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Supplementary Method 1: Detailed Diagnostic and Inclusion Criteria for Chinese Cohorts

S1.1 Diagnostic Criteria

All participants from the Chinese clinical centers (Huashan Hospital and the First Hospital of Jilin University) received a comprehensive clinical assessment by experienced neurologists. Diagnoses were made in accordance with the National Institute on Aging–Alzheimer's Association (NIA-AA) criteria:

Mild Cognitive Impairment (MCI) was diagnosed based on: 1) a concern regarding a change in cognition reported by the patient, a knowledgeable informant, or a skilled clinician; 2) objective evidence of impairment in one or more cognitive domains; 3) preservation of functional independence; and 4) not meeting the criteria for dementia.

Alzheimer's Disease Dementia (AD) was diagnosed as probable AD according to the NIA-AA core clinical criteria for all-cause dementia, with an insidious onset and progressive cognitive decline in memory and/or other cognitive domains.
S1.2 Inclusion and Exclusion Criteria

The following standardized criteria were applied to all participants recruited from the Chinese centers to ensure cohort homogeneity and data quality.

Inclusion Criteria:

Age between 50 and 85 years.

Presence of subjective cognitive complaints, corroborated by an informant.

Completion of a standardized neuropsychological assessment battery (including, but not limited to, the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA)).

Availability of high-quality 3T MRI scans (T1-weighted and T2-FLAIR) and 18F-Florbetapir Aβ PET scans.

Exclusion Criteria:

Participants were excluded if they presented with:

Significant neurological disorders other than MCI or AD that could explain cognitive impairment (e.g., vascular dementia, frontotemporal dementia, Lewy body dementia, Parkinson's disease, major stroke, intracranial tumor, or normal pressure hydrocephalus).

Major unstable psychiatric disorders (e.g., major depressive disorder, schizophrenia).

Contraindications to MRI.

Significant systemic illness or unstable medical conditions deemed to interfere with the study.
S1.3 Lecanemab Treatment Sub-study

For the lecanemab treatment sub-study, additional criteria were applied:

Participants in the Lecanemab Group were required to have a diagnosis of MCI or mild AD dementia and to have initiated treatment per standard clinical protocols.

Participants in the Control Group were selected from the same clinical population, matched for age and baseline clinical severity, and had not received any anti-amyloid immunotherapy or other disease-modifying treatments during the follow-up period.

Supplementary Method2: Lecanemab Dosing and Administration

The lecanemab dosing regimen followed the established clinical protocol [DOI: 10.1056/NEJMoa2212948, https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/761269Orig1s001lbl.pdf]. Patients received intravenous infusions of lecanemab at a maintenance dose of 10 mg/kg every two weeks. The drug product was supplied as a sterile concentrate (500 mg/5 mL; 100 mg/mL) in a solution containing histidine, histidine hydrochloride, sucrose, and polysorbate 80. Infusions were administered over approximately 1 hour according to the approved prescribing information and institutional guidelines.

Supplementary Method3: Definition of Meta-Regions of Interest (Meta-ROIs)

The global cortical (CTX) and normal-appearing white matter (NAWM) standardized uptake value ratios (SUVRs) were derived from the following six bilateral meta-regions, composed of the constituent regions from the Desikan-Killiany atlas as listed below.

CTX Meta-ROIs:

Frontal Lobe: ctx-lh-caudalmiddlefrontal, ctx-lh-lateralorbitofrontal, ctx-lh-medialorbitofrontal, ctx-lh-parsopercularis, ctx-lh-parsorbitalis, ctx-lh-parstriangularis, ctx-lh-precentral, ctx-lh-rostralmiddlefrontal, ctx-lh-superiorfrontal, ctx-lh-frontalpole, and their right-hemisphere counterparts (ctx-rh-*).

Parietal Lobe: ctx-lh-inferiorparietal, ctx-lh-paracentral, ctx-lh-postcentral, ctx-lh-precuneus, ctx-lh-superiorparietal, ctx-lh-supramarginal, and their right-hemisphere counterparts (ctx-rh-*).

Temporal Lobe: ctx-lh-fusiform, ctx-lh-inferiortemporal, ctx-lh-middletemporal, ctx-lh-superiortemporal, ctx-lh-temporalpole, ctx-lh-transversetemporal, and their right-hemisphere counterparts (ctx-rh-*).

Occipital Lobe: ctx-lh-cuneus, ctx-lh-lateraloccipital, ctx-lh-lingual, ctx-lh-pericalcarine, and their right-hemisphere counterparts (ctx-rh-*).

Cingulate Cortex: ctx-lh-caudalanteriorcingulate, ctx-lh-isthmuscingulate, ctx-lh-posteriorcingulate, ctx-lh-rostralanteriorcingulate, and their right-hemisphere counterparts (ctx-rh-*).

Limbic Lobe: ctx-lh-entorhinal, ctx-lh-parahippocampal, and their right-hemisphere counterparts (ctx-rh-*).

NAWM Meta-ROIs:

The NAWM meta-ROIs were defined in exact anatomical correspondence to the cortical meta-ROIs listed above, by selecting their underlying white matter segments (e.g., wm-lh-caudalmiddlefrontal for the frontal lobe, etc.). As stated in the main text, all NAWM regions were masked to exclude any voxels identified as white matter hyperintensities (WMHs).
Supplementary tables

Supplementary Table 1 Participant demographics and clinical characteristics for post mortem brain tissue analysis
	
	CN (n = 4)
	AD (n = 9)
	p value

	Age,years
	74.2(16.1)
	80.1(9.8)
	0.4769

	Women,n,%
	2,50%
	9,100%
	0.0769

	APOE ε4 carriers,n,%
	1,25%
	5,56%
	0.5594


Continuous variables are presented as mean (standard deviation), whereas categorical variables are expressed as proportions (%). AD+, Alzheimer’s disease; APOE ε4, apolipoprotein E ε4 allele; CN, cognitively normal.

Supplementary Table 2 Participant demographics and clinical characteristics for Huashan site 2 and JLU-FH
	
	Huashan site 2 (n = 7)
	JLU-FH cohort (n = 7)

	participants
	MCI(n = 2), AD(n = 5)
	MCI(n = 3), AD(n = 4)

	Age,y
	65.4(9.8)
	62.8(5.5)

	Women,n,%
	7,78%
	5,50%

	Education, y
	12(6-16)
	11(5-16)

	MMSE
	16.7(6.4)
	23.7(7.3)


There were no significant differences in age, sex, education years, or MMSE scores between two groups (all p > 0.05). AD, Alzheimer’s disease dementia; JLU-FU, First Hospital, Jilin University; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination. Continuous variables are presented as mean (standard deviation), while categorical variables are expressed as proportions (%). 
Supplementary Table 3 Participant demographics and clinical characteristics for lecanemab treatment group and lecanemab control group
	
	lecanemab treatment group (n = 12)
	control group (n = 18)

	
	baseline
	follow-up
	baseline
	follow-up

	Age,y
	63.4(6.5)
	64.4(6.8)
	70.5(6.2)
	71.7(5.9)

	Women,n,%
	7,58%
	7,58%
	9,50%
	9,50%

	MMSE
	24.2(3.5)
	25.3(2.1)
	24(2.8)
	24.1(3.8)


There were no significant differences in age, sex, or MMSE scores between or within the lecanemab treatment and control groups at baseline or follow-up (all p > 0.05). MMSE, Mini-Mental State Examination.
Supplementary Table 4 Participant CSF and plasma characteristics for ADNI cohort
	Western cohort

	ADNI BL dataset (n = 546)
	ADNI FU dataset (n = 205)

	
	

	
	CN- (n = 106)
	CN+ (n = 183)
	MCI+ (n = 161)
	AD+ (n = 96)
	A- CN(n = 50)
	A+ CN(n = 84)
	A+ MCI(n = 53)
	A+ AD(n = 18)

	NfL

(plasma)
	3.249(1.295)
	3.204(1.211)
	2.967(1.167)
	3.025(0.163)
	4.727(2.326)
	4.314(1.511)
	4.155(1.644)
	5.987(2.444)

	GFAP

(plasma)
	0.085(0.023)
	0.094(0.065)
	0.082(0.028)
	0.698(0.004)
	0.114(0.041)
	0.129(0.065)
	0.114(0.049)
	0.171(0.078)

	Aβ42

(plasma)
	41.37(7.099)B*
	35.70(8.124)
	34.25(3.031)
	38.82(11.669)
	43.577(7.721)
	40.970(8.295)
	38.040(8.252)
	41.058(7.965)

	Aβ40

(plasma)
	418.8(56.081)
	392.9(86.762)
	363.5(48.110)
	409.6(116.211)
	469.698(74.757)B*
	446.943(83.670)
	406.999(80.372)
	457.292(59.468)

	p-tau181

(plasma)
	0.825(0.267)
	0.993(0.608)
	0.896(0.369)
	1.020(0.014)
	1.266(0.633)
	1.279(0.736)E*
	1.083(0.368)F*
	1.820(0.720)

	p-tau217

(plasma)
	1.161(0.843)
	1.903(1.975)
	1.770(2.140)
	2.128(2.090)
	2.466(1.912)C*
	2.875(2.974)E*
	1.985(1.715)F**
	7.221(4.158)

	Aβ42

(CSF)
	1514(597.141)C*
	1394(632.947)E*
	1360(750.373)
	868.6(447.721)
	1245(217.086)
	1273(428.631)
	1073(590.045)
	625.85(37.972)

	t-tau

(CSF)
	215.9(75.089)C**
	237.0(97.341)E*
	281.3(145.471)
	347.0(155.107)
	238.8(86.312)
	186.733(65.919)
	302.231(173.254)
	529.15(130.037)

	p-tau

(CSF)
	19.28(7.608)C**
	21.29(9.542)E**
	26.38(16.100)
	34.25(16.535)
	22.47(9.414)
	15.603(5.977)
	28.741(20.370)
	50.87(14.142)


A, difference between the CN− and CN+ groups within the ADNI cohort; B, difference between the CN− and MCI+ groups within the ADNI cohort or the Chinese cohort; C, difference between the CN− and AD+ groups within the ADNI cohort or the Chinese cohort; D, difference between the CN+ and MCI+ groups within the ADNI cohort or the Chinese cohort; E, difference between the CN+ and AD+ groups within the ADNI cohort or the Chinese cohort; F, difference between the MCI+ and AD+ groups within the ADNI cohort or the Chinese cohort; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. AD+, Aβ-positive Alzheimer’s disease dementia; ADNI, Alzheimer’s Disease Neuroimaging Initiative; CN−, Aβ-negative cognitively normal; CN+, Aβ-positive CN; CU, cognitively unimpaired; FU, follow-up; GFAP, glial fibrillary acidic protein; MCI+, Aβ-positive mild cognitive impairment; NfL, neurofilament light chain; p-tau, phosphorylated-tau; p-tau181, phosphorylated-tau 181; p-tau217, phosphorylated-tau 217; t-tau, total tau. Continuous variables are presented as mean (standard deviation). 

Supplementary Table 5 Partial correlations between FBP NAWM retention and cognitive scores in ADNI cohort
	FBP retention of NAWM
	MMSE
	MoCA

	
	r-value
	p-value
	r-value
	p-value

	global
	-0.4248
	<0.0001
	-0.390757259
	<0.0001

	frontal lobe
	-0.42677
	<0.0001
	-0.411073278
	<0.0001

	temporal lobe
	-0.28356
	<0.0001
	-0.249278426
	<0.0001

	parietal lobe
	-0.39843
	<0.0001
	-0.420892559
	<0.0001

	occipital lobe
	-0.40718
	<0.0001
	-0.417412602
	<0.0001

	limbic system
	-0.27637
	<0.0001
	-0.261455265
	<0.0001

	cingulate gyrus
	-0.39843
	<0.0001
	-0.420892559
	<0.0001


Partial correlation analysis between NAWM FBP retention and cognitive scores (MMSE and MoCA) in the ADNI cohort, controlling for age and APOE ε4 status. All associations remained statistically significant after adjustment (p < 0.0001), indicating robustness of the observed relationships. FBP, 18F-florbetapir; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NAWM, normal-appearing white matter.
Supplementary Table 6 Hazard Ratios (HR) and Likelihood Ratios (LR) for clinical progression based on amyloid PET Imaging, fluid Biomarkers, APOE ε4 status, and demographic variables 
	
	HR
	LR

	CTX-global
	0.24±0.07 (38/187)
	0.09±0.06 (149/187)

	NAWM-global
	0.27±0.09 (38/187)
	0.08±0.05 (149/187)

	Age
	0.32±0.15 (38/187)
	0.07±0.05 (149/187)

	Gender
	0.22±0.01 (38/187)
	0.09±0.06 (149/187)

	Plasma NfL
	0.16±0.08 (13/68)
	0.05±0.03 (55/68)

	Plasma GFAP
	0.17±0.12 (13/68)
	0.05±0.03 (55/68)

	Plasma Aβ42
	0.22±0.19 (13/68)
	0.04±0.02 (55/68)

	Plasma Aβ40
	0.22±0.15 (13/68)
	0.04±0.03 (55/68)

	Plasma Aβ42/40
	0.14±0.05 (13/68)
	0.06±0.03 (55/68)

	Plasma p-tau181
	0.20±0.15 (13/68)
	0.05±0.02 (55/68)

	Plasma p-tau217
	0.15±0.05 (13/68)
	0.06±0.03 (55/68)

	CSF Aβ42
	0.16±0.003 (24/124)
	0.09±0.06 (100/124)

	CSF t-tau
	0.18±0.01 (24/124)
	0.09± 0.06(100/124)

	CSF p-tau
	0.18±0.01 (24/124)
	0.09±0.06 (100/124)

	CSF p-tau/Aβ42
	0.16±0.003 (24/124)
	0.09±0.06 (100/124)
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Supplementary Figure 1 Participant enrollment and diagnostic stratification workflow. Flowchart showing participant selection from the initial ADNI cohort, encompassing exclusion criteria and final allocation into cognitively unimpaired and cognitively impaired groups for longitudinal analysis. AD+, Aβ-positive Alzheimer’s disease dementia; ADNI, Alzheimer’s Disease Neuroimaging Initiative; CI, cognitively impaired; CN−, Aβ-negative cognitively normal; CN+, Aβ-positive cognitively normal; CU, cognitively unimpaired; MCI+, Aβ-positive mild cognitive impairment.
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Supplementary Figure 2 Representative hematoxylin and eosin (H&E)-stained sections of gray matter (GM) and white matter (WM) in a cognitively normal (CN) participant and a  patient with Alzheimer’s disease (AD).
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Supplementary Figure 3 Regional-specific progression dynamics of cortical and white matter pathology across disease stages. (A1~A6) Cortical Aβ burden analysis across six anatomical meta-regions. Frontal, parietal, and temporal cortices, along with the cingulate gyrus, demonstrated consistent progression patterns across all diagnostic transitions (all p < 0.001). The occipital cortex (p = 0.018) and limbic system (p = 0.312) exhibited attenuated progression during the CN+ to MCI+ transition. (B1~B6) NAWM FBP retention in corresponding anatomical regions. Frontal, parietal, temporal, and occipital white matter regions showed early pathological accumulation (CN– → CN+/MCI+: p < 0.001) but demonstrated minimal further progression beyond the CN+ stage (temporal lobe: p = 0.069; occipital lobe: p = 0.255). Cingulate and limbic white matter regions demonstrated no further progression following the CN+ stage (all p > 0.493), (C1~C6, D1~D6) Anatomical reference atlases delineating cortical (C) and white matter (D) meta-regions: 1=frontal lobe, 2=parietal lobe, 3=temporal lobe, 4=occipital lobe, 5=cingulate gyrus, 6=limbic system. Aβ, β-amyloid; AD+, Aβ-positive Alzheimer’s disease dementia; CN–, Aβ-negative cognitively normal; CN+, Aβ-positive cognitively normal; CTX, cortical; FBP, 18F-florbetapir; MCI+, Aβ-positive mild cognitive impairment; NAWM, normal-appearing white matter; ROI, region of interest; SUVR, standardized uptake value ratio; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant.
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Supplementary Figure 4 FBP retention in deep white matter regions in A− versus A+ groups. (A) Centrum semiovale, (B) Cerebellum_NAWM, and (C) pons. In all three regions, FBP retention was significantly higher in A+ individuals compared with A− individuals (all p < 0.0001), despite these regions being anatomically distant from cortical gray matter. FBP, 18F-florbetapir; NAWM, normal-appearing white matter; A−, Aβ-negative; A+, Aβ-positive; ****p < 0.0001.
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Supplementary Figure 5 Regional progression of Aβ pathology in cognitively unimpaired participants over time. (A1~A6) Longitudinal changes in cortical Aβ SUVR showing significant increases from baseline to follow-up in the frontal (p < 0.0001), parietal (p < 0.001), temporal (p < 0.001), occipital (p < 0.001)cortices, as well as the cingulate gyrus (p < 0.01). No significant differences were observed in the limbic cortex. (B1~B6) White matter FBP retention also increased significantly over time in the frontal, parietal, temporal, and occipital regions (all p < 0.01), while cingulate and limbic white matter showed no significant changes. Aβ, β-amyloid; BL, baseline; CTX, cortical; CU, cognitively unimpaired; FBP, 18F-florbetapir; FU, follow-up; NAWM, normal-appearing white matter; SUVR, standardized uptake value ratio; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant.
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Supplementary Figure 6 Regional progression of Aβ pathology in cognitively impaired participants over time. (A1~A6) Cortical Aβ burden showed significant longitudinal increases in all cortical regions except the limbic system (all p < 0.001) during the follow-up period. (B1~B6) White matter FBP retention increased significantly over time in frontal, parietal, temporal, and occipital regions (all p < 0.01), whereas no significant changes were observed in cingulate and limbic white matter. Aβ, β-amyloid; BL, baseline; CI, cognitively impaired; CTX, cortical; FBP, 18F-florbetapir; FU, follow-up; NAWM, normal-appearing white matter; SUVR, standardized uptake value ratio; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant.
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Supplementary Figure 7 Comprehensive assessment of prognostic biomarkers and survival analysis in the ADNI cohort. (A~L) Kaplan-Meier survival curves illustrating conversion risk stratified by low-risk (LR, blue) and high-risk (HR, red) categories according to the following biomarkers: (A) APOE ε4 allele; (B) plasma Aβ42/40 ratio; (C) sex; (D) CSF phosphorylated tau; (E) CSF total tau; (F) CSF Aβ42 levels; (G) chronological age; (H) plasma p-tau181; (I) plasma Aβ40; (J) plasma Aβ42; (K) plasma GFAP; (L) plasma neurofilament light chain. CSF, plasma tau/Aβ biomarkers, and APOE ε4 carriers, demographic factors including age and sex, demonstrated significant predictive capacity for disease progression, whereas plasma p-tau181, Aβ40, Aβ42, GFAP, and NfL did not show significant associations. Aβ, β-amyloid; APOE ε4, apolipoprotein E ε4; CTX, cortical; GFAP, glial fibrillary acidic protein; HR, high-risk; KM, Kaplan-Meier; LR, low-risk; NAWM, normal-appearing white matter; NfL, neurofilament light chain; p-tau, phosphorylated-tau; p-tau181, phosphorylated-tau 181; p-tau217, phosphorylated-tau 217; SUVR, standardized uptake value ratio; t-tau, total tau.
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Supplementary Figure 8 Comprehensive correlation analyses between imaging and fluid markers in preclinical Alzheimer’ disease. (A1~A5) Scatter plot examining the relationships between global NAWM FBP retention and selected plasma and CSF biomarkers in non-dementia populations (CN+ and MCI+ participants). The assessed biomarkers comprised plasma GFAP (A1), plasma Aβ40 (A2), plasma Aβ42/40 ratio (A3), CSF phosphorylated tau (A4), and plasma p-tau181 (A5). Linear regression modeling with 95% confidence intervals is displayed. The reported p values and Spearman’s correlation coefficients (r) represent combined-group analyses, with inset panels showing group-specific correlations for CN+ (blue) and MCI+ (pink) participants. (B1~B7) Parallel scatter plot analyses demonstrating associations between global CTX Aβ SUVR and the identical biomarker panel: plasma Aβ42/40 ratio (B1), GFAP (B2), neurofilament light chain (B3), p-tau181 (B4), CSF phosphorylated tau (B5), CSF total tau (B6), and plasma Aβ40 (B7), evaluated across the CN+ and MCI+ cohorts. (C1, C2) Circular correlation heatmaps illustrating association coefficients between imaging biomarkers (CTX Aβ SUVRs and NAWM FBP retention across global and six meta-anatomical regions: frontal, parietal, temporal, occipital, cingulate, and limbic areas) and fluid biomarker panels in CN+ (C1) and MCI+ (C2) groups. Gray outer frame demarcations indicate statistically significant correlations, with color gradients representing Spearman’s correlation magnitude from negative (blue) to positive (orange). Aβ, β-amyloid; CN+, Aβ-positive CN; CTX, cortical; FBP, 18F-florbetapir; GFAP, glial fibrillary acidic protein; MCI+, Aβ-positive mild cognitive impairment; NAWM, normal-appearing white matter; NfL, neurofilament light chain; p-tau, phosphorylated-tau; p-tau181, phosphorylated-tau 181; p-tau217, phosphorylated-tau 217; SUVR, standardized uptake value ratio; t-tau, total tau.
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