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eMethods. Further Methodology 
Cerebrospinal fluid analysis  
Within a subset of participants, cerebrospinal fluid (CSF) (20-30ml) was collected in the morning after overnight 
fasting 1. CSF collections were conducted within 2 years of [F-18]-AV-1451 PET imaging. CSF samples were 
analyzed for Aβ42, total tau, and ptau181 by enzyme-linked immunosorbant assay (ELISA) (INNOTEST, Fujirebio, 
Ghent, Belgium). The present cohort comprised of CSF Aβ42 assays performed in different years using distinct lots. 
Assay year- and lot-specific cutoffs for CSF Aβ42 positivity were determined from a separate cohort of 696 
participants who had CSF collected within 1 year of Pittsburgh Compound B (PiB) PET imaging. Specifically, a 
receiver operating characteristic (ROC) analysis was performed separately for each assay year and lot to determine 
CSF Aβ42 levels that best distinguished between mean cortical PiB-positive (standardized uptake value ratio 
(SUVR) > 1.42) and PiB-negative (SUVR < 1.42) participants.   
 
Structural MRI acquisition and processing 
High-resolution structural scans were acquired using T1-weighted magnetization-prepared rapid gradient echo 
sequence (Trio scanner: echo time [TE] = 3 msec, repetition time [TR] = 2,400 msec, inversion time [TI] = 1,000 
msec, flip angle [FA] = 8°, 256 × 256 acquisition matrix, 1 × 1 × 1 mm voxels; Biograph scanner: TE = 2.95 msec, 
TR = 2300 msec, TI = 900 msec, FA = 9°, 240 × 256 acquisition matrix, 1 × 1 × 1.2 mm voxels). High-resolution 
structural scans were processed with FreeSurfer (Version 5.30) (http://surfer.nmr.mgh.harvard.edu). For each 
participant, the structural scans were motion corrected, averaged, and normalized for intensity inhomogeneities to 
create a single volume with high contrast to noise ratio 2,3. The resulting volume was used to reconstruct the cortical 
surface including the gray-white boundary and gray-CSF boundary (pial surface) 

4. The thickness measures were 
obtained by calculating the distance from the gray-white boundary to the gray-CSF boundary for each vertex across 
the entire cortical mantle4. In addition, the hippocampus was segmented using an automated procedure that 
examined variations in voxel intensities and spatial relationships 5. 
 
Investigations of the effect of choroid plexus on hippocampal [F-18]-AV-1451 binding 
Recent work has reported that [F-18]-AV-1451 might have “off-target” binding to the choroid plexus and other 
subcortical structures in older adults6. Since the choroid plexus is in close proximity to the hippocampus, this “off-
target” binding may confound hippocampal PET signal. We conducted additional analyses to understand and reduce 
the impact of choroid plexus on hippocampal PET signal. First we examined the relationship between [F-18]-AV-
1451 standardized uptake value ratio (SUVR) from the choroid plexus (defined by FreeSurfer) and hippocampal [F-
18]-AV-1451 SUVR in the present cohort (N=59). It has been previously reported that partial volume correction 
(PVC) reduces the impact of signal spilling from nearby regions6,7. Using a regional spread function (RSF), PVC 
was then applied to the hippocampal and choroid plexus [F-18]-AV-1451 PET data7. A linear regression approach 
was employed to minimize the impact of choroid plexus on hippocampal PET signal. Specifically, the choroid 
plexus [F-18]-AV-1451 SUVR was regressed from the hippocampal [F-18]-AV-1451 SUVR using a linear 
regression. The residual hippocampal [F-18]-AV-1451 SUVR was considered as an estimate of tau’s contribution to 
hippocampal PET signal. Finally, the PCV or residual hippocampal [F-18]-AV-1451 SUVR was analyzed separately 
with respect to disease stage or hippocampal volume using the same statistical approaches as described in the main 
text. Specifically, the PCV or residual hippocampal [F-18]-AV-1451 SUVR was compared across CSF Aβ42 
negative (i.e., Aβ-) CN, CSF Aβ42 positive (i.e., Aβ+) CN and Aβ+ AD groups using t-tests. Receiver operating 
characteristic (ROC) analyses assessed the ability of the PCV or residual hippocampal [F-18]-AV-1451 SUVR to 
distinguish AD from CN group. With regard to the differentiation of AD from CN, the area under ROC curves 
(AUCs) were compared between PVC hippocampal SUVR and residual hippocampal SUVR using a bootstrap test 
implemented in R8. The effect of Aβ status (i.e., Aβ+ vs. Aβ-) on PCV or residual hippocampal [F-18]-AV-1451 
SUVR was assessed using general linear models with age and CDR status included as covariates. The modulation of 
Aβ status on the relationship of hippocampal volume with the PVC or residual hippocampal [F-18]-AV-1451 SUVR 
was tested using general linear models.  
 
Vertex-wise analysis of the relationship between [F-18]-AV-1451 binding and cortical thickness 
For each participant, SUVR image was transformed to atlas space. The transformed SUVR images were projected 
onto an average cortical surface with a 4-mm full-width half-maximum (FWHM) smoothing kernel applied. The 
relationships between [F-18]-AV-1451 SUVR and cortical thickness were tested at each vertex across the entire 
cerebral mantle. The vertex-wise analysis was thresholded at p < 0.05 corrected for multiple comparisons at a cluster 
level using Monte Carlo simulation.  
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eResults. Further Findings 
Potential contribution of choroid plexus to hippocampal [F-18]-AV-1451 SUVR 
We found that the choroid plexus [F-18]-AV-1451 SUVR was correlated with the hippocampal [F-18]-AV-1451 
SUVR (r=0.39, p=0.003). This result suggests that off-target binding of [F-18]-AV-1451 to the choroid plexus 
contributes to hippocampal PET signal. We also observed that PVC choroid plexus SUVR was not correlated with 
PVC hippocampal SUVR (r=0.19, p=0.14). In addition, the choroid plexus SUVR was not correlated with the 
residual hippocampal SUVR (r=0.14, p=0.31). These findings suggested that the PVC and linear regression 
approaches might effectively reduce the effect of signal spilling.  
 
We compared group differences for the PVC hippocampal [F-18]-AV-1451 SUVR across Aβ- CN, Aβ+ CN, and 
Aβ+ AD individuals (eFigure 1a). The PVC hippocampal [F-18]-AV-1451 SUVR was elevated in Aβ+ AD 
compared to Aβ+ CN or Aβ- CN participants. The PVC hippocampal [F-18]-AV-1451 SUVR was similar between 
Aβ+ and Aβ- CN participants. Receiver operating characteristic (ROC) analyses assessed the ability of the PVC 
hippocampal [F-18]-AV-1451 SUVR for distinguishing AD from CN groups (eTable 2). With regard to the 
differentiation of Aβ+ AD from Aβ- CN or from Aβ+ CN, the AUCs were similar between the PVC hippocampal 
[F-18]-AV-1451 SUVR and hippocampal [F-18]-AV-1451 SUVR (p > 0.05). The PVC hippocampal [F-18]-AV-
1451 SUVR was not different according to Aβ status after adjusting for CDR status and age (p>0.05). An interaction 
between Aβ status and PVC hippocampal [F-18]-AV-1451 SUVR was observed for the hippocampal volume (p< 
0.05) (eFigure 1c). Within Aβ+ participants, PVC hippocampal [F-18]-AV-1451 SUVR explained 43% of the 
variance in the hippocampal volume after accounting for age and CDR status. Within Aβ- participants, no 
association was observed between PVC hippocampal [F-18]-AV-1451 SUVR and volume after accounting for age 
and CDR status (p > 0.05). A similar pattern of changes was seen for the residual hippocampal [F-18]-AV-1451 
SUVR (i.e., after regression of choroid plexus [F-18]-AV-1451 SUVR from the hippocampal [F-18]-AV-1451 
SUVR) (eFigure 1b and 1d, eTable 2).  
 
Overall, these results suggested that a combination of partial volume correction and linear regression approaches 
effectively can ameliorate potential contribution of choroid plexus off-target binding to hippocampal PET signal. 
After these procedures were performed the observed biological relationship (i.e., the interaction between A and tau 
on hippocampal volume) remained unchanged. 
 
Gaussian mixture modeling 
We observed that the optimal cutoff (i.e., AD signature [F-18]-AV-1451 SUVR=1.19) for discriminating Aβ- CN 
from Aβ+ AD participants might classify Aβ+ CN participants into low vs. high tau groups. We additionally 
employed a Gaussian mixture model to ensure such classification. The Gaussian mixture model has been previously 
used to classify CN individuals into the low vs. high amyloid burden group using Pittsburgh Compound B (PiB) 
PET imaging9,10. This approach was desirable in the current scenario because it allows us to independently explore a 
low-high tau separation and it does not rely on a particular cutoff (i.e., AD signature [F-18]-AV-1451 SUVR=1.19). 
Specifically, this approach assumes that the overall data distribution can be estimated from a mixture of Gaussian 
distributions. The optimal model was selected using Bayesian information criterion (BIC)11. Multiple Gaussian 
distributions (1~5) were fit to AD cortical signature [F-18]-AV-1451 SUVR in the Aβ+ CN group. We found that 
the optimal model contained two Gaussian distributions that reflected low vs. high tau in the Aβ+ CN individuals 
(eFigure 2). Please note that the results were similar if additional Gaussian distributions (>5) were fit to the data.  
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eTable 1. The Utility of the Partial Volume Corrected of Residual Hippocampal [F-
18]-AV-1451 Binding in Differentiating Groups as Classified by A Status and 
Clinical Diagnosis 

  Aβ- CN vs. Aβ+ AD Aβ+ CN vs. Aβ+ AD 

  
AUC (95% 
confidence 
interval) 

Optimal cutoff 
(Sensitivity, 
specificity) 

AUC (95% 
confidence 
interval) 

Optimal cutoff 
(Sensitivity, 
specificity) 

Hippocampal [F-18]-AV-
1451 SUVR     

   Partial volume correction 0.94 (0.84, 1.00) 1.71 (83%, 95%) 0.89 (0.68, 1.00) 1.71 (83%, 100%) 

   Residuals 0.95 (0.87, 1.00) 0.18 (83%, 95%) 0.92 (0.77, 1.00) 0.18 (83%, 93%) 

Receiver operating characteristic (ROC) curve analysis evaluated the accuracy of the partial volume 
corrected hippocampal [F-18]-AV-1451 binding (standardized uptake value ratio, SUVR) or residual 
hippocampal [F-18]-AV-1451 SUVR (i.e., after regression of the choroid plexus SUVR from the 
hippocampal SUVR) in differentiating Aβ+ AD from Aβ- CN or from Aβ+ CN group. A level was 
measured by cerebrospinal fluid (CSF) assay of A42. Cutoffs for A status (i.e., CSF A42 positive 
(A+) vs. negative (A-)) were determined in an independent cohort. AUC: area under ROC curve, AD: 
Alzheimer disease, CN: cognitively normal.  
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eTable 2. Demographics of Groups Defined by Clinical and Amyloid  (A) Status 

  Aβ- CN  Aβ- AD  Aβ+ CN  Aβ+ AD 

N 21 1 14 6 

Age in years 73 (5) 81 75 (5) 79 (7)§ 

Male (%) 13 (63) 1 (100) 10 (71) 3 (50) 

Education in 
years 

16 (2) 20 16 (2) 18 (2) 

MMSE score  29 (1) 24 29 (1) 24 (4)§,# 

Data are means (standard deviation) or number (%). MMSE: Mini-Mental State Examination, the score of 
which ranges from 30 (“best”) to 0 (“worst”). A level was measured by cerebrospinal fluid (CSF) assay of 
A42. Cutoffs for A status (i.e., CSF A42 positive (A+) vs. negative (A-)) were determined in an 
independent cohort. AD: Alzheimer disease, CN: cognitively normal. §: p < 0.05 in comparison between 
Aβ+ AD and Aβ- CN, and #: p < 0.05 in comparison between Aβ+ AD and Aβ+ CN.
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eFigure 1. Analysis of the Contribution of Choroid Plexus to Hippocampal [F-18]-
AV-1451 SUVR 

 
 
 
The PVC hippocampal [F-18]-AV-1451 SUVR (a) and residual hippocampal [F-18]-AV-1451 SUVR (b) are 
presented with individual data points and boxplot showing the range, median and interquartile range in 
the groups defined by A status and clinical diagnosis. Group difference was compared using t test. §: p < 
0.05 in comparison between A+ AD vs. A- CN, #: p < 0.05 in comparison between A+ AD vs. A+ CN. 
The PVC hippocampal [F-18]-AV-1451 SUVR (c) and residual [F-18]-AV-1451 hippocampal SUVR (d) are 
plotted against hippocampal volume. Linear fitting is presented for the entire cohort (N=59, black line) and 
separately for Aβ+  (N=20, green line) vs. Aβ- group (N=22, blue line). With respect to Aβ status, the 
slope of linear fitting was different (p < 0.05 for either the PVC or residual hippocampal SUVR) after 
adjusting for age and Clinical Dementia Rating (CDR) status (CDR 0 vs. CDR>0). Cutoffs for A status 
(i.e., CSF A42 positive (A+) vs. negative (A-)) were determined from an independent cohort. AD: 
Alzheimer disease, CN: cognitively normal, PVC: partial volume correction. The residual hippocampal [F-
18]-AV-1451 SUVR was computed by regression of choroid plexus [F-18]-AV-1451 SUVR from the 
hippocampal [F-18]-AV-1451 SUVR. 
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eFigure 2. Gaussian Mixture Modeling 

 

a): Multiple Gaussian distributions (i.e., mixtures) (1 to 5) were fit to AD cortical signature [F-18]-AV-1451 
SUVR values in the Aβ+ CN group. The number of distribution (x-axis) is plotted against Bayesian 
information criterion (BIC) (y-axis)(higher is better). Based on the BIC, the model with 2 distributions 
provided the best fit to the data. b): All data points of the AD cortical signature [F-18]-AV-1451 SUVR are 
displayed as short vertical lines at the bottom. The classification of the distributions #1 and #2 is shown at 
the middle and top, respectively. The distributions #1 and #2 correspond to the low vs. high tau group, 
respectively. 
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