical atrophy provides mod-

est, but independent, information compared to tau-PET alone might

be expected, considering that NfL and cortical atrophy reflect ongoing

axonal degeneration and substance loss of the brain, which is clearly

different fromthe tauaggregatesdetectedwith tau-PET imaging.1 Pre-

vious studies have suggested a role for structural cortical volumetric or
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8 SMITH ET AL.

F IGURE 3 Prediction algorithm for cognitive decline. Example of the implementation of the regressionmodels at https://
brainapps.shinyapps.io/PredictMMSE/. At this website it is possible to enter basic demographic data (age, sex, and education), biomarker data
(tau-PET temporal Region-of-interest (ROI) Standardized Uptake Value Ratio (SUVR) and plasmaNeurofilament Light (NfL) [pg/mL]) as well as raw
cognitive test scores (Mini-Mental State Examination (MMSE), Alzheimer’s Disease Assessment Scale (ADAS) delayed recall, Trail-making test-B
(TMT-B), and animal fluency). The example shows the predicted individual change in cognition for a 70-year-old womanwho has 14 years of
education, a pathological tau-PET (2.44 SUVR), a plasmaNfL of 4.5 pg/mL, and a cortical thickness of 2.3mm (please note that entering cortical
thickness is optional). She has a baselineMMSE score of 27, scores seven errors on a 10-word delayed-recall test, completes the Trail-Making Test
B in 124 s, and names 12 animals in 1min

thicknessMRImeasures43,45,48,49 in the prediction of cognitive decline

in AD. Cross-sectionally we and others have reported that temporal

cortical atrophy on MRI and increased tau-PET uptake are associated

with a worse cognitive performance.42,44,46,47,50 However, neither NfL

nor cortical atrophy was a significant predictor in the ADNI validation

cohort, possibly reflecting the smaller sample size and potentially also

the lower number of early AD dementia participants in the ADNI data

set (Table S9).

Plasma (or CSF) p-tau was not selected in the main parsimonious

models most likely because this biomarker, similar to Aβ42/40 and Aβ-
PET, becomes abnormal much earlier than tau-PET, and in the case of

Aβ42/40 likely already 10–30 years before onset of objective memory

impairment.1,11,15 Tau-PET is more closely related to neurodegener-

ation and cognitive decline during the symptomatic stages of AD,1,35

likely explaining why we found that plasma (and CSF) p-tau do not

seem to contribute with independent information beyond tau-PET in

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.12875 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [01/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://brainapps.shinyapps.io/PredictMMSE/
https://brainapps.shinyapps.io/PredictMMSE/


SMITH ET AL. 9

patients with MCI and mild dementia. CSF p-tau217 level was patho-

logical in 60% of participants at baseline (including all AD-dementia

participants). In comparison, 38% of participants had a pathological

RO948 PET at baseline. That said, plasma p-tau might be more useful

during preclinical stages of AD, where it can predict future increase in

tau-PET uptake.51

Furthermore, baseline cognition (here evaluated using composites

of memory and executive function) showed an association with future

cognitive decline, even after adjusting for baseline MMSE, but per-

formed significantly inferior compared to the parsimonious model or

tau-PET when used alone (Table 2, Tables S2 and S3). Still, inclusion of

baseline cognition added independent information to theparsimonious

models on top of tau-PET, cortical thickness, andNfL data, showing the

value of brief cognitive testing in the clinicwhenpredicting subsequent

cognitive decline. Similarly, we have previously found that the same

three cognitive tests together with plasma p-tau can predict conver-

sion toADdementia in patientswith subjective cognitive decline (SCD)

orMCI, but again tau-PETwas not available in that study.33

Conducting clinical studies is very expensive because large popula-

tions need to be included to have a sufficient number of progressors

over a relatively short time interval to show an effect of the treat-

ment. In an unselected population, only a minority of patients with

MCI or mild dementia will progress significantly over a 2-year period.

Optimizing the trial design by selecting patients who are more likely

to progress is therefore of great importance for reducing the num-

ber of required participants. We consequently aimed to see whether

preselecting study participants for a theoretical clinical trial based on

their baseline biomarker levels could reduce the number of required

participants without compromising statistical power. Restricting the

study population using the parsimonious model to more pathological

biomarker values resulted in a significant reduction in sample sizes

needed (Figure 2; Table S8 and Figure S1). It is important to note

that for the use of these biomarkers in the selection of participants

for future clinical studies of AD, selection based on the parsimonious

model including only tau-PET, baseline cognition, cortical atrophy, and

NfL also selected for Aβ positivity, thereby decreasing the need for

performing both Aβ- and tau-PET in the selection process.
In light of the recently published Phase II study of donanemab in

early AD,38 where cognitive decline continued despite the clearance

of Aβ plaques as assessed by Aβ-PET, it may be argued that includ-

ing patients based on tau-positivity, as assessed by tau-PET, may be

too late, since the treatment may not be able to halt disease progres-

sion. The parsimonious model presented in this article may, therefore,

provemore suitable for anti-tau trials, acting at a later stage of disease

progression.

From a clinical perspective, knowing the likelihood that a patient in

the clinic will remain stable or is likely to significantly deteriorate over

a relevant time interval is of great importance. “How quickly does my

memory deteriorate?” was recently listed as the most important ques-

tion to be answered by both AD patients and caregivers in a survey

study,52 followed by other questions related to cognition. Being able

to address these questions is, therefore, of large interest to meet the

concerns of the patients affected by the disease. By knowing the tau-

PET status, thebaselineperformanceona fewbrief cognitive screening

tests, and NfL, a prediction can now be made using an easy-to-use

on-line tool developed using the results of the present study (https://

brainapps.shinyapps.io/PredictMMSE/).

There are limitations of this study. First, the follow-up period is

rather short, although it is within the range ofmany therapeutical trials

in symptomatic AD (ClinicalTrials.gov: Clarity AD, EMERGE, GRADU-

ATE 1&2, and ENGAGE, and37–39), and represents a foreseeable time

perspective from a clinical point of view. Second, the number of par-

ticipants is relatively low, especially for the number of AD dementia

participants, and the majority are of European descent. We cannot

exclude that there may be small predictive effects seen with the non-

significant biomarkers if the sample size was increased, and the results

would benefit from being replicated in additional large independent

cohorts. Likewise, we cannot exclude that other biomarkers may show

better predictive abilities with a more diverse ethnic background.

Third,MMSEmay not be the optimal readout for longitudinal cognition

in all settings, although it often performswell to detect decline in popu-

lationswith patientswithMCI ormild dementia and it is often included

in clinical trials as a secondary outcome. A sensitivity analysis using a

modified PACC, designed to be an earlier marker of cognitive decline,

as the cognitive outcome resulted in a similar outcome compared to

using longitudinal MMSE. Fourth, we aimed at making a comprehen-

sive comparative study of biomarkers for cognitive decline in early AD,

but still important biomarkers, for example, fluorodeoxyglucose (FDG)-

PET,werenot available in thedata set andhavenotbeen included in the

present study.

5 CONCLUSIONS

Wefound that tau-PET, baseline cognition, cortical thickness, p-tau217

levels in blood and CSF, as well as CSF NfL can all individually pre-

dict future cognitive decline in patients with amnestic MCI or mild

dementia. However, models including tau-PET and baseline cognition

consistently provided the best prediction of cognitive decline in this

heterogenous patient population, implying that tau-PET might be an

important addition to the diagnostic workup in situations where prog-

nostic information is of importance. We further found that selecting

a study population based on these biomarkers can result in a clearly

reduced number of participants needed in clinical trials, for example,

anti-tau trials, with cognitive decline as the primary outcome.
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