Associations between different tau-PET patterns and longitudinal atrophy in the Alzheimer’s disease continuum 
Biological and methodological perspectives from disease heterogeneity


Supplementary Material



Supplementary Figure 1. Study design investigating biological and methodological perspectives of tau-PET patterns  
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Supplementary Figure 2. Regions of interest for tau pathology and brain atrophy
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Supplementary Figure 3. Distribution of entorhinal and neocortical tau-PET SUVR across the AD continuum compared to healthy controls
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In healthy individuals, the entorhinal and neocortical SUVR are comparable (evident from tau-PET SUVR along the reference proportional diagonal line). In comparison, along the AD continuum, there is an imbalance of tau-PET SUVR between the two regions (i.e., heterogeneity in tau pathology) which increases from the cognitively normal to prodromal AD to AD dementia stag (evident from deviation of tau-PET SUVR from the reference proportional diagonal line). This imbalance extends in both directions in the form of relatively higher entorhinal SUVR compared to neocortical SUVR in some cases and relatively lower entorhinal SUVR compared to neocortical SUVR in other cases.



Supplementary Section 1. Subtyping algorithm to characterize tau-PET patterns on a discrete scale (8)
Measure: cortical tau-PET SUVR
Regions: medial temporal lobe represented by entorhinal cortex; neocortex represented by middle frontal, superior temporal, inferior parietal regions; each region averaged across both cerebral hemispheres (Supplementary Figure 2).
Method:
(i) Z-score normalization: All regional tau-PET SUVR values were converted into Z-scores by comparing against the healthy (Aβ-) reference group.
[bookmark: _Hlk116680078](ii) Abnormality Identification: Z-scores of tau-PET SUVR in the entorhinal cortex (ZE), and neocortex (average of frontal, temporal, parietal regions, ZN) of individuals were calculated based on the normative data. A cutpoint of Z-score>1.0 determined the presence of abnormal tau pathology in each ROI. This corresponded to cutpoints of 1.87 and 1.52 for the entorhinal cortex and neocortex respectively. 
(iii) Classification: Four discrete patterns were identified. If ZE>1 and ZN>1, then individuals were classified as the typical AD pattern. If ZE>1 and ZN≤1, then individuals were classified as the limbic predominant pattern. If ZE≤1 and ZN>1, then individuals were classified as cortical predominant pattern. If ZE≤1 and ZN≤1, then individuals were classified as the minimal tau pattern. 


Supplementary Section 2. Tau positivity (T+) in tau-PET patterns
Regional tau positivity was evaluated and compared two ways: 
(i) Byun’s cutpoint: tau positivity was defined as the Z-score of tau-PET SUVR > 1 relative to the healthy (Aβ-) reference group, i.e., ZE>1 for the entorhinal cortex and ZN>1 for the neocortex (middle frontal, superior temporal, inferior parietal) based on a previous subtyping study (8). The corresponding cutpoints were 1.87 and 1.52 for the entorhinal cortex and neocortex respectively.
(iii) Braak staging-based cutpoint: tau positivity was defined for the entorhinal (Braak stage I) as PVC tau SUVR > 1.129 (the hippocampus corresponding to Braak stage II was excluded due to potential off-target binding in the region) and for cortical brain areas including frontal cortex, parietal cortex, occipital cortex, transverse, superior temporal cortex, precuneus, banks of superior temporal sulcus, precentral gyrus, postcentral gyrus, paracentral gyrus, cuneus, pericalcarine (Braak stages V-VI) as PVC tau SUVR > 1.873 based on a previous tau-PET study (9).
[bookmark: _Hlk94372208]Consistent with our regions of interest (entorhinal cortex and neocortex, Supplementary Figure 2), our main findings correspond to the results from Byun’s cutpoints above. 


Supplementary Section 3. Longitudinal neurodegeneration (NR+, NB+, NP+) positivity in tau-PET patterns
Regional longitudinal neurodegeneration positivity was evaluated and compared two ways: 
(i) Byun’s cutpoint: neurodegeneration positivity was defined as the Z-score of MRI-based thickness < 1 relative to the healthy (Aβ-) reference group, i.e., ZE<1 for the entorhinal cortex and ZN<1 for the neocortex (middle frontal, superior temporal, inferior parietal) based on a previous subtyping study (8). This procedure was repeated at longitudinally (retrospective, baseline, prospective timepoints).
(ii) Meta ROI-based cutpoint: neurodegeneration positivity was defined in a meta ROI in the medial temporal lobe (entorhinal, inferior temporal, middle temporal, fusiform) as thickness < 2.67 mm based on a previous study establishing imaging-based cutpoints in AD (10). Due to unavailability of a specific threshold for the cortex, the same threshold of 2.67 mm was applied to the neocortex (middle frontal, superior temporal, inferior parietal). This procedure was repeated at longitudinally (retrospective, baseline, prospective timepoints).
Consistent with our regions of interest (entorhinal cortex and neocortex, Supplementary Figure 2), our main findings correspond to the results from Byun’s cutpoints above. 


Supplementary Section 4. Longitudinal cognition in relation to baseline tau pathology and longitudinal neurodegeneration in tau-PET patterns
Methods: In 61 individuals followed up across all three timepoints, we examined the association between change in cognition (dependent variable) and tau pathology at baseline, change in atrophy or thickness and interval between timepoints (independent variables) using multiple regression models. The regions of interest were consistent with those of the main study and included the entorhinal cortex and the neocortex (Supplementary Figure 2). 
Supplementary Table 1.  Association of longitudinal cognitive changes with baseline tau pathology and longitudinal atrophy across the tau-PET patterns (discrete-scale)
	Cognitive outcome and timepoints for change in cognition and MRI
	Entorhinal Cortex
	Neocortex

	
	TAD 
(N=25)
	LP
(N=5)
	CP
(N=13)
	MT
(N=18)
	TAD 
(N=25)
	LP
(N=5)
	CP
(N=13)
	MT
(N=18)

	MMSE
	Retrospective to Baseline change
	0.23
	0.94
	0.44
	0.08
	0.15
	0.92
	0.15
	0.17

	
	Baseline to Prospective 
change
	0.45 *τ
	0.82
	0.31
	0.29
	0.48 *τα
	0.81
	0.35
	0.19

	ADNI-MEM
	Retrospective to Baseline change
	0.14
	0.99
	0.28
	0.53 *τ
	0.32
*τ
	0.97
	0.21
	0.51 *

	
	Baseline to Prospective 
ADNI-MEM change
	0.39 *
	0.68
	0.34
	0.21
	0.34 *
	0.66
	0.19
	0.47
*τ

	ADNI-EF
	Retrospective to Baseline change
	0.79
*
	-
	0.4
	0.32
	0.78 *
	-
	0.68 *α
	0.25

	
	Baseline to Prospective 
ADNI-EF change
	0.15
	-
	0.29
	0.21
	0.03
	-
	0.51
	0.39


Significant associations are expressed in terms of R2, the coefficient of determination and values corresponding to p≤0.05 are marked by *; Associations with significant contributions from baseline tau only (τ), longitudinal atrophy/thickness change (α) and baseline tau along with longitudinal atrophy/thickness change (τα) are marked. Change in atrophy/thickness from timepoint 1 to timepoint 2 ; All associations are accounted for interval between timepoints. AD = Alzheimer’s disease; Analyses for missing data were omitted due to lack of sample size and marked as blank (-); TAD = typical AD pattern; LP = limbic predominant pattern; CP = cortical predominant pattern; MT = minimal tau pattern; MMSE=mini mental state examination; ADNI-MEM=composite cognitive scores for memory; ADNI-EF= composite cognitive scores for executive function. 

Results: We observed a differential association across tau-PET patterns. Typical AD most commonly showed significant effects across the entorhinal and neocortex. For global cognition, both baseline tau and prospective atrophy changes contributed to prospective MMSE changes. For the memory composite score (ADNI-MEM), baseline tau pathology primarily was the driver of both retrospective and prospective cognitive changes. For the executive function composite score (ADNI-EF), retrospective atrophy changes contributed towards retrospective cognitive changes. Associations corresponding to limbic-predominant pattern should be cautiously interpreted due to limited sample size.


Supplementary Figure 4. Contribution of different cortical regions towards the cortical predominant tau-PET pattern
[image: ]
For all regions except the medial temporal, the CP and non-CP (TAD + LP + MT) patterns showed significantly higher tau-PET SUVR than in HC (p < 0.0001) based on independent two-sample t-tests. And the tau-PET SUVR of CP did not significantly differ from that of non-CP in any of the regions (p > 0.05). For the medial temporal region only, the tau-PET SUVR for CP did not differ significantly from the HC (p = 0.1) but differed significantly from the non-CP (p = 0.0021). These findings suggest that CP is characteristically different from the other patterns primarily in the medial temporal tau pathology. CP=cortical predominant, TAD=typical Alzheimer’s; LP=limbic predominant; MT=minimal tau; HC=healthy control.


Supplementary Figure 5. Continuous-scale tau-PET patterns (typicality and severity) stratified by the four discrete-scale tau-PET patterns
[image: Chart, scatter chart

Description automatically generated]
CP=cortical predominant, TAD=typical Alzheimer’s; LP=limbic predominant; MT=minimal tau; HC=healthy control.


Supplementary Table 2. Comparison of cutpoints to determine baseline tau positivity (T+) across tau-PET patterns
	All Aβ+ subjects at baseline (N=173)

	Region
	Method
	TAD (N=57)
	LP (N=21)
	CP (N=31)
	MT (N=64)

	Medial temporal
(T+ %)
	Byun 
	100
	100
	0
	0

	
	Braak
	100
	100
	100
	93.7

	Cortex  (T+ %)
	Byun 
	100
	0
	100
	0

	
	Braak
	85.9
	14.3
	83.9
	3.12


Cutpoints corresponding to the two methods compared are described in Supplementary Section 2. T+=tau positivity; AD=Alzheimer’s disease; Aβ=amyloid-beta; TAD=typical AD pattern; LP=limbic predominant pattern; CP=cortical predominant pattern; MT=minimal tau pattern. Consistent with our regions of interest (entorhinal cortex and neocortex, Supplementary Figure 1), findings in the main text correspond to the results from Byun’s cutpoints above.



Supplementary Table 3. Comparison of cutpoints to determine longitudinal neurodegeneration positivity in tau-PET patterns
	Subcohort (Aβ+) with longitudinal MRI at all three timepoints (N=61)

	
	TAD (N=38)
	LP (N=8)
	CP (N=19)
	MT (N=29)

	Region
	Method
	TR
	TB
	TP
	TR
	TB
	TP
	TR
	TB
	TP
	TR
	TB
	TP

	Medial temporal (N+ %)
	Byun
	56
	84
	84
	60
	60
	60
	15.4
	30.8
	15.4
	27.8
	38.9
	22.2

	
	Meta ROI
	40
	68
	68
	20
	60
	60
	15.4
	30.8
	23.1
	11.1
	16.7
	11.1

	Cortex (N+ %)
	Byun 
	48
	68
	64
	40
	60
	60
	38.5
	46.1
	38.5
	22.2
	38.9
	27.8

	
	Meta ROI
	80
	96
	96
	100
	100
	100
	76.9
	84.6
	84.6
	77.8
	88.9
	88.9


Cutpoints corresponding to the two methods compared are described in Supplementary Section 3. N+=neurodegeneration positivity; N+ values are adjusted for age at each timepoint; AD=Alzheimer’s disease; Aβ=amyloid-beta; TAD=typical AD pattern; LP=limbic predominant pattern; CP=cortical predominant pattern; MT=minimal tau pattern; TR=retrospective timepoint; TB=baseline timepoint; TP=prospective timepoint; Consistent with our regions of interest (entorhinal cortex and neocortex, Supplementary Figure 1), findings in the main text correspond to the results from Byun’s cutpoints above.


Supplementary Table 4. A/T/longitudinal-N biomarker scheme corresponding to the tau-PET patterns in the AD continuum
	AD continuum (100% A+) at baseline (N=173)

	
	TAD (N=57)
	LP (N=21)
	CP (N=31)
	MT (N=64)

	Entorhinal Cortex
	T+ %
	100
	100
	0
	0

	
	N+ %
	63.2
	52.4
	29.0
	28.1

	Neocortex
	T+ %
	100
	0
	100
	0

	
	N+ %
	50.9
	42.9
	41.9
	26.6

	Subcohort of AD continuum (100% A+) with longitudinal MRI at all three timepoints (N=61)

	
	TAD (N=38)
	LP (N=8)
	CP (N=19)
	MT (N=29)

	N+ %
Entorhinal Cortex
	TR
	56
	60
	15.4
	27.8

	
	TB
	84
	60
	30.8
	38.9

	
	TP
	84
	60
	15.4
	22.2

	N+ %
Neocortex
	TR
	48
	40
	38.5
	22.2

	
	TB
	68
	60
	46.1
	38.9

	
	TP
	64
	60
	38.5
	27.8


A+=Aβ positivity with global PET Aβ SUVR; T+=tau positivity with Byun’s cutpoint; N+=neurodegeneration positivity with Byun’s cutpoint; N+ values are adjusted for age at each timepoint; AD=Alzheimer’s disease; TAD=typical AD pattern; LP=limbic predominant pattern; CP=cortical predominant pattern; MT=minimal tau pattern.
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