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Regional tau PET patterns predict prospective D
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Abstract

Background Tau-PET binding patterns are heterogenous, with regional binding showing strong cross-sectional
correlations with domain-specific cognitive performance and longitudinal correlations with prospective
neurodegeneration. Here we evaluated whether regional patterns of baseline tau-PET predict prospective
longitudinal decline in specific cognitive domains in early symptomatic Alzheimer’s disease (AD), including
participants from clinical trial cohorts.

Methods 731 amyloid-positive participants with a clinical diagnosis of mild cognitive impairment (MCI) or mild AD
dementia underwent a flortaucipir F 18 PET (FTP-PET), structural MRI, and neuropsychological testing with the AD
Assessment Scale-Cognitive Subscale (ADAS-Cog). Cognitive assessment was repeated after 9-18 or 12-24 months.
Sub-scale annualized w-scores at each time point were combined as composite scores according to domains,
including episodic memory, semantic memory, executive function, language and praxis. Latent growth curve models
were applied to longitudinal composite scores to estimate the rate of annual decline (slope) in each participant.
Standardized uptake value ratio (SUVR) images were created using cerebellar crus as the reference region. Regional
and voxel-wise correlation analyses were implemented to identify baseline FTP-PET patterns and MRI grey matter
volumes associated with longitudinal changes in each cognitive domain, and to evaluate whether MRI mediates the
association between FTP-PET and cognitive decline.

Results Differential FTP-PET signal patterns showed significant negative associations with domain-specific annual
rates of decline. Higher temporo-parietal FTP-PET SUVR was associated with faster decline in episodic memory, while
higher left anterior temporal SUVR was associated with faster decline in semantic memory. FTP-PET signal in a left-
dominant fronto-temporal pattern was associated with faster decline in language, while FTP-PET signal in a right-
dominant fronto-parietal pattern was associated with faster decline in praxis. Executive decline showed limited spatial
associations with FTP-PET. Overall, regional and voxel-wise analyses identified similar pairwise associations between
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FTP-PET signal and domain-specific longitudinal decline. Baseline MRI showed weaker associations with domain-
specific cognitive decline than FTP-PET, and did not mediate the predictive effect of the latter.

Conclusion Differential regional tau-PET signal patterns were associated with domain-specific cognitive decline in
MCl and early AD dementia. Tau-PET may be a useful precision medicine tool to support individualized predictions of

cognitive decline trajectories in early symptomatic AD.

Keywords Tau PET, Prognosis, Cognitive domains, Early AD

Background

The new era of disease modifying therapies for Alzheim-
er’s disease (AD) has been made possible by the utiliza-
tion of biomarkers — highlighting that it is crucial to
continue to validate these tools for more accurate prog-
nosis and stratification of patients to advance disease-
modifying treatments through clinical trials. Several
biomarkers have emerged to quantify and track AD path-
ological hallmarks, including positron emission tomogra-
phy (PET) radiotracers that bind selectively to amyloid-p
plaques and tau neurofibrillary tangles. Whereas in vivo
amyloid PET, as well as amyloid neuropathology at post-
mortem, correlate only weakly with cognitive impairment
cross-sectionally, tau load assessed by tau-PET strongly
correlates with clinical progression and the extent of neu-
rodegeneration [1-3].

Cross-sectional studies show that tau-PET uptake
topography overlaps with patterns of brain atrophy and
hypometabolism as measured by magnetic resonance
imaging (MRI) or FDG-PET [4, 5]. Tau-PET is also asso-
ciated with domain-specific cognitive deficits [6—9] and
distinct clinical variants of AD [5, 10, 11]. Longitudinally,
strong associations between baseline tau-PET and cog-
nitive changes over time have been described across the
AD clinical spectrum. Tau-PET uptake in temporo-pari-
etal regions outperforms amyloid-PET, structural MRI
measures and fluid biomarkers in predicting cognitive
decline on global scales [2, 12—-15]. This has been repli-
cated in several single- and multi-center studies, with dif-
ferent tau-PET tracers and participants at different stages
of the disease course. These converging findings suggest
that tau-PET is a promising prognostic tool for predict-
ing cognitive decline.

Current disease-modifying treatment trials commonly
rely on global/composite measures of cognitive and
functional decline to assess the efficacy of the interven-
tion. While being useful and easily implementable, this
approach may not take into account the variety of AD-
related clinical presentations, with non-amnestic syn-
dromes and individual decline profiles in potentially
different cognitive domains. Similarly, most previous evi-
dence on the prognostic value of tau-PET has focused on
global or summary metrics of tracer uptake or regional
uptake in a single region (e.g., temporal meta-ROI) to
predict global measures of cognitive decline or changes

in the memory domain specifically. This approach cap-
tures initial tau accumulation, linking mesial temporal
structures with memory performance, however neglects
relevant information about differential spatial patterns
that tau-PET can reveal. Identifying more granular asso-
ciations between tau PET patterns and domain-specific
decline has the potential to complement traditional
global tau-cognition associations and support both dis-
ease staging and prognosis as well as potentially serve as
potential outcome measure in clinical trials.

Here, we aim to test whether tau-PET spatial patterns
are useful to track and predict differential cognitive tra-
jectories on the AD spectrum in clinical-trial cohorts.
Specifically, we evaluated whether regional patterns of
baseline tau-PET predict prospective longitudinal decline
in specific cognitive domains in early symptomatic AD.
Our study focused on 18F flortaucipir (FTP-PET), which
is to date the only tau-PET tracer to have received FDA
and EMA-approval for clinical use in the U.S./EU. In
a cohort of 731 patients with AD, we tested whether (i)
baseline differential tau-PET patterns correlate with
domain-specific cognitive performance cross-sectionally;
(ii) similar tau-PET patterns at baseline predict cogni-
tive decline in specific domains over time; (iii) structural
brain changes over time mediate the prognostic value of
tau PET. Establishing tau-PET as a tool for tracking in
vivo disease and predicting clinical progression would
improve patient prognostication and management, also
potentially enriching screening and outcome evaluation
in clinical trials.

Materials and methods

Study participants

We included participants enrolled either in observational
flortaucipir clinical development studies (AV1451-A05:
NCTO02016560 [2]) or in interventional clinical tri-
als (EXPEDITION-3: NCT01900665 [16], and AMA-
RANTH: NCT02245737 [17]) conducted at Eli Lilly and
Company. Seven hundreds thirty-one (N=731) par-
ticipants were included in our analyses, as they: (i) had
a clinical diagnosis of mild cognitive impairment (MCI)
due to AD, or AD with mild dementia based on NIA-AA
criteria ; (ii) had a positive florbetapir PET scan (assessed
via visual interpretation with adjunct quantitative infor-
mation - the VisQ method [18] - evaluating cortical Ap
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levels); (iii) underwent a FTP-PET PETscan at baseline;
(iv) had available clinical and neuropsychological assess-
ment data. Out of 731 participants, 221 had a diagnosis
of MCI due to AD, and 510 had a diagnosis of AD with
mild dementia.

For longitudinal analyses, we included all participants
from the observational study (AV1451-A05; n=108), and
participants in placebo arms only from the two clinical
trials (EXPEDITION-3 n =82, and AMARANTH #n=31),
while participants in treatment arms were excluded.

Image acquisition and processing

In study AO5, flortaucipir PET images were acquired
across four 5-min frames (20 min total) beginning
80 min after IV injection of 370 MBq flortaucipir F18 as
described in previous publications. In Expedition 3 and
Amaranth images were acquired across six 5-min frames
(30 min total) beginning 75 min after IV injection of 240
MBq flortaucipir F18. Other aspects of image acquisition
and processing were comparable across the three studies
and methods have been described in earlier publications
[2, 19]. Briefly, all FTP-PET scans were motion- and time-
corrected, followed by summing into a single scan. After a
series of pre-processing steps [2], the summed FTP-PET
scans were transformed to Montreal Neurologic Institute
(MNI) atlas space. Automated anatomical labelling (AAL)
atlas was used to partition the spatially-normalized FTP-
PET images into 92 anatomical regions. Voxel-wise maps
and regional SUVR values were created using subject-
specific cerebellum crus as reference region. Cortical
surface maps were created for baseline and follow-up
FTP-PET scans of each participant. Cortical reconstruc-
tion program provided by FreeSurfer (version 6.0.0w)
was applied on the baseline T1-weighted MRI scans to
segregate white matter and pial surfaces and to calculate
subject-specific subcortical segmentations. The cortical
reconstructions with macroscopically failed segmenta-
tions and/or surface errors were removed from further
analysis after manual inspection. The motion- and time-
corrected baseline and follow-up FTP-PET scans were
registered to the bias-corrected T1-weighted MRI scans
generated by FreeSurfer using Linear Image Registration
Tool with 6 degrees-of-freedom. The FTP-PET uptake
halfway between the pial and white surfaces was pro-
jected onto FreeSurfer’s average template and smoothed
by a white surface Gaussian filter with a full width at half
maximum (FWHM) of 5 mm. The smoothed surface
maps were then normalized by each subject’s cerebel-
lum crus reference value to produce FTP-PET reflecting
standardized uptake volume ratio (SUVR) surface. Unlike
conventional approaches that rely on atlas-based inferior
cerebellar gray matter or whole cerebellum regions, our
method uses a subject-specific cerebellar crus reference
region derived from each individual’'s T1-weighted MRIL
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The inferior cerebellar gray matter is located at the bot-
tom of the PET field of view, thus attenuation correction
and spatial normalization can be more prone to error.
Our approach allowed for an accurate placement of the
reference region, especially in cases with severe atrophy,
while maintaining consistency across participants.

Cognitive assessment and domains
At baseline, all participants underwent the ADAS-
Cog cognitive assessment, which evaluates episodic
and semantic memory, language, executive and praxis
functions (higher scores indicate worse performance
in each of these domains). The same cognitive assess-
ment was repeated after 9 and 18 months in A05 and
EXPEDITION-3 trials, and after 1 year and 2 years in
AMARANTH. Sub-scores for episodic memory were
calculated including the recall, recognition, orientation,
and remembering instructions items from the ADAS-
Cog cognitive scale. Semantic memory was measured
using the naming objects and fingers ADAS-Cog sub-
scores, while the language sub-score included scores
in difficulty in finding words and following commands.
Executive functions were evaluated with the number of
cancellations from ADAS-Cogl3, and available for the
AMARANTH and EXPEDITION-3 studies but not in
the AO5 study. Finally, the ideational and constructional
praxis subscores were used to assess the praxis domain.
To obtain comparable scores across domains, we calcu-
lated patient-specific W-scores (age-corrected z-scores)
for each ADAS-Cog sub-score against a group of 68 cog-
nitively unimpaired, amyloid-negative controls (recruited
as part of the AO5 study; female: 46.3%; apoe4-carriers:
20%; percentage white: 75%; mean (SD) age: 58.94 (18.68);
mean years of education: 15.83; all with a Mini-Mental
State Examination (MMSE)>28, average MMSE (SD):
29.50 (0.50); average ADAS-Cogll (SD): 5.34 (3.28)).
Notably, this group included 15 young controls with a
mean age of 29.0. Next, patient-specific W-scores of sin-
gle ADAS-Cog sub-tests were averaged within each cog-
nitive domain. None of the patients included had missing
cognitive assessment data. The executive domain was
evaluated only in the AMARANTH and EXPEDITION-3
studies, as the respective test of number of cancella-
tions from ADAS-Cogl3 was not available in A05 study.
Moreover, since the normal controls were not available
in AMARANTH and EXPEDITION-3 for calculating
w-scores, raw scores were used for the executive domain.

Statistical analysis

First, ROI-based Pearson correlation analyses were
performed to identify the cross-sectional associations
between left and right regional tau-PET SUVR values and
domain-specific cognitive impairment at baseline. Sec-
ond, we applied latent growth curve models (LGCM) to
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longitudinal domain-specific scores to estimate the rate
of annual decline (slope) for each participant. Worse cog-
nitive performance is reflected in higher scores on the
ADAS test over time. Domain-specific scores at follow-
up were annualized to the nearest whole year for A05
and EXPEDITIONS studies, using the absolute differ-
ence in scores between the baseline and the following
visits, divided by the time interval in days between tests
and multiplied by 365 (9 months converted to 1 year)
and 730 (18 months converted to 2 years). This allowed
us to run the models across all cohorts using equidis-
tant and comparable time intervals between visits, and
to calculate slopes that are interpretable as ‘annual rate
of change’ in each cognitive domain. LGCM were fitted
on longitudinal annualized domain-specific scores across
all patients, and linear slopes for domain-specific scores
were estimated, and used in further analyses. LGCM was
implemented in Lavaan software using full information
maximum likelihood estimation with robust standard
errors for missingness and non-normality. We considered
three indices of good model fit [20]: (1) the root-mean-
square error of approximation (RMSEA, acceptable fit: <
0.08, good fit: < 0.05), (2) the comparative fit index (CFI,
acceptable fit: 0.95-0.97, good fit: >0.97), and (3) the
standardized root mean-square residual (SRMR, accept-
able fit: 0.05-0.10, good fit: < 0.05). From the model
fitting, variables “intercept” and “slope” were created
extracting the individual estimated values for each sub-
ject in the model. Baseline tau-PET SUVR regional val-
ues were included in region-specific correlation analyses
with the annual rate of domain-specific decline (slope).
Associations between tau-PET and domain-specific cog-
nitive impairments, cross-sectionally and longitudinally,
were also tested with voxel-wise regression analyses.
Both ROI-based and voxel-wise analyses were performed
across all patients, and within each diagnostic group
(MCI, dementia). Results were considered statistically
significant with a p <0.05 with Family Wise Error (FWE)
correction, and cluster extent k=100 was used for voxel-
wise regression analyses. Covariates were not included
as the approach already accounted for age (calculating
w-scores) and baseline clinical severity (LGCM account
for intercept and slope covariance). Analyses adjusting
for sex as covariate led to the same results, thus we did
not include this in the final analyses.

Next, we tested whether the relationship between base-
line tau-PET and longitudinal domain-specific cogni-
tive decline was mediated by atrophy in the same brain
regions. First, we tested for associations between gray-
matter regional volumes and cognitive change slope.
Second, we undertook mediation analyses within spe-
cific brain regions where cognitive impairment showed
associations with both tau-PET SUVR and grey mat-
ter volume. Our analysis was restricted to those regions
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where imaging-cognition correlations with both imaging
modalities, thus ensuring an impartial assessment with-
out favoring one modality over the other. Utilizing the
‘mediation’ R package, we computed the average direct
effect (ADE) and the average causal mediation effect
(ACME). These effects were estimated as population
averages through non-parametric bootstrapping com-
prising 5000 simulations, with a significance level set at
p<0.05.

Results

Table 1 shows demographics and summaries of patient
w-scores across various cognitive domains of partici-
pants included in cross-sectional analyses. Nearly half of
the sample (374/731) were female, and 66% of the sample
(478/720; data for 11 patients was not available) were
APOE-¢€4 carriers. One-sample t-tests reveal significant
impairment in all cognitive domains, suggesting poorer
performance compared to controls. Specifically, these
differences were observed in episodic memory [t=24.56,
p<0.0001], semantic memory [t=12.24, p<0.001], lan-
guage [t=18.16, p<0.001], executive [t=27.40, p<0.001],
and praxis [t=15.96, p<0.001]. Domain-specific cogni-
tive performance did not differ significantly across study
cohorts at the statistical threshold of p<0.05. Table 2
shows the demographics and clinical/cognitive assess-
ment summaries for participants (n=221; 65% with mild
AD dementia, 35% with MCI due to AD) included in the
longitudinal analyses. The average age of the cohort was
74 years; 51% were male, 64% were APOE-g4 carriers,
and the average follow-up time was 19 months.

Associations between domain-specific cognitive
performance and tau-PET imaging at baseline

Results from regional correlations between domain-
specific cognitive performance and tau-PET SUVR are
reported in Fig. 1. Episodic memory deficits were asso-
ciated with increased tau-PET uptake in the temporal,
frontal lobes extensively, and in the supramarginal gyri,
the precuneus and posterior cingulate cortex. Associa-
tions between semantic memory impairment and tau-
PET uptake were much less widespread and involved
anterior temporal regions only, on the left hemisphere
more than the right hemisphere. Executive dysfunc-
tion was related to higher tau-PET uptake in bilateral
fronto-parietal regions. The correlation analyses between
language and tau-PET uptake showed significant asso-
ciations in the left greater than right hemispheres, spe-
cifically in posterior superior temporal regions, parietal
regions involving supramarginal gyrus and angular gyrus,
and in inferior and middle frontal gyri. The correlation
with praxis revealed significant associations with tau-
PET uptake in right greater than left occipital, frontal and
parietal regions extensively, and in temporal posterior
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Clinical and Genetic Complete Dataset A05 AMARANTH EXPEDITION-3

Characteristics (n=731) (n=173) (n=365) (n=193)

Age in years, mean (SD) [min-max] 73.0 (8.0) 74.3(9.3) 71.7 (7.5) 73.9 (8.0)
[MCI: 50-97, [MCI: 50-97, [MCI:55-85, [AD: 55-90]
AD: 54-95] AD: 54-95] AD:55-85]

Sex: male/female, n 357/374 90/83 178/187 89/104

APOE-g4: non-carriers/carriers, n 242/478 (11%) 66/101 (6%) 121/243 (1%) 55/134 (4%)

Race

Asian, n 56 1 41 14

Black/African American, n 1" 2 7 2

White, n 640 (24%) 169 (1%) 314 (3% 157 (20%)

Ethnicity

Hispanic or Latino, n 22 4 14 4

Not Hispanic or Latino, n 597 91 337 169

Clinical Diagnosis

AD with mild dementia, n (%) 510 (69.76) 76 (43.93) 241 (66.02) 193 (100.00)

MCI due to AD, n (%) 221(30.23) 97 (56.06) 124 (33.97) 0(0.00)

Cognitive composite scores at baseline

Episodic memory (w-score), mean (SD) 1.85(1.92) 1.64 (1.86) 1.93 (2.02) 1.91(1.79)

Semantic memory (w-score), mean (SD) 0.78 (1.87) 0.95 (2.25) 0.59 (1.63) 0.98 (1.92)

Executive function (0-5 score), mean (SD) 2.58(1.23) 256 (1.24) 2.60(1.21)

Language (w-score), mean (SD) 292 (391) 261 (3.94) 2.84 (3.80) 3.34 (4.08)

Praxis (w-score), mean (SD) 1.18 (2.00) 0.96 (1.91) 129 (2.11) 1.18(1.86)

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; MCl, mild cognitive impairment; n, number of participants in the analysis; SD, standard deviation.
Higher w-scores correspond to worse cognitive performance. The * indicates missing information

Table 2 Clinical, demographics, and genetic characteristics of the 221 participants included in prognostic analysis with longitudinal

cognitive assessments

Clinical and Genetic Complete Dataset A05 AMARANTH EXPEDITION-3
Characteristics (n=221) (n=108) (n=31) (n=82)
Age in years, mean (SD) [min-max] 74.47 (8.58) 75.35(9.03) 72.29(7.29) 7414 (8.18)
Sex: male/female, n 113/108 61/47 16/15 36/46
APOE-g4: non-carriers/carriers, n 76/137 42/62 12/19 22/56
Race

Asian, n 8 0 4 4
Black/African American, n 5 2 1 2

White, n 199 105 26 68
Ethnicity

Hispanic or Latino, n 7 2 3 2

Not Hispanic or Latino, n 156 58 26 72
Clinical Diagnosis

AD with mild dementia, n (%) 144 (65.16) 43(39.81) 19(61.29) 82 (100)
MCl due to AD, n (%) 77 (34.84) 65 (60.19) 12 (38.71) 0(0.00)
Cognitive composite estimated slopes

Episodic memory (w-score), mean (SD) 0.06 (0.60) 0.11 (0.59) -0.04 (0.43) 0.03 (0.67)
Semantic memory (w-score), mean (SD) 0.02 (0.24) 0.02 (0.23) 0.01(0.17) 0.02 (0.27)
Executive function (0-5 score), mean (SD) 0.03 (0.46) - 0.03 (0.61) 0.03 (0.40)
Language (w-score), mean (SD) 0.04 (0.71) 0.02 (0.62) 0.10 (0.68) 0.05 (0.84)
Praxis (w-score), mean (SD) 0.04 (0.72) 0.04 (0.64) 0.14 (0.80) 0.00 (0.79)

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; MCl, mild cognitive impairment; n, number of participants in the analysis; SD, standard deviation.
Higher w-scores correspond to worse cognitive performance. The -- indicates missing of executive domain in A05 study
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regions. Adjusting the correlation analyses for global
(average across all regions) tau-PET uptake, the core
regions of the patterns remained the same (e.g., left tem-
poral regions for semantic memory, left inferior frontal
gyrus and temporal regions for language, and right infe-
rior operculum and occipital regions for praxis; Fig. 1,
bottom panel). Adding years of education as covariate in
the correlation analyses did not change the results (Sup-
plementary Fig. 1), as well as repeating the analyses after
excluding young controls from the w-score computation
(Supplementary Fig. 2).

Voxel-wise regression analysis identified similar
patterns of tau-PET uptake associated with domain-
specific cognitive performance as for the regional corre-
lation analyses (Fig. 2). The core regions of the patterns
were the same, however the spatial extent was larger in
regional analyses than in voxel-wise results. In particu-
lar, with the voxel-wise approach, the executive-related
tau-PET pattern was limited to frontal/motor areas, and
the left lateralization of the language-related pattern was
more accentuated.

Associations between tau-PET imaging at baseline and
domain-specific cognitive decline over time

The LGCM of longitudinal cognitive scores fit the data
adequately (RMSEA=0.00, CFI=1, SRMR=0.00) for
all cognitive domains. Next, we tested for associations
between baseline tau-PET and domain-specific cognitive
decline over time. Most patients experienced worsening
across different domains as shown in Fig. 3 (see Table 2
for summaries across cohorts). The results indicate that
there is a global effect of tau, as tau-PET in specific brain

regions is associated with cognitive decline across multi-
ple domains. However, differential tau-PET patterns were
associated with domain-specific cognitive decline (Fig. 4).
Specifically, higher tau-PET uptake in fronto-temporal,
parietal, cingulate and limbic regions was indicative of
a faster decline in episodic memory. Higher tau-PET
uptake in the left anterior and inferior temporal lobe
was associated with greater decline in semantic memory.
Executive decline exhibited minimal inter-individual
variability, possibly due to low dynamic range in this
domain (Fig. 3), thus correlations with baseline tau PET
did not highlight strong association patterns. Addition-
ally, a more extensive tau-PET uptake pattern in fronto-
temporal and parietal regions (L >R), and fronto-parietal
and occipital regions was linked to accelerated decline in
language and praxis domains, respectively. Adjusting the
correlation analyses for global (average across all regions)
tau-PET uptake, the domain-specific patterns were more
spatially limited and reduced to core regions (e.g., left
temporal regions for semantic memory and language,
and parietal-occipital regions for praxis; Fig. 4, bottom
panel). Voxel-wise regression analysis revealed similar
patterns of tau-PET uptake associated with domain-spe-
cific cognitive decline (pFWE <0.05, Fig. 5).

Associations between Gray matter volume at baseline and
domain-specific cognitive decline over time

Next, we examined the associations between baseline
atrophy (gray matter volume) and domain-specific cog-
nitive decline over time. The results (Fig. 6) indicate a
common pattern of atrophy in temporoparietal regions
associated with cognitive decline across all domains.
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However, unique differential atrophy patterns were also
observed, showing associations with domain-specific
cognitive decline. Adjusting the correlation analyses for
global (sum across all regions) grey-matter volumes, the
domain-specific patterns were spatially limited to core
regions (e.g., left temporal pole for semantic memory and

right parietal-occipital regions for praxis; Fig. 6, bottom
panel).

Association between baseline tau-PET and domain-specific
cognitive decline controlling for atrophy

To further examine whether grey matter atrophy medi-
ates the relationship between baseline tau-PET and
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longitudinal cognitive decline, we created overlap maps
that included regions showing significant association
between cognitive performance and both tau-PET uptake
and grey matter volume (at p<0.05 uncorrected). The
threshold of these analyses was lowered as only a limited
number of regions were obtained by associating cogni-
tion and grey matter volume. The top 10 regions were
assessed from both the categories for assessment of over-
lap (Fig. 7). The mean tau-PET uptake and grey matter
volume were then extracted in the overlap regions and
included in mediation analyses, with grey matter volume
as the mediator variable (Table 3).
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Fig. 5 Voxel-wise correlation maps between baseline tau-PET SUVR values and domain-specific cognitive decline over time (slope). The surface map
indicates the correlations which survived stringent threshold of pFWE <0.05

0.10

We observed no mediation effect of gray matter atro-
phy on the association between baseline tau-PET and
decline in cognitive domains (Table 3; episodic memory:
ACME=0.02, P=0.12; ADE=0.71, P<0.001; semantic
memory: ACME= -0.01, P=0.34; ADE=0.23, P<0.001;
executive function: ACME=0.03; ADE=0.27, P<0.001;
language: ACME=0.01, P=0.50; ADE=0.82, P<0.001),
except praxis domain where marginal mediation effect of
gray matter atrophy was observed (praxis: ACME=0.03,
P=0.02; ADE=0.96, p<0.001).
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Table 3 Summary of the mediation analyses in the brain areas Discussion
where both flortaucipir tau-PET SUVR and grey matter volume

" : Our study corroborates the prognostic value of tau-PET
were related to cognitive domain scores (P <0.05)

regional distribution on cognitive decline in several

Cognitive domains Qi?nmEates prvalues :sI:iEmates Povalues doma}ins, in a cl.inical. trial cphort patients with MCI-
Episodic memory 00169 e 07076 0,001 to-ml.ld dem.entla. D}fferentl.al tau-P.E.T patterns are
Sermantic memory 00118 034 02268 0,001 associated with domain-specific cognitive performance
Executive function 00300 014 09717 0,008 and decline in symptomatic amyloid-positive patients,
Language 00142 050 08191 <0001 as shown by both regional correlation and voxel-wise
Prasis 00271 0,02 0.9644 <0.00] regression analyses. Specifically, higher tau-PET SUVR
Abbreviations: ACME=average causal mediation effect; ADE=average direct in an extensive regional pattern encompaSSing fronto-
effect temporal and parietal regions was predictive of faster

decline in episodic memory. Higher tau-PET uptake in
the left anterior temporal lobe related to worse seman-
tic memory, while a more extensive and asymmetric
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tau-PET uptake pattern in (L>R) fronto-temporal and
parietal regions and (R>L) fronto-parietal and occipital
regions related to faster decline in language and praxis,
respectively. Executive decline showed small inter-
individual variability, leading to limited association pat-
terns. Region-based analyses highlighted similar tau-PET
uptake patterns as predictive of domain-specific decline.

Previous cross-sectional studies on a similar but
smaller cohort showed similar tau-PET uptake pat-
terns associated with cross-sectional domain-specific
impairment [8, 9]. Thus, the current study replicates and
extends previous evidence. Beyond cross-sectional stud-
ies, only a limited number of observational and smaller
studies have shown associations between regional pat-
terns of tau-PET and cognitive decline in patients on the
spectrum of AD. In 152 individuals with CDR<0.5, with
only a small portion of positive amyloid PET scans, ret-
rospective longitudinal analyses indicated that tau-PET
had the largest predictive value on episodic memory and
executive functioning decline, as compared to amyloid-
PET and structural MRI [21]. Moving from pre-clinical to
dementia stages on the AD spectrum, in a small cohort
(n=36) of amyloid-positive patients with AD, differential
voxel-wise patterns of tau-PET at baseline were found to
be strongly associated with subsequent cognitive decline
in memory, executive and instrumental functions, while
no associations were found with baseline amyloid load
and regional cortical atrophy [22]. In a larger cohort of
amyloid-positive individuals (n=131) from the ADNI
study, widespread associations between Flortaucipir PET
patterns and cognitive decline were found in domain-
related regions, as compared to limited cortical thick-
ness-cognition associations [23]. Another ADNI-based
study on 140 amyloid-positive individuals confirmed the
previous results, reporting that cognitive domain-specific
tau-PET outperforms amyloid-PET and structural MRI,
but also global and temporal lobe tau-PET, for predict-
ing future cognitive decline in episodic memory, lan-
guage, executive functioning, and visuospatial abilities
[24]. Overall, these observational studies indicated that
domain-specific cognitive decline in patients with AD
reflects underlying tau progression into associated brain
circuits, and spatial patterns of tau-PET may have bet-
ter sensitivity to capture differential decline than MRI-
derived measures.

Our study complements and expands on this series of
reports. Specifically, our results point to similar tau-cog-
nition spatial relationships in a larger and more diverse
trial-based cohort of amyloid-positive patients with
a clinical diagnosis of MCI or mild AD dementia. We
focused on early stages of the disease as this may be the
most efficacious time window to intervene with disease-
modifying therapies, and prognostic biomarkers may be
the most appropriate tools to stratify patients at these
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early stages of disease. Notably, our results showed that
the observed asymmetry and spatial differences in the
prognostic value of tau-PET for cognitive decline are
more pronounced than in cross-sectional correlation
patterns with cognitive domains. This aligns with recent
evidence suggesting that asymmetric tau deposition is
associated with earlier disease onset, greater pathologi-
cal burden, and more rapid cognitive deterioration com-
pared to symmetric patterns [25, 26]. In addition, our
results identify overlapping patters of tau-PET in corre-
lation analyses with episodic memory and praxis perfor-
mance. This overlap is consistent with evidence that tau
pathology in regions such as frontal and parietal corti-
ces is associated with decline across multiple cognitive
domains, reflecting the interconnected nature of neural
networks supporting memory and praxis. However, epi-
sodic memory deficits were related to tau-PET in tempo-
ral regions more extensively than praxis, while the latter
was associated with a tau pattern involving posterior
regions, including occipital cortex, that were not part
of the episodic memory related patterns (Figs. 2 and 5).
These findings highlight the importance of considering
not only the overall burden but also differential spatial
distributions and the lateralization of tau pathology when
assessing prognosis and tailoring interventions in AD.
Across domains, we observed overlapping regions
where tau-PET uptake, grey matter volume, and cogni-
tion were significantly associated. This convergence, par-
ticularly in temporoparietal and medial temporal areas,
highlights the close interplay between tau pathology, neu-
rodegeneration, and cognitive decline. Such overlap sup-
ports the hypothesis that regional tau accumulation may
drive local atrophy, which in turn contributes to domain-
specific cognitive deficits [27]. The associations between
baseline gray matter volume and domain-specific cogni-
tive decline, while showing some overlap, were less exten-
sive and strong as compared to the associations between
baseline tau-PET and domain-specific cognitive decline.
This suggests that tau-PET may be a stronger predictor
of domain-specific longitudinal cognitive decline than
gray matter atrophy; and while structural brain changes
are important, they may not capture the full extent of the
neurodegenerative processes affecting cognitive func-
tions. This aligns with cross-sectional multimodal imag-
ing studies on the AD spectrum, showing tau-PET uptake
in areas without overt neurodegeneration [4, 5, 10, 28].
Tau pathology may locally precede neurodegeneration,
as also suggested by significant associations of baseline
tau-PET patterns with prospective atrophy as measured
by structural MRI [29, 30] and retrospective longitudinal
atrophy (years preceding tau-PET) in both cognitively
unimpaired individuals and patients with clinical AD [31,
32]. Moreover, our findings suggest that while there are
regions where tau-PET signals and gray matter atrophy
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are both associated with cognitive decline, gray matter
atrophy does not mediate the relationship between base-
line tau-PET and cognitive decline. This indicates that
tau-PET may be a robust and independent predictor of
domain-specific cognitive decline. Baseline MRI may also
capture more of the normal variation in brain structure,
whereas tau-PET uptake is indicative of pathological pro-
cess. Further research in clinical settings is necessary to
confirm these findings and explore potential underlying
mechanisms.

Previous studies have described strong associations
between baseline tau-PET and cognitive changes over
time across the AD clinical spectrum. In head-to-head
comparisons, tau-PET binding in temporo-parietal
regions outperformed amyloid-PET and structural MRI
measures in predicting global cognitive decline [12-14],
especially in patients at early AD stages [12]. We relied
on ADAS-cog as single tests with domain-specific sub-
scores, rather than focusing on extensive cognitive batter-
ies, in order to improve prognosis in clinical practice and
trials in a feasible and pragmatic way while capturing dif-
ferent domains. Although a single test cannot fully assess
patients’ cognitive functioning and identify co-occurring
deficits that a more extensive battery might reveal, it still
holds value. Corroborating previous results by transition-
ing from composite scores to crude single-test sub-scores
offers multiple advantages. First, administering a single
test is quicker and less resource-intensive, making it suit-
able for settings with time constraints or limited access
to testing materials, such as clinics that will soon start
implementing disease modifying treatment delivery. Sec-
ond, shorter testing time minimizes fatigue and stress for
patients, which can result in more accurate and reliable
performance. Third, a single-test assessment is easier
to repeat over time for monitoring changes in cognitive
function, such as in longitudinal studies or ongoing treat-
ment assessments, reducing data missingness and subjec-
tive variability in multiple-test battery administration.

As compared to previous reports, we also implemented
a different approach to quantify cognitive changes over
time, utilizing LGCM. This analytic approach offers sev-
eral advantages over other previously used approaches,
such as linear mixed effects models and the analysis
of absolute differences for tracking changes over time,
and has been successfully implemented in prognostic
analysis in dementia [14, 33-35]. In particular, LGCM
(i) explicitly models individual differences in initial sta-
tus (intercept) and rate of change (slope), allowing for
a detailed understanding of how individuals differ in
their growth trajectories; (ii) handles missing data more
robustly through full information maximum likelihood
estimation, which uses all available data points and pro-
vides unbiased parameter estimates under the assump-
tion that data are missing at random; (iii) offers a range
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of fit indices to assess model fit and compare alternative
models, facilitating the identification of the best-fitting
growth model over complex growth models [36]. LGCM
may be a powerful tool to implement in future AD clini-
cal trials, as it provides a more nuanced, flexible, and
robust approach to tracking changes over time compared
to linear mixed effects models and the analysis of abso-
lute differences.

Notably, for both cross-sectional and longitudinal
analyses in our cohort, after adjusting for global tau-
PET uptake and global grey-matter volume, the observed
domain-specific associations were spatially limited to
core brain regions for each cognitive function. This spa-
tial limitation highlights the importance of regional
pathology over global disease burden in driving specific
cognitive deficits, and the selective vulnerability of func-
tionally specialized brain networks. Regional localized
patterns of tau accumulation predict domain-specific
cognitive decline and may inform both the timing and
type of interventions. These findings reinforce the value
of regional PET assessment and support the use of tar-
geted approaches in both research and clinical interven-
tions. Early detection of regionally restricted tau could
enable targeted therapies and tailored clinical manage-
ment, supporting a personalized medicine approach to
delay or mitigate decline in specific cognitive domains.

Our study has some limitations. First, the number of
cancellation tests (part of ADAS-Cogl3) was not avail-
able for participants in the A05 study, limiting our eval-
uation of executive domain to the AMARANTH and
EXPEDITION studies. and we acknowledge that ADAS-
Cogl3 is able to evaluate more sensitively some cogni-
tive domains (i.e,, memory) than others. Additionally,
w-scores for the executive domain were not calculated as
controls had ADAS-Cogl1 scores only available. Second,
the control group was not age-matched, as it included
participants across a wide age range. Notably, some con-
trol participants were younger than 50 years old (n=15,
mean age =29.0), which may introduce some biases in
the representativeness of the cohort. The inclusion of
younger individuals could lead to an overestimation of
cognitive differences between patients and controls,
as younger participants are likely to perform better on
cognitive assessments due to age-related advantages in
processing speed and memory. Third, our mediation
analyses were restricted to evaluating local relationships
and did not account for potential distant relationships
between tau-PET, gray matter atrophy, and domain-spe-
cific cognitive performance/decline. Finally, participants
were recruited from expert clinical trial centers under
highly controlled conditions, introducing selection bias.
This might not accurately represent the broader patient
population actually seen in the clinics. Additionally, the
study population lacked racial and ethnic diversity, with
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over 90% of participants being white. The association
between tau, neurodegeneration and cognition may vary
based on race and ethnicity as proxies for social deter-
minants of health [37]. Other individual factors can also
modify the relationship between tau accumulation and
cognition, with younger age, female sex, higher educa-
tion and cortical thickness being related to increased
reserve and resistance against the effect of pathology on
cognitive performance [38]. Much more work in diverse
cohorts is needed to validate our results in population-
representative cohorts.

In summary, we showed that differential regional pat-
terns of tau-PET are associated with domain-specific
cognitive decline in a large cohort of patients with MCI
and early AD dementia. Implementing latent growth
curve modelling approaches on single-test longitudinal
changes may empower prognosis and outcome predic-
tion. Tau-PET may be a good tool to stratify patients in
clinical trials of disease-modifying therapies, with per-
sonalized predictions of neurodegeneration and cogni-
tive trajectories, enhancing the chance to identify the
best time window and cohort where a given therapy can
be most effective.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513195-025-01868-7.

[ Supplementary Material 1 ]

Acknowledgements
We thank our participant volunteers for their participation in this study.

Author contributions

MM designed the study, analyzed and interpreted the data, and drafted

the manuscript. SR performed imaging analyses, analyzed and interpreted
the data, and drafted the manuscript. LI, RLJ, GT, AMW, JRS contributed to
the execution of the project. MJP and SS contributed to the design of the
study. GDR was a major contributor in executing the project and writing the
manuscript. All authors read, edited and approved the final manuscript.

Funding

M.M. was funded by Race Against Dementia Alzheimer’s Research UK (ARUK-
RADF2021A-010), Parke Davis Exchange Fellowship in Biomedical Sciences
(PD/2020/02) and the National Institute for Health Research (NIHR) Cambridge
Biomedical Research Centre (NIHR203312: the views expressed are those

of the authors and not necessarily those of the NIHR or the Department of
Health and Social Care).

Outside of this work, GDR receives funding from NIH/NIA P30-AG062422, R35
AG072362, U01-AG057195, U01-AG082350; Alzheimer’s Association, American
College of Radiology, Rainwater Charitable Foundation, Laurel Foundation,
Shenandoah Foundation.

Data availability

The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request. For the purpose of
open access, the authors have applied a CC BY public copyright licence to any
Author Accepted Manuscript version arising from this submission.

Page 12 of 13

Declarations

Ethics approval and consent to participate

The protocols of the interventional and observational trials were reviewed
and approved by appropriate ethics committees as required by global trials.
All trials were conducted in compliance with the Declaration of Helsinki and
the International Conference on Harmonization guideline on good clinical
practice (World Medical Association, 1997). All patients provided written
informed consent to participate in the trials.

Competing interests

Unrelated to this work, M.M. provides consultancy to Astex Pharmaceuticals.
G.DR. receives research funding from Avid Radiopharmaceuticals and has
served as a scientific consultant to Eli Lilly, which manufacture the FTP tau PET
radiotracer evaluated in this manuscript. Unrelated to this work, he receives
research funds from GE Healthcare, Genentech and Life Molecular Imaging;
has served as a paid scientific consultant to Alector, C2N, Genentech, Johnson
& Johnson, Merck, Roche; serves as an Associate Editor for JAMA Neurology.
MJP, LI and SS are employees and minor stockholders of Eli Lilly and Company.
SR was an employee of Eli Lilly and Company when this work was conducted.

Author details

'Department of Clinical Neurosciences, Cambridge University Hospitals
NHS Trust, University of Cambridge, Herchel Smith Building, Forvie Site
Robinson Way, Cambridge Biomedical Campus, CB2 0SZ Cambridge, UK
UK Dementia Research Institute at University of Cambridge,
Cambridge CB2 0XY, UK

3Eli Lilly and Company, Indianapolis, USA

“Memory and Aging Center, Department of Neurology, Department of
Neurology, Weill Institute for Neurosciences, University of California, San
Francisco, San Francisco, CA, USA

°Department of Radiology and Biomedical Imaging, University of
California, San Francisco, San Francisco, CA, USA

Received: 6 March 2025 / Accepted: 10 September 2025
Published online: 06 October 2025

References

1. Malpetti M, Joie R, La, Rabinovici GD. Tau beats amyloid in predicting brain
atrophy in alzheimer disease: implications for prognosis and clinical trials. J
Nucl Med. 2022;63:830-2.

2. Pontecorvo MJ, Devous MD, Kennedy |, Navitsky M, Lu M, Galante N, et
al. A multicentre longitudinal study of flortaucipir (18F) in normal age-
ing, mild cognitive impairment and alzheimer’s disease dementia. Brain.
2019;142:1723-35.

3. Nelson PT, Alafuzoff |, Bigio EH, Bouras C, Braak H, Cairns NJ, et al. Correla-
tion of alzheimer disease neuropathologic changes with cognitive status: A
review of the literature. J Neuropathol Exp Neurol. 2012;71:362-81.

4. laccarino L, La Joie R, Edwards L, Strom A, Schonhaut DR, Ossenkoppele R, et

al. Spatial relationships between molecular pathology and neurodegenera-

tion in the alzheimer’s disease continuum. Cereb Cortex. 2021:31:1-14.

Ossenkoppele R, Schonhaut DR, Scholl M, Lockhart SN, Ayakta N, Baker

SL, et al. Tau PET patterns mirror clinical and neuroanatomical variability in

alzheimer’s disease. Brain. 2016;139:1551-67.

6. Bejanin A, Schonhaut DR, La Joie R, Kramer JH, Baker SL, Sosa N, et al. Tau
pathology and neurodegeneration contribute to cognitive impairment in
alzheimer's disease. Brain. 2017;140:3286-300.

Ossenkoppele R, Smith R, Ohlsson T, Strandberg O, Mattsson N, Insel PS, et
al. Associations between tau, AR, and cortical thickness with cognition in
alzheimer disease. Neurology. 2019,92:e601-12.

8. Tanner JA, laccarino L, Edwards L, Asken BM, Gorno-Tempini ML, Kramer JH,
et al. Amyloid, Tau and metabolic PET correlates of cognition in early and
late-onset alzheimer's disease. Brain. 2022;145:4489-505.

9. Devous Sr, Fleisher MD, Pontecorvo AS, Lu MJ, Siderowf M, Navitsky A.
Relationships between cognition and neuropathological Tau in alzheimer’s
disease assessed by 18F flortaucipir PET. JAD. 2021;80:1091-104.

10.  Whitwell JL, Graff-Radford J, Tosakulwong N, Weigand SD, Machulda MM,
Senjem ML, et al. Imaging correlations of tau, amyloid, metabolism, and
atrophy in typical and atypical alzheimer’s disease. Alzheimer’s Dement.
2018;14:1005-14.

v


https://doi.org/10.1186/s13195-025-01868-7
https://doi.org/10.1186/s13195-025-01868-7

Malpetti et al. Alzheimer's Research & Therapy

20.

22.

23.

24.

25,

(2025) 17:220

Josephs KA, Tosakulwong N, Graff-Radford J, Weigand SD, Buciuc M,
Machulda MM, et al. MRI and flortaucipir relationships in alzheimer’s pheno-
types are heterogeneous. Ann Clin Trans| Neurol. 2020;7:707-21.
Ossenkoppele R, Smith R, Mattsson-Carlgren N, Groot C, Leuzy A, Strandberg
O, et al. Accuracy of Tau positron emission tomography as a prognostic
marker in preclinical and prodromal alzheimer disease: A Head-to-Head
comparison against amyloid positron emission tomography and magnetic
resonance imaging. JAMA Neurol. 2021,78:961-71.

Hanseeuw BJ, Betensky RA, Jacobs HIL, Schultz AP, Sepulcre J, Becker JA et
al. Association of amyloid and Tau with cognition in preclinical alzheimer
disease A longitudinal study. 2019;02114:915-24.

Malpetti M, Kievit RA, Passamonti L, Jones PS, Tsvetanov KA, Rittman T, et al.
Microglial activation and Tau burden predict cognitive decline in alzheimer’s
disease. Brain. 2020;143:1588-602.

Ossenkoppele R, Reimand J, Smith R, Leuzy A, Strandberg O, Palmqvist S, et
al. Tau PET correlates with different alzheimer's disease-related features com-
pared to CSF and plasma p-tau biomarkers. EMBO Mol Med. 2021;13:14398.
Honig LS, Vellas B, Woodward M, Boada M, Bullock R, Borrie M, et al. Trial of
Solanezumab for mild dementia due to alzheimer’s disease. N Engl J Med.
2018;378:321-30.

Wessels AM, Tariot PN, Zimmer JA, Selzler KJ, Bragg SM, Andersen SW, et al.
Efficacy and safety of lanabecestat for treatment of early and mild alzheimer
disease. JAMA Neurol. 2020;77:199.

Pontecorvo MJ, Arora AK, Devine M, Lu M, Galante N, Siderowf A, et al.
Quantitation of PET signal as an adjunct to visual interpretation of Florbetapir
imaging. Eur J Nucl Med Mol Imaging. 2017;44:825-37.

Lu M, Pontecorvo MJ, Devous MD, Arora AK, Galante N, McGeehan A, et al.
Aggregated Tau measured by visual interpretation of flortaucipir positron
emission tomography and the associated risk of clinical progression of mild
cognitive impairment and alzheimer disease: results from 2 phase Ill clinical
trials. JAMA Neurol. 2021;78:445.

Schermelleh-Engel K, Moosbrugger H, Miller H. Evaluating the fit of struc-
tural equation models: tests of significance and descriptive goodness-of-fit
measures. Methods Psychol Res Online. 2003;25:23-74.

Aschenbrenner AJ, Gordon BA, Benzinger TLS, Morris JC, Hassenstab JJ.
Influence of Tau PET, amyloid PET, and hippocampal volume on cognition in
alzheimer disease. Neurology. 2018,91.

Lagarde J, Olivieri P, Tonietto M, Tissot C, Rivals |, Gervais P, et al. Tau-PET
imaging predicts cognitive decline and brain atrophy progression in early
alzheimer’s disease. J Neurol Neurosurg Psychiatry. 2022,93:459-67.

Digma LA, Madsen JR, Reas ET, Dale AM, Brewer JB, Banks SJ. Tau and atrophy:
domain-specific relationships with cognition. Alzheimer's Res Therapy.
2019,11:65.

Biel D, Luan Y, Brendel M, Hager P, Dewenter A, Moscoso A, et al. Combining
tau-PET and fMRI meta-analyses for patient-centered prediction of cognitive
decline in alzheimer’s disease. Alzheimer’s Res Therapy. 2022;14:1-12.

Lu J, Zhang Z, Wu P, Liang X, Zhang H, Hong J, et al. The heterogeneity of
asymmetric Tau distribution is associated with an early age at onset and poor
prognosis in alzheimer’s disease. Neurolmage: Clin. 2023;38:103416.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

Page 13 of 13

Anijarv TE, Ossenkoppele R, Smith R, Binette AP, Collij LE, Behjat HH et al.
Hemispheric Asymmetry of Tau Pathology is Related to Asymmetric Amyloid
Deposition in Alzheimer’s Disease. Neuroscience; 2025 [cited 2025 Jun 18].
Available from: http://biorxiv.org/lookup/doi/https://doi.org/10.1101/2025.04
.15.648728

Malpetti M, Joie RL, Rabinovici GD. Tau beats amyloid in predicting brain
atrophy in alzheimer disease: implications for prognosis and clinical trials. J
Nucl Med. 2022;63:830-2.

Harrison TM, La Joie R, Maass A, Baker SL, Swinnerton K, Fenton L, et al. Lon-
gitudinal Tau accumulation and atrophy in aging and alzheimer disease. Ann
Neurol. 2019;85:229-40.

La Joie R, Visani AV, Baker SL, Brown JA, Bourakova V, Cha J, et al. Prospective
longitudinal atrophy in alzheimer’s disease correlates with the intensity and
topography of baseline tau-PET. Sci Transl Med. 2020;12:5732.

Scott MR, Hampton OL, Buckley RF, Chhatwal JP, Hanseeuw BJ, Jacobs HIL et
al. Inferior Temporal Tau is associated with accelerated prospective cortical
thinning in clinically normal older adults. Neurolmage. 2020;220.

LaPoint MR, Chhatwal JP, Sepulcre J, Johnson KA, Sperling RA, Schultz AP. The
association between Tau PET and retrospective cortical thinning in clinically
normal elderly. Neurolmage. 2017;157:612-22.

Das SR, Xie L, Wisse LEM, Ittyerah R, Tustison NJ, Dickerson BC, et al. Longitudi-
nal and cross-sectional structural magnetic resonance imaging correlates of
AV-1451 uptake. Neurobiol Aging. 2018;66:49-58.

Malpetti M, Jones PS, Tsvetanov KA, Rittman T, Swieten JC, Borroni B, et al.
Apathy in presymptomatic genetic frontotemporal dementia predicts cogni-
tive decline and is driven by structural brain changes. Alzheimer’s Dement.
2021;17:969-83.

Clare L, Gamble LD, Martyr A, Sabatini S, Nelis SM, Quinn C et al. Longitudinal
Trajectories of Quality of Life Among People With Mild-to-Moderate Demen-
tia: A Latent Growth Model Approach With IDEAL Cohort Study Data. Isaa-
cowitz DM, editor. The Journals of Gerontology: Series B. 2022;77:1037-50.
Liew TM. Trajectories of subjective cognitive decline, and the risk of mild
cognitive impairment and dementia. Alzheimer’s Res Therapy. 2020;12:135.
Duncan TE, Duncan SC. The abc's of LGM: an introductory guide to latent
variable growth curve modeling. Soc Pers Psychol Compass. 2009;3:979-91.
Gleason CE, Zuelsdorff M, Gooding DC, Kind AJH, Johnson AL, James TT, et al.
Alzheimer's disease biomarkers in black and non-Hispanic white cohorts: A
contextualized review of the evidence. Alzheimer’s & Dementia; 2021.
Ossenkoppele R, Lyoo CH, Jester-Broms J, Sudre CH, Cho H, Ryu YH, et al.
Assessment of demographic, genetic, and imaging variables associated with
brain resilience and cognitive resilience to pathological Tau in patients with
alzheimer disease. JAMA Neurol. 2020;77:632.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://biorxiv.org/lookup/doi/
https://doi.org/10.1101/2025.04.15.648728
https://doi.org/10.1101/2025.04.15.648728

	﻿Regional tau PET patterns predict prospective domain-specific cognitive decline in early symptomatic Alzheimer’s disease
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study participants
	﻿Image acquisition and processing
	﻿Cognitive assessment and domains
	﻿Statistical analysis

	﻿Results
	﻿Associations between domain-specific cognitive performance and tau-PET imaging at baseline
	﻿Associations between tau-PET imaging at baseline and domain-specific cognitive decline over time
	﻿Associations between Gray matter volume at baseline and domain-specific cognitive decline over time
	﻿Association between baseline tau-PET and domain-specific cognitive decline controlling for atrophy

	﻿Discussion
	﻿References


