Supplementary Methods

1.1 Neuropsychological testing
All participants underwent a detailed neuropsychological assessment – incorporating both global and domain-specific measures of cognitive function. Global cognition was evaluated using four well-established instruments: the Clinical Dementia Rating Sum of Boxes (CDR-SoB) – which reflects overall clinical severity; the Functional Assessment Questionnaire (FAQ) – which assesses functional abilities, and Montreal Cognitive Assessment (MOCA) – which provides indices of global cognitive performance. Domain-specific cognitive abilities were systematically examined across five principal domains: memory, visuospatial skills, language, attention and executive functions. All neuropsychological instruments were validated and specifically selected for each cognitive domain, with results adjusted for participants’ age and educational attainment.[1]

1.2 Imaging acquisition
[bookmark: _Hlk212541065][bookmark: _Hlk212541083]Amyloid PET imaging was performed using one of the following radiotracers: 18F-Florbetapir (also referred to as 18F-AV-45; 50–70 minutes post-injection), 18F-Florbetaben (also known as 18F-AV-1; 90–110 minutes post-injection), or 11C-Pittsburgh compound B (11C-PiB; 40–60 minutes post-injection). The PET scans were acquired using either the Biograph mCT Flow PET/CT system (Siemens, Erlangen, Germany), the uMI 780 PET/CT system (United Imaging Intelligence Co., Ltd., Shanghai, China), or the uMI 790 PET/MR system (United Imaging Intelligence Co., Ltd). The images underwent reconstruction utilizing a 3D ordered-subset expectation maximization (OSEM) algorithm. PET images from Biograph mCT Flow PET/CT were reconstructed using filtered back-projection algorithm (6 iterations, 21 subsets). PET images from uMI 790 PET/MR and uMI 780 PET/CT were reconstructed using all list mode events (4 iterations, 20 subsets).
Tau PET imaging with 18F-Florzolotau (also referred to as 18F-PM-PBB3 or 18F-APN-1607; 90–110 minutes post-injection) was acquired using Biograph mCT Flow PET/CT system (Siemens, Erlangen, Germany). The images underwent reconstruction utilizing a 3D OSEM algorithm (6 iterations, 21 subsets).
T1-weighted (T1w) MRI scans were acquired using a 3.0-Tesla horizontal magnet scanner (Discovery MR750; GE Medical Systems, Milwaukee, WI, USA) or an uMI 790 PET/MR system.
[bookmark: _Hlk212231337]All tracers were prepared and synthesized at the cyclotron facility of Huashan Hospital. Due to the light sensitivity of 18F-Florzolotau, the preparation and injection of 18F-Florzolotau were strictly carried out under dim light condition. 
1.3 Tau PET imaging preprocessing
Raw 18F-Florzolotau PET images were spatially normalized to Montreal Neurological Institute space, guided by the corresponding T1w MRI scans using Statistical Parametric Mapping 12 (SPM12) implemented in MATLAB 2018b. Spatial smoothing was subsequently applied using an 8 mm full width at half maximum Gaussian kernel. Intensity normalization was then performed, generating standardized uptake value ratio (SUVR) maps – with cerebellar grey matter as the reference region.[2] Correction for partial-volume effects was undertaken using the Müller-Gärtner method,[3] as implemented in the PETPVE12 toolbox.[4] 
[bookmark: _Hlk212126076]Quantitative analysis focused on two AD-relevant regions of interest (ROIs) according to the Desikan-Killiany Atlas [5], i.e., the medial temporal lobe (MTL) and neocortical area (NEO). Consistent with previous studies, the MTL ROI encompassed the bilateral entorhinal cortex and amygdala, with equal weighting given to both structures.[6] The NEO ROI, representing Braak stages V and VI, included widespread neocortical ROIs.[7] The ROIs composed the NEO ROI are listed in Supplementary Table 1.

1.4 Visual assessment of amyloid PET
Amyloid PET images were independently evaluated by two experienced nuclear medicine physicians (J.L. and H.Z.) in accordance with established visual reading protocols,[8] without access to clinical information. In case of discrepancies, a third senior nuclear medicine physician (C.Z.) adjudicated the final classification. The agreement between the two primary readers was high (93.0%).
1.5 Statistical analysis
All continuous data demonstrated a skewed distribution; therefore, variables are presented as medians with IQRs, while categorical data are presented as counts (percentages). For intergroup comparisons, the Mann-Whitney U test was applied for continuous variables and the chi-squared test for categorical data, unless specified otherwise. 
We initially examined the cross-sectional associations between 18F-Florzolotau PET and clinical severity using two approaches: (1) generalized linear models were employed to compare 18F-Florzolotau SUVRs across adjacent CDR-GS categories, after allowance for age at baseline, sex, and years of education; (2) partial correlation analyses were conducted to explore the relationships between 18F-Florzolotau PET SUVRs and cognitive performance, using the same covariates. 
[bookmark: _Hlk207393366][bookmark: _Hlk207393378][bookmark: _Hlk207393014]We next investigated the prognostic significance of biological markers in patients with clinical follow-up data. Kaplan-Meier curves were generated to visualize and compare time-to-progression across patient groups stratified by the combination of binary amyloid and tau biomarker status. Next, we assessed all demographic and clinical variables of interest (age at baseline, sex, education, apolipoprotein E [APOE] ε4 status, Montreal Cognitive Assessment [MOCA]) in a univariate Cox proportional hazards regression model to search for significant variables for disease progression prediction (p < 0.05). Following, every single biological parameter was then assessed in separate adjusted Cox models to determine its independent prognostic value beyond significant demographic and clinical variables. Additionally, we assessed the incremental prognostic value of biomarkers using receiver operating characteristic (ROC) analysis with DeLong tests for comparisons versus the basic model with significant demographic and clinical variables. After adjustment for age, sex, and education, longitudinal cognitive trajectories were examined using linear mixed-effects models with participant-specific random intercepts – incorporating follow-up interval, clinical group, and their interaction as independent variables. Differences in rates of decline were determined by the significance of the group-by-interval interaction term. Furthermore, voxel- and ROI-wise regression models were constructed to assess the predictive value of baseline 18F-Florzolotau PET SUVR for the annualized rate of cognitive decline, adjusting for age, sex, education, and follow-up interval. 
In a further analysis, we evaluated the utility of biological markers for disease monitoring in the subset of AD subjects with longitudinal 18F-Florzolotau PET follow-up data. Linear mixed-effects models were used to examine changes in tau deposition over time in relation to the trajectories of cognitive decline. Generalized linear models compared annualized rates of cognitive decline between clinically progressive and stable groups, after adjustment for age, sex, education, and intervals between repeat 18F-Florzolotau PET scans. We applied voxel-level two-sample Student’s t-tests to compare annualized changes in 18F-Florzolotau PET SUVR values between groups, adjusting for relevant covariates. Associations between annualized changes in 18F-Florzolotau PET SUVR and cognitive scores were examined using linear regression adjusted for potential confounders. 
[bookmark: _Hlk207393171][bookmark: _Hlk207393332][bookmark: _Hlk207393182]Voxel-wise analyses were conducted in Statistical Parametric Mapping 12, with statistical significance defined as a voxel-wise p value < 0.01 (uncorrected) and a cluster threshold of p < 0.05 (uncorrected). All other statistical analyses were performed in the R environment (Vienna, Austria), with all tests two-sided at a 5% level of significance. Given the exploratory nature of this real-world study, no correction for multiple comparisons was applied.
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