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Bark, John ï PE84................................................. 79 
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Chiao, Ping ï PO43............................................. 146 
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Chiotis, Konstantinos ï PO53 ............................. 153 
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Grothe, Michel ï PO3 ......................................... 121 
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Honer, Michael ï PE42 ......................................... 55 
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Jones, David ï S5-PP119 .................................... 104 

Josephs, Keith ï PE58........................................... 63 

Joshi, Abhinay ï PE112 ........................................ 95 

Joshi, Aniket ï PE02 ............................................. 33 
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HAI2016 PROGRAM 
Podium presentations will be held in the Grande Promenade Ballroom at the Miami Beach Resort; the overflow room will 

be set up in the Spanish Suite (mezzanine); the poster sessions will be held in the Regency Ballroom. 

Wednesday, January 13, 2016 
11:30 am Check-in 

1:00 Welcome Notes Keith Johnson, Massachusetts General Hospital 

1:15-2:30 
SESSION 1: NEW PET LIGANDS; CENTILOIDS; KINETIC 

STUDIES 

CHAIRS:  

Robert Koeppe, University of Michigan 

Chester Mathis, University of Pittsburgh 

1:15-1:30 
Quantification, test-retest and dosimetry of the novel Genentech 

Tau Probe 1, [18F]GTP1 

Sandra Sanabria Bohorquez, Genentech 

Research and Early Development, Genentech 

1:30-1:45 
Clinical evaluation of [18F]RO6958948, a new radioligand for 

imaging tau pathology in AD 
Dean Wong, Johns Hopkins University 

1:45-2:00 
Implementation and validation of the Centiloid transformation 

for 18F-NAV4694 
Christopher Rowe, The University of Melbourne 

2:00-2:15 
Quantification of the tau PET tracer [18F]AV-1451 with kinetic 

modeling 
Olivier Barret , Molecular NeuroImaging LLC 

2:15-2:30 Comparing tau measurements, within tracers and between Suzanne Baker, Lawrence Berkeley National Lab 

2:30-3:10 Discussion 

3:10-3:40 Coffee break (Regency Ballroom) 

3:40-4:40 
SESSION 2: PET DATA ANALYTICS: TIME SERIES, 

DATA REDUCTION, AND THK5351 

CHAIRS:  

Suzanne Baker, Lawrence Berkeley National Lab 

Julie Price, University of Pittsburgh 

3:40-3:55 
Longitudinal changes in [18F]AV-1451 PET tau signal: Interim 

analysis of a Phase 2 study 
Mark Mintun , Avid Radiopharmaceuticals, Inc. 

3:55-4:10 Optimizing Florbetapir SUVR change-over-time measurement 
Christopher Schwarz, Mayo Clinic and 

Foundation 

4:10-4:25 
Principal component analysis of [18F]-AV-1451 Tau PET in 

sporadic AD and frontotemporal dementia 

Shruti Mishra , Washington University School of 

Medicine 

4:25-4:40 
Distinct patterns of [18F]THK-5351 retention in AD and non-

AD tauopathies 
Nobuyuki Okamura , Tohoku University 

4:40-5:20 Discussion 

5:20-7:30 Welcome Reception (Poolside/Oceanview) 

Thursday, January 14, 2016 
7:00am-8:00 Check-in and Breakfast  (Starlight Ballroom) 

8:00-9:00 SESSION 3: PATHOLOGY 

CHAIRS: 

William Klunk, University of Pittsburgh 

Melissa Murray, Mayo Clinic, Jacksonville 

8:00-8:15 
Differences between lateral and medial PET image intensity for 

equivalent levels of Aɓ pathology 
Chris Buckley, GE Healthcare Life Sciences 

8:15-8:30 
Centiloid thresholds for amyloid positivity derived from 

autopsy-proven cases 

Nagehan Ayakta, University of California, San 

Francisco 

8:30-8:45 
In vitro binding and histology analyses of a putative tau ligand 

T807 in AD and non-AD tauopathy cases 
Milos Ikonomovic, University of Pittsburgh 

8:45-9:00 
Neuropathologic maturity of neurofibrillary tangles: 

implications for Tau PET Imaging 
Melissa Murray, Mayo Clinic, Jacksonville 

9:00-9:40 Discussion 

9:40-10:25 Poster Session (Even-Numbered)/Coffee Break 

10:25-11:25 SESSION 4: NON-AD TAUOPATHIES 
CHAIRS:  

Agneta Nordberg, Karolinska Institutet 
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Gil Rabinovici, University of California, San 

Francisco 

10:25-10:40 

18F-AV-1451 binding corresponds to disease severity and 

laterality in non-AD tauopathy syndromes with distinct tau 

filament strains 

Richard Tsai, University of California, San 

Francisco 

10:40-10:55 
Elevated [18F]AV-1451 binding matches the distribution of Tau 

pathology in Progressive Supranuclear Palsy 

Daniel Schonhaut, University of California, San 

Francisco 

10:55-11:10 Binding characteristics of Tau PET tracer [18F]AV-1451 
Giorgio Attardo , Avid Radiopharmaceuticals 

Inc. 

11:10-11:25 

In vivo [F-18]-AV-1451 (T807) PET imaging in the first two 

autopsy-confirmed non-Alzheimer tauopathy cases studied at 

MGH 

Marta Marquie , MassGeneral Institute for 

Neurodegenerative Disease 

11:25-12:05pm Discussion 

12:05-1:30 Lunch (Starlight Ballroom) 

1:30-2:30 SESSION 5: ANATOMIC CORRELATIONS 

CHAIRS:  

Clifford Jack, Jr., Mayo Clinic, Rochester 

Susan Resnick, National Institutes of Health, 

National Institute on Aging 

1:30-1:45 

PET tau imaging with AV-1451 in FTD with suspected 

underlying tauopathies and non-tauopathies relative to 

Alzheimerôs and controls 

David Jones, Mayo Clinic, Rochester 

1:45-2:00 
Specific hippocampal subfield volumes mediate tau-related 

memory performance in amyloid positive individuals 

Heidi Jacobs, Massachusetts General 

Hospital/Harvard Medical School 

2:00-2:15 
Association between T807 and retrospective cortical thinning in 

cognitively normal elderly 

Molly LaPoint , Massachusetts General 

Hospital/Harvard Medical School 

2:15-2:30 
Identifying cortical areas of change in longitudinal 18F-T807 

PET 

J. Alex Becker, Massachusetts General 

Hospital/Harvard Medical School 

2:30-3:10 Discussion 

3:10-3:55 Poster Session (Even-Numbered)/Coffee Break 

3:55-4:25 
Keynote Lecture: New CSF and plasma biomarkers for 

neurodegenerative diseases 
Henrik Zetterberg , University of Gothenburg  

4:25-4:40 Keynote Discussion 

4:40-5:25 
SESSION 6: TAU PET: CLINICAL AND COGNITIVE 

CORRELATIONS 

CHAIRS: 

William Jagust, University of California, Berkeley 

Reisa Sperling, Massachusetts General 

Hospital/Harvard Medical School 

4:40-4:55 
Aɓ+ clinically normal participants with elevated Tau show 

greatest decline in the preclinical AD cognitive composite 

Elizabeth Mormino , Massachusetts General 

Hospital, Harvard Medical School 

4:55-5:10 
Association between in vivo tau deposition and concomitant 

cognition mediated by metabolic dysfunction in AD 
Laure Saint-Aubert , Karolinska Institutet 

5:10-5:25 Tau-PET imaging with AV-1451 in Alzheimerôs disease Val Lowe, Mayo Clinic, Rochester 

5:25-5:55 Discussion 

6:00-8:00 Networking Reception (Starlight Ballroom) 

Friday, January 15, 2016 

7:00-8:00am Check-in and Breakfast (Starlight Ballroom) 

8:00-8:45 SESSION 7: TAU PET: CONNECTIVITY AND PS1 

CHAIRS: 

Tammie Benzinger, Washington University  

Trey Hedden, Massachusetts General Hospital 

8:00-8:15 
Tau covariance patterns in AD patients resemble intrinsic 

connectivity networks in young adults 

Rik Ossenkoppele, University of California, San 

Francisco 
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8:15-8:30 Amyloid, Tau, and functional connectivity MRI 
Aaron Schultz, Massachusetts General 

Hospital/Harvard Medical School 

8:30-8:45 
Patterns of Tau deposition using [18F]-AV-1451 in autosomal 

dominant Alzheimerôs disease: Results from the DIAN 

Tammie Benzinger, Washington University in St. 

Louis 

8:45-9:15 Discussion 

9:15-10:00 Poster Session (Odd-Numbered)/Coffee Break 

10:00-11:00 
SESSION 8: TAU AND AMYLOID BIOMARKER 

CORRELATIONS 

CHAIRS: 

Charles Duyckaerts, Hôpital La Pitié Salpêtrière 

Victor Villemagne, The University of Melbourne 

10:00-10:15 

The Tau MeTeR scale for the generation of continuous and 

categorical measures of tau deposits in the brain: Results from 

18F-AV1451 and 18F-THK5351 tau imaging studies 

Victor Villemagne, The University of Melbourne 

10:15-10:30 
Amyloid and tau demonstrate region-specific associations in 

normal older people 

Samuel Lockhart, University of California, 

Berkeley 

10:30-10:45 
Relating cerebrospinal fluid and positron emission tomography 

measures of tau pathology 

Brian Gordon, Washington University in St. 

Louis 

10:45-11:00 
Metabolic efficiency predicts the spatial pattern of Amyloid-ɓ in 

late life 

Katelyn Arnemann, University of California, 

Berkeley  

11:00-11:40 Discussion 

11:40-12:10pm 
Keynote Lecture: Synergy of Aɓ and tau pathologies, 

neuropathological data 
Charles Duyckaerts, Hôpital La Pitié Salpêtrière 

12:10-12:25 Keynote Discussion 

12:25-1:50 Lunch  (Starlight Ballroom) 

1:50-2:50 
SESSION 9: TRANSLATION TO CLINICAL 

POPULATIONS AND GENETIC FACTORS 

CHAIRS: 

Christopher Rowe, The University of Melbourne 

Andrew Saykin, Indiana University 

1:50-2:05 
Appraisal of the utility of the AIT appropriate use criteria of the 

Amyloid-PET 

Marina Boccardi , IRCCS Centro San Giovanni 

di Dio Fatebenefratelli 

2:05-2:20 
[11C]PiB imaging in the Down syndrome population: A closer 

investigation of amyloid burden in the striatum 
Patrick Lao , University of Wisconsin-Madison 

2:20-2:35 

APOE epsilon 2 genotype associates with reduced amyloid load 

but does not affect brain structure or function in non-demented 

older individuals 

Michel Grothe, German Center for 

Neurodegenerative Diseases 

2:35-2:50 
Association between [11C]PIB PET and CSF Aɓ1-42 in a 

multicentre European memory clinic population 
Antoine Leuzy, Karolinska Institutet 

2:50-3:30 Discussion 

3:30-4:15 Poster Session (Odd-Numbered)/Coffee Break 

4:15-4:25 Awards Ceremony 

4:25-5:10 
SESSION 10: MULTIPLE MOLECULAR IMAGING 

BIOMARKERS 

CHAIRS:  

Gaël Chételat, INSERM, Université de Caen 

Susan Landau, University of California, Berkeley 

4:25-4:40 

Rates of transition between amyloid and neurodegeneration 

biomarker states and to dementia among non-demented 

individuals in a longitudinal population-based cohort study 

Clifford Jack , Jr., Mayo Clinic, Rochester 

4:40-4:55 
Do midlife vascular risk factors contribute to brain amyloid? 

The ARIC-PET Amyloid Imaging Study  
Rebecca Gottesman, Johns Hopkins University 

4:55-5:10 
The clinical significance of increasing amyloid in cognitively 

normal, amyloid negative individuals 

Susan Landau, University of California, 

Berkeley 

5:10-5:40 Discussion 

5:40-6:00 Closing Notes 
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 HAI -2016 ABSTRACTS 

Wednesday, January 13, 2016 ï 1:15pm-2:30 

Podium Presentations 

SESSION 1: New Pet Ligands; Centiloids; Kinetic 

Studies  
 

CHAIRS:   Robert Koeppe, University of Michigan 

Chester Mathis, University of Pittsburgh  
 

1:15-2:30 

SESSION 1:  

NEW PET LIGANDS; CENTILOIDS; 

KINETIC STUDIES  

CHAIRS:  

Robert Koeppe 

University of Michigan 

Chester Mathis 

University of Pittsburgh 

1:15-1:30 
Quantification, test-retest and dosimetry of the 

novel Genentech Tau Probe 1, [18F]GTP1 

Sandra Sanabria Bohorquez 

Genentech Research and Early Development, 

Genentech, Inc. 

1:30-1:45 
Clinical evaluation of [18F]RO6958948, a new 

radioligand for imaging tau pathology in AD 
Dean Wong 

Johns Hopkins University 

1:45-2:00 
Implementation and validation of the Centiloid 

transformation for 18F-NAV4694 
Christopher Rowe 

The University of Melbourne 

2:00-2:15 
Quantification of the tau PET tracer [18F]AV-

1451 with kinetic modeling 
Olivier Barret  
Molecular NeuroImaging, LLC 

2:15-2:30 
Comparing tau measurements within tracers and 

between 
Suzanne Baker 

Lawrence Berkeley National Lab 

2:30-3:10 Discussion 
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Sanabria Bohorquez, Sandra ï S1-PP43 

Quantification, test-retest and dosimetry of the novel Genentech Tau Probe 1, [18F]GTP1 

Sandra Sanabria Bohorquez1, Olivier Barret2, Gilles Tamagnan2, David Alagille2, Simon Williams1, Alex de 

Crespigny1, Gai Ayalon1, Geoffrey Kerchner1, William Cho1, Danna Jennings2, John Seibyl2, Ken Marek2, Robby 

Weimer1, Jan Marik1 

1gRED, Genentech Research and Early Development, Genentech, Inc., South San Francisco, CA, United States 
2Molecular NeuroImaging LLC, New Haven, CT, United States 

PET imaging utilizing radiotracers specific for tau pathology could enable cross-sectional and longitudinal assessment 

of tau pathology. Here, we present the preliminary [18F]GTP1 characterization and dosimetry. 

Test-retest: [ 18F]GTP1 imaging was performed in 3 AD subjects (65-77y, MMSE 26-27) and 2 healthy volunteers 

(HV; 51-58y). Dynamic scans were acquired and the arterial input function (AIF) was measured. Compartmental 

modeling and Logan graphical analyses were applied to calculate the total volume of distribution. The distribution 

volume ratio (DVR) was calculated using cerebellum gray (CBL) as reference: DVR AIF=V T(target-ROI)/V T(CBL). 

SRTM was also applied; DVR SRTM =BP ND+1. The use of SUVR as a surrogate for GTP1 specific binding was 

evaluated.  

Dosimetry: Whole body (WB) images were acquired over ~6h in 5 HV (ages 18-53y). The individual absorbed doses 

and the effective dose (ED) were calculated using OLINDA. 

Results: AIF modeling showed that the 1-tissue model is sufficient to describe the cerebellum gray (CBL) tracer 

kinetics. DVRAIF and DVRSRTM were 

highly correlated suggesting tracer 

kinetics is well described using the CBL 

curve. %T-RT [100% (day2-

day1)/(day1+day2)/2] variability for 

DVRSRTM and SUVR was ±10%. A 

linear relationship between 

DVRSRTM(120min) vs. SUVR(90-

120min) and DVRSRTM(120min) vs. 

SUVR(60-90min) shows SUVRs in both 

time intervals are appropriate surrogates 

of GTP1 specific binding to tau. 

The average ED per 185MBq were 6.4 

mSv (F, n=3) and 4.9mSv (M, 

n=3) with no UB voiding and 

6.0mSv (F, n=3) and 4.6mSv 

(M, n=3) with 2h UB voiding 

interval. 

GTP1 has favorable radiation 

dosimetry profile, displays 

excellent kinetics that allows 

SUVR estimates of target 

binding and provides a large 

dynamic range between regions 

of low and high tau 

accumulation and between HV 

and AD. We are currently 

conducting an 18-month natural 

history study in AD to assess the 

performance of GTP1 in 

reporting longitudinal change of tau pathology. 
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Wong, Dean ï S1-PP57 

Clinical evaluation of [18F]RO6958948, a new radioligand for imaging tau pathology in 

AD 

Dean Wong1, 2, 3, Robert Comley4, Hiroto Kuwabara1, Noble George1, Paul Rosenberg2, Constantine Lyketsos2, 

Madhav Thambisetty5, Henner Knust4, Michael Honer4, Frank Boess4, Susanne Ostrowitzki4, Robert Dannals1, 

Edilio Borroni4 

1Russell H. Morgan Department of Radiology, Nuclear Medicine ï PET Center, The Johns Hopkins University 

School of Medicine, Maryland, United States 
2Department of Psychiatry and Behavioral Sciences, The Johns Hopkins University School of Medicine, Maryland, 

United States 
3Solomon H. Snyder Department of Neuroscience, The Johns Hopkins University School of Medicine, Maryland, 

United States 
4Roche Pharmaceutical Research and Early Development, Roche Innovation Center, Basel, Switzerland 
5National Institute of Aging, Maryland, United States 

Background: We provide an update on the evaluation of [18F]RO6958948, a new radioligand for imaging tau 

pathology in AD. 

Methods: Five Aɓ+ AD patients (3M: 2F; 67-86y; MMSE: 18-24) and 5 young controls (YC) (4M: 1F; 25-38y) 

received a [18F]RO6958948 scan to evaluate tracer kinetics. Five additional Aɓ+ AD patients (4M: 1F; 55-66y; 

MMSE: 16-25) and 5 Aɓ- older controls (OC) (5M: 0F; 51-73y) received two scans (approximately 6 weeks apart) to 

assess reproducibility. A third group of 6 controls (3M:3F) had whole-body scans for dosimetry. After bolus injection 

of [18F]RO6958948 dynamic emission data were collected (for the first group from 0-90 min and out to 200 min in 

the reproducibility cohort). Arterial blood sampling was performed in 12/15 AD and 11/15 controls. ROIs were defined 

by MRI, and PET data were quantified by kinetic analysis. 

Results:  In controls washout was fast, with very little retention. Metabolism was rapid:  10% parent in plasma at 60 

min. There was no evidence of brain penetrant radiometabolites. In AD tracer distribution was broadly consistent with 

post-mortem literature, cortical SUV (60-90 min) is ~ 2, white matter retention was low, and off-target binding 

minimal. SUVR values (60-90 min using Cb grey reference) showed a strong correlation with VT, R2 =0 .92 The 

dynamic range for the detection of tau pathology is approximately 1 - 3 (cortical SUVR in OC vs. AD).  Test-retest 

variability for SUVR 60-90 min (Cb grey) across a range of ROIs was 1.8-8.9 %.  Preliminary whole body dosimetry 

suggests at least 3- 4 PET scans could be performed annually based on local radiation guidelines. 

Conclusion: [18F]RO6958948 is a promising tracer that can be used to assess the degree of tau pathology in the AD 

brain. 
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Rowe, Christopher ï S1-PP9 

Implementation and validation of the Centiloid transformation for 18F-NAV4694 

Christopher C. Rowe1, 2, Gareth Jones1, Svetlana Pejoska1, Vincent Doré3, 4, Laura Margison1, Rachel Mulligan1, 

Pierrick Bourgeat4, J. Gordon Chan1, Olivier Salvado4, Colin L. Masters3, Victor L. Villemagne1, 2, 3 

1Department of Molecular Imaging & Therapy & Centre for PET, Melbourne, Australia 
2Department of Medicine, The University of Melbourne, Australia 
3The Florey Institute of Neuroscience and Mental Health, The University of Melbourne, Australia 
4CSIRO Digital Productivity Flagship, The Australian e-Health Research Centre, Brisbane, Australia 

Background: A common quantitative output value for Aɓ imaging across tracers and methods will improve clinical 

and research use. A method has recently been developed by an international team of Aɓ imaging experts for this 

purpose that produces a unit of measurement called the Centiloid (Klunk et al, Alzheimers Dement, 2015). This 

approach was implemented on Aɓ imaging studies performed with 18F-NAV4694 (NAV) and 11C-PiB (PiB).  

Methods: Fifty-five participants underwent PET imaging between 50-70 min after injection of PiB and NAV: 10 

healthy young controls (33±7 yo), 25 healthy elderly controls (74±8 yo, MMSE 29±1), 10 mild cognitive impairment 

(75Ñ9 yo, MMSE 27Ñ3), 3 frontotemporal dementia (68Ñ5 yo, MMSE 27Ñ1), and 7 Alzheimerôs disease (73Ñ11 yo, 

MMSE 24±2) patients. Spatially normalized images were analyzed using the standard Centiloid regions (cortex and 

whole cerebellum reference region) downloaded from the Global Alzheimer's Association Interactive Network website 

(GAAIN; http://www.gaain.org). The non-standard reference regions, cerebellar cortex, pons, and whole 

cerebellum+pons were also investigated. 

Results: Both radiotracers presented an almost identical dynamic range of neocortical SUVR (linear 

slopes=1.09±0.01) and Centiloid values, the latter ranging from -30 to 130 Centiloids. Both tracers were highly 

correlated (R2>0.97), irrespective of the reference region used for the scaling. We further validated the Centiloid 

transformation by comparing the results from the standard approach and our own imaging analysis software, while 

using the same cortical and whole cerebellum masks from GAAIN. Our software yielded results that differed by 1-2% 

from the standard SPM approach. A correction was implemented to adjust for this small discrepancy. 

Conclusions: Both 11C-PiB and 18F-NAV4694 results can now be calculated in the common language of Centiloids 

by centers across the world using the data supplied through the GAAIN website. This is an important step towards 

better use of the clinical and research potential of Aɓ imaging. 
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Barret, Olivier ï S1-PP97 

Quantification of the tau PET tracer [18F]AV-1451 with kinetic modeling 

Olivier Barret1, David Alagille1, Sandra Sanabria2, Robert Comley3, Robby Weimer2, Edilio Borroni3, Nicholas 

Seneca4, Abhinay D. Joshi5, Michael D. Devous5, Mark A. Mintun5, Danna Jennings1, Ken Marek1, John P. Seibyl1, 

Gilles D. Tamagnan1 

1Molecular NeuroImaging, LLC, New Haven, CT, United States 
2Genentech Research and Early Development, Genentech, Inc., South San Francisco, CA, United States 
3Pharma Research and Early Development, F. Hoffmann-La Roche, Konzern-Hauptsitz, Basel, Switzerland 
4Product Development, F. Hoffmann-La Roche, Konzern-Hauptsitz, Basel, Switzerland 
5Avid Radiopharmaceuticals, Inc., Philadelphia, PA, United States 

Background: The study objective was to perform kinetic analysis of [18F] AV-1451 with arterial input function, and 

compare SUVr at different time intervals to the more quantitative Binding Potential (BPND). 

Methods: 16 subjects (4 young healthy controls (YHC) (26-37y), 4 aged HC (OHC; 52-73y) and 8 Alzheimerôs 

Disease subjects (AD) (57-85y)) were administered 9.0 ± 0.7 mCi [18F] AV-1451 and imaged for 3.5 hours (0-50, 80-

130 and 160-210 min).  [18F] AV-1451 data were analyzed using plasma and reference-tissue-based methods to 

estimate distribution volume VT and binding potential BPND. SUVr and BPND were derived using cerebellar cortex 

as the reference region. SUVr curves were calculated over 210 min and compared at various times (80-100, 110-130, 

160-180 and 190-210 min) to BPND. BPND and SUVr were also compared between groups. 

Results: BPND dropped by ~15% on truncation of acquisition time from 210 to 130 min.  VT (130 min) ranged from 

5.5±1.1 (across all subjects) to up to ~20 mL/cm3 in cortical regions of AD subjects. Good correlation (R2>0.93) was 

found between BPND (130 min or 210 min) and SUVr-1 from all time intervals, but best agreement occurred between 

BPND (130 min) and SUVr-1 (110-130 min), and between BPND (210 min) and SUVr-1 (160-180 min).  Cortical 

SUVr curves reached a relative plateau around 1.0-1.2 for YCH and OHC, but increased for AD subjects by up to 

~15%, ~30% and ~40% at 110-130 min, 160-180min and 190-210 min relative to 80-100min, respectively. 

Conclusions: The 80-100 min interval provides SUVr in good correlation with BPND (130 min) in AD subjects 

despite the increasing curves, although later time intervals gave better agreement. Linearity should be confirmed in 

more subjects.  Likely influence of disease progression and treatment on tracer kinetics and SUVr should be considered 

in studies designed to detect tau load changes. 
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Baker, Suzanne ï S1-PP113 

Comparing tau measurements within tracers and between 

Suzanne Baker1, Mark He2, Sam Lockhart2, Gil Rabinovici3, Nobuyuki Okamura4, William Jagust1, 2 

1Lawrence Berkeley National Lab, CA, United States 
2Helen Wills Neuroscience Institute, UC Berkeley, CA, United States 
3Memory and Aging Center, UC San Francisco, CA, United States 
4Tohoku University School of Medicine, Miyagi Prefecture, Japan 

Objectives: We explored the optimal quantification method within and between tau PET tracers.  

Methods: 38 subjects (23 older healthy controls (HCs), 15 ADs) were scanned using AV1451 on a Biograph PET/CT 

0-100 minutes post-injection and 120-150 minutes.  Different subjects (10 ADs, 6 HCs) were scanned using THK5351 

on an Eminence Stargate PET scanner from 0-90 min post-injection (shorter for 4 ADs).  MRIs were segmented using 

Freesurfer; ROIs for analysis were hippocampus, anterior and posterior cingulate, brainstem, caudate, pallidum, 

thalamus, putamen, frontal, parietal, occipital, temporal, and entorhinal cortices (reference region=cerebellar 

gray).  SRTM2 BP ND was calculated as the standard for comparison; median kô 2 from SRTM2 was used for DVR 

quantification. DVRs and SUVRs were calculated for various start times with 20-30 minute durations.   

Results:  Figure 1 shows correlations 

between BPND and DVR and SUVR 

measurements.   

In figure 2, imaging intervals that resulted 

in the highest r2 between SUVR and BPND 

were plotted. Linear and non-linear fits 

were tested, the fit with lowest SSE was 

used; this relationship was non-linear for 

AV1451 and linear for THK5351.  The 

SUVR dynamic range was wider for 

AV1451 (0.47ï3.47) than for THK5351 

(0.98-3.49). By dividing the SUVR range 

into 0.2 intervals (blue lines) and 

calculating corresponding BPND (green 

lines) it is clear that the nonlinear 

relationships result in unequally spaced 

BPND values for AV1451 compared to 

equally spaced BPND values for THK5351. 

The nonlinear relationship between SUVR 

and BPND means that differences in 

AV1451 SUVRs reflect small changes in 

BPND at the low end of the scale but larger 

changes in BPND at the high end.    

Conclusion: SUVRs for AV1451 provide 

better estimates of BPND at low levels of 

tracer binding than at high levels. SUVRs 

for THK5351 are linear throughout the 

range of binding with respect to BPND. 
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Mintun, Mark ï S2-PP102 

Longitudinal changes in [18F]AV-1451 PET tau signal: Interim analysis of a Phase 2 

study 

Mark Mintun, Michael Devous, Sr, Abhinay Joshi, Ian Kennedy, Michael Navitsky, Ming Lu, Andrew Siderowf, 

Michael Pontecorvo 

Avid Radiopharmaceuticals, Inc., PA, United States 

Background: [18F]AV-1451 is a PET ligand developed for imaging of aggregated tau in Alzheimerôs Disease (AD). 

As the neurodegeneration of AD is typically considered relentlessly progressive, we hypothesized that longitudinal 

18F-AV-1451 PET imaging of patients suspected of AD pathology will demonstrate a significant increase in PET tau 

signal over time.  

Methods: 160 subjects clinically diagnosed as healthy controls, Mild Cognitive Impairment or AD underwent 

[18F]AV-1451PET imaging (~370 MBq iv; scanning 80-100 min post injection) at baseline and ~9 months later). 

Images were co-registered and resampled into MNI atlas space. Activity in a single large atlas-based cortical region 

was normalized by cerebellum to create an SUV ratio (SUVr) for each scan. Amyloid imaging (~370 MBq i.v. 

florbetapir) was done at baseline and reviewed using published methods.  

Results:  63/160 subjects were Aɓ+. These subjects demonstrated a significant increase (paired t-test p=0.0007) in 

[18F]AV-1451 SUVr (Mean ± S.D were 1.44±0.37 at baseline and 1.48±0.43 at 9 months). Across subjects the change 

in SUVr averaged 0.038 ± 0.085. The change in SUVr was inversely correlated to age (r = -0.51), not correlated to 

baseline cognitive performance by MMSE (r=-0.01) but was correlated positively to baseline tau signal by SUVr 

(r=+0.64).  

Aɓ- subjects had significantly lower SUVr values compared with Aɓ+ subjects (p< 0.0001) and no significant change 

(p=0.80) at follow up (SUVr: 1.08±0.07 at baseline and 1.08±0.08 at 9 months).  

Conclusions: Although the follow-up time of 9 months is relatively short these data strongly suggest that in subjects 

likely having AD pathology the 18F-AV-1451 PET tau signal significantly increases over time, consistent with the 

predicted progression of AD neurodegeneration. The observations that the change in SUVr correlates to both age and 

to baseline SUVr is preliminary but could indicate that these factors are related to differences in aggressiveness and 

underlying stage of the disease.   
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Schwarz, Christopher ï S2-PP72 

Optimizing Florbetapir SUVR change over time measurement 

Christopher Schwarz1, Matthew Senjem1, 2, Jeffrey Gunter1, 2, Nirubol Tosakulwong3, Heather Wiste3, Stephen 

Weigand3, Bradley Kemp1, Anthony Spychalla1, Prashanthi Vemuri1, Ronald Petersen4, Val Lowe1, Clifford Jack1 

1Department of Radiology, Mayo Clinic and Foundation, Rochester, MN, United States 
2Department of Information Technology, Mayo Clinic and Foundation, Rochester, MN, United States 
3Department of Health Sciences Research, Division of Biostatistics, Mayo Clinic and Foundation, Rochester, MN, 

United States 
4Department of Neurology, Mayo Clinic and Foundation, Rochester, MN, United States 

Background: Accurate measurement of intra-subject B-amyloid change from serial PET scans is critical for clinical 

trials and longitudinal studies of Alzheimerôs disease. Many software pipelines exist, varying in choices of reference 

region, partial volume correction (PVC), target region segmentations, analysis voxel space, etc. Previously, we 

presented a comparison of pipelines for measuring change in amyloid using serial PiB scans, which favored using PVC 

and reference regions including both supratentorial white matter and whole cerebellum together. Here, we present a 

comparison of the same pipelines for longitudinal florbetapir analysis. 

Methods: We studied 81 subjects, ages 55-90 (median 75), from the Alzheimerôs Disease Neuroimaging Initiative 

with each having three serial scans of 3T T1-w MRI and florbetapir scans with baseline SUVR < 1.05. Florbetapir 

scans were registered to corresponding MRI using SPM12. SPM12 and Longitudinal Freesurfer 5.3 were each used to 

segment cortical gray matter. PVC was optionally applied. An in-house atlas was registered using ANTs to locate 

regions of interest. SUVRs using 1,040 combinations of reference region, target segmentation, PVC type, and analysis 

space (MRI or PET) were calculated and their longitudinal trajectories were analyzed. Pipelines were compared using 

three distinct longitudinal criteria: trajectory straightness, trajectory plausibility (lack of apparently-decreasing 

trajectories), and correlation between change in SUVR and change in MMSE. We also created a combined, weighted 

score from these criteria. 

Conclusions: In the combined score, top-performing pipelines mostly used PVC, and mostly used reference regions 

including a combination of both supratentorial WM and whole cerebellum, with or without brainstem. Both of these 

results were consistent with our previous analysis of longitudinal PiB. An exception was the corpus callosum reference, 

which here performed well for longitudinal florbetapir, but only average in PiB. We stress that our findings are 

applicable only to longitudinal studies; cross-sectional criteria were not examined. 
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Mishra, Shruti ï S2-PP24 

Principal component analysis of [18F]-AV-1451 tau PET in sporadic Alzheimerôs disease 

and frontotemporal dementia 

Karl Friedrichsen1, 6, Shruti Mishra1, 6, Brian Gordon1, 2, 6, Tyler Blazey1, Nelly Joseph-Mathurin1, 6, Nupur Ghoshal1, 

2, 3, Yi Su1, 6, Jon Christensen1, 6, Russ Hornbeck1, 6, Patricia Aldea1, Jonathan McConathy1, 6, Beau Ances1, 2, 3, Nigel 

Cairns1, 2, 3, 5, John Morris1, 2, 3, Tammie Benzinger1, 2, 4, 6 

1Washington University in Saint Louis, MO, United States 
2Knight Alzheimer's Disease Research Center, MO, United States 
3Department of Neurology - Washington University School of Medicine, MO, United States 
4Department of Neurological Surgery - Washington University School of Medicine, MO, United States 
5Department of Neuropathology - Washington University School of Medicine, MO, United States 
6Department of Radiology - Washington University School of Medicine, MO, United States 

Background: Development of radiotracers for imaging tau protein in vivo holds potential for identifying biomarkers 

for diseases featuring tauopathy, such as Alzheimerôs disease (AD) and Frontotemporal Dementia (FTD), even prior 

to clinical presentation. Our aim is to identify tau binding topographies and relate them to disease and aging processes. 

Methods: Sixty-nine adults (12 with global Clinical Dementia Ratings (CDR) above zero) underwent [F-18]-AV-

1451 positron emission tomography (PET). Six were from an FTD cohort. Data were processed using a region of 

interest (ROI) approach with FreeSurfer. Regional data were partial volume corrected and converted to Standardized 

Uptake Value Ratios (SUVRs) normalized to whole cerebellum. Data from 58 ROIs were entered into a principal 

component analysis. Sixty-two participants also underwent beta-amyloid PET scans using either Pittsburgh Compound 

B (PiB) or Florbetapir (AV45), and were categorized as beta-amyloid positive or negative by a mean cortical SUVR 

cutoff. 

Results:  Three components were identified 

(fig. 1), explaining 80% of the binding 

variance. The first component (60% total 

variance) had positive loadings in the 

temporal, parietal, and occipital lobes, both 

lateral and medial surfaces. The second 

component almost entirely comprised the 

choroid plexus. The third component had 

positive loadings for the medial temporal 

lobes and negative for the posterior areas 

noted in component 1. The first component 

was higher in beta-amyloid positive 

participants. The second component 

correlated with age. The third component was 

higher in the FTD cohort compared to the AD 

cohort. 

Conclusions: Our analysis showed three 

separate tau deposition processes (fig. 2). The 

first component was similar to the tau 

topography associated with preclinical AD. 

Component two was associated with age. The 

third component was higher in the FTD cohort 

than either cognitively normal or demented 

persons not in the FTD group, though a larger 

number of participants is required for validation. 

 

 



25 

  



26                     Human Amyloid Imaging 2016 

Okamura, Noboyuki ï S2-PP51 

Distinct patterns of [18F]THK -5351 retention in AD and non-AD tauopathies 

Nobuyuki Okamura1, 2, 3, Akio Kikuchi4, Katsutoshi Furukawa5, Aiko Ishiki5, Ryuichi Harada1, Takafumi 

Hasegawa4, Atsushi Takeda6, Shozo Furumoto3, Ren Iwata3, Manabu Tashiro3, Kazuhiko Yanai2, 3, Masashi Aoki4, 

Hiroyuki Arai5, Yukitsuka Kudo1 

1Division of Neuro-imaging, Institute of Development, Aging and Cancer, Tohoku University, Japan 
2Department of Pharmacology, Tohoku University School of Medicine, Japan 
3Cyclotron and Radioisotope Center, Tohoku University, Japan 
4Department of Neurology, Tohoku University School of Medicine, Japan 
5Department of Geriatrics and Gerontology, Institute of Development, Aging and Cancer, Tohoku University, Japan 
6Department of Neurology, Sendai Nishitaga Hospital, Japan 

Background: [18F]THK-5351 is a pyridine derivative of [18F]THK-5117, and shows higher binding affinity for tau-

rich brain homogenates, lower affinity for white matter homogenates, and faster clearance from normal brain tissue 

than [18F]THK-5117. In addition to PHF-tau in AD brain, [18F]THK-5351 has been suggested to bind to tau deposits 

in non-AD tauopathies including progressive supuranuclear palsy (PSP) and corticobasal degeneration. The aim of 

this study was to evaluate the clinical usefulness of [18F]THK-5351 PET for imaging tau pathology in various kinds 

of tauopathies. 

Methods: [18F]THK-5351 PET scans were performed in 14 elderly healthy controls, 11 patients with AD and 10 

patients with non-AD tauopathies including 3 patients with PSP and 5 patients with corticobasal syndrome (CBS). 

Regional SUVR values at 50-60 min post injection were calculated using cerebellar cortex as a reference region. 

Volumes of interest were automatically delineated using PNEURO module of PMOD software (Ver.3.6). Hammers 

maximum probability atlas was applied for this analysis. Voxel-based comparison of PET images was additionally 

performed using statistical parametric mapping (SPM) 8 software. 

Results:  AD patients showed THK-5351 retention in the common sites of tau pathology (mainly in the medial and 

lateral temporal cortex). Patients with advanced dementia showed greater and more extensive neocortical THK-5351 

retention than patients with mild dementia. PSP and CBS cases exhibited significant THK-5351 retention in the 

midbrain and globus pallidus. CBS cases additionally showed asymmetric THK-5351 retention in the precentral and 

postcentral gyri, and the laterality of tracer retention was consistent with clinical symptom in these patients. Temporal 

THK-5351 retention with brain atrophy was observed in PiB-PET negative cases. 

Conclusion: Significant [18F]THK-5351 signals were detected in expected brain regions of AD, PSP and CBS patients, 

suggesting the usefulness of this tracer for PET imaging in a variety of tauopathies. 
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Buckley, Chris ï PP77 

Differences between lateral and medial PET image intensity for equivalent levels of Aɓ 

pathology 

Adrian Smith, Chris Buckley 

GE Healthcare Life Sciences, Buckinghamshire, United Kingdom 

A notable feature in amyloid positron emission tomography (PET) imaging is that in subjects where the overall level 

of amyloid is moderate, the medial cortical regions (particularly the anterior-cingulate and posterior-cingulate and 

precuneus) are often as, or more, visually intense than the lateral regions. Images are often reviewed in the para-sagittal 

plane to show these medial surfaces. 

Pathology measurements at autopsy, however, show that the earliest involvement of sparse and moderate levels of Ab 

plaques predominantly affect the lateral aspects of the temporal, frontal and parietal lobes. This apparent difference in 

moderate Ab pathology levels and image intensity has been assessed using data from GE Healthcareôs autopsy Study 

GE067-026, where 106 autopsy subjects were imaged with [18F]flutemetamol in-life. 

The regions where there was a direct 

spatial concordance between tissue 

sampling and blinded image 

evaluation were the lateral temporal, 

inferior parietal and posterior 

cingulate and precuneus regions. To 

assess the PET image representation 

of moderate levels of pathology in 

these regions, we compared the 

percentage of positive visual reads for 

the three regions where pathology 

levels were just above the threshold 

for positivity by tissue-based standard 

of truth (figure 1). 

 
The percentages of reads with a 

positive assessment for this level of 

pathology were: posterior-cingulate 

and precuneus 94.5%, lateral 

temporal 72.3% and parietal 72.0% 

(figure 2).  

 

 

 

 

 

 

Similar trends were observed for SUVR analysis. The primary reason for this difference is partial volume effects - 

resulting in either leaching or bridging of intensity in PET images. The magnitude of these effects and their 

consequences are discussed in this presentation. They are likely to be relevant for all amyloid PET tracers. 
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Centiloid thresholds for amyloid positivity derived from autopsy-proven cases 

Nagehan Ayakta1, 2, Samuel Lockhart2, James O'Neill2, Rik Ossenkoppele1, Bruce Reed1, John Olichney3, Adam 

Boxer1, Bruce Miller1, Ewa Borys4, Lee-Way Jin5, Eric Huang1, Lea Grinberg1, Charles DeCarli3, William Seeley1, 

William Jagust2, Gil Rabinovici1, 2 

1Memory and Aging Center, University of California, San Francisco, Department of Neurology, CA, United States 
2Helen Wills Neuroscience Institute, University of California, Berkeley, CA, United States 
3University of California, Davis, Neurology, CA, United States 
4Stritch School of Medicine, Loyola University, IL, United States 
5Alzheimer's Disease Center, University of California, Davis, CA, United States 

Objective: To establish thresholds for amyloid positivity applying the Centiloid method to patients studied with 

[11C]PiB-PET and autopsy.   

Methods: We first validated methodology by processing the core Centiloid image dataset available at GAAIN.org. 

The regression between UCSF/Berkeley and Pittsburgh derived Centiloids yielded R2 = 0.99943. Then a cohort of 60 

diagnostically diverse subjects with PiB-PET and autopsy data (Table1) was processed with the Centiloid method and 

our internal pipeline (50-70 min SUVRs, gray cerebellum reference) to generate Centiloids and a conversion 

regression. The relationship between Centiloids versus CERAD and Thal stages was investigated. Finally, we assessed 

the performance of two a priori thresholds previously introduced by our group (liberal ïSUVR 1.21 = 7.47 Centolids; 

conservative ïSUVR 1.40 = 27.48 Centiloids) as well as an empirically derived threshold from an ROC analysis of 

the current dataset, using CERAD moderate-frequent plaques as the standard of truth. 
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Results: CERAD none-sparse patients had a mean of -4.85±6.88 Centiloids; the moderate-frequent group had 

66.02±50.45 Centiloids (t-test, p <0.001). The ROC analysis identified 9.50 Centiloids as the optimal threshold with 

0.89 sensitivity (0.71-0.97), 1.00 specificity (0.86 ï 1.00); AUC 0.91, 95% CI 0.808-1.000 (Figure1).  

 

The a priori liberal threshold had identical sensitivity and specificity as the ROC-derived threshold. These thresholds 

also distinguished between Thal phases 0-2 and 3-5 (Figure2). The a priori conservative threshold had sensitivity of 

0.68 (0.48-0.83) and specificity of 1.00 (0.86-1.0). 

Discussion: This project has shown the feasibility of applying the Centiloid scale across centers to overcome 

differences in tracers, scanners, and methods of processing. The a priori liberal threshold (7.47 Centiloids) and the 

ROC-derived threshold (9.50 Centiloids) showed excellent sensitivity/specificity, and did not differ significantly. 

Thus, a Centiloid threshold between 7.47-9.50 may be considered for detection of early amyloid signal.  

  

Figure 2: Distribution of Centiloids across Thal phases and CERAD scores.  Thresholds 7.47 and 9.50 create a distinct divide between Thal 

phases 0-2 and 3-5 and identifies a majority of frequent CERAD as positive. 
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In vitro binding and histology analyses of a putative tau ligand T807 in AD and non-AD 

tauopathy cases 

Milos Ikonomovic1, Eric Abrahamson1, Manik Debnath1, William Paljug1, Lan Shao1, William Seeley2, Chester 

Mathis1, Gil Rabinovici2, William Klunk1 

1University of Pittsburgh, PA, United States 
2University of California, San Francisco, CA, United States 

Background: Developing a tau-selective PET imaging ligand would facilitate clinical diagnosis of tauopathies. [F-

18]T807 has become a widely used tau imaging agent in clinical research studies, but its selectivity for tau over other 

pathological protein aggregates is poorly understood. We investigated the pathological substrates for T807 in autopsy 

brain samples from cases with Alzheimerôs disease (AD) and non-AD tauopathies. 

Methods: Frontal cortex (FC) tissues were obtained from brain banks at University of California, San Francisco and 

University of Pittsburgh ADRC. Neuropathology screening demonstrated absence of FC Aɓ deposits in seven non-

AD tauopathy cases with a primary neuropathological diagnosis of progressive supranuclear palsy (PSP, n=3), 

corticobasal degeneration (CBD, n=2), and Pickôs disease (PD, n=2). Controls included frontotemporal lobe dementia 

cases with TDP inclusions (FTLD-TDP-A, n=3; no Aɓ or tau pathology), AD (n=2, positive for Aɓ and tau), tau-only 

dementia (TauD, n=1), and normal controls (NC, n=2, no Aɓ or tau pathology). Assays included [H-3]T807, [F-

18]T807, and [H-3]PiB radiometric binding, histology using a fluorescent T807 analogue CN-T807, tau and Aɓ 

immunohistochemistry. 

Results:  CN-T807 fluorescence labeled tau-immunoreactive structures in AD (tangles and neuritic Aɓ plaques), PD 

(Pick bodies), PSP (tufted astrocytes), and CBD (astrocytic plaques). [H-3]T807 and [H-3]PiB binding values were 

comparably high in AD FC, and low in all non-AD cases regardless of tau pathology load. Similarly, [F-18]T807 

binding was high in AD FC but comparable or below control levels in FC from other cases. Significant [F-18]T807 

binding was also observed in TauD FC and in a sample of meninges from an AD case. 

Conclusion: T807 binding is high in AD, but relative contributions of tau in neurofibrillary tangles and neuritic 

plaques remain to be elucidated. In non-AD tauopathy cases, low T807 binding contrasts positive CN-T807 histology 

results and positive [F-18]T807 PET reports in PSP subjects, and requires further investigation. 
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Murray, Melissa ï PP131 

Neuropathologic maturity of neurofibrillary tangles: Implications for tau PET i maging 

Melissa Murray1, Geoffry Curran2, Amanda Liesinger1, Mukesh Pandey2, Ping Fang2, Kejal Kantarci2, Bradley 

Boeve2, David Knopman2, Leonard Petrucelli1, Dennis Dickson1, Ronald Petersen2, Neill Graff-Radford1, Clifford 

Jack, Jr.2, Val Lowe2 

1Mayo Clinic, Jacksonville, FL, United States 
2Mayo Clinic, Rochester, MN, United States 

Background:  Neurofibrillary pathology underlying Alzheimerôs disease (AD) develops progressively in the 

intracellular space of the neuron.  Maturity of a neurofibrillary tangle (NFT) is strongly associated with cognitive 

decline.  Our goal was to investigate the relationship between tau maturity and tau PET utilizing autoradiographic and 

immunohistochemical methods. 

Methods: Representative neuropathologically-confirmed normal and AD cases were selected from the Mayo Clinic 

Jacksonville brain bank to undergo autoradiographic tau binding using AV1451.  The hippocampal section was 

immunohistochemically examined for initial and mature tau with hyperphosphorylated tau antibodies, and advanced 

tau with a conformational epitope to NFTs. To examine the range of neurofibrillary tau pathology, primary age-related 

tauopathy cases and tangle-predominant dementia cases were also selected.  Groupwise quantitative comparisons of 

autoradiographic binding and subsequent correlation analyses between autoradiographic data and tau burden were 

performed.  

Results:  Visually, autoradiographic tau binding patterns were closely related to the initial tau antibody pattern and to 

a subtler extent with mature tau.  Advanced tau pathology was difficult to visualize at the same resolution as 

autoradiography images and not considered to associate.  Autoradiographic binding in the CA1 significantly differed, 

but only initial and mature tau showed an association.  Subiculum did not differ across groups, but was strongly 

associated with all tau.  Occipitotemporal cortex significantly differed, and was strongly associated with all tau.  When 

AD cases were removed from association studies, only initial and mature tau was found to associate with 

autoradiographic binding. 

Conclusions: Visual comparison of autoradiographic images and tau supports the hypothesis that AV1451 labels early 

and mature tau, but may not label advanced tau pathology.  Autoradiographic labeling of AV1451 was quantitatively 

associated with tau species, but AD cases acted as an anchor interfering with interpretation of association.  Our 

preliminary findings suggest that AV1451 labels early tau pathology, which should be considered when evaluating tau 

PET ligands as a biomarker in preclinical AD. 
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Determination of smallest detectable difference for amyloid PET tracers using test-retest 

data 
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Several studies with amyloid PET tracers have been performed to investigate the longitudinal change in amyloid 

deposition due to disease progression or response to therapy. These studies are typically designed to measure mean 

difference between two samples (Beckett et al, 2010); e.g. tracer uptake at baseline and at follow-up, or uptake pre- 

and post-dosing in a drug trial. However, there is no methodology in use to determine if the longitudinal change in the 

SUVR of an AD subject is due to change in amyloid density or simply due to test-retest variability. We propose the 

application of the smallest detectable difference (SDD) concept by leveraging test-retest data in AD subjects to 

determine if the change measured in a repeated PET scan in an individual may be attributed to change in target density 

or to the test-retest variability. The proposed approach would also provide a useful cutoff for time-to-event analysis 

which has been proposed to be a more suitable model for AD progression (Vemuri et al, 2011). 

Methods: We modeled the test-retest data in AD subjects using one-way random analysis of variance with two 

mutually independent, normally distributed random components (subject random effect and measurement error). From 

this model, it is straightforward to calculate the SDD and the corresponding confidence intervals. 

Results and Conclusion: To illustrate the methodology, it was applied to published test-retest data of cortical standard 

uptake value ratio (SUVR) of two tracers in AD subjects: [18F]florbetapir (Joshi et al, 2013; Bland-Altman plot in Fig. 

1): SDD in SUVR = 0.07 (95% CI:0.05-0.12) and [18F]flutemetamol (Vandenberghe et al, 2010; Bland-Altman plot 

in Fig 2): SDD in SUVR = 0.08 (95% CI: 0.05-0.17). To account for uncertainty in estimation of SDD, upper 

confidence limit of SDD should be used as the threshold for attributing the change in the SUVR in an AD subject to 

change in amyloid density or test-retest variability.  

 

  

Figure 1: Bland-Altman plot for test-retest data for [18F]Florbetapir 

(Joshi et al, 2013).  The dotted lines represent Limits of Agreement (LOA) 

and the dashed lines denotes the mean difference. 

Figure 2: Bland-Altman plot for test-retest data for [18F] flutemetamol 

(Vandenberghe et al, 2010).  The dotted lines represent Limits of 

Agreement (LOA) and the dashed line denotes the mean difference. 
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Serum adiponectin levels and neuroimaging outcomes in the Mayo Clinic Study of Aging 
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Ronald Petersen1, 4, Michelle Mielke1, 4 

1Department of Health Sciences Research, Mayo Clinic, Rochester, MN, United States 
2Department of Neurology, State University of New York Downstate Medical Center, NY, United States 
3Department of Radiology, Mayo Clinic, Rochester, MN, United States 
4Department of Neurology, Mayo Clinic, Rochester, MN, United States 

Adiponectin, an adipose tissue protein involved in inflammatory, energy, appetite, and other metabolic pathways, may 

impact the development and progression of Alzheimerôs disease (AD). Cerebrospinal fluid and plasma adiponectin 

levels are associated with mild cognitive impairment (MCI) and AD, but the association between adiponectin and 

Alzheimer-associated neuropathology is unknown.  

We investigated the cross-sectional association between plasma adiponectin and continuous measures of amyloid PET, 

FDG PET, hippocampal volume (HVa), cortical thickness, global and domain specific cognitive z-scores, and presence 

of MCI among 535 non-demented participants aged 70 and older in the Mayo Clinic Study of Aging (MCSA). 

Adiponectin was higher in women than men (12,631 ng/mL vs. 8,908 ng/mL, p<0.001) thus models were stratified by 

sex.  Regression models were adjusted for age, education, waist-to-hip ratio, diabetes, hypertension, and APOE Ů4. 

Among men, higher adiponectin was associated with lower cerebral glucose uptake in AD-associated regions (B=-

0.087; 95% CI -0.166, -0.008). Among women, higher adiponectin was associated with smaller HVa (B=-0.595; 95% 

CI -1.19, -0.005); poorer performance on tests of language (B=-0.777; 95 % CI -1.42, -0.138) and global cognition 

(B=-0.729; 95% CI -1.40, -0.053); and greater odds of MCI (OR=6.23; 95% CI 1.20, 32.43). Notably, in analyses 

stratified by sex and elevated amyloid (PiB-PET>1.4) results remained significant only among women with elevated 

amyloid, such that higher adiponectin was associated with smaller HVa (B=-0.723; 95% CI -1.43, -0.014); poorer 

performance in memory (B=-1.40; 95% CI -2.38, -0.422), language (B=-1.03; 95% CI -1.82, -0.244) and global (B=-

1.07; 95% CI -1.85, -0.288) cognition; and greater odds of MCI (OR=19.34; 95% CI 2.72, 137.34).  

Longitudinal analyses are necessary to determine whether high plasma adiponectin predicts neurodegeneration and 

cognitive decline among women with elevated amyloid. 
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The loss of functional and effective connectivity in mild cognitive impairment is linked to 

amyloid deposition and ApoE4 
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Unschuld3, Michael Siniatchkin4, Anton Gietl3, Christoph Hock3 
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The assessment of effects associated with cognitive impairment with electroencephalography (EEG) power mapping 

allows the assessment of frequency-band specific local changes in oscillatory activity. In contrast, measures of 

coherence and dynamic source synchronization allow studying functional and effective connectivity, respectively. Yet, 

these measures have been rarely assessed in parallel in the context of mild cognitive impairment (MCI) and furthermore 

it has not been examined if they are related to risk factors of Alzheimerôs disease such as amyloid deposition and 

apolipoprotein Ů4 allele occurrence.  

We investigated functional and directed connectivities with Renormalized Partial Directed Coherence (RPDC) in 17 

healthy controls (HC) and 17 participants with MCI. Participants underwent ApoE-genotyping and PiB-PET to assess 

the amyloid deposition. We observed lower spectral source power in MCI in the alpha and beta bands. Coherence was 

stronger in HC than MCI across different neuronal sources in the delta, theta, alpha, beta and gamma band. The directed 

coherence analysis indicated lower information flow between fronto-temporal (including the hippocampus) sources 

and unidirectional connectivity in MCI. Global amyloid deposition inversely correlated to alpha coherence and RPDC, 

and beta and gamma coherence. The ApoE status was negatively correlated to alpha coherence and RPDC, beta RPDC, 

and gamma coherence. A classification analysis of cognitive state revealed the highest accuracy using EEG power, 

coherence, and RPDC as input. We verified by Bayesian power analyses that our sample size was large enough to call 

the classification results reliable.  

Our results suggest that resting EEG related functional and directed connectivities are sensitive to the cognitive state 

and are linked to ApoE and amyloid burden. 
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Early AD detection: Performance of a new fast hippocampus volumetry in comparison 

with automated voxel-based [11C]PiB PET quantitation 

Arthur Mikhno1, Janos Redei1, J John Mann2, 3, Ramin Parsey4 
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Background: Recent advances in disease-modifying AD therapies have highlighted the need to target the early phase 

of disease for successful intervention. Even though quantitative hippocampus volumetry has clinical utility, it is not 

typically part of the MRI assessment because accurate volume measurement is time consuming. The objective of this 

study was to evaluate the utility of a new fast automated hippocampus volumetry, ~1 minute with a T1 MRI scan, and 

compare to automated voxel-based [11C]PiB PET quantitation in an early AD population (~50% prodromal and 50% 

mild AD) as studied in recent intervention trials. 

Methods: [11C]PiB PET and T1 MRI scans for independent testing were obtained from previously described early AD 

data (Mikhno et al., AAIC 2015): (1) a prodromal dataset (n=29) from the ADNI database that included 29 MCI 

subjects divided into 16 converters (PET 1 to 3.5 years prior to conversion to AD) and 13 non-converters (4 to 8 years 

of MCI follow-up); (2) and a mild-AD dataset (n=26) that included 10 mild-AD patients and 16 age-matched healthy 

controls. A voxel-based-SUVR (Mikhno et al., JNM 2008) was calculated for each [11C]PiB PET scan and 

hippocampal volume (HCV) was calculated for each corresponding T1 MRI with a novel GPU-accelerated software 

for hippocampus segmentation that was validated against EADC/ADNI harmonized protocol (HarP). 

Results:  Receiver operating characteristic (ROC) area under the curve for early AD was 0.75 and 0.96 for HCV and 

voxel-based-SUVR, respectively. Performance (sensitivity% / specificity% / accuracy%) for identifying early AD was 

(72/73/73) for HCV and (92/93/93) for voxel-based-SUVR. Combining HCV with voxel-based-SUVR did not 

improve results. 

Conclusions: Rapid quantitative hippocampus volume measurement is possible and provides utility for initial 

assessment of early AD. When a PET scan is ordered, voxel-based-SUVR can detect the early phase of AD with high 

accuracy that outperforms other approaches. 
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Prodromal AD: Utility of a new fast hippocampus volumetry, in combination with APOE 

vs. MR-less- and voxel-based [18F]florbetapir PET quantitation  
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Background:  Accurately identifying prodromal disease is a key challenge in AD. While quantitative hippocampus 

volumetry has clinical utility, it is not typically part of the MRI assessment due to time constraints. It is further unclear 

whether current Amyloid PET approaches are cost-effective over less expensive MRI. The objective of this study was 

to evaluate the utility of a new fast automated hippocampus volumetry, that can be completed in as little as 1 minute 

with a T1 MRI scan, combined with APOE genotype, and compare to PET-only (MR-less) and voxel-based PET 

quantitation approaches. 

Methods: Subjects with MCI at the time of their earliest [18F]florbetapir PET, and their corresponding T1 MRI scans, 

were selected from a previously described ADNI MCI population (Mikhno et al., HAI 2015). Subjects with APOE 

genotype and semi-automated regional PET-only-SUVR (Syngo/SPAP) data available were divided into converters 

(to AD) and non-converters; 25 converters (PET 1 to 3 years prior to conversion) and 25 non-converters (5 to 7 years 

of MCI follow-up) were included. Voxel-based-SUVR was calculated from each PET/MRI scan pair (Mikhno et al., 

JNM 2008). Hippocampal volume (HCV) was calculated with a novel GPU-accelerated software for hippocampus 

segmentation of the MRI that was validated against EADC/ADNI harmonized protocol (HarP). Performance of the 

combination of HCV and APOE was assessed with a logistic regression model in a leave-one-out analysis. 

Results:  For converters vs. non-converters, the receiver operating characteristic (ROC) area under the curve was 0.78, 

0.75 and 0.91 for HCV+APOE, PET-only-SUVR, and voxel-based-SUVR, respectively. Performance (sensitivity% / 

specificity% / accuracy%) was (92/68/80), (96/52/74) and (88/84/86), respectively. 

Conclusions: Rapid hippocampus volumetry is possible and combined with APOE genotype provides utility for initial 

MRI-based assessment of prodromal AD that is comparable to PET-only-SUVR. When a subsequent PET is included 

in the sequence, voxel-based-SUVR can identify prodromal AD with high certainty. 
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The quest for a robust and reliable reference region (RR): Exploring RR stability across 

clinical categories, across Aɓ status and across time for five different Aɓ radiotracers 
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Background: The reference region (RR) was defined as having similar cellular and blood flow as target regions (TR) 

but lacking specific binding, assuming that both nonspecific binding and the volume of distribution of the free 

compartment are the same as in TR. On account semiquantitative standard uptake value (SUV) ratio (SUVR) being 

used as outcome measure in anti-Aɓ therapeutic trials we assessed the stability of different RR with five Aɓ imaging 

tracers and then evaluated the variance in TR derived with the stable RRs.  While several studies have focused on such 

variance by using different RR, none has focused on assessing if a given RR is truly stable, and if its performance is 

tracer specific or not. 

Methods: 1066 participants were evaluated (327-PiB; 256-flutemetamol -FLUTE-; 189-florbetapir -FBP-; 212-

florbetaben -FBB-, and 82-NAV4694), where 496 had longitudinal scans. SUV of either gray matter (GM) or white 

matter (WM) RR, and their combinations across clinical conditions, Aɓ status, and time was examined. Variance of 

global Aɓ burden estimates were assessed for stable RR. 

Results:  Cerebellar GM (CbGM) was the most stable RR for PiB, FBB and NAV. SMMKCER* was the most stable 

performing RR for FBP, while performing almost identically to SWM-Pons for FLUTE. SMMKCER and SWM+Pons 

yielded the lowest variance for longitudinal FBP and FLUTE, respectively. Despite smaller variances in target regions, 

SWM+WCb+pons was not stable for PiB and FBB across clinical diagnoses, nor for PiB, FLUTE and FBP across Aɓ 

status. Aɓ burden variances obtained with the stable RR were similar for all tracers. 

Conclusions: SWM+pons and SWMKCER for FLUTE, CbGM for PiB, FBB and NAV, and SWMKCER for FBP 

remained stable across the examined conditions, yielding low variances of the Aɓ burden estimates. To optimize 

outcomes in ongoing therapeutic trials, a tracer-specific RR should be applied. 
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Comparison of in vitro binding characteristics of PET ligands, PBB3 and T807, for tau 

lesion in AD and non-AD tauopathy 
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Conformational diversities of tau assemblies, known as fibril strains, result from distinct isoform compositions and 

posttranslational processing of tau proteins. A number of positron emission tomography (PET) imaging agents 

targeting fibrillary tau pathologies have been recently developed in recent years, whereas common and/or distinct 

features of their binding to various tau fibril strains are largely unknown.  

Here, we compared binding characteristics of tau PET tracers, PBB3 and T807, by performing fluorescence and 

autoradiographic labeling of brain slices derived from patients with AD and non-AD tauopathies. T807 and its 

radiosynthesis precursor were prepared by in-house generation. In AD, tau fibrils are composed of all six tau isoforms, 

and both PBB3 and T807 similarly bound to ghost and non-ghost tangles without overt reactivity with pre-tangles. 

Meanwhile, PBB3 labeled neuropil threads and plaque neurites more intensely than T807. All tau isoforms are also 

incorporated in tau tangles in a rare presenile dementia termed diffuse neurofibrillary tangles with calcification, and 

PBB3 and T807 strongly bound to a subset of ghost tangles, seemingly in a manner dependent on packing density of 

tau fibrils. In the brain of a patient with the N279K FTDP-17-MAPT mutation, tau deposits are composed of 4-repeat 

tau isoforms (4RTs) only, and PBB3 intensely labeled neuritic and oligodendrocytic tau lesions in whiter matter 

regions including the alveus, in contrast with no specific binding of T807 to these samples. Moreover, 4RT aggregates 

in neurites, astrocytes and oligoodendrocytes were clearly illuminated by PBB3 but relatively weakly by T807 in 

progressive supranuclear palsy and corticobasal degeneration brains.  

Our data indicate distinct selectivities of PBB3 and T807 for tau assemblies among diverse fibril strains, highlighting 

the detectability of a broad spectrum of tau lesions by PBB3. 
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Structural MRI and molecular PET imaging in the diagnosis of chronic traumatic 
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Chronic traumatic encephalopathy (CTE) is a neurodegenerative disorder resulting from repetitive mild brain trauma. 

Currently, the definite diagnosis of CTE is established postmortem, and studies are needed to facilitate detection during 

life.  

Here, we describe the clinical case of a 39-year-old retired National Football League player with a history of 22 

concussions and cognitive complaints. Evaluation included neurologic and neuropsychological assessment, structural 

MRI, [18F]florbetapir amyloid positron emission tomography (PET) imaging, and experimental tau PET imaging with 

[18F]T807. Additional neuropsychological data from 2010 and a structural MRI from 2011 enabled us to perform 

longitudinal analyses of neuropsychological performance, cortical thickness, and subcortical volumes. Cognitive 

performance as assessed by neuropsychological testing, declined over the 5-year period from 2010 to 2015, especially 

in the domains of executive functioning, verbal fluency, and fine motor skills. Overall performance was below average 

on tests of narrative memory and naming but was average or higher in other memory and language tests. In longitudinal 

structural analysis, left frontal areas (Brocaôs area, medial orbitofrontal cortex), the lateral temporal areas, and the 

basal ganglia showed greatest volume losses, with apparent sparing of medial temporal lobe structures. PET imaging 

was negative for amyloid but revealed possible multifocal [18F]T807 retention, consistent with postmortem patterns 

of tau deposition in CTE at the junction of cortical grey matter and white matter.  

Although the definitive identification of the neuropathological retention of [18F]T807 requires postmortem 

correlation, our data suggests that [18F]T807 may inform future diagnostic criteria for CTE in living patients. 
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Florbetapir -binding increase from 20 to 60 years old in the temporal lobe: What does it 

mean? 
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Alzheimerôs disease (AD) is characterized by accumulation of cortical beta-amyloid (Aɓ), mainly in medial frontal 

and posterior cingulate regions. Aɓ accumulation is thought to start about 15 years before symptoms but studies on 

healthy controls focused on participants older than 50 yrs. The present study aimed at assessing Aɓ deposition across 

the adult lifespan, from 20 to 60 yrs old.  

Fifty-three cognitively normal individuals aged 20 to 60 underwent a florbetapir-PET scan. Florbetapir-PET images 

were spatially normalized using MRI parameters and scaled using the cerebellum gray matter (GM) values. Voxelwise 

correlations were performed between florbetapir-PET images and age.  

A significant linear age-related Aɓ increase was found in the bilateral temporal neocortex (Figure 1). Complementary 

analyses were conducted to assess the validity and robustness of these findings including normalization on a PET 

template, extraction of the values from native space images, extraction from the native space images removing the 

extreme 10%-values that may reflect white matter (WM) or cerebrospinal fluid spillover, application of a thin GM 

band to avoid contamination by WM fixation, correction for GM volume, replication in the 20-50 yrs old. The 

same findings were recovered in all these analyses.   

Our results revealed that florbetapir-binding increases linearly in the temporal lobe from 20 to 60 yrs old. This increase 

is unlikely to be explained by methodological bias due to spatial normalization, voxelwise analyses, WM spillover or 

age-related changes in GM volume. It suggests that Aɓ starts accumulating earlier and elsewhere than usually thought. 

This may be surprising considering that neuropathological studies indicate a low frequency of Aɓ plaques before 50. 

Alternatively, it might reflect the binding of florbetapir to another process, itself linearly related with age. Further 

studies are needed, with other tracers and including neuropathological analyses, to understand this specific binding in 

the temporal neocortex.  
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Imaging aggregates of amyloid and tau in dementia with Lewy bodies and Parkinsonôs 

disease 
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Background: Deposits of beta-amyloid and tau are common in dementia with Lewy bodies and Parkinsonôs disease 

and may contribute to their course.  PET radioligands that label paired helical filaments of tau (PHF-tau), such as 

[F18]T807, have recently been developed.  Together, amyloid and PHF-tau imaging provide a means to evaluate, 

antemortem, the contribution of these co-pathologies to DLB and PD.  We hypothesized that beta-amyloid would 

accelerate cognitive decline in DLB and PD dementia (PDD) and that PHF-tau deposition would be elevated in DLB 

and in PD-associated cognitive impairment. 

Methods: 16 DLB and 17 PDD subjects underwent [C11]PiB PET and underwent annual neurologic and 

neuropsychological assessments for an average of 3.3 visits. 7 DLB, 9 PD with normal cognition (PDnl), and 8 PD 

with either PDD or PDMCI (PDimpaired) underwent [F18]T807 PET and were compared with 29 healthy control 

subjects (HCS) with negligible PiB retention. [C11]PiB retention was expressed as the distribution volume ratio with 

cerebellar reference. [F18]T807 retention was expressed as the SUVR using cerebellar gray matter as reference. 

Groups were similar in age. 

Results:  Greater baseline cortical PiB retention in DLB and PDD was associated with faster decline in the CDR sum 

of boxes score (p=0.026, mixed random/fixed effects longitudinal model). Cortical T807 retention was prominent in 

the inferior temporal region, where it differed across the diagnostic groups (p=0.013, Kruskall-Wallis test for a main 

effect of group). Post hoc tests indicated that T807 binding was higher in DLB than in HCS (p=0.005, Wilcoxin test) 

or PDnl (p=0.034). In addition, T807 binding in the PDimpaired group trended higher than HCS (p=0.053). We are 

exploring the relation of T807 retention to cognitive function and PiB retention. 

Conclusions: These results suggest that amyloid deposition accelerates cognitive decline in DLB and PDD. In 

addition, our early experience with T807 suggests that PHF-tau deposition may contribute to DLB. 
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Objectives: For the quantitative measurement of tau in the brain, it is ideal that the radioactive metabolites do not 

enter into the brain and not bind to specific target in the brain. In this study, we investigated the metabolism of 

[18F]THK-5351 in human and characterized the pharmacological properties of radiolabeled metabolites. 

Methods: Venous blood samples were taken from 3 human subjects after injection of [18F]THK-5351 and the 

extracted plasma was analyzed by high performance thin layer chromatography. The metabolite was isolated from 

mouse plasma following injection of 1 mg/kg cold THK-5351, and MALDI-TOF MS spectrometry was used to 

determine identity. Enzymatic assay was additionally performed to confirm this metabolite. The suspected metabolite 

was chemically synthesized. Furthermore, the radiolabeled metabolite was isolated from mouse liver after intravenous 

injection of [18F]THK-5351. The brain uptake of radiolabeled metabolite was evaluated in mice and the binding ability 

of radiolabeled metabolite to tau aggregates was also evaluated by the autoradiography of human brain sections. 

Results:  About 13% of unmetabolized fraction remained detectable in human plasma at 60 min following injection 

of [18F]THK-5351. The sulfoconjugate of [18F]THK-5351 was identified as the major metabolite by MALDI-TOF 

MS spectrometry. Chemically synthesized sulfated THK-5351 were chromatographically identical to those of the 

metabolite extracted from mouse and human plasma. This metabolite was produced by the incubation with liver 

homogenates, but not with brain homogenates. The radiolabeled metabolite of [18F]THK-5351 did not enter into 

mouse brain after intravenous administration. Furthermore, the radiolabeled metabolite did not bind to tau and other 

protein deposits in human brain sections. 

Conclusions: Sulfoconjugate was identified as the major metabolite of [18F]THK-5351. This metabolite does not 

cross the blood-brain barrier to a significant extent. These results suggest that the radioactivity in the brain after 

intravenous administration of [18F]THK-5351 is entirely comprised of unchanged [18F]THK-5351. 
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Tau imaging relationships with amyloid-beta imaging, CSF tau/Aɓ42, and cognition in 

Alzheimerôs disease 
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Alzheimerôs disease (AD) is 

characterized by two molecular 

pathologies: cerebral beta-amyloidosis 

(amyloid-beta [Ab] plaques) and 

tauopathy (neurofibrillary tangles, 

neuritic plaques and neuropil threads). 

Until recently, only Ab topographies 

could be studied in vivo in humans 

owing to a lack of tau positron emission 

tomography (PET) imaging agents. 

Current clinic-pathological studies link 

tau pathology closely to the onset and 

progression of cognitive symptoms AD. 

This study reports on PET tau and Ab 

imaging results in a cohort of 

cognitively normal older adults and 

those with very mild AD (Figure 1).  

Multivariate analyses identified unique 

disease-related spatial topographies in 

both tau and Ab deposition. These PET 

tau and Aɓ topographies were spatially 

unique but strongly related (Figure 2).  

Cerebrospinal fluid measures of tau, 

often used to stage preclinical AD, were 

strongly correlated with tau deposition 

in the temporal lobe. Tau deposition in 

the temporal lobe more closely tracked 

dementia status and was a better 

predictor of cognitive performance than 

Ab deposition in any region of the brain 

(Figure 3). These data support models 

of AD where tau pathology closely 

tracks changes in brain function 

responsible for the onset of early 

symptoms. 

 

 

Figure 1. Tau topographies in participants with and without clinical AD. 

Figure 2. PET tau and Aɓ topographies are associated with disease severity. A: Singular 

value decomposition (SVD) of tau and Aɓ represented as topographies. B: The 

representations of these topographies varies with CDR for both PET tau topographies and 

the second PET Aɓ topography. C: Similar graphs as (B) but only participants with CSF 

are included. 
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Figure 3: CSF and Neuropsychological Performance are predicted 

by the total weight of the tau and Aɓ topographies. A: Penalized 

regression models that predict CSF tau and Aɓ42. B: Penalized 

regression models that predict neuropsychological performance. 
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Higher cortical amyloid is associated with loneliness in cognitively normal older adults 

Nancy Donovan1, Victoria Jonas2, Patrizia Vannini1, 2, Aaron Schultz2, Elizabeth Mormino2, Rebecca Amariglio1, 2, 

Dorene Rentz1, 2, Olivia Okereke1, 2, Gad Marshall1, 2, Keith Johnson1, 2, Reisa Sperling1, 2 

1Brigham and Women's Hospital, MA, United States 
2Massachusetts General Hospital, MA, United States 

Background:  Loneliness is a perceived state of social and emotional isolation that is distinct from depression and has 

been associated with cognitive decline and risk of Alzheimerôs disease (AD) dementia.  Loneliness may be a sensitive 

symptom of brain changes related to preclinical AD in older people. 

Objective: To determine whether in vivo measures of cortical amyloid and entorhinal tau, are associated with greater 

loneliness in cognitively normal (CN) older adults. 

Methods:  We performed cross-sectional analyses using data from 89 CN, community-dwelling men and women, age 

69-89, participating in the Harvard Aging Brain Study. Loneliness was assessed using the 3-item UCLA loneliness 

scale, an instrument well-validated for elderly samples. A continuous, aggregate measure of amyloid, determined by 

Pittsburgh Compound B-PET was used as a predictor of loneliness in regression models adjusting for age, sex, APOE4 

carrier status, socioeconomic status, depression, anxiety and social network. A second model included the interaction 

of amyloid with APOE4 as a predictor. The primary analysis was repeated using entorhinal tau, measured by T807 

(AV1451) PET, as the predictor for loneliness, using the same covariates, without and with amyloid. 

Results:  Higher amyloid significantly predicted greater loneliness (ɓ=0.4, p=0.002; for the model R2=0.3, p=0.001). 

Furthermore, the interaction of high amyloid burden and the presence of the APOE4 allele was associated with greater 

loneliness (ɓ= 0.6, p<0.0001; for the model R2=0.3, p<0.0001). Entorhinal tau also predicted loneliness in the 

analogous model (ɓ=0.2, p=0.04; for the model R2=0.21, p=0.015) but not when controlling for amyloid.    

Conclusions: We report novel associations of loneliness with cortical amyloid and entorhinal tau and present 

loneliness as a neuropsychiatric symptom relevant to preclinical AD in CN older people. This work will inform new 

research into the neural underpinnings and disease mechanisms involved in loneliness and may enhance early detection 

and intervention research in AD.  
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Tau PET imaging in relation to amyloid ɓ and neurodegeneration biomarkers in aging 

and AD 

Liang Wang, Tammie Benzinger, Yi Su, Jon Christensen, Karl Friedrichsen, Jon McConathy, Nigel Cairns, Anne 

Fagan, John Morris, Beau Ances 

Washington University in St. Louis, MO, United States 

Objective: 1) To assess whether tau accumulation is associated with brain volume loss, and 2) to determine whether 

the presence of amyloid b (Ab) plaques modulates tau accumulation and its association with volume loss.  

Methods: Cognitively normal individuals (N=50) or participants with symptomatic AD (N=12) were imaged by 

positron emission tomography using [F-18]-AV-1451 and structural MRI. Brain amyloid burden was measured by 

cerebrospinal fluid (CSF) Ab42 in a subset of the cohort. [F-18]-AV-1451 binding (i.e., standardized uptake value 

ratio, SUVR) was assessed with respect to brain volumes (i.e., the hippocampus and AD signature) as well as CSF 

Ab42 status [positive (i.e., low Ab42 levels) vs. negative (i.e., high Ab42 levels)]. 

Results:  An inverse association of regional SUVR and volume was seen in 

both the hippocampus and AD signature (Figure 1). CSF Ab42 status 

affected regional SUVR and its association with volume differentially. 

Specifically, hippocampal SUVR was not different according to CSF Ab42 

status but its relationship with hippocampal volume was, with such 

relationship seen in CSF Ab42 positive but not CSF Ab42 negative 

individuals. In contrast, AD signature SUVR was elevated in CSF Ab42 

positive compared to CSF Ab42 negative participants. However, the 

relationship between AD signature SUVR and thickness was not different 

with respect to CSF Ab42 status. Interestingly, across 6 AD signature 

regions, the magnitude of observed relationship was decreased in an order 

that was consistent with the hypothetic sequence of tau spreading (i.e., 

entorhinal cortex to temporal and to parietal neocortices) (Figure 2). In the 

vertex-wise analysis, the association of increased [F-18]-AV-1451 binding 

and reduced cortical thickness was observed in the topography of areas 

similar to AD signature (Figure 3). 

Conclusion: [F-18]-AV-1451 has potential for tracking tau pathology and 

related neurodegenerative changes in AD. [F-18]-AV-1451 PET in 

combination with Ab markers may provide new insight into the 

pathophysiology of AD. 
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Contributions of age and Alzheimerôs pathology to hippocampal memory network 

function in healthy elderly 

Shawn Marks1, Samuel Lockhart1, Katelyn Arnemann1, Jacob Vogel1, Henry Schwimmer1, William Jagust1, 2 

1Helen Wills Neuroscience Institute, University of California, Berkeley, CA, United States 
2Life Sciences Division, Lawrence Berkeley National Laboratory, CA, United States 

Hippocampal function during memory encoding can be conceptualized as engaging in pattern separation in order to 

orthogonalize similar events into distinct memories. Episodic memory deficits are common in aging and Alzheimerôs 

disease (AD). We sought to investigate whether age and AD pathology affect the memory network by imaging neural 

function, tau accumulation, and beta-amyloid (Ab). 

Thirty cognitively normal older adults and 11 young controls participated in a functional MRI paradigm designed to 

emphasize pattern separation. A subset of elderly participants underwent Pittsburgh Compound B and AV-1451 PET 

scans, as well as structural and resting-state MRI. Older adults performed worse on the memory task by demonstrating 

a bias towards pattern completion, not separation. They showed increased activation in left dentate gyrus/CA3 

(DGCA3) during encoding of subsequent false alarms when compared to young controls. Increased DGCA3 activity 

was associated with worse task performance at trend levels, suggesting this activity is not a form of successful 

compensation. Elevated tau in a composite Braak 1-2 region was associated with increased DGCA3 activation. Unlike 

tau, Aɓ was not directly related to task performance or hippocampal function; however, Aɓ was modestly correlated 

with network connectivity, such that elevated Aɓ was associated with decreased connectivity between retrosplenial 

cortex and parahippocampal gyrus. The same measure of connectivity was negatively associated with DGCA3 

activation during subsequent false alarms. 

These preliminary results suggest that age and AD pathology may influence memory in two distinct ways. First, medial 

temporal lobe tau accumulation leads to local changes in the hippocampus, altering its function. Second, Aɓ reduces 

hippocampal-neocortical connectivity which also interferes with hippocampal function. These two pathologies 

together may have a clinical effect on episodic memory function. 
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 [18F]GTP1 - A tau specific tracer for imaging tau-pathology in AD 

Jan Marik1, Jeff Tinianow1, Annie Ogasawara1, Ning Liu1, Simon Williams1, Joseph Lyssikatos1, Olivier Barret2, 

Gilles Tamagnan2, Danna Jennings2, John Seibyl2, Ken Marek2, Robby Weimer1, Sandra Sanabria Bohorquez1 
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2Molecular NeuroImaging LLC, New Haven, CT, United States 

[18F]GTP1 was selected from a library of compounds by autoradiographic assay using human brain tissues containing 

various levels of tau and Aɓ pathology. [18F]GTP1 bound selectively to tau-positive tissues but did not bind to tau-

negative yet Aɓ-positive tissues; binding affinity to tau was 14.9±4.3nM, suggesting [18F]GTP1 exhibits sufficient 

properties to enable its use as a tau PET probe. In mice and rhesus, [18F]GTP1 exhibited good brain uptake and rapid 

clearance, however a low level of bone uptake was detected in mice 14.3±1.7%ID/g and rhesus (SUV 0.4). 

Susceptibility to enzymatic defluorination was further assessed by liver microsomes in-vitro. [18F]GTP1 exhibited low 

levels of defluorination when incubated with mouse (13.8±2.4%) and rhesus (15.4±1.3%) liver microsomes, but no-

defluorination (0%) was observed with human liver microsomes, suggesting defluorination should not impede the 

interpretation of [18F]GTP1 human imaging data. 

A first-in-human [18F]GTP1 study was conducted in two healthy volunteers (HV; mean age 36y) and three probable 

AD subjects (mean age 72y, mean MMSE 16) to assess the tracer properties. Dynamic scans were acquired for up to 

180min. Tracer uptake was quantified using SUVR (target to cerebellum gray ratio). [18F]GTP1 exhibited high initial 

brain uptake, rapid washout and low non-specific binding, in particular in the white matter. No defluorination was 

observed during the scan duration. In the 90-120min interval, homogeneous uptake was observed in the HV in cortical 

areas (median SUVR=1.04), whereas elevated retention was observed in regions expected to contain tau pathology: 

temporal (SUVR up to 3), parietal (up to 2.4), fusiform (up to 2.7) cortices. The uptake pattern varied among AD 

patients and between hemispheres, consistent with known heterogeneity of tau pathology. Preliminary PET data 

suggest [18F]GTP1 has both excellent signal to noise properties and good dynamic range making this a potentially 

superior agent for in-vivo assessment of tau pathology. 
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Alzheimer's disease 

Tobey Betthauser1, Patrick Lao1, Dhanabalan Murali1, Todd Barnhart1, Shozo Furumoto3, Nobuyuki Okamura3, 

Charles Stone4, Sterling Johnson2, Bradley Christian1 

1University of Wisconsin-Madison, Department of Medical Physics, WI, United States 
2Univeristy of Wisconsin-Madison, Alzheimer's Disease Research Center, WI, United States 
3Tohoku University, Sendai, Japan 
4University of Wisconsin-Madison, School of Medicine and Public Health, WI, United States 

Introduction:  Alzheimerôs disease is characterized by accumulation of beta amyloid (Aɓ) and hyperphosphorylated 

tau proteins, which neuropathology suggests follow distinct spatiotemporal patterns.  11C-PiB, 18F-THK-5117, and 18F-

THK-5351 are PET radioligands for fibrillar Aɓ (PiB), and neurofibrillary tau (THK) aggregates.  Tau, more so than 

Aɓ, is thought to correlate with cognitive decline in AD.  This cross-sectional study observes spatial patterns of 

aggregated tau and Aɓ in individuals ranging in age, AD risk factors, and cognitive status.  

Methods: N=16 subjects (4 cognitively normal, 5 cognitive declining, 4 MCI, 2 AD, 1 non-AD dementia) underwent 

T1-weighted MRI, 11C-PiB (70min dynamic), and 18F-THK-5117 (n=14) and/or 18F-THK-5351 (n=3) (90min 

dynamic) scans.  PET time series were coregistered to T1w MRI, and FreeSurfer segmented.  Distribution volumes 

ratios were calculated (Logan 1996) using a cerebellar gray matter reference region.  Subjects were grouped and rank 

ordered by disease severity based on longitudinal neuropsychological assessment and clinical diagnosis upon study 

enrollment.   Spearmanôs rank analyses were performed to assess monotonic relationships between PiB, THK, and 

cognitive status.  THK kinetics were also assessed. 

Results:  Significant spatial inter-

correlation of PiB and THK DVRs and 

affected volumes were observed 

globally, and regionally in temporal, 

parietal, occipital and frontal cortices, 

and the fusiform gyrus, but not medial 

temporal lobe, independent of 

cognitive status.  These regions also 

showed correlations between Aɓ and 

tau measures and cognitive decline, 

though, only tau measures in the 

ventral and lateral temporal, lateral 

parietal, and occipital cortices survived 

multiple comparisons correction.  In 

WM, THK compounds exhibited slow 

uptake and clearance, with THK-5351 

showing a 1.5-fold reduction compared 

to THK-5117 at t>40 min.   In GM, 

THK-5351 and THK-5117 

demonstrated rapid kinetics and 

linearization of Logan plots (t*=30 

min).  

Conclusion: These data indicate 

combined regional Aɓ and tau 

accumulation may play a role in cognitive dysfunction.  Additional studies of paired PiB/THK-5351 are ongoing. 
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Association between years of education and Aɓ deposition in cognitively normal adults, 

mild cognitive impairment and Alzheimerôs disease: evidence for reserve 
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1INSERM, U1077, Normandy, France 
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3Ecole Pratique des Hautes Etudes, UMR-S1077, Normandy, France 
4CHU de Caen, U1077, Normandy, France 
5CHU de Caen, Neurology Service, Normandy, France 

Background: In cognitively normal older adults, higher cognitive engagement (measured by lifespan cognitive 

activities or years of education) has been related to lower or slower Aɓ deposition suggesting a neuroprotective effect 

of cognitive engagement on Aɓ. In contrast, AD patients with higher cognitive engagement (measured by years of 

education) have shown higher Aɓ deposition to reach a certain level of cognitive performance, suggesting 

compensation. We studied this crossover effect assessing the relation between Aɓ deposition and years of education 

from cognitively normal older adults to AD, including MCI patients. In a second step, we investigated potential reserve 

mechanisms by taking advantage of a multimodal neuroimaging approach. 

Methods: Fifty-six normal older adults, 29 MCI and 20 AD patients underwent florbetapir-PET, FDG-PET and MRI 

examinations. Voxel-wise correlations between years of education and florbetapir-PET were assessed within each 

group, including age, sex and global cognitive function as covariates (p<0.05 FDR corrected). When a significant 

relationship was found, further analyses were conducted with gray matter volume and FDG-PET metabolism. 

Results: Higher years of education were related to increase Aɓ deposition in frontal, parietal and temporal regions in 

MCI patients. Such association was not found in normal older adults and AD. Complementary analyses in MCI i) 

revealed increased FDG-PET metabolism related to higher years of education restricted to the areas where Aɓ increases 

with education were found and ii) suggest a link between metabolism and Aɓ in higher educated MCI patients. 

Conclusions: Our results have different implications; first, considering normal older adults, MCI and AD, education-

related compensation for Aɓ appears to be maximal at MCI stage. Second, higher FDG-PET metabolism in higher 

educated MCI patients may protect against the deleterious effects of Aɓ deposition such that more Aɓ deposition 

would be needed in higher educated MCI patients to convert to AD.  
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MR imaging biomarkers of brain amyloid in cognitive impairment 
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4Hemorrhagic Stroke Research, Massachusetts General Hospital, MA, United States 

Introduction:  Cerebral small vessel disease (SVD) is the most common comorbidity with Alzheimer pathology and 

is an important determinant of cognitive impairment. SVD affects cerebral microvasculature that is too small for direct 

observation with routine clinical imaging, and so correlative imaging biomarkers of SVD are utilized as markers for 

the disease. Cerebral amyloid angiopathy (CAA) and hypertensive arteriopathy are among the most common etiologies 

of SVD, and SVD related to CAA may serve as imaging biomarkers of brain amyloid in cognitive impairment. We 

hypothesized that this was the case, and investigated MR SVD markers of amyloid in the brain. 

Methods: Patients undergoing memory investigation (n=1039) underwent an MR scan and cerebrospinal fluid (CSF) 

sampling. CSF analysis was done for amyloid ɓ (Aɓ) 42, total tau (T-tau), and phosphorylated tau (P-tau). MR images 

were assessed for all proposed imaging markers of SVD: cerebral microbleeds, cortical superficial siderosis, white 

matter hyperintensities, lacunes, and cortical microinfarcts. CSF biomarkers were log-transformed, and findings were 

assessed with linear multivariate models, with independent analysis for each SVD marker, controlling for diagnostic 

group. Results are given as the standardized regression coefficient ɓ. 

Results: Increasing number of cerebral microbleeds was associated with brain amyloid deposition, low CSF Aɓ 42: 

(ɓ = -0.15, P<0.001), and this was especially true for lobar(ɓ = -0.16, P<0.001), but not for deep and infratentorial, 

microbleeds. Cortical superficial siderosis (ɓ = -0.13, P<0.001) and cortical microinfarcts (ɓ = -0.12, P<0.001), but 

not enlarged perivascular spaces, lacunes and white matter hyperintensities, were associated with increased brain 

amyloid, decreased CSF Aɓ 42. 

Conclusion: MR imaging biomarkers of SVD are associated with brain amyloid in our study. Our findings suggest 

that amyloid subtypes and the topographic amyloid distribution may be important determinants of SVD and this 

warrants further investigation. 
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[18F] T807 PET imaging in subcortical vascular cognitive impairment 
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Background:  Subcortical vascular cognitive impairment (SVCI) consisting of subcortical vascular mild cognitive 

impairment (svMCI) and subcortical vascular dementia (SVaD), is characterized by extensive small vessel disease 

(SVD) such as white matter hyperintensities (WMH) and lacunes in the white matter regions. Previous studies showed 

that 30% of SVCI patients have significant amyloid burden as measured by [11C]Pittsburgh compound B (PiB) PET. 

However, the distribution of tau in SVCI patients is largely unknown. Thus, we investigated the distribution of tau 

burden in SVCI patients. 

Methods: 15 SVCI (7 svMCI and 8 SVaD) patients underwent [18F] T807 ïPET to measure paired helical filament 

(PHF)-tau. Tau Braak stage (0, I/II, III/IV, and V/VI) was assessed based on the pattern of cortical [18F] T807 binding, 

visualized with surface projected SUVR>1.5. 

Results:  Among seven svMCI patients, five patients did not show significant T 807 binding in any region (Braak 0). 

Two svMCI patients showed [18F]T807 binding which does not correspond to the temporal ordering of tau distribution 

in Braak stage: One svMCI patient showed left hemispheric predominant deposition and the other patient showed high 

[18F]T807 binding in the right anterior temporal and occipital areas. 

Among the 8 SVaD patients, five patients showed significant [18F] T807 binding, which corresponds to Braak stage 

I/II for two patients and Braak stage V/VI for three patients. One patient did not fit in the Braak stage as high [18F] 

T807 binding was observed only in the left anterior temporal and occipital cortices. Two patients did not show 

significant [18F] T807 binding in any region (Braak 0). 

Conclusions: Our findings suggested that SVaD patients hand no significant tau deposition (Braak 0) or had 

Alzheimerôs pattern of tau distribution with Braak stage ranging from I/II to V/VI. However, svMCI patients did not 

show tau deposition (Braak 0) or did not follow Alzheimerôs pattern of tau distribution as they could not be classified 

into classic Braak stage. 
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Validation of the novel tau PET tracer RO6958948 on post mortem brain tissue 
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Objectives: Tau aggregates represent a histopathological hallmark in Alzheimerôs disease (AD) and a target for 

therapeutic intervention as well as PET imaging. Recently, [18F]RO6958948 has been described as a promising PET 

tracer candidate for imaging aggregated tau in AD patients. This study presents a detailed in vitro characterization of 

this tracer candidate to examine its specificity as well as its region- and substrate-specific autoradiographic binding 

pattern in post mortem tissue sections. 

Methods: Affinity of RO6958948 for tau and Aɓ was assessed as displacement potency of [3H]T808 and 

[3H]florbetapir binding, respectively, using late stage AD cortex sections. Binding of tritiated RO6958948 to tissue 

sections of AD patients was analyzed by phosphor screen autoradiography and nuclear emulsion autoradiography, 

followed by co-staining of tau aggregates and Aɓ plaques using specific antibodies. In vitro binding patterns were also 

examined in post mortem samples of striatum, cerebellum, pons and hippocampus of AD patients as well as cortical 

samples of Parkinsonôs disease and other neurodegenerative diseases. 

Results: RO6958948 bound with high affinity and specificity to tau aggregates (IC50=14.7±3.5nM), clearly lacking 

affinity for concomitant Aɓ plaques in human AD Braak V cortical tissue sections (IC50>10µM). Radioligand 

specificity for tau aggregates was confirmed by macroscopic and microscopic co-localization of radioligand binding 

and tau-antibody staining in AD brain sections. No significant binding was observed in brain regions devoid of tau 

aggregates such as striatum, pons and cerebellum of AD patients and healthy controls. Furthermore, no binding was 

detected to Ŭ-synuclein aggregates in Parkinsonôs disease tissue samples. 

Conclusions:  Our results indicate that RO6958948 binds specifically to tau aggregates in AD. Evaluation of this 

tracer candidate in healthy controls and AD patients is currently ongoing. 
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We have previously shown that age is strongly linked to Alzheimerôs disease (AD) related tau pathology in cognitively 

healthy elderly (Lockhart et al., AAIC 2015). Although age is a strong determinant for the development of AD, studies 

have shown that there are individual differences in the susceptibility to age-related pathological alterations. 

In this study, we aimed to investigate whether lifetime participation in cognitively stimulating activities as a proxy of 

cognitive reserve (CR) modifies the effect of age on tau pathology measured with 18F-AV-1451 tau positron emission 

tomography (PET). Thirty-three healthy elderly subjects (mean age 78.6 ± 5.1; MMSE 28.8 ± 1.2; 16.3 ± 1.9 years of 

education) underwent AV-1451 PET. Based on FreeSurfer parcellations of corresponding magnetic resonance images 

(MRI), we created regions of interest (ROI) corresponding to Braak stages I-VI and assessed AV-1451 retention in 

these ROIs. Information from the Wilson lifetime cognitive activity interview was used to rate CR. Using a median 

split of this measure, study participants were classified into low (n = 17) and high (n = 16) cognitive activity groups. 

These groups were included in a multivariate general linear model in order to test the interaction effect between age 

and cognitive activity group (low vs high) on AV-1451 uptake adjusted for sex and years of education. 

We observed a significant age*cognitive activity group interaction effect on AV-1451 uptake in all examined ROIs 

(all p < .05). The interaction was such that older age was significantly associated with increase AV-1451 uptake 

exclusively in the low cognitive activity group. 

These preliminary results suggest that tau accumulation in the aging brain may be influenced by lifetime cognitive 

activities, which may ultimately alter the risk of developing cognitive decline and dementia. 
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Introduction:  Abnormal extracellular amyloid plaques, inflammation and tau are the pathological hallmarks of 

Alzheimer's disease (AD). The relationship between amyloid, tau and inflammation has not been evaluated before. 

Here, we evaluate the relationship between amyloid, tau and neuroinflammation in healthy controls, AD and Mild 

Cognitive Impairment (MCI) subjects using 18F-flutemetamol, 18F-AV1451 and 11C-PBR28 PET. 

Methods: 11 subjects (3 AD, 8 MCI) underwent PET imaging with 18F-AV1451 (185MBq), 18F-flutemetamol 

(185MBq), 11C-PBR28 (370MBq) and T1/T2-weighted MRI scans. 13 healthy controls also had 11C-PBR28, 17 

controls had 18F-flutemetamol and 4 controls had 18F-AV1451 from a larger study. 

11C-PBR28 scans were analysed using a 2 tissue compartment model, with arterial input. Volume of distribution (VT) 

of different cortical regions was estimated. 18F-AV1451 and 18F-flutemetamol were analysed using target to cerebellar 

ratio. Uptake more than 2 standard deviations of the mean of the controls was considered significant.  

Results: Amyloid and Tau, No Inflammation: 2 MCI and 2 AD subjects had widespread deposition of amyloid and 

tau, but no evidence of inflammation  

Amyloid and Inflammation, no Tau: 

2 MCI subjects had widespread 

inflammation and amyloid deposition, 

but no evidence of tau deposition 

beyond the MTL. 

 

 

 

 

 

Inflammation, No Amyloid, No Tau: 

1 MCI subject had widespread 

inflammation, but no evidence of 

amyloid or tau, and 1 MCI subject had 

inflammation limited to the thalamus, 

but with no evidence of amyloid or tau. 

 

 

 

 

No Amyloid, No inflammation, No Tau: 1 AD and 1 MCI subject had no evidence of amyloid, inflammation or tau. 

Conclusion: From this small cohort, inflammation appears to be independent of amyloid and tau in MCI and can occur 

in the early stages of disease. Cases with inflammation but without amyloid or tau could, however, represent an FTD 

variant and it is planned to extend and follow this cohort. 
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In Alzheimerôs Disease (AD), brain atrophy is preceded by gradual metabolic decline, as measured by [18F]FDG PET. 

Neuropathological hallmarks of the disease are beta-amyloid plaques (Aɓ) and tau-based neurofibrillary tangles (Tau). 

While specific for AD, Aɓ burden, as quantified by in vivo PET ligands, is largely unrelated to magnitude and topology 

of metabolic decline.  

The very recent development of [18F]AV-1451 (T807) for the in vivo quantification of Tau, allows us to test if tau 

pathology is more intimately linked to metabolic decline than Aɓ. To this end, we adopted a multimodal imaging 

approach to investigate the relationship of regional glucose hypometabolism (assessed by [18F]FDG PET) with 

regional measures of Tau ([18F]AV-1451 PET), and Aɓ ([11C]PiB PET) in six AD patients. We created z-score 

deviation images of [18F]AV-1451 and [18F]FDG PET using healthy controls as reference samples (significance 

threshold: z-score >2). Regional cortical deviation of [18F]AV-1451 uptake correlated strongly with regional glucose 

hypometabolism (r =.77, p <.001), whereas PiB uptake did not (r = -.01, n.s.) (see Figure, panel A). Deviation of tangle 

pathology and hypometabolism was most pronounced in brain regions known to be affected by hypometabolism 

consistently in AD, even in early stages (i.e., parietal cortex, posterior cingulate and temporal cortex). Consistent with 

the notion that regional tau deposition may precede regional glucose hypometabolism, we found more regions 

exhibiting exclusive tau deviations (Tau+), than regions with isolated hypometabolism (FDG+; see Figure, panel B).  

Overall, our results indicate a 

linear relationship of regional 

tau deposition and metabolic 

decline in AD and provide 

evidence for tau as a potential 

instigator of neuro-

degeneration in AD. 
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Background:  Amyloid imaging plays an important role in the research and diagnosis of dementing disorders. 

Substantial variation in quantitative methods to measure brain amyloid burden using PET exists in the field, including 

the choice of reference regions and the use of partial volume correction. Here, we investigate the impact of these 

methodological variations using cross-sectional and longitudinal PiB imaging data from the Dominantly Inherited 

Alzheimer Network (DIAN). 

Methods: Quantification of PiB PET imaging data was performed using four reference regions: cerebellar cortex 

(CER), brainstem (BS), total white matter (TW), and core white matter (CW), with and without partial volume 

correction using a regional spread function (RSF) technique. The stability of the reference regions were assessed a 

cross-sectional subset from the overall DIAN cohort. In a longitudinal subset, the ability to detect longitudinal changes 

in amyloid burdens was assessed. We also estimated the number of participants per arm needed to detect a reduction 

in amyloid accumulation rate in placebo-controlled amyloid-targeting randomized clinical trials. 

Results:  Regional tracer uptake were not significantly different between mutation carriers and noncarriers for any of 

the reference regions regardless of partial volume correction except for TW, where the mutation carriers had higher 

uptake than noncarriers (p=0.01). Partial volume correction based analysis generated significantly (p<0.0005) larger 

percent change in SUVR regardless of the reference region used, and resulted in smaller sample size needed in clinical 

trials (Figure 1). Conflicting results were observed for using white matter as the reference region and warrants further 

investigation. 

Conclusion: Partial volume correction consistently improves sensitivity to group differences and longitudinal changes 

over time, and reduces the sample size needed in clinical trials targeting amyloid. 
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Background and aims:  Since there was negligible tau pathology in the postmortem Alzheimerôs disease (AD) 

cerebellum, cerebellar grey matter have been widely used as a reference region to estimate regional binding of tau PET 

ligands in AD. Meanwhile, some non-AD tauopathies such as progressive supranuclear palsy (PSP) and chronic 

traumatic brain encephalopathy tend to have tau accumulation in the cerebellar grey matter, leading to the fact that 

cerebellar grey matter couldnôt be suitable as a reference region in these diseases. The aim of this study is to establish 

the optimized reference setting and investigate the utility of using optimized reference in tau PET imaging with [ 
11C]PBB3.  

Methods:  Participants were 14 patients with PSP and 11 cognitive healthy young control subjects (HC). We 

performed PET scans with [ 11C]PBB3 and [ 11C]Pittsburgh Compound B (PiB) for imaging of tau and Aɓ deposition, 

respectively, along with MRI. A reference tissue model (MRTM O) was used to estimate non-displaceable binding 

potential (BPND) of [ 11C]PBB3 using reference regions defined with two ways; 1. manually-defined regions on the 

cerebellar grey matter and 2. optimized regions extracted from cerebral and cerebellar grey matter voxels that can be 

considered to have a low likelihood of tau accumulation ( BPND[cb] and  BPND[op], respectively). Aɓ deposition was 

visually assessed with SUVR images of [ 11C]PiB PET.  

Results:  All participants were PiB-negative. Compared with BPND[cb], BPND[op] values were increased in all 

participants (Figure 1), and differential diagnostic performance between PSP and HCs measured by the area under the 

ROC curve were also improved (Table 1).  

Conclusions: Using optimized reference made BPND values increased in tau PET imaging in non-AD tauopathies, 

presumably reflecting improvement of underestimation of  BPND due to involving tau accumulation in reference 

regions.  
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Objectives: Multicenter clinical treatment trials in Alzheimer disease (AD) commonly employ PET amyloid imaging 

for determining participant eligibility.  There is intense interest in optimizing PET eligibility assessments using 

qualitative and quantitative interpretation, either alone or in combination, to accurately enroll appropriate AD 

participants. Previous multicenter studies showed highly variable rates of negative or ineligible scans (5% to 41%). 

Factors potentially associated with this variability include clinician diagnostic bias, reader bias, or other factors.  This 

study systematically evaluated the factors associated with negative amyloid PET in a series of multicenter AD 

therapeutic trials. 

Methods: 5,357 F18 Florbetapir PET scans were obtained at screening in preclinical, prodromal, and early 

Alzheimerôs disease recruited in six Phase 2-3 therapeutic trials. Each scan was interpreted according to the florbetapir 

visual read method and required agreement by either two expert independent readers or a reader and an independent 

composite SUVr depending on the trial. A series of candidate clinical, technical, and methodological factors were 

identified and analyzed in a linear mixed discriminate function model for identifying factors strongly associated with 

a negative florbetapir PET scan. 

Results:  The most important individual factors associated with a negative amyloid PET scan were:  cohort status with 

at risk>prodromal> early AD, enrolling site clinician, and scan interpretation methodology (visual vs visual + 

quantitation).  

Conclusions: The clinical stage of the cohort is the most important factor predicting the number negative scans. In 

addition, enrolling centers and use of quantitation in eligibility are associated with negative scans rates, suggesting a 

role for additional diagnostic standardization and attention to how PET eligibility 
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Background:  Accumulating evidence has shown that pathological tau is a promising therapeutic target for Alzheimer 

disease (AD) and other tauopathies. To develop tau-targeted therapy, it is necessary to establish assay systems to 

visualize in vivo tau pathology for monitoring the efficacy of an anti-tau drug. Positron emission tomography (PET) 

imaging of tau pathologies is currently available using several tau PET ligands, including [11C]PBB3. Meanwhile, 

more compelling in vivo and neuropathological evidence supporting binding of PBB3 to tau lesions in diverse 

tauopathy is still required. 

Method: We performed PBB3 fluorescence and immunohistochemistry with anti-tau antibodies in brain sections from 

AD, primary age-related tauopathy, progressive supranuclear palsy (PSP), corticobasal degeneration (CBD), Pick 

disease, globular glial tauopathy, frontotemporal dementia and parkinsonism linked to tau gene on chromosome 17 

(FTDP-17-MAPT), and aged healthy subjects.   

Results:  PBB3 detected tau lesions composed of both and either of 3-repeat and 4-repeat isoforms, but the binding 

property of PBB3 varied among diseases. Extracellular tangles in AD or FTDP-17 with R406W mutation strongly 

bound to PBB3. In contrast, PBB3 less frequently detected coiled bodies and tau-positive threads in PSP and CBD, 

and Pickôs bodies in Pick disease. 

Conclusions: PBB3 binds with various types of tau lesions including 3-repeat and 4-repeat tau deposits not only in 

neuron, but also in glia. Further studies, including binding assay using brain homogenates and electron microscopic 

analysis, will clarify the differences in binding property among tau lesions. 
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Background:  Different clinical variants of progressive 

supranuclear palsy (PSP) have been described, the most 

common of which is Richardson syndrome. The 

relationship between these clinical variants and pathology 

is heterogeneous, with all variants associated with tau 

pathology but with varying patterns of tau deposition 

within, and across, brain regions. Tau-PET imaging using 

AV-1451 demonstrates striking uptake in Alzheimerôs 

disease (AD), although it is unclear whether uptake is 

observed in the different variants of PSP.  

Aim : To determine whether tau deposition can be identified 

on AV-1451 tau-PET in different clinical variants of PSP 

compared to cognitively normal (CN) subjects and to 

compare the degree of uptake with that observed in 

Alzheimerôs disease (AD).  

Methods: Six subjects representing four clinical variants 

of PSP underwent tau-PET imaging with AV-1451. These 

subjects were compared to 101 age-matched CN subjects 

and 19 subjects with AD. Regional tau-PET uptake was 

calculated for nine regions typically associated with tau 

deposition in PSP (midbrain, caudate, putamen, pallidum, supplementary motor area, superior frontal lobe, pre and 

post central cortex, and thalamus).   

Results: The PSP subjects showed evidence for subtle elevated tau-PET uptake compared to CN subjects across all 

regions. Uptake was particularly evident in midbrain, pallidum, supplementary motor area and precentral cortex 

(Figure). The degree of tau-PET uptake in PSP was lower than AD across all regions except midbrain, pallidum and 

thalamus. Subtle regional differences were observed between the different clinical variants of PSP, with increased 

uptake in general being highest in those with Richardsonôs syndrome.   

Conclusions: PET imaging using AV-1451 can detect a signal across the different clinical variants of PSP, although 

the degree of uptake is far less than that observed in AD. This ligand may be sensitive enough to detect regional 

differences across the clinical variants of PSP. 
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Introduction:  The development of amyloid- and tau-specific PET ligands has enabled the study of the in vivo 

relationship between cerebral atrophy and the two key pathologies (fibrillar amyloid-beta and tau deposits) of 

Alzheimerôs disease (AD).  

Methods: Nine patients with AD dementia and eleven with mild cognitive impairment, all positive for amyloid 

deposition ([11C]PIB status), and four age-matched healthy controls, underwent structural MRI (T1 sequence) as well 

as PET imaging with an amyloid-specific and a tau-specific PET tracers: [11C]PIB and (S)-[18F]THK5117 (also know 

as [18F]THK5317), respectively. An experienced neuroradiologist rated the MRI scans for Medial Temporal Atrophy 

(MTA), using the Scheltens scale. PIB SUVR40-60 and (S)-THK5117 DVR30-60 retention in the hippocampus was 

calculated with respect to the cerebellar grey matter, following the application of correction for partial volume effect. 

Cumulative link and linear mixed effects models were applied to investigate the relationship between imaging 

modalities, after correcting for diagnosis. The presence of a causal mediation (indirect) effect was tested with the use 

of Monte Carlo simulation.  

Results: (S)-THK5117 DVR retention in the hippocampus was found to be positively correlated to MTA score 

(Likelihood-ratio=6.06, p=0.01), while no direct relationship was found between MTA score and PIB SUVR retention 

in the same region (Likelihood-ratio=0.08, p=0.77). A positive correlation was found between (S)-THK5117 DVR and 

PIB SUVR retention in the hippocampus (F-value=11.96, p<0.01). Mediation analysis identified a positive indirect 

effect of PIB SUVR retention on MTA score, through increasing (S)-THK5117 DVR retention (Indirect effect 

estimate=2.25, p<0.01).  

Conclusion: Local tau pathology in the hippocampus is directly positively related to MTA and fibrillar amyloid 

pathology. Although no direct association was found between fibrillar amyloid pathology and MTA, evidence exists 

of an indirect neurotoxic effect of amyloid pathology through promoting the accumulation of tau pathology.  
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Introduction:  Several groups have shown elevated amyloid burden is associated with decreased hippocampal volume 

(HV), closely linking Alzheimerôs pathology to hippocampal neurodegeneration and resultant memory loss. HV is also 

modulated by estrogen, though the effects of post-menopausal estrogen replacement therapy (ERT) on HV remain 

controversial.  We thus examined whether history of ERT modulates the relationship between amyloid burden, age, 

and HV in 231 cognitively normal elderly participants in the Harvard Aging Brain Study. 

Methods: 11C-Pittsburgh-compound B (PiB)-PET, structural MRI, and self-reported ERT history were used in linear 

regression models examining the cross-sectional relationship between age, amyloid burden and HV in women with 

(n=58) and without (n=77) a history of ERT, as well a comparison group of men (n=96). 

Results:  Average age and amyloid burden were similar across groups. We observed that women with a history of 

ERT had significantly greater HV for a given age than those without a history of ERT (t(131)=-2.06, p=0.046). Higher 

amyloid burden significantly predicted decreased HV in the entire sample (t(228)=-2.32, p=0.022).  This relationship 

was driven by the subset of women with a history of ERT, in whom increased age and amyloid burden were similarly 

and significantly predictive of decreased HV (PiB: t(55)=-2.74, p=0.008; Age: t(55)=-3.11, p=0.003) .  In contrast, 

amyloid burden was not a significant predictor of HV in women without a history of ERT or in men, after controlling 

for age (both p>0.2). 

Conclusions: These results 

suggest that women with a history 

of ERT may be less sensitive to 

age-related decreases in HV than 

men and women with no history of 

ERT, but also that ERT-treated 

women may be more susceptible 

to amyloid-related hippocampal 

volume loss. Together, these 

results suggest that sex and ERT 

history may be relevant factors in 

interpreting relationships between 

HV, age and amyloid burden in 

clinical research settings.  
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Here we report on the kinetic modeling for [18F]-AV45 data. Dynamic 60 min [18F]-AV45 PET (348±81 MBq) was 

acquired in 9 Alzheimer Diseased (AD; MMSE 22.0±0.9), 15 mild cognitively impaired (MCI; MMSE 26.5±2.0), and 

5 (cognitively) healthy control (HC; MMSE 29.7±0.5) subjects. Arterial input was measured continuously over a 

detector complemented by manual samples for HPLC 

metabolite analysis. The two tissue compartmental model 

(2TCM) was required (lowest Akaike values) in all brain 

regions to describe the [18F]-AV45 tissue time activity curves 

(TACs) and to derive total volume of distribution (VT). 

Distribution volume ratios (DVR) with cerebellum (CB) as 

reference were derived from the 2TCM VT values. Static scan 

SUVr with CB as reference region were calculated from the 

50-60 min p.i. data. 

We measured a plasma free fraction of 11.24±4 % and only 

32+14% of parent fraction remained at 10 min. 

The mean VT was significantly increased in the precuneus 

only for AD (+38±8%, ANOVA, p<0.05) (Fig 1A) and 

equally the DVR was significantly increased for AD (p<0.05: 

parietal and posterior cingulate cortex +44±13% and +33±8%, 

respectively; and p<0.01: +47±11% precuneus). Moreover, 

also compared to MCI the DVR for AD was significantly 

increased (+24±9%, p<0.05) in the parietal cortex (Fig. 1B). 

The SUVrs were significantly increased for AD in the anterior 

cingulate, the frontal and parietal cortices (p<0.05) and the 

precuneus (p<0.01), the latter for MCI as well (p<0.05) (Fig 

1C).  Further, SUVr was significantly but only moderately 

correlated with VT (r: 0.38-0.61; p<0.05) while stronger with 

DVR (r: 0.54-0.82; p<0.05). 

Importantly, compared to the DVR, 

average SUVr differences between MCI 

and HC were overestimated in all 

regions (+9±4%) while underestimated 

between the AD and MCI groups (-

16±2%).  

Absolute VT and relative DVR 

quantification determined from full 

kinetic modeling showed more 

discriminative power compared to 

simplified SUVr (Fig. 2). 
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Women are disproportionately affected by Alzheimerôs disease (AD) in terms of both disease prevalence and severity. 

Previous autopsy work has suggested that, in the presence of AD neuropathology, females are more susceptible to the 

clinical manifestation of AD. This manuscript extends that work by evaluating whether sex alters the established 

associations between cerebrospinal fluid (CSF) biomarker levels and brain aging outcomes (hippocampal volume, 

cognition). Participants were drawn from the Alzheimerôs Disease Neuroimaging Initiative (ADNI) and included 

individuals with normal cognition (n=348), mild cognitive 

impairment (n=565), and AD (n=185). We leveraged mixed 

effects regression models to assess the interaction between sex 

and baseline cerebrospinal fluid biomarker levels of amyloid-

ɓ-42 (Aɓ-42) and total tau on cross-sectional and longitudinal 

brain aging outcomes. We found a significant interaction 

between sex and Aɓ-42 on longitudinal hippocampal atrophy 

(p=0.002), and longitudinal decline in memory (p=0.017) and 

executive function (p=0.025). Similarly, we observed an 

interaction between sex and total tau level on longitudinal 

hippocampal atrophy (p=0.008), and longitudinal decline in 

executive function (p=0.034). Women with Aɓ-42 and total tau 

levels indicative of worse pathological changes showed more 

rapid hippocampal atrophy and cognitive decline. The sex 

difference was particularly pronounced among individuals 

with MCI, carrying an APOE Ů4 allele, or with lower 

education. These results provide in vivo support that females 

may be more susceptible to the clinical manifestation of AD. 

Figure 1: Females show a faster rate of hippocampal atrophy 

in the presence of enhanced (low levels) of CSF Aɓ-42. 

 

 

 

Figure 2: Females show a faster rate of hippocampal 

atrophy in the presence of enhanced CSF tau levels. 
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Alzheimerôs disease (AD) is the most common neurodegenerative dementia.  Merckôs ɓ-secretase therapy against AD 

is currently undergoing Phase 3 clinical trials and shows dramatic reductions in Aɓ monomer levels.  With the recent 

emergence of Aɓ oligomers (AɓO) as the most toxic Aɓ species in AD, our work has focused on deciphering the 

different utility of AɓO in the diagnosis, prognosis and treatment of AD by: (1) establishing a sensitive, robust and 

automated assay for their scarce (pg/mL) detection in human CSF, and (2) demonstrating AɓOôs use as a diagnostic 

and/or a marker in evaluating drug/oligomer pharmacodynamics in preclinical/clinical models of APP processing.  

To achieve the former, we used the Singulexô Erenna technology to develop an AɓO-specific CSF assay that 

discriminated AD from control subjects in three commercial cohorts (J.Neurosci. 2014, 34(8):2884-97).  Furthermore, 

using the assay and working collaboratively with our academic partners (University of Melbourne, Oxford University 

and NTNU), we have explored the correlation of CSF oligomers with PET classification and cognitive scores in three 

cross-sectional/longitudinal AD and Control cohorts (AIBL, OPTIMA, TrønderBrain).  

Finally, in our effort to identify AɓO as a pharmacodynamic biomarker in response to secretase inhibition, we used a 

cisterna magna-ported rhesus monkey preclinical model in a four-way crossover design.  Treatment with secretase 

inhibitors (BACE, GS or vehicle) resulted in a significant (~80%) reduction in oligomers in rhesus CSF in a time-

/dose-dependent fashion, enabling a revised model of rhesus CNS APP processing that includes a role for AɓO. 

Together, these findings highlight the potential utility of AɓO as diagnostic, prognostic and, importantly, as a novel 

marker of pharmacodynamic response to secretase inhibitor therapy in AD.  Future work is hoped to measure oligomer 

levels in CSF samples from subjects of BACEi clinical trials. 
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Background:  Measurement of amyloid burden provides important confirmation of AD pathology for clinical trials 

and diagnosis. However, many amyloid+ early stage subjects do not worsen clinically during the timeframe of a 

clinical trial, suggesting that a measure of neurodegeneration predictive of decline can provide a useful adjunct. 

Previous studies have shown correspondence between perfusion measured by the early amyloid frames following 

tracer injection and FDG PET comparing ROIs affected in AD. Multivariate machine learning approaches, by taking 

into account relationships between affected regions and maximizing signal/noise, may offer a more sensitive means 

for detection of disease related changes as we have demonstrated with FDG. 

Methods: Using summed dynamic florbetapir image frames acquired during the first six minutes post- injection for 

104 ADNI subjects, we applied machine learning with iterative resampling to develop and test image classifiers aimed 

at measuring AD Progression. Training classes consisted of 10 NL amyloid-negative(-), 19 subjective memory 

complaints (SMC)-, 11 NL/SMC+, 9 MCI+, and 14 AD+ based upon clinical diagnosis and late timeframe amyloid 

status. Independent testing was applied through Leave-One-Out analysis and to 41 additional scans. Early frame 

amyloid (EFA) classification was compared to that of an independently developed FDG PET AD Progression classifier 

by scoring the FDG scans of the same subjects at the same time point.  Score distributions and correlation with clinical 

endpoints were compared to FDG. 

Results: The EFA classifier produced a primary pattern similar to that of the FDG classifier (Figure 1) whose 

expression correlated highly with the FDG pattern (R-squared 0.71 (Figure 2), and that within amyloid+ subjects 

(N=34) correlated with MMSE, CDR-sb, and ADAS-cog13 (R-squared 0.35, 0.37, 0.52). 

Conclusions:  These results show the ability to obtain a functional measure using EFA with the potential to achieve 

the predictive utility approaching FDG through the use of multivariate classifier approaches.  
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Introduction:  Retinal degeneration and impaired retinal function have been observed in mild cognitive impairment 

(MCI) and Alzheimerôs disease patients (AD) [1,2], and studies have suggested that amyloid deposition occurs on the 

retina concurrent with the brain [3]. We have previously reported on the relationship of contrast sensitivity, measured 

using frequency doubling technology (FDT), and cerebral amyloid deposition [4]. In this report, we complete a 

preliminary evaluation of the relationship of retinal nerve fiber layer thickness (RNFL), measured using optical 

coherence tomography (OCT), with cerebral amyloid deposition. 

Methods: Nine cognitively normal participants from the Indiana Memory and Aging Study (IMAS) underwent OCT 

and amyloid PET imaging with [18F]florbetapir. After standard preprocessing, [18F]florbetapir SUVR images were 

created using mean whole cerebellum binding as a reference region. Mean regional SUVR from cortical, precuneus, 

and cingulate regions of interest (ROIs) generated using FreeSurfer version 5.1 were extracted. The relationship of 

RNFL thickness and [18F]florbetapir SUVR was evaluated using a linear model, covaried for age. Partial correlation 

coefficients (rp) are reported. 

Results:  Mean RNFL thicknesses in the superior and nasal retinal quadrants were significantly associated with mean 

cingulate (p<0.05; Fig 1A & 1B) and mean precuneus (p<0.05, Fig 1C & 1D) [18F]florbetapir SUVR, and showed a 

trend for association with mean cortical [18F]florbetapir SUVR (p<0.1; Fig 1E & 1F). 

Conclusions: Significant associations between retinal neurodegeneration and cortical amyloid were observed. Given 

the previous reports of retinal amyloid deposition, the observed retinal changes may be in part due to retinal amyloid 

deposition. 

[1] Kesler (2011). Clinical Neurology and Neurosurgery 

[2] Risacher (2013). Neurobiology of Aging 

[3] Frost (2014). AAIC 

[4] Risacher (2012). HAI 
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1Indiana University School of Medicine, Indianapolis, IN, United States 
2Indiana Alzheimer Disease Center, Indianapolis, IN, United States 
3University of California, Berkeley, CA, United States 
4Mayo Clinic, Rochester, MN, United States 
5University of California, San Francisco, CA, United States 

Introduction:  Amyloid-beta plaques, neurofibrillary tau tangles, neurodegeneration, and cognitive impairment are the 

hallmarks of AD. The PET tracer [18F]AV-1451 was developed to bind to tau tangles in vivo. The goal of this study 

was an initial assessment of the relationship of [18F]AV-1451 to other markers of AD pathology (amyloid PET, 

neurodegeneration, and cognition) in the ADNI cohort. 

Methods: Nine participants underwent [18F]AV-1451 scans, as well as longitudinal amyloid PET with [18F]florbetapir, 

MRI, and neuropsychological testing, with the most recent visit coinciding with [18F]AV-1451 scanning. [18F]AV-

1451 SUVR was extracted from hippocampal and cortical regions. Cross-sectional and two-year change in cortical 

[18F]florbetapir SUVR, hippocampal grey matter density (GMD), and memory were determined. Mean [18F]AV-1451 

SUVR was compared between diagnostic groups. Relationships between cross-sectional and longitudinal amyloid, 

neurodegenerative, and cognitive measures and [18F]AV-1451 SUVR were assessed. Due to the small sample size, 

only those with age-adjusted partial correlation coefficients (rp)>0.5 are reported. 

Results:  Increased [18F]AV-1451 SUVR was observed in MCI and AD relative to those with normal cognition but 

significant memory concerns (SMC; Fig 1). Strong associations between [18F]AV-1451 SUVR and memory 

performance (Fig 2A), amyloid deposition (Fig 2B&C), and longitudinal change in hippocampal GMD (Fig 2D&E) 

were observed. Notably, consistent binding of [18F]AV-1451 in the medial temporal lobe was observed across subjects 

at various intensities but cortical binding was highly variable across subjects (data not shown). 

Conclusions: These preliminary findings are consistent with the strong association between amyloid and tau, as well 

as tau and atrophy rate. Memory was modestly related to tau deposition. Variation in cortical binding topography 

suggests the potential to identify phenotypic subtypes defined by tau distribution that will be examined in future studies 

as the sample size increases.  
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Colin Groot2, Patrick Schober3, Lothar Schwarte3, Philip Scheltens1, Wiesje M. van der Flier1, 4, Albert D. 

Windhorst2, Adriaan A. Lammertsma2, Bart N.M. van Berckel2, Ronald Boellaard2 

1Alzheimer Center and Department of Neurology, VU University Medical Center, Amsterdam, Netherlands 
2Department of Radiology & Nuclear Medicine, VU University Medical Center, Amsterdam, Netherlands 
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4Department of Epidemiology & Biostatistics, VU University Medical Center, Amsterdam, Netherlands 

Background:  Alzheimerôs disease (AD) is a progressive neurodegenerative disorder characterized by accumulation 

of amyloid beta (Aɓ). Aɓ can be visualized using [18F]florbetapir positron emission tomography (PET). The aim of 

this preliminary analysis was to identify the optimal model for describing tracer kinetics in AD patients and healthy 

controls. 

Methods:  Four probable AD patients (50% male, age: 65±6 years, MMSE: 21±3) and 3 healthy controls (66.6% male, 

age 65±5 years, MMSE: 30±0) were included. 90 minutes dynamic PET scans (Philips Ingenuity TF) were acquired 

immediately following bolus injection of [18F]florbetapir (305±29 MBq). Continuous arterial sampling was performed 

until 65 min p.i., and seven additional manual samples were taken for metabolite analyses. After co-registration with 

a T1-weighted MRI scan, tissue time-activity curves were extracted from the dynamic PET scan using PVELAB1 with 

the Hammers template. Several plasma input compartmental models were evaluated and the Akaike Information 

Criteria (AIC) was used to select the preferred model.   

Results:  Plasma metabolism was fast with a parent fraction of about 60% after just 5 minutes. [18F]florbetapir kinetics 

were best described by a reversible two tissue compartment model with fitted blood volume fraction (2T4k_VB), 

irrespective of subject status and size of region of interest. Whole brain grey matter distribution volume (VT) was 

4.51±0.87 and 5.05±0.62 for controls and AD patients, respectively. VT values of a few specific regions are shown in 

Figure 1. 

Conclusion:  This preliminary study indicates that 2T4k_VB appears to be the best model for describing in vivo 

kinetics of [18F]florbetapir, both in healthy controls and in AD patients. Nevertheless, further studies are needed to 

substantiate these findings. 

(1)   Svarer C, Madsen K, Hasselbalch SG, Pinborg LH, Haugbol S, Frokjaer VG, et al. MR-based automatic 

delineation of volumes of interest in human brain PET images using probability maps. Neuroimage 2005 Feb 

15;24(4):969-979. 
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Principal component analysis-based scoring of PiB scans in the Mayo Clinic Study of 
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David Jones, Val Lowe, Scott Przybelski, Matt Senjem, Brad Boeve, David Knopman, Ronald Petersen, Clifford 

Jack 

Mayo Clinic, Rochester, MN, United States 

Background:  There are biological and non-biological sources of variability in C-11 PiB scans. Variability in white 

matter binding may confound methods of calculating standard uptake value ratio (SUVR) whether via explicit use of 

white matter ROIs or via partial volume averaging.  Therefore we explored principal axes of variability using principal 

component analysis (PCA) in an effort to understa nd and isolate sources of variability encountered in PiB scanning 

of a large community dwelling sample of cognitively normal subjects.  

Methods: We study 1,343 PiB scans of cognitively normal subjects in the Mayo Clinic Study of Aging. All scans 

were spatially normalized to a standard space, intensity normalized to cerebellar gray matter, and smoothed. In order 

to investigate subject related variability that is not necessarily dependent on regional variability, we performed PCA 

on the symmetric (1,343x1,343) distance matrix of the dataset.     

Results:  The first three principal 

components (PCs) explained 84.5% of the 

variance (PC1 = 50.5%, PC2 = 27%, PC3 

= 7%) in the relationships between 

the subjects captured in the distance 

matrix. PC1 strongly associated with 

known patterns of Alzheimerôs disease-

related PiB binding (Fig 1A). PC2 was 

strongly associated with age and white 

matter (Fig 1B). PC3 was associated with 

age, cognition, and cerebral spinal fluid 

related imaging changes (Fig 1C). In 

generalized additive models, PC1 and PC2 could explain 88% of the deviance (P<0.001) in standard AD signature 

SUVR values (Fig 2). In an independent sample of CN (n=28) and AD (n=103) subjects, PC1 achieved 100% 

agreement with visual reads of PiB positivity.    

Conclusions: Scoring PiB scans using PC1 is 

theoretically free from contamination by factors 

contributing to PC2 and PC3 and is able to achieve 

100% agreement with visual reads of PiB positivity. 

Therefore, PC1 may be an attractive method of 

dichotomizing PiB scans in large population-based 

studies.  
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Background:  Cerebral metabolism/activity and amyloid accumulation have a complex relationship that has not been 

well-characterized longitudinally.  

Method: We extracted longitudinal patterns from cerebral amyloid and regional cerebral blood flow (rCBF) data as 

measured by concurrent 11C-PiB and 15O-water PET imaging using 128 participants with up to 7 PET scans from 

Baltimore Longitudinal Study of Aging. 46 had elevated PiB levels at last visit. We used a novel method that 

temporally aligns individuals with similar PiB and rCBF images. This alignment in time allowed us to extract 

longitudinal trajectories that describe co-occurring changes in PiB and rCBF images. In analogy to modes obtained 

from principal component analysis (PCA), we extracted two orthogonal longitudinal trajectories, and computed a 

progression score for each PiB+rCBF pair that reflects their location along each of the two trajectories. 

Results:  

Figure. Estimated longitudinal patterns of PiB DVR and rCBF. 

First pattern revealed PiB signal 

increases in precuneus, frontal and 

lateral parietal regions. rCBF 

decreased in precuneus, temporal, 

posterior and medial occipital 

regions, and increased in inferior-

lateral and medial aspects 

sensorimotor strip.  

Second pattern revealed PiB signal 

increases in medial sensorimotor 

strip and precuneus. rCBF decreased 

in insula, orbitofrontal, inferior 

temporal and lateral temporoparietal 

regions, and was preserved in medial 

sensorimotor strip.  

Elevated PiB status was associated 

with higher progression scores in the 

first pattern (p<0.0001), adjusting for 

age and sex. Progression scores in the 

second pattern were associated with 

elevated PiB status after additionally 

adjusting for first pattern scores 

(p=0.01 at baseline and p=0.0003 at last visit).  

Conclusions: The first pattern may reflect earlier changes in rCBF that co-occur with earlier amyloid accumulation, 

whereas the second pattern may reflect changes that occur in later stages. The presented method allows for exploration 

of heterogeneity in longitudinal progression and can be applied to jointly analyzing multiple types of images.  
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Background:  Epidemiological studies indicate a nearly twofold increase in risk of dementia associated with Post 

Traumatic Stress Disorder (PTSD) in military cohorts, however mechanisms contributing to this relationship are poorly 

understood. The aim of this study was to investigate if Vietnam war veterans without mild cognitive impairment or 

dementia, but with chronic combat related PTSD show evidence of Alzheimerôs disease (AD) pathological markers, 

as assessed by  amyloid and tau imaging with PET. 

Methods: Sixty-seven male participants -30 veterans with chronic PTSD (aged 67.9±2.6 years) and 37 controls (aged 

74.3±8.3 years)- underwent both tau and amyloid PET imaging scans with 18F-AV1451 and 18F-florbetaben or 18F-

flutemetamol, respectively. While 18F-AV1451 SUVR was calculated using the cerebellar cortex as reference region, 

the whole cerebellum and the pons were used as reference regions for 18F-florbetaben and 18F-flutemetamol, 

respectively. 

Results:  Despite the PTSD cohort being significantly younger than the controls, there was a significant difference in 

18F-AV1451 retention between the PTSD and control groups in the temporoparietal (1.21±0.12 vs. 1.13±0.13, 

p=0.017) and frontotemporal (1.14±0.12 vs. 1.06±0.13, p=0.018) regions. A similar, albeit not significant, trend was 

observed in the mesial temporal cortex (1.19±0.12 vs. 1.12±0.17, p=0.058). There was no significant difference in Aɓ 

burden between the groups 

Conclusions: Our preliminary findings suggest that chronic PTSD might be associated with higher neocortical tau 

deposition later in life. More studies to confirm these results are warranted. 
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Background:   Beta-amyloid (Aɓ) and entorhinal tau deposits represent pathologic hallmarks of Alzheimerôs disease 

(AD) that accumulate long before evident clinical symptoms, according to autopsy studies.  A genetic risk factor for 

AD, APOE has been linked with earlier presence and greater accumulation of Aɓ.  In this cross-sectional study, we 

investigated the relationships among APOE, Aɓ, and entorhinal tau deposition. 

Methods:  A subset of Harvard Aging Brain Study participants (n=120, female=56.6%, ages=65-90) underwent APOE 

genotyping, tau-PET (F18-T807 [AV1451]), amyloid-PET (C11-PiB), and volumetric MRI, with all imaging occuring 

within one year.  Participants were dichotimzed by E4 status: Thirty-five (29.2%) participants were Ů4 allele carriers. 

A SUVR was calculated using a FreeSurfer-defined entorhinal cortex region of interest for T807, while a DVR 

averaging cortical Aɓ burden was calculated for PiB. Cerebellar gray was used for scaling all PET variables. We used 

linear models to evaluate the respective impact of E4 status and Aɓ on tau and the E4*Aɓ interaction effect.  All 

analyses were age-adjusted. 

Results:   In separate models, Aɓ (T=5.2, p<.0001) and E4 (T=3.2, p=.002) were significantly correlated with 

entorhinal tau deposition. Combined, only Aɓ significantly correlated with tau (T=4.1, p<.0001), while E4 (T=1.3, 

p=.210) did not. The interaction between Aɓ and E4 significantly correlated with tau deposition (T=2.4, p=.021), such 

that the relationship between Aɓ and tau was stronger in E4 carriers (T=3.9, p=.0004) than in E4 non-carriers (T=2.1, 

p=.042). Similar results were found when using inferior temporal rather than entorhinal tau (data not shown). 

Conclusion:  These results suggest that the APOE4 genotype potentiates the effect of Aɓ on tau deposition, in 

agreement with recent autopsy research (Farfel et al., 2015). Furthermore, earlier presence of Aɓ among E4 carriers 

could explain higher tau levels. More participants and longitudinal imaging data will further elucidate the effect of 

APOE on Aɓ and tau pathology. 
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An update on imaging typical and atypical AD and FTLD spectrum tauopathies with 
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Massachusetts General Hospital/Harvard Medical School, Charlestown, MA, United States 

Objective: To image tau pathology in vivo using PET in patients with clinically typical and atypical AD and 

Frontotemporal Lobar Degeneration (FTLD). 

Background: A critical unmet need for AD and FTLD research, especially therapeutic trials, is the development of 

biomarkers to detect and quantify pathological tau in vivo in the broad spectrum of tauopathies. 

Methods: We used [18F] AV1451 to scan a series of patients with AD and FTLD, including typical and atypical AD 

and vFTD, PPA, CBS, and PSP. We analyzed SUVR (cerebellum reference) data to localize and quantify [18F] 

AV1451 signal. We also co-registered analyzed [18F] AV1451 images to MRI images for visualization and calculation 

of % atrophy relative to controls. 

Results: [18F] AV1451 signal was elevated in brain regions hypothesized to be involved in neurological dysfunction 

based on clinical symptoms and in which other evidence of neurodegeneration was present based on atrophy or 

hypometabolism. 

Conclusions: [18F]AV1451 is very promising as a tau PET ligand for imaging tau pathology in vivo in patients with 

typical and atypical forms of AD. In vivo results suggest the potential for its use for certain applications in FTLD, but 

there is evidence of signal uptake in patients who likely do not have tau pathology. Furthermore, recent data from 

autoradiography studies raise questions. 
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Background: Autopsy studies indicate that amyloidosis starts in neocortex and extends into striatum. Because amyloid 

(Aɓ) is a risk factor for memory decline, we investigated in-vivo the longitudinal association between cortical and 

striatal Aɓ and disease progression in cognitively normal (CN) older adults and symptomatic AD.  

Methods: One hundred thirty-seven CN elderly (Harvard Aging Brain Study; ages=65-87; CDR=0) had longitudinal 

PiB-PET imaging. Ninety-nine had tau-PET (T807/AV1451) at follow-up. Participants underwent annual cognitive 

testing over four years: Memory composite z-scores were derived from the 6-trial Selective Reminding Test (SRT) 

and the Free and Cued SRT (FCSRT). We also analyzed baseline PiB-PET, logical memory, and clinical impairment 

in fifty -two patients with MCI or mild AD dementia (ages=50-85; CDRÓ0.5). Striatal (caudate and putamen) and 

neocortical PiB DVR aggregates were compared, using cerebellar gray as reference. We used mixed-effect models 

with random intercepts, covarying age. 

Results: R² between baseline striatal- and cortical-PiB DVR was 

0.76. 

CN: Memory decline was associated with baseline (striatal: T=-

5.2/p=3*e-7, cortical: T=-4.3/p=2*e-5) and longitudinal (striatal: 

T=-3.1/p=.002, cortical: T=-2.8/p=.005) PiB. Controlling for 

baseline cortical-PiB, longitudinal striatal-PiB still related to 

memory decline (T=-1.9/p=.054). 

Longitudinal striatal- and cortical-PiB related to entorhinal and 

inferior temporal T807 SUVr (all p<2*e-4). Controlling for baseline 

cortical-PiB, longitudinal striatal-PiB still related to entorhinal 

(T=2.0/p=.047) and inferior temporal (T=1.9/p=.056) T807.   

MCI/AD: Cross-sectional striatal- (T=-3.3/p=.002) and cortical-PiB (T=-2.1/p=.038) related to logical memory 

(delayed recall). Controlling for cortical-PiB, striatal PiB still related to memory (T=-2.7/p=.010). Striatal 

(T=2.8/p=.005) and cortical (T=2.5/p=.012) PiB both predicted longitudinal CDR sum-of-boxes. Modeled as 

simultaneous predictors, baseline striatal-PiB tended to predict increasing CDR-SB over time (T=1.7/p=.087) whereas 

cortical-PiB did not (T=-0.3/p=.747). 

Conclusion: This data 

provides evidence that 

striatal Aɓ accumulation 

relates to disease 

progression across the 

AD spectrum, and that 

the association is 

stronger than that of 

cortical Aɓ, suggesting a 

temporal relationship 

more proximal to clinical 

decline.  
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Background: Autopsy evidence suggests that tau deposition progresses according to a specific anatomic pattern 

(Braak and Braak, 1991). It is now possible to image tau accumulation in vivo with serial 18F-T807 (AV1451)-PET  

Methods: We acquired 18F-T807-PET in 21 participants (age=72±8 yr; 13 clinically normal (CN), 8 with mild 

cognitive impairment or Alzheimerôs disease) at two time points (lag=15.5Ñ4.6 months). SUVR (80-100 min; 

cerebellar gray reference) were calculated from 32 right-left cortical and 3 subcortical FreeSurfer-defined regions 

(ROIs). Change in SUVR per year (cSUVR) was calculated in each ROI; ROIs were filtered by baseline SUVR>1.1, 

rank ordered by change in each subject, and tabulated across subjects. Asymmetry quotients were also calculated. 

Results: Average number of accumulating (cSUVR>0) 

ROIs across all subjects was 31.2±9 of 67 possible, and 

the grand mean cSUVR was 0.09 in these accumulating 

ROIs. The greatest increases (seen in >60% of subjects) 

were observed in left middle temporal, bilateral pars 

triangularis, and left inferior temporal ROIs (Table 1). 

Hemispheric bias in accumulation and deposition were 

not significant. Number of accumulating ROIs did not 

differ between CN and impaired groups, but mean cSUVR 

in accumulating ROIs was greater in impaired subjects 

than CN (t=2.3, p=0.04). Mean values of the top 20 ROIs 

ranked by cSUVR were bimodal for the impaired group, 

either greater than 0.12 or less than 0.04. Values for CN 

ranged from 0.01 to 0.11 for CN. Middle and inferior 

temporal ROIs ranked highly (in >60% of subjects) within 

group-wise rankings for both diagnostic groups. 

Conclusions: Initial results of serial T807-PET imaging 

suggest higher rates of tau accumulation for impaired 

populations, but also provide evidence of change in a 

similar anatomy among clinically normal subjects and 

corroborate neuropathological studies suggesting early 

neocortical spread occurring in inferior and middle 

temporal cortices.  
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Background: High levels of T807 binding are occasionally seen in the choroid plexus (CP), which extends along the 

floor of the lateral ventricle, inferiorly into the temporal horn. Since the CP closely overlies the hippocampus, it is 

highly likely that signal spill-in complicates measurement of hippocampal T807 binding. 

Objective: We sought to investigate the impact of CP T807 on nearby regions by evaluating MR-PET co-registered 

data in cognitively normal and impaired groups, exploring age-dependence as a possible contributor. 

Methods: We evaluated T807-PET (80-100min) in 79 

low amyloid older normals (ON-low), 51 high 

amyloid older normals (ON-high), and 17 younger 

normals (YN). T807 SUVR (cerebellar reference) was 

calculated using MPRAGE and GTM partial volume 

correction in Freesurfer regions: Choroid plexus (CP), 

Hippocampus (H), Entorhinal cortex (ER), Inferior 

temporal gyrus (IT), Inferior parietal lobule (IP), 

Frontal pole (FP), Superior frontal gyrus (SF), Caudal 

middle frontal gyrus (CMF), and Rostral middle 

frontal gyrus (RMF). Pearson correlations were 

calculated between ROIs, and between ROIs and age, 

across all subjects and within groups. SUVR in ROIs 

was compared with age and with respect to amyloid 

burden assessed with PiB. 

Results: Age was related to CP T807 in the older age 

range (r,p=0.20, 0.02), but not the younger (p=0.13), 

and did not differ according to cortical amyloid level. 

Adjusting for age, CP was associated with H (p<2x10-

16), and was not associated with ER, IT, IP, FP, SF, 

CMF or RMF. 

Conclusions: CP T807 binding was age-related among 

older but not younger subjects, and did not depend on 

amyloid load. CP was related to H T807 in older but 

not younger subjects, and did not depend on amyloid 

load. These findings refine our understanding of high 

T807 signal in CP as an occurrence among older adults. 

 

 

Figures 1 and 2. Association between age and CP and 

H T807 SUVR 
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Aim : To study the interplay between tau- and amyloid-PET biomarkers and gray matter volumes in AD. 

Participants/Methods: We included twenty-one patients (age range 48-76, mean 61.2 yrs) with clinical probable AD 

(including a variety of AD phenotypes) and positive amyloid PET. All patients had a 3T T1-weighted MRI, 11C-PiB 

and 18F-AV1451 PET. 11C-PiB 90-minutes DVR images and 18F-AV1451 80-100 minutes SUVR images were created 

with cerebellar gray matter reference. MRIs were 

segmented into gray matter masks and warped to 

the MNI template using DARTEL in SPM12. 11C-

PiB and 18F-AV1451 images were co-registered to 

the MRI and subsequently warped. Correlations 

between PET biomarkers were estimated with 

Biological Parametric Mapping (BPM) voxel-

wise robust regression modeling, covarying for 

age and gender. Subsequently, further BPM 

analyses were run to estimate correlations between 

each PET biomarker and neurodegeneration, 

adding total intracranial volume (TIV) as a further 

nuisance covariate.  

Results:  BPM analysis showed a significant 

correlation (p<0.01, k=100) between 18F-AV1451 

and 11C PiB-PET in medial/lateral parietal, middle 

and posterior cingulate, lateral temporal and 

dorsolateral prefrontal regions (Figure 1).   

18F-AV1451 binding showed significant (p<0.001, 

k=100) negative correlations with gray matter 

volume in occipital and retrolimbic (posterior 

cingulate) regions (Figure 2), while no significant 

correlations were found between 11C-PIB and gray 

matter volumes at this threshold. Relationships 

between imaging markers were not driven by the 

inclusion of specific AD variants in the sample 

(Figures 1, 2).  

Discussion/Conclusion: Amyloid and tau 

accumulation were correlated in regions known to 

be affected in AD. In our sample, however, only 

tau burden was significantly related to 

neurodegeneration. These findings are consistent with a disease model in which the relationship between amyloid and 

neurodegeneration is mediated by the spread of tau.  
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Background:  Abnormal accumulation of amyloid-b (Ab) and Tau proteins in the human brain are two pathologic 

hallmarks of the Alzheimerôs disease. As pathological processes begin decades before the onset of the clinical 

manifestations, the study of cortical distribution at early stages may be critical to understand the underpinnings of the 

disease. In this study, we aim to identify the in vivo brain spatial distributions of Tau and Ab deposits in a sample of 

cognitively normal participants in the Harvard Aging Brain Study. The overall goal of our work was to determine 

potential patterns of propagation and to provide cortical masks for individual staging in future works. 

Methods: Eighty-eight subjects (age: 76.2 (6.2), M/F: 39/49) underwent PiB and 18F-T807 (AV1451) imaging 

acquisitions. Using cerebellar grey reference, PiB PET data was expressed as DVR and 18F-T807 as SUVR. We used 

a voxel-level hierarchical clustering approach to obtain the main clustering partitions corresponding to cortical 

distribution maps of PiB and 18F-T807. Then, we studied the nested hierarchical relationships between areas of 

distinctive pathological deposits. 

Results:  We found that Tau and Ab maps both display optimal cortical partitions at k=4 (Figure 1).  

 

 

 

 

 

 

 

Figure 1 
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Tau deposits are grouped in the temporal lobe (Figure 2-I, red), distributed heteromodal areas (Figure 2-I, green), 

medial and visual regions (Figure 2-I, blue), and primary somatomotor cortex (Figure 2-I, yellow); while Aɓ deposits 

are clustered in the heteromodal areas (Figure 2-II, red and green) and, rather patchy, distributed regions involving 

primary cortices, medial structures and temporal areas (Figure 2-II, blue and yellow). Moreover, we found that Tau 

deposits in the temporal lobe and distributed heteromodal areas are tightly nested. 

 

 

Conclusions: Our results show that Tau and Ab deposits in the elderly brain display very distinct cortical distributions, 

as well as deep overlaps between principal clusters of both pathologies in heteromodal regions.  

 

 

 

  

Figure 2 
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Objective: To evaluate influence of [18F] THK-5351 deposition on connectivity of medial temporal areas. 

Methods: Participants were 6 PIB-positive Alzheimerôs disease (AD) patients and 5 PIB-negative cognitively normal 

healthy controls (HC). We performed [18F] THK-5351 PET, [11C] PIB PET, structural MRI and DTI scan for each 

participant. 

We first coregistered all the image modalities. Then we extracted the amygdala and the hippocampus VOI from 

structural MRI. Within these regions we identified high [18F] THK-5351 accumulation areas using standardized uptake 

value ratio (SUVRḷ2.5) in PET. SUVR was calculated for each PET image using the whole cerebellum as reference 

region. Finally we analyzed volumes of high [18F] THK-5351 accumulation areas and moreover used them as seeds 

for fiber tracking.   

Results:  Only volume of [18F] THK-5351 accumulation area in the amygdala was significantly (p < 0.05) larger for 

AD patients as compared with HC. Notably, no significant differences were detected if the volume of the whole 

hippocampus or amygdala VOI were used. Furthermore, fibers tracked from high [18F] THK-5351 accumulation areas 

of the amygdala region were on average shorter than those tracked from areas with low (SUVR<2.5) accumulation of 

[18F] THK-5351 for AD subjects only. In HC results were opposite, longer fibers were tracked from areas with high 

SUVRḷ2.5. 

Conclusions: These results suggest that [18F] THK-5351 accumulation in AD patients is more prominent within the 

amygdala region as compared to the hippocampus. Moreover, pathological, not related to aging [18F] THK-5351 

accumulation could be related to neuronal loss and influence fiber length. 
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Our goal was to investigate the characteristic patterns of brain perfusion and ɓ-amyloid distribution in patients with 

Alzheimerôs disease (AD), mild cognitive impairment (MCI), and cognitively healthy controls (HC) using dual-phase 

18F-Florbetapir (AV-45/Amyvid) PET imaging. We also examined the potential associations between the imaging 

markers and the severity of cognitive decline as measured by the Mini-Mental State Examination (MMSE). 

Methods: A total of 75 subjects (20 AD, 43 MCI, and 12 HC) underwent both dual-phase 18F-AV-45 PET scanning 

(perfusion pAV-45 imaging: 1-6 min post-injection; amyloid 18F-AV-45 imaging: 50-60min post-injection) and MRI 

imaging. Both regional and voxelwise analysis of pAV-45 and 18F-AV-45 images were performed to investigate the 

perfusion deficits and the beta-amyloid deposition in the three study groups. The associations of MMSE scores with 

global perfusion deficits and amyloid deposition were investigated with linear and segmental linear correlation 

analyses. 

Results:  HC generally had normal perfusion pAV-45 findings, whereas both MCI and AD patients showed evident 

perfusion deficits in the hippocampus, temporal, parietal, and middle frontal cortices. The motor-sensory cortex was 

relatively preserved. MMSE scores in the entire study cohort were significantly correlated with the degree of perfusion 

impairment measured from pAV-45 imaging (r = 0.5259, P < 0.0001). AD group displayed significantly higher 18F-

AV-45 uptake than the two other study 

groups. However, MMSE scores 

correlated with 18F-AV-45 uptake 

only in HC and MCI patients with high 

MMSE. The amyloid deposition 

started from the precuneus, the frontal 

and temporal regions in the early MCI 

stage, ultimately reaching the 

maximum burden in the most 

advanced MCI stages. 

Conclusions: Our results indicate that 

brain perfusion deficits and beta-

amyloid deposition in AD follow 

different trajectories that can be 

successfully traced using dual-phase 

18F-AV-45 PET imaging. 
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Background:  The incidence and prevalence of neuropsychiatric behaviors in the elderly with and without cognitive 

decline may be influenced by amyloid pathology. 

Methods: 275 cognitively normal (NC), 100 subjective cognitive complaint (SMC), 559 mild cognitive impairment 

(MCI) and 143 Alzheimerôs dementia (AD) ADNI subjects received [18F]-Florbetapir PET scans. Yearly 

neuropsychiatric inventory (NPI) data was collected from the study partners at each visit. NPI symptoms were coded 

as present or absent. Fisher-exact or Wilcoxon rank test were used to NPI rates as appropriate. Survival analyses were 

used to determine hazard ratios for developing the most common NPI behaviors by amyloid status. 

Results:  Amyloid positive NC were older. Amyloid positive NC and SMC were more likely to be APOE4 positive, 

have higher CDR-SB and ADAScog, a lower FAQ and mean total NPI score (Table). Rate of de novo NPI symptoms 

in NC and SMC over time did not differ by amyloid status. 

Amyloid positive MCI were older, more likely to be APOE4 positive, had higher CDR-SB, ADAScog, FAQ, mean 

total NPI and greater frequency of anxiety at baseline (Table). In MCI amyloid pathology was significant risk factor 

for developing apathy (hazard ratio [HR]=1.52, 95% CI 1.17-1.99, p=0.002), anxiety (HR 1.52, 95% CI 1.18-2.01, 

p=0.001) and agitation (HR=1.38, 95% CI 1.1-1.8, p=0.014) and reached trend level significance for irritability 

(HR=1.24, 95% CI 0.99-1.6, p=0.065)(Figure). 

Amyloid positive AD were younger, more likely to be APOE4 positive, had higher CDR-SB, ADAScog and FAQ, 

lower mean total NPI and frequency of apathy at baseline. Rate of de novo NPI symptoms in AD over time did not 

differ by amyloid status. 

Conclusions: Amyloid positive MCI subjects have higher prevalence and incidence of neuropsychiatric behaviors. 

Shorter follow-up for the AD and SMC groups might have contributed to the lack of difference in NPI symptom 

incidence over time. 
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Background:  Neuronally derived exosomes (NDE) are endosomal vesicles shed by neurons that can be readily 

extracted from plasma. Exosomal Aɓ1-42, P-S396-tau and P-T181-tau levels have been show have high accuracy for 

discriminating mild cognitive impairment (MCI) of the Alzheimerôs type and Alzheimerôs dementia (AD) diagnosed 

with the Dubois Criteria from frontotemporal dementia and cognitively normal control subjects (NC)1,2. 

Objective: We examined levels of NDE-derived Aɓ, P-S396-tau, P-T181-tau and neurogranin levels as predictors of 

brain amyloidosis in a cohort of NC, MCI and AD subjects. 

Methods: 37 NC, 19 clinically-diagnosed MCI and 16 AD research participants from the ImaGene study had amyloid 

PET imaging with F18ïFlutemetamol and provided plasma samples for NDE isolation, protein extraction and ELISA 

quantification. As plasma samples can vary with respect to the NDE content, all protein analyte levels were normalized 

using individual plasma CD81 NDE marker 

levels.  F18ïFlutemetamol scans were 

normalized to cerebellar gray matter. The mean 

Standard Uptake Value Ratio was dichotomized 

as positive and negative using the previously 

validated cut-off of 1.273. We developed two 

classifier models based on machine learning3 

aiming to predict amyloid PET status in the 

pooled cohort. The first classifier was provided 

with age, gender and the normalized levels of all 

four exosomal proteins. The second additionally 

included APOE4 genotype.  Multiple 

comparison corrections were conducted by 

cross-validation with the leave-one-out 

approach. 

Results:  The first classifier model achieved an accuracy of 81.1% (Figure).  The only two features selected were P-

T181-tau and Aɓ1-42.  The second classifier achieved an accuracy of 80.7% (Figure) and selected APOE4 genotype, 

P-T181-tau, gender, age, Aɓ1-42 

and neurogranin as predictors. 

Conclusions: NDE proteins show 

promise for the prediction of 

amyloid pathology and the potential 

to increase diagnostic certainty by 

identifying underlying AD 

pathology in both clinical care and 

clinical trials. 
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Florbetapir PET to diagnose cerebral amyloid angiopathy 
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Introduction : Previous studies showed that Pittsburgh Compound B (PiB) labels vascular amyloid characteristic of 

cerebral amyloid angiopathy (CAA) on PET scans; PiB is not approved for clinical use, however. 

Hypothesis: We hypothesized that Florbetapir, an FDA-approved PET tracer, can detect amyloid in CAA and help 

distinguish CAA-related intracerebral hemorrhage (ICH) from hypertensive ICH (HTN-ICH).  

Methods: We prospectively enrolled non-demented survivors of primary ICH related to probable CAA (per Boston 

Criteria, n=10) and HTN-ICH (n=9). All patients underwent Florbetapir-PET, multimodal MRI, and additional PiB-

PET for the CAA patients. Amyloid burden was assessed quantitatively using parametric maps and also visually, 

classified as positive or negative. Spatial correlations between Florbetapir and PiB retention were used to test vascular 

amyloid binding in CAA. We have tested the diagnostic value of Florbetapir by comparing global and occipital mean 

Florbetapir retention (standard uptake value ratio, SUVR) as well as Florbetapir positive/negative status between CAA 

and HTN-ICH groups. 

Results:  The CAA and HTN-ICH groups had similar age (66.9 vs 67.1), sex and white matter hyperintensity volumes 

(31ml vs 30ml, all p>0.8). Florbetapir uptake and PiB retention strongly correlated in CAA patients both globally 

within cerebral cortex (r=0.96, p<0.001) and regionally in occipital, frontal, temporal, parietal cortices (all r>0.8, all 

p<0.01). Mean global cortical Florbetapir uptake was significantly higher in CAA than HTN-ICH (SUVR: 1.41+0.16 

vs 1.16+0.08, p=0.001) as was mean occipital SUVR (1.44+0.12 vs 1.17+0.08, p<0.001), remaining independent after 

correcting for global SUVR (p=0.02). Visual rating for Florbetapir positive/negative demonstrated perfect interrater 

agreement (k=1) between two trained neurologists blinded to all other information and was positive for all 10 CAA 

patients vs 1 of 9 HTN-ICH patients (sensitivity 100%, specificity 89%). 

Conclusions: Florbetapir, like PiB, appears to label vascular amyloid in patients with CAA-related ICH. Data using 

the approved Florbetapir binary visual reading method suggest sufficient sensitivity and specificity for diagnostic use 

in appropriate clinical settings. 
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Background:  It has been suggested that 18F-AV1451 standardized uptake value ratios 80-100 minutes post-injection 

(SUVr80-100) can serve as a practical alternative to full kinetic modeling (Shcherbinin 2014). It is also known (Chien 

2013, Shcherbinin 2014) that 18F-AV1451 uptake does not reach equilibrium, with tissues showing rising SUVr values 

over time. Variations in acquisition start times over multiple follow up visits could therefore confound the 

interpretation of longitudinal SUVr80-100 change. We developed a correction for differences in scan start time to account 

for uptake-dependent variations in 18F-AV1451 SUVr80-100 values.  

Methods: Subjects were imaged as four 5-min 

frames, approximately 80 min after injection of 

~10 mCi of 18F-AV1451. Each frame was 

motion corrected, coregistered to the subjectôs 

T1-weighted MRI and spatially normalized to 

MNI space. Acquisition time correction factors 

were calculated for each image voxel as the 

slope of the linear regression line through the 

four time points, multiplied by the time offset. 

Performance was evaluated in a test-retest 

dataset (n=21 pairs of scans), using a data-

driven neocortical volume-of-interest and a 

cerebellar reference region. 

Results:  Figure 1 shows the test vs. retest 

scatter plot with and without correction. In 

subject #2 with an elevated SUVr of 2.06 who 

was scanned 84 minutes after injection, time 

correction lowered the SUVr to 2.03. Subject 

#1 with a more normal SUVr of 1.12 and an ~8 

min correction showed a negligible change (-

0.003 SUVr units). SUVr %change ± SD was 

+0.03±4.18 before and +0.05±4.12 after 

correction. 

Conclusion: Time correction achieved changes 

consistent with expectations based on kinetic 

behavior, in scans with substantial time offsets. 

There was minimal impact on the %SD in the 

test-retest dataset. We conclude that time 

correction may be useful, particularly in multi-

center longitudinal trials with the potential of 

within-subject variability in scan start times. 

 

 

 

 

 

 
































































































































































































































