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Vieitez 

135 33 Proteomics Signatures of AD: gender differences 

and relationship to pathological markers 

Srivatsa | Lucas | Doraiswamy Srivatsa 

98 34 Longitudinal decrease of white matter PiB uptake 

in aging and AD 

Su | Chen | Reiman | Morris | Benzinger Su 

78 35 Correlation of regional amyloid load in cognitively 

healthy monozygotic twin pairs, measured using 

[18F]Flutemetamol 

ten Kate | Konijnenberg | den Braber | Adriaanse | 

Yaqub | Boomsma | Scheltens | van Berckel | 

Visser 

ten Kate 

119 36 Improved estimation of gray matter volume in 

presence of white matter hyperintensities in AD 

and Down syndrome studies with amyloid burden 

Tudorascu | Karim | Alhilali | Lao | Betthauser | 

Tamburo | Maccloud | James | Minhas | Cohen | 

Snitz | Price | Lopresti | Mathis | Lopez | Johnson | 

Crainiceanu | Handen | Christian | Aizenstein | 

Klunk 

Tudorascu 

5 37 Tau-PET imaging with [18F]AV-1451 in 

progressive apraxia of speech with and w/aphasia 

Utianski | Whitwell | Schwarz | Senjem | 

Tosakulwong | Duffy | Clark | Machulda | Jack | 

Lowe | Josephs 

Utianski 

112 38 Longitudinal tau-PET imaging using [18F]AV-

1451 in progressive supranuclear palsy 

Whitwell | Lowe | Boeve | Kantarci | Senjem | 

Tosakulwong | Schwarz | Spychalla | Petersen | 

Jack | Josephs 

Whitwell  

111 39 18F-AV-1451 and 11C-PIB PET do not explain 

impairment in Parkinson's disease 

Winer | Pressman | Stiver | Maass | Schonhaut | 

Kramer | Rabinovici | Jagust 
Winer  

116 40 Pittsburgh compound-B PET and MRI biomarkers 

of cognition in aging multiple sclerosis patients 

Zeydan | Lowe | Przybelski | Schwarz | 

Tosakulwong | Zuk | Senjem | Gunter | Roberts | 

Mielke | Benarroch | Rodriguez | Machulda | 

Lesnick | Knopman | Petersen | Jack Jr | Kantarci | 

Kantarci 

Zeydan 
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FRIDAY  
Abs. 

ID 
Board 

# 

Poster Title Authors Presenter 

83 1 Relationships between tau and glucose metabolism 

differ by amyloid status in aging 

Adams | Lockhart | Jagust Adams 

153 2 Regional Uptake of FDDNP and Exposure to 

Professional Fighting 

Banks | Kepe | DiFilippo | Lee | Barrio | Bernick Banks 

154 3 Tau Imaging in Professional Fighters Banks | Sreenivisan | Bernick Banks 

46 4 Amyloid positivity is associated with steeper 

declines in prospective verbal episodic memory 

independent of neurodegeneration in cognitively 

normal older adults 

Bilgel | An | Gomez | Helphrey | Elkins | Wong | 

Resnick 
Bilgel 

115 5 Functional network integrity predicts cognitive 

decline in preclinical Alzheimer's disease 

Buckley | Schultz | Hedden | Papp | Hanseeuw | 

Marshall | Sepulcre | Smith | Rentz | Johnson | 

Sperling | Chhatwal 

Buckley 

100 6 Potential for Braak staging based on quantitative 

analysis of THK 5351 PET images' 

Buckley | Lysvic | Dalsgaard | Okamura Buckley 

120 7 Subjective cognitive concerns exhibit region-specific 

relationships with tauopathy in the Harvard Aging 

Brain Study 

Buckley | Hanseeuw | Vannini | Mormino | Rentz 

| Sperling | Johnson | Amariglio 
Buckley 

163 8 Relationships between [11C]PIB, [18F]AV1451 

PET, and gray matter volumes within functional 

networks in Alzheimer's Disease 

Cha | Benjanin | La Joie | Ayakta | L. Baker | 

Janabi | O'Neil | Miller | J. Jagust | D. Rabinovici 
Cha 

47 9 Tau burden localized in functional brain networks is 

associated with cognitive performance in beta 

amyloid positive subjects across the AD spectrum 

Charil | Shcherbinin | Southekal | Joshi | Devous | 

Miller | Schwarz 
Charil  

136 10 Amyloid-beta associated cortical thinning of the 

lateral temporo-parietal cortex predicts symptom 

severity over time in amnestic MCI patients 

d'Oleire Uquillas | Jacobs | Properzi | Schultz | 

LaPoint | Hanseeuw | Johnson | Sperling | 

Vannini 

d'Oleire  

Uquillas 

149 11 Memory Encoding and Recalling assessed by 

functional Near-Infrared Spectroscopy 

Jahani | Harper | Ellison | Fantana | Boas | Yucel Fantana 

42 12 Regional Visual Read Inspection of 

[18F]Flutemetamol Brain Images from End-of-Life 

and amnestic MCI Subjects 

Farrar | Zanette Farrar  

45 13 AMYPAD: A European public-private partnership to 

investigate the value of beta-amyloid brain scans as a 

diagnostic and therapeutic marker for AD 

Barkhof | Farrar Farrar  

88 14 Is microglial activation protective in mild cognitive 

impairment? 

Femminella | Dani | Wood | Fan | Calsolaro | 

Mizoguchi | Atkinson | Edginton | Waldman | 

Hinz | Brooks | Edison 

Femminella 

165 15 Genetic Drivers of Resilience in Asymptomatic AD Hohman | Dumitrescu Hohman 

169 16 Predicting the Rate of Amyloid Accumulation Using 

Multimodal Data 

Jin | Huang | ADNI Jin 

126 17 Determining smallest detectable difference from 

longitudinal data ©úñ Application to hippocampal 

volume data from ADNI 

Joshi | Feng | Baumgartner Joshi 

143 18 Amyloid-beta related memory decline is modified by 

years of school education in cognitively normal 

subjects: A study of PiB PET and cognitive reserve 

Kato | Kaori | Kuratsubo | Inui | Fukaya | Ito | 

Nakamura | MULNIAD 
Kato 

160 19 Clinical Utility of Amyloid PET in amnestic mild 

cognitive impairment. 

Kim | Lee | Jang | Seo Kim  

106 20 Both odor identification and amyloid status predict 

memory decline©úľin older adults 

Kreisl | Jin | Lee | Dayan | Vallabhajosula | Pelton 

| Shaw | Devanand 
Kreisl  

81 21 Severity of lifetime trauma is related to hippocampal 

tau deposition in Vietnam war veterans with PTSD 

Landau | Horng | Neylan | Jagust | Hayes | Aisen | 

Petersen | Veitch | Jack | DiCarli | Saykin | 

Grafman | Tosun | Weiner 

Landau 

164 22 Prevalence of amyloid PET positivity according to 

APOE genotype in subcortical vascular cognitive 

impairment 

Lee | Kim | Yoo | Park | Choe | Jang | 

Ossenkoppele | Kim | Kim | Jang | Kim | Park | 

Na | Seo 

Lee 
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Abs. 

ID 
Board 

# 

Poster Title Authors Presenter 

152 23 Associations between regional amyloid load, cortical 

thickness, APOE genotype and cognition in 

ADNIGO/ADNI2 Participants 

Li | Duara | Loewenstein | Cabrerizo | Barker | 

Adjouadi 
Li  

44 24 Tau mediates temporal lobe structure-function 

relationships and disrupts memory encoding in 

normal aging 

Marks | Lockhart | Mellinger | Swinnerton | 

Horng | Baker | Jagust 
Marks  

180 25 Regional tau correlates of instrumental activities of 

daily living and apathy in mild cognitive impairment 

and Alzheimer's disease dementia 

Marshall | Gatchel | Donovan | Schultz | Becker | 

Chhatwal | Hanseeuw | Papp | Amariglio | Rentz | 

Sperling | Johnson 

Marshall  

178 26 PET based network analysis reveals temporal lobe as 

a hub for tau propagation in MCI 

Mathotaarachchi | Pascoal | Shin | Kang | Fonov | 

Benedet | Gauthier | Rosa-Neto 
Mathota-

arachchi 

40 27 Concordance improves between amyloid-PET and 

CSF amyloid-ɓ for diagnosing Alzheimerôs disease 

in a clinical setting by applying Aɓ1-42/Aɓ1-40 ratio 

Niemantsverdriet | Ottoy | Verhaeghe | Somers | 

De Roeck | Struyfs | Soetewey | Bjerke | Van den 

Bossche | Van Mossevelde | Goeman | De Deyn | 

Marien | Versijpt | Parizel | Sleegers | Van 

Broeckhoven | Wyffels | Albert | Ceyssens | 

Stroobants | Staelens | Engelborghs 

Niemants-

verdriet  

77 28 Clinical significance of visually equivocal amyloid 

PET on ADNI cohort 

Oh | Seo | Oh | Oh | Roh | Lee | Kim Oh 

167 29 Heterogeneity of amyloid-related cognitive decline in 

clinically normal older adults 

Papp | Rentz | Amariglio | Schultz | Johnson | 

Sperling | Mormino 
Papp 

139 30 Does high baseline amyloid predict declines in 

activity participation and need for cognition over 4 

years? Results from the Dallas Lifespan Brain Study 

Parker | Festini | Farrell | Park Parker 

108 31 Relationship between neuroticism and biomarkers of 

AD pathology in familial Alzheimer's disease 

Quiroz | Baena | Norton | Cosio | Schultz | 

Gatchel | Sperling | Johnson | Lopera 
Quiroz 

85 32 Relationships between NREM-sleep fragmentation 

and changes in brain structure, metabolism, amyloid 

burden and cognitive performance in healthy OA 

Rauchs | Andre | Tomadesso | Mezenge | Branger 

| Fossey | De Flores | Laniepce | Eustache | 

Chetelat 

Rauchs 

124 33 Longitudinal Measures of Cognition and Clinical 

Status are Associated with Tau Deposition in Early 

Symptomatic Stages of AD 

Risacher | Deters | Schwarz | Saykin Risacher 

92 34 Beta-Amyloid PET imaging of neurodegenerative 

disorders in a Chinese specialty hospital 

Qiao | Seibyl | Han | Mao | Xu | Lu | Marek | 

Tamagnan | Chan 
Seibyl 

55 35 Does the tau signal increase over time differ across 

brain regions and stage of impairment in Alzheimer's 

disease? 

Shcherbinin | Mintun | Brittain | Lu | Joshi | 

Southekal | Devous | Schwarz 
Shcherbinin 

52 36 Gait variability, an indicator of subclinical amyloid 

burden 

Tian | Bair | Bilgel | Wong | Resnick | Studenski Tian 

62 37 Years to parental symptom onset predicts amyloid 

burden, neurodegeneration and resting state 

connectivity changes in healthy elderly with a 

parental history of Alzheimer's disease 

Villeneuve | Vogel | Gonneaud | Poirier | Rosa-

Neto | Fagan | Bateman | Morris | Pichet Binnette 

| Vachon-Presseau | Benzinger | Johnson | 

Breitner | . 

Villeneuve 

134 38 Additive effects of subjective cognitive decline and 

Amyloid-beta burden predict cognitive decline in 

healthy elderly individuals 

Vogel | Varga Dolezalova | La Joie | Marks | 

Schwimmer | Landau | Jagust 
Vogel 

61 39 MRI-based amyloid imaging in Alzheimer's disease 

on clinical scanner 

Yablonskiy | Zhao | Benzinger | Fagan | 

Hassenstab | Cairns | Wen | Vlassenko | Astafiev | 

Raichle | Morris 

Yablonskiy 
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HAI 2017 PROGRAM 

Wednesday, January 11, 2017 

11:30am Check-in 

12:30pm Welcome Notes 
Keith  Johnson, Massachusetts General 

Hospital 

12:40 
SESSION 1 

Quantifying Tau and Amyloid  PET Signal 

CHAIRS: Chester Mathis, University of 

Pittsburgh, and Bradley Christian, 

University of Wisconsin 

12:40 
Evaluating different  in vivo measures of tau pathology for  use as 

biomarkers 

Anne Maas, University of California, 

Berkeley 

12:55 
Tau Load: a novel method for  quantifying  subject-specific 

neuropathologic tau signal from Flortaucipir  PET 

Michael Navitsky, Avid 

Radiopharmaceuticals 

1:10 
Recovering signal from AV1451 in frontotemporal  lobar 

degeneration with  partial  volume correction 

Adam Martersteck, Northwestern 

University Feinberg School of Medicine 

1:25 

Unbiased clustering using entorhinal and neocortical tau-PET 

uptake on [18F]AV-1451 maps onto age and clinical presentation in 

Alzheimer's disease 

Jennifer Whitwell , Mayo Clinic 

1:40 
Nonlinear alignment of multimodal  empirical distributions for  

Level-2 Centiloid transformations 

Michael Properzi, Massachusetts General 

Hospital, Harvard Medical School 

1:55 Discussion 

2:25 
Keynote Lecture:  

Tau Prion Strains: Implications for  Imaging 

Marc Diamond, University of Texas 

Southwestern 

2:55 Keynote Discussion 

3:10 POSTER SESSION 1 and Coffee Break 

4:40 
SESSION 2 

Novel Tau Tracers 

CHAIRS: Julie Price, Massachusetts 

General Hospital and Robert Koeppe, 

University of Michigan 

4:40 
Effects of [18F]AV-1451 binding in cerebellar gray and extra-

cortical areas 

Suzanne Baker, Lawrence Berkeley 

National Laboratory 

4:55 
[18F]MK -6240, a novel neurofibrillary  tangles PET tracer:  

Evaluation in healthy subjects and Alzheimer's Disease patients 
Cyrille Sur , Merck & Co., Inc. 

5:10 

Current  efforts to overcome drawbacks of [11C]PBB3 by developing 

new PBB3 derivatives: first -in-human PET study with  [18F]AM -

PBB3 

Hitoshi Shimada, National Institute of 

Radiological Sciences 

5:25 
Evaluation of baseline and longitudinal  tau burden in Alzheimerôs 

disease using [18F]GTP1 (Genentech tau probe 1) PET imaging 
Robby Weimer, Genentech Inc. 

5:40 

Invited Lecture:  

Molecular Imaging Analysis for Tracer Validation and Clinical 

Trials  

Roger Gunn, Imanova Ltd 

6:00 Discussion 

 6:30-8:30 Welcome Reception 
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Thursday, January 12, 2017 
7:00am Check-in and Breakfast 

8:00 

SESSION 3 

Neuropathology I:  Tau PET Ligand Selectivity and Comparative 

Studies 

CHAIRS: William  Klunk,  University of 

Pittsburgh and Milos Ikonomovic, 

University of Pittsburgh 

8:00 
Evaluation of the selectivity of Tau PET radioligand THK5351 in 

AD brain in vitro  and nonhuman primate brain in vivo 
Qi Guo, AbbVie Inc. 

8:15 

Characterizing the ñoff-targetò binding of 18F-THK5351 in 

Alzheimerôs disease: correlation between ante-mortem and post-

mortem findings 

Ryuichi Harada, Tohoku University 

Graduate School of Medicine 

8:30 

In  vitro  binding properties comparison of the tau PET tracers 

THK5117, THK5351, PBB3 and T807 in autopsy brain  from 

Alzheimer diseases cases 

Laetitia Lemoine, Karolinska Institute 

8:45 An autoradiographic evaluation of THK -5351 compared to AV-1451 Melissa Murray, Mayo Clinic 

9:00 Discussion 

9:30 POSTER SESSION 2A and Coffee Break 

10:15 
SESSION 4 

Nauropathology II:  PET to Autopsy Correlations 

CHAIRS: Melissa Murray,  Mayo Clinic 

Teresa Gomez-Isla, Massachusetts General 

Hospital 

10:15 
Neuropathology and biochemical correlations of [F-18]AV-1451 and 

[C-11]PiB PET imaging in a subject with  Alzheimer's disease 
Milos Ikonomovic, University of Pittsburgh 

10:30 
Neuroimaging-pathologic correlation of [F-18]-AV-1451 in an 

autopsy confirmed Parkinson's disease case 

Marta Marquie -Sayagues, MassGeneral 

Institute for Neurodegenerative Disease 

10:45 
Multimodal  evaluation of 18F-AV-1451 PET in an autopsy-

confirmed corticobasal degeneration patient 

Corey McMillan , Perelman School of 

Medicine at the University of Pennsylvania 

11:00 Discussion 

11:25 Announcement: Alphaïsynuclein Imaging Prize 
Jamie Eberling, The Michael J. Fox 

Foundation for Parkinsonôs Research 

11:30 Keynote Lecture 
Thomas Beach, Banner Sunhealth Research 

Institute 

12:00pm Keynote Discussion 

12:15 Lunch 

1:45 
SESSION 5 

Tau PET: Non-AD Targets 

CHAIRS: Gil  Rabinovici, University of 

California, San Francisco and Brad 

Dickerson, Massachusetts General Hospital 

1:45 
18F Flortaucipir  binding in choroid plexus: association with  race 

and hippocampus binding 

Christopher Lee, Massachusetts General 

Hospital, Harvard Medical School 

2:00 

[18F]Flortaucipir,  aka [18F]AV-1451, autoradiography matches 

immunofluorescent staining from AT8 tau antibody in Chronic 

Traumatic  Encephalopathy (CTE) post-mortem brain  tissue 

sections 

Yin-Guo Lin , Avid Radiopharmaceuticals, 

Inc. 

2:15 
Microscopic neuropathological evaluation of the binding profile  of 

tau selective PET ligands in AD and primary  tauopathies 
Melissa Wren, University College London 

2:30 
AV-1451 tau-PET uptake in MAPT  mutation carriers varies by tau 

isoforms 
David Jones, Mayo Clinic 

2:45 
18F-AV-1451 binding in familial  frontotemporal  lobar degeneration 

with  tau pathology 
William Kreisl , Columbia University 

3:00 Discussion 

3:30 POSTER SESSION 2B and Coffee Break 

4:15 
SESSION 6 

Thresholds and Centiloids 

CHAIRS: Keith  Johnson, Massachusetts 

General Hospital and Sylvia Villeneuve, 

McGill University 

4:15 
Defining cut-points for  imaging biomarkers used in brain  aging 

and Alzheimer's disease research 
Clifford Jack , Mayo Clinic 

4:30 Centiloids Robert Koeppe, University of Michigan 

5:00 Discussion 

5:30-

7:30 
Networking Reception 
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Friday, January 13, 2017 
7:00am Check-in and Breakfast 

8:00 
SESSION 7 

AMYLOID  AND TAU PET IN CLINICAL  TRIALS  

CHAIRS: Bill  Jagust, University of 

California, Berkeley and Susan Resnick, 

National Institutes of Health 

8:00 The A4 Study: preliminary  analyses of baseline tau PET imaging Reisa Sperling, Harvard Medical School 

8:15 
Conversion of aMCI  subjects to AD in relation to [18F]flutemetamol 

amyloid status, and hippocampal volume in a phase III  longit. study 

David Wolk, Perelman School of Medicine at 

the University of Pennsylvania 

8:30 
Baseline 18F Flortaucipir  SUVR, but not amyloid or cognition, 

predicts cognitive decline over 18 months in Phase 2 trial  subjects 

Michael Devous, Sr., Avid 

Radiopharmaceuticals 

8:45 PET amyloid and tau imaging in a Phase 3 study of solanezumab Mark Mintun , Avid Radiopharmaceuticals 

9:00 Discussion 

9:30 POSTER SESSION 3A and Coffee Break 

10:15 
SESSION 8 

PRECLINICAL  AD 

CHAIRS: Reisa Sperling and Beth 

Mormino,  Harvard Medical School 

10:15 

Implementing and testing the new A/T/N classification in AIBL  

participants combining fluid  (CSF) and different  Aɓ and tau imaging 

radiotracers 

Victor Villemagne, University of Melbourne 

10:30 
The relationship of elevated medial temporal lobe and diffuse brain 

tau-PET signal in clinically  normal participants 
Val Lowe, Mayo Clinic 

10:45 
Prevalence and incidence of amyloid positivity  in cognitively normal 

elderly individuals 
Neelesh Nadkarni, University of Pittsburgh 

11:00 
Longitudinal  tau accumulation is associated with  cognitive decline in 

normal elderly 
Bernard Hanseeuw, Harvard Medical School 

11:15 
Baseline amyloid burden predicts cognitive decline four  years later 

in healthy adults: the value of a dose-response analysis 

Michelle Farrell , University of Texas at 

Dallas 

11:30 Discussion 

12:00pm Keynote Lecture Howard Feldman, Univ. of California, SD 

12:30 Keynote Discussion 

12:45 Lunch 

2:15 
SESSION 9 

AMYLOID,  TAU, AND NEURODEGENERATION  

CHAIRS: Clifford  Jack, Mayo Clinic and  

Tammie Benzinger, Washington University 

at St Louis 

2:15 
Neocortical Tau and hippocampus volume reflect distinct processes 

in preclinical Alzheimer's disease 

Elizabeth Mormino , Massachusetts General 

Hospital 

2:30 
Do neurodegeneration or amyloid pathology contribute to the 

relationship between AV-1451 and cognitive symptoms in AD? 

Alexandre Bejanin, University of California, 

San Francisco 

2:45 
Comparing the contributions of tau and neurodegenerative 

biomarkers to cognitive decline 

Susan Landau, University of California, 

Berkeley 

3:00 
Differential  genotypic variance in PET and CSF measures of 

amyloid burden: Findings from the DIAN  Study 

Jasmeer Chhatwal, Massachusetts General 

Hospital 

3:15 
Relationships between AV1451-PET and CSF biomarkers in a 

heterogeneous clinical sample 

Renaud La Joie, University of California, 

San Francisco 

3:30 Discussion 

4:00 POSTER SESSION 3B and Coffee Break 

4:45 Awards Ceremony 

4:50 
SESSION 10 

AMYLOID  AND TAU PET IN DISTINCT  POPULATIONS  

CHAIRS: Trey Hedden, Massachusetts 

General Hospital and Charles de Carli,  

University of California, Davis 

4:50 
Association of regional FDG hypometabolism with  age, amyloid, tau, 

and cardiac and metabolic conditions along the AD continuum 
Prashanthi Vemuri, Mayo Clinic 

5:05 
18F-AV1451 PET in patients with  subcortical vascular cognitive 

impairment  

Sang Won Seo, Sungkyunkwan University 

School of Medicine 

5:20 
White matter hyperintensities and brain amyloid deposition: the 

ARIC -PET Study 

Rebecca Gottesman, Johns Hopkins 

University 

5:35 
Association of amyloid-beta plaque accumulation and glucose hypo-

metabolism in Down syndrome demonstrates pattern assoc. w/AD 
Patrick Lao , University of Wisconsin 

5:50 Discussion 

6:20 Closing Notes Keith Johnson, Massachusetts Gen. Hospital 



22 

HAI 2017 ABSTRACTS 

 

WEDNESDAY 

Wednesday, January 11, 2017 - 12:40 pm - 01:40 pm 

SESSION 1: Quantifying Tau and Amyloid PET Signal 

SESSION 1 

Quantifying Tau and Amyloid  PET Signal 

CHAIRS:   

Chester Mathis 

University of Pittsburgh  

Bradley Christian  

University of Wisconsin 

Evaluating different  in vivo measures of tau pathology 

for  use as biomarkers 

Anne Maas 

University of California, Berkeley 

Tau Load: a novel method for  quantifying subject-

specific neuropathologic tau signal from Flortaucipir  

PET 

Michael Navitsky 

Avid Radiopharmaceuticals 

Recovering signal from AV1451 in frontotemporal  lobar 

degeneration with  partial  volume correction 

Adam Martersteck 

Northwestern University Feinberg School of 

Medicine 

Unbiased clustering using entorhinal and neocortical tau-

PET uptake on [18F]AV-1451 maps onto age and clinical 

presentation in Alzheimer's disease 

Jennifer Whitwell 

Mayo Clinic 

Nonlinear alignment of multimodal  empirical 

distributions  for  Level-2 Centiloid transformations 

Michael Properzi 

Massachusetts General Hospital, Harvard 

Medical School 

Discussion 
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Maass, Anne - 7 

Evaluating different in vivo measures of tau pathology for use as 

biomarkers 

Anne Maass1,2, Susan Landau1,3, Andy Horng1, Samuel N. Lockhart1, Renaud La Joie3, Suzanne 

L. Baker4, Gil D. Rabinovici1,3,4, William J. Jagust1,3,4 

1University of California, Berkeley, Berkeley, CA, USA 
2German Center for Neurodegenerative Diseases, Magdeburg, Germany 
3Memory and Aging Center, University of California San Francisco, San Francisco, CA, USA 
4Lawrence Berkeley National Lab, Berkeley, CA, USA 

Objectives: To evaluate multiple whole-brain and region-specific approaches to quantify Alzheimerôs 

Disease (AD)-related tau accumulation by AV-1451 tau PET, derive tau positivity cut-offs, and relate these 

measures to cognition, beta-amyloid (Aɓ) and atrophy. 

Methods: Two independent cohorts received AV-1451 PET, structural MRI, and Aɓ PET (sample 1: PiB; 

sample 2: Florbetapir ). Sample 1 comprised 11 young/middle-aged (YC/MAC: 39±17yrs), 66 older 

cognitively normal controls (OC: 78±6yrs) and 48 PiB+ MCI/AD-dementia patients from UC 

Berkeley/UCSF. Sample 2 included 37 OC (73±6yrs) and 21 FBP+ MCI/AD patients (80±6yrs) from ADNI. 

Tau PET measures were derived from native-space SUVR (80-100min post-injection, cerebellar gray 

reference) images after partial volume correction using Freesurfer-defined regions; for voxel-wise measures 

images were warped to MNI space. Several methods were used: (i) participants were categorized into Braak 

stages (Fig.1); (ii) SUVRs within the Braak ROIs were measured; (iii) tracer uptake was quantified by 

different whole-brain measures (e.g. number of supra-threshold voxels; Fig.2); (iv) AD-vulnerable voxels 

were identified to quantify tau (Fig.3); (v) a factor analysis defined key regions; and (vi) SUVR was derived 

from a previously-reported meta-ROI (Jack, et al., 2016). Receiver operating curves characterized accuracy in 

distinguishing Aɓ- OC from AD/MCI patients. Each measure was regressed against clinical and other imaging 

variables. 

Results: Braak staging, global and region-specific measures yielded similar diagnostic accuracy, which was 

higher in cohort 1 than cohort 2. All measures were strongly related to amyloid and global cognition 

(MMSE), but verbal memory and hippocampal/entorhinal volume/thickness were associated with tracer 

retention in more specific ROIs. Key regions contributing to high tau measures included medial temporal, 

inferior/middle temporal, retrosplenial, and inferior parietal cortex. 
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Conclusions: While whole-brain tau PET measures might be adequate biomarkers for capturing AD-related 

tau pathology, measures that assess AD-vulnerable regions may increase sensitivity to early tau accumulation 

and cognitive differences. 

 

    
Keywords: tau, AV-1451, Braak staging, biomarker, cut points 
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Navitsky, Michael - 32 

Tau Load: a novel method for quantifying subject-specific 

neuropathologic tau signal from Flortaucipir PET 

Michael Navitsky, Michael Devous, Abhinay Joshi, Ian Kennedy, Sudeepti Southekal, Michael 

Pontecorvo, Ming Lu, Mark Mintun 

Avid Radiopharmaceuticals, Philadelphia, PA, USA 

 

Background: Flortaucipir images generally demonstrate patterns of tau pathology predicted by the 

neuropathology literature. However, substantial heterogeneity in the image patterns has been observed that 

seems to relate to the character of cognitive impairment.  Quantitating such heterogeneity poses challenges to 

the use of typical fixed anatomical VOIs.   Herein we present a technique which incorporates both the density 

and distribution of the tau signal. 

 

Methods:  Flortaucipir scans from 52 amyloid negative (Aɓ-) cognitively normal subjects (67.6±10.2 yr, 

MMSE 29.5±0.5) were used to create mean and standard deviation (SD) SUVr images (normalized to a 

parametrically derived white-matter reference region) in MNI space.  Z-score images from control, MCI and 

AD subjects were then masked to include only voxels with ZÓ3 (i.e., the pathologic volume PV) within 

subject-specific tissue segmentations obtained from co-registered T1 MRI scans (i.e., total tissue volume TV). 

Tau load was calculated as the average SUVr within the PV normalized by TV to account for differences in 

brain size (Fig. 1).  Tau load was evaluated in test-retest, cross-sectional and longitudinal data in comparison 

to a weighted neocortical VOI (MUBADA). 

 

Results: Tau load achieved high test-retest reproducibility (n=21, R2=0.99), and distinguished groups based 

on Aɓ status and diagnosis (Fig. 2). Both tau load and MUBADA demonstrated low uptake in young controls 

presumed to have no cortical tau.  Similarly, among Aɓ+ subjects, both measures detected longitudinal 

change and showed good correlation between baseline and ȹtau (R2 >0.5) at 18 months of follow up. 

 

Conclusions: Tau load demonstrated equivalent performance on typical metrics to MUBADA while 

capturing characteristics of both the density and distribution of the tau signal.  The subject-specific 

information captured by tau load by not being fixed to a given neuroanatomic brain region may be important 

in assessing natural disease progression or potential therapeutic response. 
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Keywords: Alzheimerôs Disease, tau imaging, Flortaucipir, PET, quantification 
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Martersteck, Adam - 176 

Recovering signal from AV1451 in frontotemporal lobar 

degeneration with partial volume correction 

Adam Martersteck1,2, Jaiashre Sridhar2, Allison Rainford2, M.-Marsel Mesulam2,3, Emily 

Rogalski2 

1Department of Radiology, Northwestern University Feinberg School of Medicine, Chicago, IL, USA 
2Cognitive Neurology and Alzheimerôs Disease Center, Northwestern University Feinberg School of 

Medicine, Chicago, IL, USA 
3Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago, IL, USA 

Background: Primary progressive aphasia (PPA) is a clinical dementia syndrome often characterized by 

asymmetric atrophy and proteinopathy of the language-dominant (usually left) hemisphere. Common 

neuropathologies reported for PPA include Alzheimerôs disease (AD), frontotemporal lobar degeneration with 

tauopathy (FTLD-tau) or TDP43 (FTLD-TDP). PET imaging with 18F-AV1451 has shown high binding to 

lesions of paired helical filament tau found in AD and there have been reports of clinically relevant signal 

found in FTLD-tau cases that match the expected straight filament tau deposition. 

Objective: Determine if 1) the AV1451 binding found in PPA cases with suspected FTLD-tau pathology 

showed a clinically concordant distribution and 2) if using partial volume correction could improve our ability 

to detect a pattern of tau deposition above the grey cerebellar reference. 

Methods:: Eight participants with PPA underwent T1-weighted MRI, florbetapir amyloid PET, and AV1451 

tau PET imaging. Freesurfer (FS) was used to reconstruct the T1-weighted MRI scans (v5.1.0), generate 

atrophy maps (v5.1.0) and to complete partial volume correction (PVC; v6.0.0-beta). Partial volume 

correction was applied using the modified Müller-Gärtner (mMG) method, solving for white matter, 

ventricular CSF, and extracerebral segmentations by a symmetric geometric transfer matrix. Partial volume 

corrected and non-corrected AV1451 PET signal from the middle of the cortical ribbon were resampled to the 

FS pial surface and compared. 

Results: Two agrammatic PPA participants showed a florbetapir mean cerebral-to-cerebellar SUVR < 1.10 

(Aɓ-negative) and were 

classified as ñsuspected FTLD-

tauò. In both PPA cases, there 

was no AV1451 tau signal 

above the 1.0 grey matter 

cerebellar SUVR before PVC 

(see figure). After applying 

mMG PVC, the regional 

distribution of AV1451 more 

closely aligned with patterns of 

neurodegeneration observed in 

PPA. 

Conclusions: Using partial 

volume correction to recover 

signal in AV1451 PET may 

improve the detection of 

straight filament tau found in 

FTLD tauopathies. 

Keywords: partial volume 

correction, frontotemporal 

lobar degeneration, primary progressive aphasia, freesurfer 
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Unbiased clustering using entorhinal and neocortical tau-PET 

uptake on [18F]AV-1451 maps onto age and clinical presentation in 

Alzheimer's disease 

Jennifer Whitwell1, Jonathan Graff-radford1, Nirubol Tosakulwong1, Stephen Weigand1, Matthew 

Senjem1, Anthony Spychalla1, David Jones1, Daniel Drubach1, Ronald Petersen1, Val Lowe1, 

Clifford Jack1, Keith Josephs1 

1Mayo Clinic, Rochester, MN, USA 

 

Background: Alzheimer's disease (AD) is a heterogeneous disorder that often results in atypical clinical 

presentations, particularly in patients under the age of 65. We aimed to perform an unbiased assessment of tau 

uptake on AV-1451 tau-PET in AD and determine whether patterns of entorhinal cortex (allocortex) and 

neocortical tau uptake can help explain the emergence of atypical clinical presentations.    

 

Methods: Seventeen patients with an atypical presentation of AD underwent AV-1451 PET. We also 

identified 47 typical dementia of the Alzheimerôs type patients with tau-PET (20 under age 65 and 27 older 

than age 65). All patients showed amyloid deposition on Pittsburgh Compound B (PiB) PET. AV-1451 

uptake was calculated in entorhinal cortex (ERC) and a neocortical region-of-interest (including temporal, 

parietal, frontal and occipital cortices). Values were normalized to the cerebellum to create SUVRs. Tau-PET 

SUVRs were log transformed and clustered unbiased to clinical diagnosis into three groups using K-mean 

cluster analysis. 

 

Results: The cluster analysis identified a cluster with low cortical SUVRs (cortical sparing), one with high 

cortical SUVRs but relatively low ERC SUVRs (low ERC) and one with high cortical and ERC SUVRs (high 

ERC) (Figure). Clinical groups differed across clusters (p<0.001), with atypical AD associated with low ERC, 

young AD associated with high ERC and old AD associated with cortical sparing (Figure). Age differed 

across clusters, with older age observed in the cortical sparing cluster (p<0.001). Gender ratio, APOE 

genotype, global PiB ratio and mini-mental state examination score did not differ across clusters. 

 

Conclusions: An unbiased clustering of tau-PET based on the ERC and neocortex maps well onto age and 

clinical presentation in AD. Atypical presentations tend to be associated with a pattern of high cortical tau 

similar to young-onset AD, but with relatively less involvement of the entorhinal cortex. 

 

 
Keywords: tau, PET, AV-1451, Alzheimerôs disease, atypical 

https://worldeventsforum.net/conference/wp-content/uploads/2016/05/erc_clustering_log_tau_20161106edited.tif
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Nonlinear alignment of multimodal empirical distributions for level-

2 Centiloid transformations 

Michael Properzi1, Cristina Lois Gomez2, Federico dôOleire Uquillas1, Reisa Sperling1,3,4, Keith 

Johnson2,3,4, Aaron Schultz 1,3 

1Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA 
2Department of Radiology, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA 
3Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital, Harvard Medical 

School, Boston, MA, USA 
4Department of Neurology, Brigham and Womenôs Hospital, Harvard Medical School, Boston, MA, USA 

 

Introduction:  The Centiloid project is intended to set a standard scale for reporting amyloid-PET measures. 

The current level-2 implementation relies on a strong linear assumption. We find alterations in processing 

methodology, target region, reference region, and partial volume correction (PVC) can all contribute to 

nonlinearities. We present a transformation that enables nonlinear mapping of a wider range of scale 

distributions onto the standard Centiloid scale (SCS). 

Methods: The GAAIN Centiloid dataset was combined with baseline data from the Harvard Aging Brain 

Study (HABS) (278 Clinically normal older adults,74yrs SD=6.1). The combined PIB-PET dataset was 

processed with both the SCS and study specific HABS pipelines. The translation algorithm involved mapping 

between kernel-density smoothed empirical cumulative distribution functions from each pipeline. Centiloid 

values from the alternate pipelines were translated onto the SCS. Our method allows for mapping equivalent 

values between any two distributions where approximate rank-ordered matching can be assumed to hold. 

Results: Figure 1 shows A) linearity between two SCS measures and B) greater variance between the SCS 

and Harvard/MGH pipelines for a cortical aggregate region (FLR), C) strong non-linearity within a focal 

region, and D) non-linearity with PVC. Discrepancies between linear and non-linear mapping to the SCS 

ranged as high as 19 Centiloids, with the location of strongest discrepancies dependent on the measure being 

mapped. For the regional measure shown in B), the max discrepancy occurs around 10 Centiloids, whereas 

PVC correction produced the strongest discrepancy at values exceeding 120. 

Discussion: Our novel method has the advantage of accounting for realistic variation in measurement 

distributions, allowing for reporting of equivalent level-2 values that are more consistent with the SCS. Our 

approach offers an alternative for translating between any two empirical distributions, which has natural 

extension to combining data from multiple tracers. Future work will assess goodness-of-fit and distributions 

of errors. 
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Wednesday, January 11, 2017 - 02:25 pm - 03:10 pm 

Keynote Lecture 

Tau Prion Strains: Implications for Imaging  

Marc Diamond 

University of Texas Southwestern Medical Center, Dallas, TX, USA 

 

Tauopathies are neurodegenerative disorders that affect distinct brain regions, progress at different rates, and 

exhibit specific patterns of tau accumulation. PET ligands cannot yet reliably identify and discriminate these 

conditions. Our lab has long studied the role transcellular propagation of protein aggregation in the 

pathogenesis and diversity of tauopathies. We have determined that tau shares essential biological properties 

with the prion protein. We have tested the idea that discrete tau aggregate conformers, or ñstrainsò underlie 

unique patterns of progression and neuropathology. We previously characterized two tau prion strains that 

stably maintain unique conformations in vitro and in vivo, but did not determine the relationship of each 

strain to parameters that discriminate among tauopathies such as regional vulnerability or rate of spread. We 

have now isolated and characterized 18 tau strains in cells based on detailed biochemical and biological 

criteria. 

 

Inoculation of transgenic tau P301S (PS19) mice with these strains causes strain-specific intracellular 

pathology in distinct cell types and brain regions, and induces different rates of network propagation. In this 

system, strains alone are sufficient to account for diverse neuropathological presentations, similar to those 

that define human tauopathies. Distinct conformations of tau aggregates could explain the failure of PET 

ligands to reliably distinguish the tauopathies. Detailed knowledge of strains could provide a rational 

approach both to understand the biological basis of tauopathies, and to design more effective imaging agents.  
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Kinetics of [18F]GTP1 (Genentech tau probe 1) in the basal ganglia 
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Jennings3, John Seibyl3, Ken Marek3, Robby Weimer6, Jan Marik6 

1Clinical Imaging Group, Genentech, Inc., South San Francisco, CA, USA 
2Biostats, Genentech, Inc., South San Francisco, CA, USA 
3Molecular NeuroImaging LLC, New Haven, CT, USA 
4Department of Neuroscience, Genentech, Inc, South San Francisco, CA, USA 
5Early Clinical Development, Genentech, Inc, South San Francisco, CA, USA 
6Department of Biomedical Imaging, Genentech, Inc, South San Francisco, CA, USA 

 

Background: SUVR images from various tau ligands have shown increased retention in basal ganglia (BG). 

Here, we characterize the GTP1 kinetics and quantify the specific binding (CS) and non-displaceable (CND) 

component in these regions. 

 

Methods: GTP1 imaging with arterial input function (AIF) was performed in 5 healthy volunteers (HV) and 5 

AD subjects. ROIs were defined in the cerebellum gray (CBL), cortex and BG. The AIF-2-tissue model 

(2TM) was applied to estimate VND = K1/k2 and BPND= k3/k4. CBL was used as reference to estimate SRTM 

BPND and the CBL k2ô as well as SUVR-CBL. 

 

Results: VND values were larger in BG than in CBL and cortex whereas similar K1 values were observed 

across regions (figure 1). The SRTM-CBL k2ô value obtained when fitting BG regions was higher than in 

cortex (figure 1) suggesting differences in VND across regions. These results show that while CBL is a good 

reference for estimating cortical VND, it is not an appropriate reference for BG resulting in specific binding 

overestimation: estimated BPND(BG) = PND*actual BPND(BG), PND = VND(BG)/VND(CBL)1. SUVR-CBL 

measurements will have a similar bias. 

 

Figure 2 shows time activity curves in CBL, cortex and BG as well as SUVR-CBL in an AD patient (top); 

and the 2TM CND and CS (bottom). Although the BG SUVR-CBL values can be similar to cortical SUVR-

CBL, the specific binding is lower because of the larger CND. SUVR-CBL in cortex and BG do not reflect the 

same level of specific binding. 

 

Conclusions: In cortex, GTP1 SUVR-CBL is a good surrogate of tau specific binding. In contrast, BG 

SUVR-CBL is strongly biased and may reflect age- and/or disease-related changes not directly related to tau 

accumulation. Although some specific binding may be present, BG SUVR-CBL values should be interpreted 

with caution. 

 

1.Salinas et al.doi:10.1038/jcbfm.2014.202 
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Development of novel tau PET tracers, [18F]AM-PBB3 and 

[18F]PM-PBB3 

Maiko Ono1,2, Soichiro Kitamura1, Hitoshi Shimada1, Naruhiko Sahara1, Hiroyuki Takuwa1, 

Yasumasa Yoshiyama3, John Trojanowski4, Virginia Lee4, Tetsuya Suhara1, Ming-Rong Zhang1, 

Ming-Kuei Jang5, Gilles Tamagnan6, Kenneth Marek6, Makoto Higuchi1 

1National Institute of Radiological Sciences, National Institutes for Quantum and Radiological Science and 

Technology, Chiba, Japan 
2Tohoku University, Sendai, Japan 
3Chiba-East National Hospital, Chiba, Japan 
4University of Pennsylvania, Philadelphia, PA, USA 
5Aprinoia Therapeutics, Taipei, Taiwan 
6MNI, New Haven, CT, USA 

 

PBB3 is a PET imaging agent for fibrillary tau lesions, and was shown to bind to tau inclusions in diverse 

neurodegenerative disorders, including Alzheimerôs disease (AD) and 3-repeat and 4-repeat tauopathies, and 

in different tau transgenic mouse models. For the purpose of widely available and high-contrast tau PET 

scans, we have developed novel PET radioligands for tau aggregates, AM-PBB3 and PM-PBB3, which are 
18F-labeled analogs of PBB3, and characterized these compounds by in-vitro, ex-vivo and in-vivo assays. In-

vitro fluorescence and autoraiographic labeling of brain sections demonstrated binding of AM-PBB3 and PM-

PBB3 to various tau pathologies in AD, progressive supranuclear palsy (PSP), corticobasal degeneration, 

Pickôs disease and tau transgenics (PS19 and rTg4510). High affinity binding of AM-PBB3 and PM-PBB3 to 

tau aggregates with Kd values < 10 nM was also observed in AD and PSP brain homogenates. In-vivo PET 

and ex-vivo autoradiography of rTg4510 tau transgenic mice supported the ability of AM-PBB3 and PM-

PBB3 to capture tau deposits in living brains with a higher contrast than PBB3, primarily owing to their 

higher uptake into the brain. PM-PBB3 underwent faster clearance from the brain following peak uptake than 

AM-PBB3, and accordingly yielded the highest contrast of tau lesions among these three radioligands. 

Correspondingly, in-vivo two-photon fluorescence microscopy showed the most intense signals in individual 

tau inclusions of rTg4510 mice yielded by PM-PBB3. We also observed less radiometabolites of AM-PBB3 

and PM-PBB3 in mouse plasma and brain than those of PBB3 along the course after intravenous injection. 

Our non-clinical findings support the utility of AM-PBB3 and PM-PBB3 as tau PET radioligands, and have 

finally been compared to results of pilot clinical PET with these compounds. 

Keywords: Tau PET ligand, PBB3 derivative, Tau transgenic mouse, Alzheimerôs disease, Progressive 

supranuclear palsy 
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Optimization of early phase [18F]flutemetamol scanning window as 

a proxy for relative tracer delivery 

Kerstin Heurling1,2, Koen Van Laere3, Rik Vandenberghe3, Christopher Buckley4, Gill Farrar4, 

Mark Lubberink2,5 

1Göteborgs Universitet, Göteborg, Sweden 
2Uppsala Universitet, Uppsala, Sweden 
3UZ Leuven, Leuven, Belgium 
4GE Healthcare, Amersham, United Kingdom 
5Uppsala Academic Hospital, Uppsala, Sweden 

 

Background: The ñdual-phaseò PET imaging concept, combining late-phase specific tracer binding with the 

early-phase influx aspect of tracer kinetics, has gained increasing attention for amyloid imaging due to its 

potential to replace a dedicated perfusion or metabolism scan. Our objective was to identify the optimal time 

window for capturing perfusion information from early-phase flutemetamol perfusion SUVR (p-SUVR) as 

compared to the delivery in target relative to reference region (R1) estimated using kinetic modeling. 

 

Methods: Six subjects (four amyloid-positive and two amyloid-negative) underwent dynamic flutemetamol 

PET scanning for 90 min post injection (p.i.). Parametric R1 images were estimated using a basis function 

implementation of the simplified reference tissue model, and grey matter masked template regional values 

were extracted. p-SUVR was estimated over a range of scanning windows with start times 0-7 min and end 

times 1-11 min. Pearsonôs correlation coefficient and percentage bias were estimated for each time window. 

 

Results: p-SUVR correlated best with R1 for the time window 0.5-3 min p.i. (r=0.98) (Figure 1A). 

Correlations were, however, strong (r >0.95) over all combinations of scanning windows with start times 

between 0.5-2 min and end times up to 8 min. The lowest bias of p-SUVR compared to R1 was found for the 

time window 1-2 min, (-0.7%) but bias was <2% for all time windows with start 0.5-2 min p.i. and end 1.5 to 

6 min (Figure 1B). Average R1 and p-SUVR0.5-3 min images are shown in Figure 2, alongside a publicly 

available dementia-specific FDG template illustrating current practice. 

 

Conclusion: Based on our findings, flutemetamol p-SUVR shows low sensitivity to the exact choice of start 

and end time within range 0-3 min. Future studies validating the use of early-phase flutemetamol imaging 

against perfusion imaging should collect data during a time window excluding the first 30 sec p.i., with a 

duration no longer than 6 min. 

 
 

 Keywords: [18F]flutemetamol, early-phase SUVR, perfusion, scanning window optimization 
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Algorithm for reference region delineation for amyloid imaging 

using pattern recognition scheme and kinetics of administered Aɓ 

probe ˈ considering the number of clusters  

Takahiro Yamada1, Yuichi Kimura1, Takashi Nagaoka1, Chisa Hosokawa2, Takamichi 

Murakami2, Kazunari Ishii2 

1Graduate School of Biology-Oriented Science and Technology, Kindai University, Wakayama, Japan., 

Kinnokawa-shi, Japan 
2Department of Diagnostic Radiology, Faculty of Medicine, Kindai University, Osaka, Japan., Osakasayama-

shi, Japan 

 

Introduction:  For quantitative measurement of amyloid beta (Aɓ) deposit, a kinetic analysis is applied to 

acquire binding potential () (Hosokawa, JNM, 56, 2015), and a reference region is placed on the cerebellar 

gray matter. Because it has a thin and complicated shape, an automated algorithm is required. The aim of this 

study is to propose a new automated algorithm (AutoRef) to delineate the reference region. AutoRef clusters 

voxels around the cerebellum into some clusters based on the shape of a tissue time activity curve (tTAC). 

The basic idea has been presented at SNM2016, and the number of the clusters is investigated. 

 

Methods: tTACs have different shapes among different tissue groups. AutoRef detects the shape difference 

using a statistical clustering algorithm of Gaussian mixture model (GMM). The number of clusters should be 

given to GMM. The large number may capture the difference in tTACs, but it makes the estimation process 

astable. An appropriate number of clusters is thus investigated. AutoRef is evaluated using clinical 86 cases: 

43 positive, 33 negative, and 10 equivocal cases. 

 

Results: The typical result is demonstrated in Fig. 1 when 8-clusters clustering was conducted. If the case of 

3-cluster clustering, the estimated reference region was located some voxels out from the manually defined 

reference region. All GMM were converged appropriately for 8-cluster clustering. No significant difference 

in  was observed (p<0.05) between AutoRef and the manually defined reference region, and the difference 

was smaller than 0.46. 

 

Conclusion: The difference is almost the same between the threshold of Aɓ positive and negative, and we 

conclude that AutoRef is applicable. 
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Fig. 1 (a) The result of 8-clusters clustering where a reference region is in yellow-green. (b) Manually defined 

reference region is superimposed. 

 

  

 

 
Fig. 2 The estimated and manually derived tTACs. 

 

Keywords: PET, kinetic analysis, reference region 
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Rigid registration contributes significant imprecision to amyloid 

PET SUVR measurements 

Christopher Schwarz1, David Jones1, Jeffrey Gunter1, Val Lowe1, Prashanthi Vemuri1, Matthew 

Senjem1, Ronald Petersen1, David Knopman1, Clifford Jack1 

1Mayo Clinic, Rochester, MN, USA 

 

Background: Quantitative measurements of amyloid PET scans typically use rigid registration to 

corresponding MRI scans for localizing atlas regions and applying partial volume correction (PVC). Although 

quality control (QC) is often performed to prevent gross failures, subtle variations within QC-acceptable 

registrations have not been studied as a source of imprecision in SUVR measurements. 

 

Methods: We performed simulations using 598 Mayo PiB scans and 598 ADNI florbetapir scans, each 

matched by age, sex, and clinical status. For each PET scan, we applied 50 small random perturbations of 

starting location and orientation, then performed rigid registration between each perturbed PET scan and its 

corresponding MRI using spm_coreg in SPM12. SUVR measurements were calculated for each perturbed 

PET scan by using these registrations to localize MRI-based atlas regions. We examined effects of these 

perturbations upon registration parameters and their resulting SUVR measurements. 

 

Conclusions: Registration parameters and SUVR values were significantly affected by registration starting 

position; they did not exhibit the ideal behavior of consistently reaching the same endpoint. Across 

perturbations, standard deviations of rotation parameters were å0.05 degrees about each axis, and those for 

translation were å0.025mm in each direction. Although this subtle variation was visible to human inspection, 

all registrations appeared equally valid. Imprecision in PET-MRI rigid registration: 1) contributes significant 

imprecision to SUVR measurements, on the order of å50% of the expected reference values for annual 

change in subjects with AD dementia; 2) increases with amyloid load, and thus indirectly with clinical 

severity; 3) differs with 

choice of reference region; 

4) has a larger effect when 

using PVC. These findings 

were consistent across 

both datasets i.e. tracers, 

and also replicated using 

FreeSurferôs mri_coreg. 

Although PET-MRI 

registration imprecision 

does not account for all 

test-retest variability in 

amyloid PET SUVR 

values, processing 

pipelines that emphasize 

consistent registrations for 

serial scans could 

significantly reduce 

imprecision in change-

over-time measures. 

 

https://worldeventsforum.net/conference/wp-content/uploads/2016/05/Fig1.png
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18F-Flortaucipir SUV normalization using a Parametric Estimate of 

Reference Signal Intensity (PERSI) 

Sudeepti Southekal1, Michael D. Devous Sr.1, Ian Kennedy1, Michael Navitsky1, Ming Lu1, 

Abhinay D. Joshi1, Michael J. Pontecorvo1, Mark A. Mintun1 

1Avid Radiopharmaceuticals, Inc, Philadelphia, PA, USA 

 

Background: White matter reference regions have shown reduced variability in longitudinal SUVr 

measurements for amyloid imaging agents (Landau et al. 2015). However, such regions are susceptible to 

partial volume contamination from the cortex. We present a new strategy (PERSI) to extract the white matter 

reference signal for 18F-Flortaucipir SUV normalization. 

 

Methods: Test-retest (n=21; 5-34 days between scans) and Phase 2 cross-sectional (n=215) and longitudinal 

(n=140/215; 18±2 months between scans) data comprising 3 clinical cohorts (AD, MCI, CN) were analyzed. 

Subjects underwent T1 MRI and Florbetapir imaging at screening, and Flortaucipir imaging at single or 

multiple time points. Baseline amyloid (Aɓ) status was determined as described in Clark et al. 2012. 

Flortaucipir images acquired as 4x5 min frames, 80 min after a 370 MBq injection were motion corrected, 

averaged and transformed to MNI space. For each scan, the voxel intensity histogram within an atlas-based 

white matter mask was fit to a bimodal Gaussian distribution (Fig. 1). The center and width of the first peak 

were used to determine reference region voxels. A cerebellar gray matter reference region was also evaluated 

for comparison. SUVr values were calculated for a neocortical volume-of-interest. Test-retest reproducibility 

(SD of %difference between scans) and effect sizes for cross-sectional and longitudinal group differences 

(Cohenôs d; Aɓ+ impaired vs. Aɓ- normal) were assessed. 

 

Results: PERSI yielded >2-fold improvement in test-retest reproducibility (1.84% vs. 4.18%) and superior 

group separation (cross-sectional Cohenôs d 9.54 vs 4.57; longitudinal Cohenôs d 2.28 vs. 1.54) (Fig 2, Table 

1) relative to cerebellar gray. Baseline variability in Aɓ- CNs with no specific uptake was minimal (SUVr 

1.0Ñ0.04, ȹSUVr 0.0Ñ0.02; Table 1). 

 

Conclusions: PERSI reference regions reduced variability while enhancing discrimination between 

diagnostic cohorts. These improvements could lead to more accurate disease staging and robust 

measurements of changes in tau burden over time for evaluation of therapeutic response. 
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Validation of the semi-quantitative static SUVR method by 

pharmacokinetic modeling on dynamic cross-sectional [18F]-AV45 

data 
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5Department of Molecular Genetics, VIB, University of Antwerp, Antwerp, Belgium 
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Background Increased brain uptake of -AV45 (Florbetapir) visualized by PET is a key biomarker in 

Alzheimerôs disease. The standardized uptake value ratio (SUVR) is widely used for quantification, but is 

subject to variability based on choice of reference region and changes in cerebral blood flow. Here we 

validated the SUVR method against the gold standard volume of distribution (VT). 

 

Methods Dynamic 60-min -AV45 (291±67 MBq) and 1-min -H2O (370 MBq) scans were obtained in 10 

probable AD dementia (AD), 15 amnestic MCI (aMCI) and 10 cognitively healthy control (HC) subjects. -

AV45 VT was determined from two-tissue compartment modeling using a metabolite-corrected plasma input 

function. Static SUVR was calculated from the 50-60 min p.i. data, using either cerebellar gray matter (CB) 

or whole subcortical white matter (WM) as the reference region. Blood flow was quantified by -H2O SUV 

and the -AV45 delivery rate K1. 

 

Results Compared to VT, differences in Aɓ-load between the aMCI and AD group were overestimated by 

SUVRWM (+4±2%) and underestimated by SUVRCB (-10±2%) 
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(Figure 1 Figure 2). VT correlated better with SUVRWM (Pearson r: 0.63 for posterior cingulate to 0.89 for 

precuneus, p<0.0001) than with SUVRCB (r: 0.51 for temporal lobe (p=0.0023) to 0.82 for precuneus 

(p<0.0001)). -AV45 K1 was decreased in AD compared to aMCI in cortical regions (-6±1%) and in the 

reference regions (CB: -10±6%, WM: -4±7%) 

 
(Figure 3), and correlated well with -H2O SUV to measure flow (Pearsonôs r: 0.50 for WM, temporal and 

frontal cortex (p<0.01) to 0.68 for posterior cingulate (p<0.0001). 

 

Conclusion -AV45 assessed by the simplified static SUVR protocol does not truly reflect Aɓ-load. However, 

SUVRWM is better correlated with VT and more closely reflects VT differences between the aMCI and AD 

group than SUVRCB. This might be partly due to differential flow effects in the respective reference regions. 

Keywords: Alzheimerôs disease, [18F]-AV45, SUVR, reference region, validation 
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A simulation study on the quantification of the blood flow-dependent 

component in [18F]-AV45 SUVR differences between the MCI and 

AD stage 
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Background:  The standardized uptake value ratio (SUVR) with respect to a reference region quantifies -

AV45 brain uptake in  Alzheimerôs disease (AD) patients, but is subject to variability. Here we evaluate how 

SUVR in a cortical target region is affected by flow changes in both the target and reference. 

 

Methods: Regional time-activity curves were simulated based on 2-tissue compartment modeling with a 

plasma input function, impulse response function (H(time;K1,k2,k3,k4)) and a contribution from whole 

blood. A change in flow was simulated as a change in K1 (and k2) in either the target region (precuneus) or 

reference region (cerebellar gray matter (CB) or subcortical white matter (WM)) to derive the corresponding 

change in SUVR50-60min. Realistic parameters and input function were obtained from a aMCI and AD cohort. 

K1 was varied within the aMCI-AD range whereas other parameters were fixed at average aMCI values. 

 

Results: Flow reduction in the target precuneus resulted in an increased SUVR (Figure 1, Figure 2 ). 
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Flow alterations in the two reference regions, WM and CB, exerted opposite effects on the respective SUVRs 

of the target: a flow reduction in WM caused an increase in SUVRWM, whereas flow reduction in CB caused a 

decrease in SUVRCB  (Figure 1, Figure 2 ). 

 

On the individual level  (Figure 3), the most extreme variations in SUVRCB and SUVRWM reached -4.4 and 

+9.3%. This was due to a combined flow decrease of -14 and -36% in the precuneus and CB, and -19 and -

25% in the precuneus and WM, respectively. 

 
Conclusion: Flow reductions in AD introduce a small bias in SUVR on group level (Figure 3), but have 

larger impact on the individual level. This is clinically relevant for reliable assessment of Aɓ-modifying 

treatment in AD. Flow changes in the references CB and WM alter SUVR in opposing directions. 

Keywords: Alzheimerôs disease, [18F]-AV45, SUVR, blood flow, reference region 
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Non-invasive imaging diagnostics are critical in profiling and developing treatments for CNS diseases, 

including tracking disease progression, stratifying patients and monitoring efficacy for therapeutic 

interventions. A positron emission tomography (PET) tau tracer is desired for visualizing and quantifying 

neuronal and glial tau inclusions, a key pathological marker of tauopathies, including Alzheimer's Disease 

(AD) and progressive supranuclear palsy (PSP). 18F-PM-PBB3 is a novel PET imaging tau tracer under 

development for both preclinical and clinical utilities.  

 

Here, we present data of in-vitro characterization and in-vivo imaging studies in animal models and 

humans.  In PET imaging of normal mice and macaque monkeys, 18F-PM-PBB3 presented high brain uptake 

followed by rapid clearance from the brain.  High-contrast 18F-PM-PBB3-PET signals corresponding to 

fibrillar tau deposition were also observed in the forebrain of a murine tauopathy model, rTg4510. 

Furthermore, kinetic and binding properties of 18F-PM-PBB3 have been clinically analyzed in normal 

controls and tauopathy patients. 

Keywords: TAU, PET, imaging, PBB3, tauopathy 
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Introduction:  MK6240 is a sub-nanomolar affinity, highly selective NFT PET radiotracer and is not liable 

for off-target bindings as other tau radiotracers. It was developed as a biomarker for Alzheimerôs (AD) 

pathology to support the development of novel therapies targeting NFTs. Herein the quantitative analysis of a 

Ph0 study in 3 healthy volunteers (HV) and 3 subjects with AD is presented. 

 

Methods: Three HVs (amyloid negative, MMSE 30-28) and three AD subjects (amyloid positive, MMSE 26-

18) were administered with ~10mCi MK6240 and dynamically scanned for up to 180 minutes. Biding 

potential (BPND) and SUVR were calculated in relevant brain regions using cerebellar grey matter as 

reference. 

 

Results: In HVs MK6240 readily entered the brain and washed out fast and uniformly supporting the 

hypothesis of minimal in vivo off-target binding. In AD the tracer was selectively retained in regions prone to 

NFT deposition. A linear relationship was found between BPND and SUVR. Analytical analysis showed that 

SUVR measurements were robust against blood flow changes, an essenatial property supporting their usage to 

measure longitudinal changes in interventional studies. SUVR and BPnd measurements were highly 

correlated (R2>0.9) with MMSE in brain regions that are known to be affected in AD (hippocampus and 

enthorinal ctx). 

 

Conclusion: MK6240 shows suitable kinetic properties and correlation between uptake and clinical 

endpoints. Although the results are encouraging, more data is needed to fully determine its utility as a AD 

biomarker. 

Keywords: Tau, PET, MK6240, Alzheimerôs 
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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 for this purpose that produces a unit of 

measurement called the Centiloid (CL) (Klunk et al, Alzheimers Dement, 2015). This approach was 

implemented on Aɓ imaging studies performed with 18F-florbetaben (FBB) and 11C-PiB (PiB). 

 

Methods: All participants underwent PET imaging with both PiB and FBB, including 10 healthy young 

controls (32±9 yo) that were used to establish the ñrelative varianceò (FBBCLStd/
PiBCLStd) of FBB. Spatially 

normalized images were analyzed using the standard Centiloid regions (cortex and whole cerebellum 

reference region) downloaded from the Global Alzheimer's Association Investigators Network website 

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

cerebellum + pons were also investigated. 

 

Results: FBB SUVRWCb had a smaller dynamic range in neocortex compared to PiB SUVRWCb. Both tracers 

were highly correlated (R2>0.93), irrespective of the reference region used for the scaling. The average Aɓ 

burden for the young controls was -2.50±6.49 CL for FBB and -1.09±3.53 CL for PiB, yielding a FBB 

ñrelative varianceò of 1.84. 

 

Conclusions: 18F-florbetaben results can soon be expressed in the common language of Centiloids by centers 

across the world using data that will be available through the GAAIN website. This is an important step 

towards better use of the clinical and research potential of Aɓ imaging. 

Keywords: Centiloid, florbetaben, PiB, Aɓ imaging 
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Introduction : The novel PET radiotracer 18F-THK-5351 allows in vivo quantification of regional tau 

accumulation and monitoring the distribution of tau pathology. For semiquantitation using SUVR (standard 

uptake value ratios) in PET, the selection of reference region is important. The aim of this study is to explore 

the use of a proper reference region in 18F-THK-5351 imaging based on group difference between 

Alzheimerôs disease (AD) patients and normal controls (NC). 

 

Methods: A total of 20 subjects included in this study were divided into two groups: one group with 10 NC, 

and another one with 10 AD. Each subject underwent MRI and PET scans. PET images were spatially 

normalized into MNI template aided from individual MRI. Total 19 VOIs merged from the AAL VOIs were 

applied for computing regional SUVR  and effect size between AD and NC. Optimal reference regions were 

chosen based on larger effect size derived from SUVR normalized by the selected reference regions. 

 

Fig.1 The heat map of effect size between 

AD and NC. 

 

Results: The result indicates that both SUVR difference and effect size between AD and NC with intensity 

normalization from pons achieves stable and higher differentiation power than others (Fig.1). Moreover, 

larger effect size was observed when using the pons or the combination of pons and other regions as 

compared to those without pons. As compared to cerebellum cortex reference region, group SUVRs based on 

pons reference region are with less variation (Fig.2) but with smaller SUVRs. 

https://worldeventsforum.net/conference/wp-content/uploads/2016/05/Fig2.jpg
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Fig.2 The group SUVRs differences between cerebellem cortex reference region and pons reference region in 

Braak stage 1/2. 

 

Conclusions: Our results indicate that the regional 18F-THK-5351 SUVR based on the selected pons 

reference region shows larger differentiation power than others, and thus is potentially useful for 18F-THK-

5351 imaging quantitation. 

Keywords: 18F-THK-5351, PET, reference region 
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Introduction: This study aims at proposing a noise reduction algorithm for amyloid imaging without a loss 

of image resolution. In a reading of amyloid imaging, positiveness and negativeness to Aɓ deposit is 

determined using an appearance of the white matter, and it has a thin and complicated structure. Such noise 

reduction algorithm is therefore expected that has small loss of spatial resolution. An ordinary noise reduction 

algorithm uses a spatial information of voxels; an averaging neighboring voxels, but another type of 

algorithm was proposed that utilize a kinetics of administered PET radiopharmaceutical, CAKS. CAKS was 

originally proposed for 1-tissue-2-compartment model, e.g. 15O H2O, and its availability is investigated for 
11C PiB whose kinetics is describes with 2-tissue-3-compartment model denoting a specific binding to Aɓ in 

tissues. 

Method: The ratio of  is the function of a clearance rate from tissues to venous where  is a tissue time activity 

curve (tTAC), TE denotes the time of the last frame, and ɚ is a decay constant. R is computed for every voxels 

using tTAC. Voxels are then clustered based on R, and the tTACs are averaged to reduce the noise level. The 

performance is evaluated using a simulated PiB dynamic data, and CAKS is applied to a clinical data. 

Results and Discussion: Estimated BPND were identical with the truth in a noise free simulation, and they 

were within 5% from the truth when a clinical level of noise was added. Fig. 1 demonstrates the results of 

CAKS. The white matter is well visualized. We can conclude that CAKS is applicable to an amyloid imaging. 

Reference:  
     Yuichi Kimura, 

Hongbing Hsu, 

Hinako Toyama, and 

Nathaniel M. Alpert, 

ñImproved Signal-

To-Noise Ratio in 

Parametric Images 

by Cluster 

Analysisò, 

NeuroImage, 9, 

554ï561, 1999. 
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Background: Amyloid PET and Arterial Spin Labelling (ASL) were acquired from elderly individuals to 

measure fibrillar amyloid-beta (Aɓ) pathology and to compare perfusion measures from each modality. 

 

Methods: 33 cognitively normal elderly (85.2±4.3 years; range 79-93; MMSE 28.9±1.3; delayed CERAD 

words 8.5±1.2; M/F = 8/25) were investigated. Participants underwent MRI at 3T (Philips Achieva), 

including T1 and ASL, and high-resolution PET (HRRT, Siemens); injected Flutemetamol dose = 187±3.2 

MBq. ASL and PET data were coregistered to T1 MR and unique anatomical brain atlases for each 

participant, derived from T1 images, were used to extract grey matter (GM) perfusion data. Cerebral 

perfusion (ml/min/100ml) was calculated with ASL; summing PET data acquired 4-8 mins post-injection 

created a pseudo-perfusion image (SUVR with cerebellar GM reference). 

 

Results: SUVR values were extracted from a global neocortical region of Flutemetamol images (90-110mins) 

revealing 20/33 (61%) Aɓ positive individuals (Aɓ+ = SUVR>1.5); 6 carried the ApoE4 gene. There was 

only a fair agreement between SUVR and visual assessment of PET images (k = .38, p <.05). Mean global 

perfusion in the GM with ASL was 21.8±5.4 ml/min/100ml. There was no correlation between perfusion 

measured with ASL and PET either globally or in composite frontal and posterior GM regions. Sub-dividing 

the population into Aɓ+ and Aɓ negative (Aɓ-) groups revealed no significant difference in MMSE score or 

delayed CERAD words; the Aɓ+ group was significantly younger (83.9 vs 87.2 years). Within the neocortex 

there was a significant difference in pseudo-perfusion between the Aɓ+ and Aɓ- groups; the Aɓ+ participants 

displayed relative hyperperfusion (MannWhitney U = 173, p <.05). 

 

Conclusions: The data revealed that 61% of cognitively normal elderly individuals (79-93 years) possessed 

pathological levels of brain Aɓ. Perfusion (ASL) and pseudoperfusion (PET) were decoupled, suggesting 

global GM and anterior/posterior GM values of perfusion may not reliably compare between modalities. 

Keywords: Preclinical AD, Amyloid PET, Arterial Spin Labelling 
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Objectives 
 

¶ To determine the flutemetamol centiloids equation. 

¶ To compare the centiloid SPM8 & PMOD processing Pipelines 

¶ To obtain the centiloid value for the CERAD2 style division between sparse and moderate plaque 

assessments from autopsy data. 

 

Methods: PiB data from HVs and ADs were processed by both by SPM8 and PMOD-PNEURO PET/MRI 

Centiloid VOI pipelines using whole cerebellum(wc), as a reference. The correlation metrics1 were met for 

both processing pipelines.  23 HV and 17 AD subject flutemetamol PET & MRI images were both then 

processed by these two pipelines and the centiloids conversion equations obtained. 

 

An autopsy determined sparse/moderate2 boundary equivalent centiloid value was obtained.  MRI data was 

not available in the majority of the end-of-life subjects in our autopsy studies. Therefore, we utilised the AD 

and HC subjects to obtain a linear relationship between SUVR obtained via a white-matter masked AAL atlas 

PET-only processing pipeline (Via Cortex IDTM) and using the SPM8 Centiloids pipeline. This relationship 

was used to convert the PET-only SUVRs from the AAL analysis of the end of life subject to centiloid values. 

The autopsy pathology measures were then used in a ROC analysis to estimate the centiloid value 

corresponding to the boundary between none and sparse in the CERAD-style plaque scoring. 

 

Results: The equation relating flutemetamol SUVR via the centiloid VOI atlas on the standard SPM8 and 

PMOD PET/MR pipeline to centiloid values were: 

 

Centiloidflutemetamol_SPM8             = 117.14 x SUVRflutemetamol ï 116.57                                                             (1) 

 

Centiloidflutemetamol_PMOD             = 113.15 x SUVRflutemetamol ï 105.90.57                                                       (2) 

 

The boundary between sparse and moderate neuritic plaque density by CERAD scoring - i.e. the pathology 

boundary beyond which the majorityflutemetamol images are visually read as positive3 was estimated via 

a PET-only analysis to be a value of 30 centiloids. 

 

References 
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Background: Alzheimer disease (AD) is a disorder with complex etiology and multiple pathogenesis 

pathways. Recently, there is an increased interest in understanding the role of vascular factors in AD 

pathogenesis and progression. As a key component of the neurovascular system, the function of the blood-

brain barrier (BBB) in aging and AD is an important area of research, and it is hypothesized that BBB 

disruption can contribute to subsequent neurodegeneration which in turn lead to AD and dementia. In this 

preliminary study, we used a recently developed imaging technique to quantify BBB permeability and 

examine its relationship to cognitive impairment 

 

Methods: A total of 50 participants (43 asymptomatic, 6 CDR 0.5, and 1 CDR 1) from local memory and 

aging studies who had both dynamic PiB PET scans and 15O-water scans were included in this study. A 

recently developed image-derived arterial input function (IDAIF) technique was adopted to quantify regional 

tracer influx rate (K1) and cerebral blood flow (CBF). The ratio of this two parameters (E=K1/CBF) is the 

single pass extraction fraction of the tracer and directly reflects the permeability of BBB. 

 

Results:  A significant positive correlation (p=0.001, r=0.32) was found between hippocampi single pass 

extraction fraction (E) of PiB tracer and the CDR rating of the participants. (Fig. 1). This finding suggests 

BBB permeability is increased in participants with cognitive impairment. 

 

Conclusion: Disruption of BBB is observed in cognitively impaired participants using a novel imaging 

technique measuring BBB permeability based on PiB PET. The finding confirms recent report of BBB 

breakdown in AD using contrast enhanced MR. Further investigation is ongoing to examine BBB function in 

aging and AD. 

 

 
Keywords: blood-brain barrier, PiB, PET, Alzheimer disease, 
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Background: Tau positron emission tomography (PET) ligand, PBB3, binds to a wide range of tau 

pathology; however, binding property of PBB3 to non-tau inclusions remains unknown. Given that Ŭ-

synucleinopathy is often clinically misdiagnosed as tauopathy, it is important to clarify whether PBB3 binds 

to Ŭ-synuclein pathology. To address this issue, reactivity of PBB3 was assessed by in vitro fluorescence and 

autoradiographic labeling of brain sections from patients with Lewy body disease (LBD) without Alzheimer-

type pathology (pure form LBD, pLBD) and multiple system atrophy (MSA). 

 

Method: Of 10 pLBD and 120 MSA in the Mayo Clinic brain bank, we selected 3 pLBD and 4 MSA cases 

with different severity of Ŭ-synuclein pathology, based on the quantitative analysis of Ŭ-synuclein burden 

performed in the amygdala of pLBD and in the striatopallidal fibers of MSA (Figure 1). PBB3 fluorescence 

labeling, double or single immunostaining for Ŭ-synuclein and phospho-tau, and in vitro autoradiography with 

PBB3 were performed for these selected samples. 

 

Results: PBB3 fluorescence labeled various Ŭ-synuclein lesions including Lewy bodies, Lewy neurites, 

spheroids, glial cytoplasmic inclusions (GCIs) and neuronal cytoplasmic inclusions. Meanwhile, 

autoradiographic labeling with PBB3 at a 5,000-fold lower concentration (~10 nM) than fluorescence staining 

demonstrated no significant binding in pLBD cases. In contrast, significant autoradiographic binding of PBB3 

to the striatopallidal fibers was found in two MSA cases (MSA-3 and MSA-4). This was in consistent with 

high density of GCIs in these cases (Figure 2). Furthermore, the absence of tau deposition in both cases was 

proven by immunohistochemistry. 

 

Conclusions: Given that the maximum concentration of PBB3 in human PET scans is approximately 10 nM, 

the present data imply that Ŭ-synuclein pathology in pDLB is undetectable by PBB3-PET, while Ŭ-synuclein 

lesions in a considerable subset of MSA cases with high density of GCIs could be captured by this 

radioligand. 
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Background: It is often advantageous practices to use T1-MRI imaging to drive the regional measures in 

PET. Anatomical labeling to define grey matter regions of interest yield higher quality measures.  The current 

standard is FreeSurfer(FS), however full FS recons are time and computation intensive.  We present an 

alternative that utilizes a probabilistic version of the GTM atlas (FS-6; 100 ROIs covering the entire head), 

combined with automated tissue segmentation in SPM12 to create ROI that have 1) good overlap with the FS 

defined ROI, 2) high shared variance with the FS pipeline, and 3) greatly reduced processing time and effort. 

 

Methods: 275 HABS subjects where processed with FS and SPM12-Segment. Normalizations computed by 

SPM12 were used to map the FS-gtmseg atlas to template space, where a winner-take-all approach was used 

to assign every voxel to one of the 100 ROI in the gtmseg atlas.  This probabilistic template-space atlas is 

then reverse normalized to native T1 space where ROI are crossed with the applicable tissue classes, followed 

by iterative tissue-class based assignment of uncategorized voxels to existing labels.  ROI measures are made 

in 100 ROI using co-registered PET data, including PVC with GTM method. 

 

Results:  Utilizing 353 AV1451-PET scans, comparison of FS-GTM ROI and T1-GTM ROI reveal good 

overlap with an average dice coefficient of 0.70±0.13, and an average correlation between suvr measurements 

of 0.97±0.06.  In small ROI of interest such as entorhinal we observe a correlation of 0.99, and when 

excluding values greater than 1.2 the correlation is still 0.86.  When examining GTM-PVC measures the 

average correlation across ROI is 0.94±0.10. 

 

Conclusion: This approach allows for rapid processing of PET data (~45min.) that maintains high fidelity to 

a more fully optimized FS-based pipeline (14-30hrs), though without the benefit of detailed structural 

measures or the ability to create native surface maps. 

Keywords: PET, PVC, GTM, T1, AV1451 
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Background: Previous studies with AV1451 PET quantified tau load using the standardized uptake value 

ratio (SUVr) derived from a static scan. SUVr may, however, be flow dependent and should be validated 

against a fully quantitative approach. The objective of this study was to compare simplified reference tissue 

models to plasma input tracer kinetic models for AV1451. 

 

Methods: Following intravenous injection of 225±16  MBq AV1451, 130 min dynamic PET scans were 

performed in 5 biomarker confirmed AD patients and 5 controls. Arterial blood sampling was performed to 

obtain a metabolite corrected plasma input function. Next, regional time-activity curves were generated using 

PVElab software. The optimal kinetic model for describing in vivo kinetics of AV1451 was selected based on 

the Akaike criteria. The simplified reference tissue model (SRTM) was performed with grey matter 

cerebellum as reference region. SRTM derived binding potential (BPND) was compared to distribution volume 

ratio (DVR) derived from the optimal plasma input tracer kinetic model. In addition, SUVr values were 

calculated using the time interval 80-100 minutes post injection. 

 

Results: The reversible two tissue compartment model with blood volume parameter (2T4k_VB) best 

described the kinetics of AV1451 in AD and controls. The SRTM derived BPND showed good correlation 

(AD: r2 = 0.87, slope = 1.06; controls: r2 = 0.87, slope = 0.86) with indirect plasma input binding (DVR-1). 

SUVr (80-100 min) correlated well with DVR (r2 = 0.93, slope = 1.07) and SRTM derived BPND (r2 = 0.84, 

slope = 0.95). 

 

Conclusion: SRTM derived BPND correlated well with DVR-1. High correlations obtained for SUVr (80-100 

min) suggest that it might be an alternative for DVR and BPND (SRTM). However, since the present results 

are based on a small cohort and as SUVr values may be flow dependent, these results should be interpreted 

with caution, especially when used longitudinally. 

Keywords: AV1451, tau, PET, kinetic modelling, simplified reference tissue models 
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Objectives: Aggregation of tau is a hallmark of many neurodegenerative diseases, and tau imaging with PET 

tracers would allow early diagnosis and efficacy monitoring of a therapeutic intervention. Recently, AV-

1451, THK5351 and RO6958948 have been described as promising PET tracers to visualize and quantify 

aggregated tau in AD patients. This study presents a detailed comparison of in vitro binding of RO6958948, 

AV-1451, THK5351 and T808 to tau aggregates in non-AD tauopathies such as PSP, FTLD-tau, CBD and 

Pick's disease. 

 

Methods: Binding of tritiated tracers to fresh frozen tissue sections from patients with different, 

histopathologically confirmed tauopathies was analyzed under physiological conditions without tissue 

fixation or stringent washing conditions to reflect the in vivo situation of a PET scan. Tracer binding was 

visualized by high-resolution phosphor screen autoradiography, followed by co-localization studies with tau 

mAb immunohistochemistry on the same tissue section. Binding specificity was also analyzed by tracer 

displacement studies using co-incubation with cold variants of the different tracers. 

 

Results: All tracers showed a similar binding profile to tau aggregates in AD and non-AD tauopathy tissue. 

Radioligand binding to tau aggregates in AD brain sections was confirmed by macroscopic and microscopic 

co-localization of radioligand binding and tau mAb staining. In vitro displacement studies suggested that all 

four tracers bind to an overlapping binding site on the AD-type of tau aggregates. None of the tracers 

displayed a significant binding to tau pathology in PSP, CBD and Pickôs disease. Only in brain tissue samples 

from certain FTLD-tau MAPT mutation carriers some tau tracer binding to tau aggregates could be identified. 

 

Conclusions: The results highlight the importance of characterizing the in vitro binding of tau PET tracer 

candidates to different species of tau aggregates to guide the clinical application of these tracers for the 

detection and quantification of tau aggregates in non-AD tauopathies. 

Keywords: tau, autoradiography, RO6958948, PSP, AV-1451 
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Introduction.  Caspase 3 belongs to the family of cysteine aspartate-specific proteases involved in apoptosis, 

but it also exerts different functions in the central nervous system. Caspase 3 is involved in several 

neurodegenerative diseases, like Alzheimerôs disease (AD), and increased Caspase 3 immunoreactivity in has 

been shown in AD patientôs hippocampus. Moreover, activated Caspase 3 seems to co-localize with 

neurofibrillary tangles (NFT) and amyloid plaques in AD brains. ICMT-11 has been characterized as a 

caspase-3/7 specific positron emission tomography (PET) imaging radiotracer for the assessment of 

apoptosis. In this study we examine for the first time the brain uptake and kinetics of ICMT-11 in healthy 

volunteers and in patients diagnosed with AD. 

 

Methods. Seven subjects (four AD and three HC) underwent ICMT-11 PET with arterial input  and structural 

MRI. Arterial input data was analysed using two tissue compartmental model, and region of interest (ROI) 

analysis was performed. Object map was created in PET space, and distribution volumes (VT) were calculated 

for each brain region. 

 

Results. We detected statistically significant increase in the uptake of ICMT-11 in medial temporal lobe 

(MTL) (p=0.036) and fusiform gyrus (p=0.002) in the Alzheimerôs group compared to controls, with at least 

two fold increase. The AD group also showed a significant smaller hippocampal volume compared to HC 

(p=0.047). 

 

Conclusions. This pilot study evaluated ICMT-11 in an AD population, and demonstrated that there is 

increased ICMT-11 uptake in a cohort of Alzheimerôs disease subjects. This is in line with ex vivo 

demonstration of Caspase 3 activity in different aspects of Alzheimerôs disease. While larger studies 

necessary to validate the finding, these preliminary data suggest that ICMT-11 has the potential to detect 

apoptosis in Alzheimerôs disease. 

Keywords: Alzheimerôs disease, Caspase 3, positron emission tomography, [18F]ICMT-11 
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Background:Amyloid PET studies in the Down syndrome(DS) population, or in autosomal dominant 

Alzheimerôs disease(AD), demonstrate elevated striatal amyloid in nearly all amyloid-positive subjects, often 

appearing before elevated cortical amyloid. Therefore, special attention should be placed on the analysis of 

early elevated striatal amyloid, in these conditions characterized by amyloid-ɓ overproduction. 

 

Methods::Eighty-one non-demented adults with DS (37.2±7.0yrs;44M,37F) underwent up to 3 cycles of PiB 

scans for a total of 80 cycle1, 54 cycle2, and 11 cycle3 scans. Standard uptake value ratio (SUVR;50-

70min;cerebellar gray matter reference region) images were normalized to MNI space via a DS-specific PiB 

template and mean SUVRs were extracted from hand-drawn (on T1 MRIs;nucleus accumbens 2328mm3) or 

atlas-based masks (WakeForestUniversity pickatlas, SPM8;caudate 8240mm3, putamen 13752mm3, globus 

pallidus 4928mm3). Region of interest(ROI) dilation was accomplished by smoothing with an 8mm Gaussian 

kernel and thresholding at various cutoffs to investigate the effects of ROI size on mean SUVR. 

 

Results: Distributions of PiB SUVR in the caudate (overall mean±SD;1.16±0.41), putamen (1.52±0.42), 

nucleus accumbens (1.26±0.29), and globus pallidus (1.04±0.11) are shown in Figure1. The change in PiB 

SUVR between cycles (3.0±0.7years apart) were 0.07±0.15, 0.10±15, 0.06±0.13, -0.01±0.09 for the caudate, 

putamen, nucleus accumbens, and globus pallidus, respectively. Mean SUVR was stable after ROI dilation 

(|ȹSUVR| at 0.1 threshold: caudate 0.02;putamen 0.01;nucleus accumbens 0.01;globus pallidus 0.06), despite 

the widening of  voxel-wise distributions due to inclusion of adjacent ventricle space or white matter. 

 

Conclusion: Combinations of caudate, putamen, or nucleus accumbens provide meaningful information 

about early amyloidogenesis in the DS population, but the degree of inclusion for each subregion affects the 

mean SUVR. ROI size has minimal impact on ROIs that fully encompass a striatal subregion, but inclusion of 

adjacent ventricle space or white matter introduces extreme values that will have a greater influence on the 

mean SUVR in partial ROIs, e.g., just a few axial slices. 

 

Research Support:R01AG031110, U54HD090256, U01AG051406 
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Objective: During the past five years, the development of different tau-specific PET tracers has enabled the 

visualization of tau deposits in Alzheimerôs disease (AD) as well as other tauopathies. In this study we 

evaluated in vivo THK5351 and PBB3, two tau-specific PET tracers that belong to different chemical 

families, in the same patients with AD. 

 

Materials & Methods: A group of patients with clinical diagnoses of mild cognitive impairment and 

probable AD were recruited after thorough clinical assessment. All patients underwent multimodal imaging 

with the tau-specific tracers THK5351 and PBB3, the amyloid-specific tracer AZD2184 as well as a 3D T1 

MRI sequence. In addition to the clinical assessment, all patients were evaluated for the purposes of the 

project with a detailed neuropsychological battery. 

 

Results: All patients showed high widespread cortical binding of AZD2184. Binding of THK5351 and PBB3 

was observed in the temporal lobes as well as other isocortical areas, however, distinct from the distribution 

pattern of AZD2184 binding. Compared to PBB3, THK5351 showed greater grey matter binding. Distinct 

areas showing off-target binding for every tracer were identified. 

 

Significance: To date, this is the first study to investigate in vivo the comparability of two different tau-

specific PET tracers in the same patients with AD. This study will shed new light into the regional binding 

properties of the tracers as well as the underlying interrelationship between the tau tracersô binding with 

markers of cognitive decline and amyloid burden in the AD brain. 

Keywords: tau, amyloid, THK5351, PBB3 
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Background: Clinical trials investigating changes in amyloid load in patients with Alzheimerôs disease (AD) 

following treatment routinely make use of the semi-quantitative measure standardized uptake value ratio 

(SUVr). It has been shown, however, that PiB SUVr is sensitive to changes in blood flow, potentially leading 

to misinterpretation of therapy effects. The objective of the present study was to assess if blood flow changes 

during a clinical trial affect SUVr compared with the fully quantitative measure of amyloid load, which is 

binding potential (BPND). 

 

Methods: 14 amyloid-positive patients with mild cognitive impairment (MCI) or AD (age 67±5) underwent 

90-minute dynamic PiB PET scans before and after a 12-week treatment period. A global cortical ROI was 

defined on (individual) structural MRI images using a probability map based template. BPND and SUVr (60-

90 min post-injection) were calculated using cerebellar grey matter as reference region. In addition, an index 

of flow was obtained from the ratio of tracer deliveries to cortical and cerebellar regions (R1). Changes 

between baseline and follow-up (æ) were calculated for R1, BPND and SUVr. 

 

Results: Paired T-tests revealed no significant differences between baseline and follow-up values for any of 

the parameters (Table, Figure 1). æBPND showed good correlation with æSUVr (Spearmanôs ɟ=0.76, p<0.01). 

æBPND did not correlate with æR1 (Spearmanôs ɟ=0.37, p=0.20), whilst æSUVr did (Spearmanôs ɟ=0.65, 

p=0.01). 

 

Conclusion: These results indicate that changes in SUVr, but not BPND, are affected by changes in blood 

flow. Although this had no effect on the interpretation of SUVr in the present study, the sensitivity of SUVr to 

changes in perfusion indicates that treatment effects in AD should preferably be assessed using fully 

quantitative methods such as BPND, especially if the interval between baseline and follow-up scans is longer 

and for drugs that have a direct effect on perfusion. 

 

 

 

Values are displayed as mean (standard deviation) 

 

Keywords: SUVr, binding potential, flow, PiB, PET 
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Background: With the availability of sensitive and specific PET radioligands for beta-amyloid and tau 

aggregates, many studies are incorporating both markers in large-scale, within-subject designs. Thus, there is 

an increasing need to harmonize the analysis approach for amyloid and tau PET data to maximize 

biologically-relevant signals and minimize methodological noise. The goal of this project was to develop a 

tracer-agnostic analysis pipeline for amyloid and tau PET. 

 

Methods: We utilized publicly available data from the Alzheimerôs Disease Neuroimaging Initiative (ADNI). 

As of June 2016, there were 53 cognitively normal or mild cognitive impairment participants who had both 

amyloid and tau PET data available (24 women, age: 76.4+7.5 years). We first constructed an amyloid PET 

analysis pipeline based by published studies from the ADNI PET Core, tested our pipeline on raw data 

downloaded from ADNI, and then developed a complementary tau PET pipeline. 

 

Results: We produced an analysis pipeline with key features, including image realignment, coregistration, 

averaging, reslicing, and smoothing. Smoothing parameters were dependent on each scannerôs resolution and 

performed to bring images acquired at different scanners to a common resolution. The reference regions were 

a composite of the whole cerebellum, brainstem/pons, and white matter for AV-45 and the whole cerebellum 

for AV-1451. Using our harmonized pipeline, we replicated the AV-45 SUVR composite scores processed by 

the ADNI PET Core with 10-3 accuracy. In proof of principal analyses, we found that 1) AV-1451 SUVR 

values in the right inferior temporal cortex were negatively associated with long-delay memory, and 2) 

APOE-e4 carriers had higher AV-45 SUVR values when compared to APOE-e4 non-carriers (all pôs<0.01). 

 

Conclusions: A flexible analysis pipeline for processing amyloid and tau PET data is feasible and enables 

combining datasets from different sources for large-scale analyses. Future work will include optimizing this 

pipeline for clinical trials, integrating other tracers, and standardizing to centiloids. 

Keywords: Alzheimerôs disease, AV-45, AV-1451, clinical trials, harmonization 
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Objective: To perform kinetic analysis of (S)THK-5351 with arterial input function in healthy controls (HC) 

and Alzheimerôs disease (AD) subjects, and assess test/retest variability of different measures. 

 

Methods: PET brain imaging was completed in five HC (age 51-69), five mild AD (age 64-71, MMSE 21-

26) and five moderate AD (age 54-75, MMSE 8-19). Subjects were administered 9.0 ± 0.7 mCi (S)THK-5351 

and imaged twice for 3.0 hours with arterial blood sampling. PET data were analyzed with Logan graphical 

analysis (invasive (LGA) and non-invasive (NI-LGA)) to estimate the distribution volume ratio (DVR). 

SUVR curves were calculated over 180 min and compared to DVR for different time windows. The cerebellar 

cortex was used as reference region. DVR and SUVR were compared between the three groups. 

 

Results: (S)THK-5351 is rapidly metabolized, with ~15-20% of parent remaining at 30 min. There was very 

good agreement between LGA and NI-LGA DVR estimates. SUVR curves plateaued around 40 min post 

injection. SUVR measurements correlated with DVR (R2>0.9) but overestimated DVR by ~50-100%, with 

SUVR (40-60 min) showing highest correlation with DVR. DVR estimates were robust, with <5% change 

when truncating data from 180 to 90 min. NI-LGA DVR (90 min) test/retest variability was 3.4±2.8% across 

regions and subjects. Variability of SUVR was lower for 40-60 min (3.6±2.8%) compared to 60-90 min 

(4.7±4.0%). NI-LGA DVR (90 min) for HC, mild AD and moderate AD was 1.32±0.03, 1.49±0.05 and 

1.55±0.06 in inferior lateral temporal cortex and 1.66±0.04, 1.79±0.05 and 1.75±0.06 in hippocampus.  

 

Conclusions: SUVR curves rapidly reach a plateau and SUVR at 40-60 min highly correlate with DVR while 

providing lower test/retest variability compared to later imaging windows. Small signal increase was 

measured in AD compared to HC in regions expected to exhibit tau pathology, while high signal was 

measured in HC in subcortical regions and hippocampus. 

Keywords: PET, Tau, Kinetic analysis, Test/Retest, THK-5351 
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Objective: RO6958948, a novel radiopharmaceutical for imaging of tau deposits, has previously been 

evaluated in 11 AD, 5 YHC, and 6 OHC in PET imaging studies, determining kinetic and test-retest 

properties. Here we report preliminary longitudinal data from 4 AD subjects imaged at a second time point 

ranging from 8 to 22 months. 

 

Methods: Four AD subjects (Age: 70 ï 86; Baseline MMSE: 22 - 24) had baseline and follow up dynamic 

scans on a HRRT for 90 minutes after a bolus injection of RO6958948. Data were analyzed using the 

reference tissue graphical analysis and SUVR 60-90 minutes post-injection (reference region: cerebellum). 

Changes in DVR and SUVR between baseline and follow-up were examined in eleven brain regions (a total 

of 22 left and right regions) that showed higher binding in the 11 AD subjects (Age: 55 ï 86; MMSE: 16 ï 

25), and/or are typically used for Braak staging of tau pathology. Paired t-test was used to examine whether 

DVR or SUVR increased in individual subjects. 

 

Results: AD subjects showed changes of MMSE scores (baseline and follow-up MMSE / scan intervals in 

months) as: Subject A1: 24 Ÿ 25 / 18 months; A2: 20 Ÿ 19 / 8 months; A3: 23 Ÿ 19 / 22 months and A4: 22 

Ÿ 18 / 21 months). Increase in DVR values of the 22 regions were observed in: A1 (up to 12%) and A4 (up 

to 23%), uncorrected p values: p>10-3 and p<10-4. SUVR values increased in subject A1 (up to 27%), A3 

(up to 14%) and A4 (up to 27%) uncorrected p values: A1 p<10-5, A3 p<0.01 and A4 p<10-4. Data 

evaluation using other reference regions is ongoing. 

 

Conclusions: Substantial increases between baseline and greater than one year follow-up PET scans were 

seen in 3 AD subjects suggesting that RO6958948 can detect Tau pathology progression. 

Keywords: Tau, novel, radiopharmaceutical, Alzheimerôs, longitudinal 
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Introduction:   Alzheimerôs Disease clinical trials routinely use Florbetapir positron emission tomography 

(PET) scans as imaging endpoints.  However, it is important to understand the changes observed in response 

to therapeutic interventions relative to natural history data and to other clinical trials.  To this end, we have 

determined the annual change in Amyloid PET, in both SUVR and Centiloids, in ADNI to provide context for 

clinical trials. 

 

Methods:  Data from 188 ADNI subjects with repeated Amyloid PET scans were utilized.  Florbetapir PET 

and 3D T1-weighted MRI scans were processed through Biospectiveôs PIANOTM pipeline.  SUVR values 

were calculated using the whole cerebellum as a reference region and converted to Centiloids.  The Centiloid 

conversion equation (Klunk, 2015) was generated using data from 43 subjects across the AD spectrum 

(provided by Avid Radiopharmaceuticals) with PiB PET, Florbetapir PET, and 3D T1-weighted MRI 

scans.  Only subjects with an amyloid-positive Florbetapir baseline PET scan, based on visual reads, were 

used for longitudinal analysis. 

 

Results:  The annual SUVR changes (±s.d.) were 0.039±0.065 and 0.014±0.055 for cognitively normal and 

cognitively impaired groups, respectively (80% power).  The corresponding annual Centiloid changes were 

7.96±13.42 and 2.85±11.38.  The sample sizes per arm needed to detect a halt in SUVR or Centiloid change 

over one year were 45 and 244 for cognitively normal and cognitively impaired groups, respectively.  The 

sample size per arm needed to detect a 10 Centiloid (0.049 SUVR) reduction in annual change was Ò30 

subjects per group (80% power). 

 

Discussion:  Based on this analysis, the detection of significant effects of anti-amyloid therapies that only halt 

the accumulation of ɓ-amyloid will be limited by the statistical power.  However, if an anti-amyloid therapy 

results in a substantial reduction of ɓ-amyloid burden, then the required sample sizes would be drastically 

reduced, thereby facilitating the use of Amyloid PET in early-phase, disease-modifying clinical trials. 

Keywords: amyloid, longitudinal, ADNI, Centiloid, sample size 
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Background: Central to the Centiloid standardization process is the cortical target region (SPM-CTX), 

derived by warping the CTX subject set (19 Alzheimerôs disease and 25 older-control subjects) to MNI space 

using the Unified method within SPM and identifying the region of maximum difference between groups. 

However, the warping may be susceptible to differences in cortical grey matter (GM) atrophy. Further, the 

method does not account for the partial volume effect (PVE). This work evaluates alternative methods for 

generating a standard cortical region using FreeSurfer. 

Methods: An initial alternative cortical region was generated by warping the Centiloid CTX subjects to a 

common space using FreeSurferôs Talairach transform and identifying the region of maximum difference (FS-

CTX). A second GM-only cortical region was generated that follows the pial surface and GM-WM tissue 

boundaries by combining FreeSurfer GM parcellation regions that best match the FS-CTX region (FS-GM-

CTX). 

18 subjects independent of the Centiloid CTX set with PiB and MRI acquisitions were selected having either 

high (SUVR > 2.50; n=11) or low (SUVR < 1.20; n=7) amyloid load based on hand-drawn ROIs. Cortical 

SUVR values were determined using 4 methods: SPM-CTX, FS-CTX, FS-GM-CTX, and FS-GM-CTX with 

geometric transform matrix (GTM) partial volume correction (+PVC). Effect sizes (Cohenôs d) were 

evaluated for distinguishing high vs. low amyloid load. 

Results: SPM-CTX, FS-CTX, and FS-GM-CTX VOIs are overlaid on a native-space MRI in FIGURE. 

Average high-amyloid SUVRs (Cohenôs d) were: SPM-CTX=2.82±0.24 (9.62); FS-CTX=2.59±0.17 (11.14); 

FS-GM-CTX=2.28±0.17 (9.86); FS-GM-CTX+PVC=3.73±0.31 (11.18). 

Conclusions: The FS-GM-CTX method generated the lowest average high-amyloid SUVR and lower effect 

size than FS-CTX, likely due to its increased susceptibility to PVEs at the pial surface. However, FS-GM-

CTX+PVC resulted in a similar effect size to FS-CTX despite a significantly larger standard deviation in the 

high-amyloid group. These results suggest PVC should be explored as part of a standardized amyloid 

methodology.  

 

 

Keywords: amyloid, PET, partial 

volume, Centiloid, FreeSurfer  



73 

Matthews, Dawn - 141 

The quantitative impact of emission-transmission scan misalignment 

and region selection upon amyloid measurement accuracy 

Randolph Andrews1, Dawn Matthews1, Anne Smith2 

1ADM Diagnostics LLC, Northbrook, IL, USA 
2Siemens Healthcare, Knoxville, TN, USA 

 

Background:  Statistically powered measurement of amyloid accumulation and removal is challenged by low 

biological accumulation rates and potentially subtle treatment reduction values.  Several technical factors can 

overwhelm detection of these changes, including attenuation correction error due to misalignment between 

transmission scan and emission scan, but this has not been quantified.  We systematically quantified 

emission-transmission misalignment impact upon Standardized Uptake Value Ratio, and the role of reference 

and target region selection. 

 

Methods: Florbetapir PET-CT scans with negligible subject motion were obtained from three subjects with a 

range of clinical diagnoses, morphologies, and amyloid:  Healthy Control amyloid negative (Am-), amnestic 

MCI Am+ threshold, and early AD Am+. The CT (mu-map) and emission scans of each were systematically 

misaligned and reconstructed using 56 different permutations including translational motion in each of x, y, 

and z directions of 0 to 10mm, and rotational motion relative to each axis of 0 to 10 degrees, and combined 

translation and rotation in all directions.  Versions were also constructed that required realignment of the 

emission scans during processing vs. no realignment, to segregate realignment error from embedded 

attenuation correction error.  Differences in measured regional values relative to the correctly aligned case 

were calculated and compared for different target regions of interest and reference region definitions, 

including regions based upon the AAL atlas and regions comprised of the Freesurfer segments applied in 

ADNI (Landau).  Impact was compared across misalignment permutations, regions, and subjects. 

 

Results:  SUVR percent error ranged from 1% to over 50% depending upon motion and regions measured. 

Error increased notably after 4mm or 4 degrees. Subcortical white matter showed less error than gray 

cerebellum and pons in most cases, and certain cortical regions showed greatest change. 

 

Conclusions:  Emission-transmission scan misalignment must be minimized to assure accurate amyloid 

measurement. Reference and target regions can be selected to minimize misalignment related error. 
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We present an advanced infrastructure dedicated to quantification of amyloid imaging using PET/MR.  The 

proposed software provides full control of list-mode data processing, image reconstruction and analysis 

leading to precise quantitative estimates of regional or voxel-level SUVr, and includes: 

 

(1) generation of an atlas-based pseudo-CT (pCT) ɛ-map for attenuation correction which can be coregistered 

to any time frame of PET data to account for head motion; 

 

(2) 3D scatter correction for long axial FOV scanners; 

 

(3) voxel-based partial volume correction (PVC, iterative Yang) using T1w brain parcellations and up-

sampled PET image; 

 

(4) full detector normalisation and reduced noise randoms correction. 

 

The entire processing chain is implemented on high-throughput graphical processing units (GPU).  This 

enables comprehensive investigation of the sources of uncertainty through 100-times bootstrap resampling of 

the list-mode data and consequent multiple image reconstructions and analyses. 

 

This methodology allows for a critical evaluation of the impact of PET count statistics; different methods for 

attenuation correction (UTE, pCT), scatter correction, PVC, registration and interpolation; choice of reference 

region; and size and position of  the region-of-interest relative to the scannerôs field-of-view. We show that 

partial volume effects and attenuation correction inaccuracies are the biggest sources of error (accounting for 

up to 10% each) followed by the limited count statistics (error of up to 8%).  The type of interpolation used in 

image up-sampling for PVC and ROI analysis may cause changes of up to 4% in SUVr.  Coregistration of the 

mu-map to any given time frame PET image increases accuracy due to misalignment correction but is a 

source of additional uncertainty. 

 

The proposed infrastructure enables very accurate estimates of amyloid deposition using static and dynamic 

PET imaging. Estimates of uncertainty estimated at voxel and ROI levels aid in the interpretation of cross-

sectional data, and are likely to allow for increased precision in longitudinal analyses. 
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Introduction:  Region of interest (ROI) segmentation can be problematic in populations with brain structure 

abnormalities, particularly for automated processing routines.  Differences in ROI delineation could affect 

statistical outcomes when extracting PET binding measures.  This work compares three methods of ROI 

delineation for 11C-PiB SUVR extraction in the Down syndrome population. 

 

Methods: Fifty-four individuals, selected from a larger cohort, with Down syndrome underwent 11C-PiB PET 

(50-70 min) and T1-weighted MRI scans.  Parametric SUVR images were generated (GM cerebellum 

reference) and coregistered to MRI (SPM8).  Mean SUVRs were extracted from hand-drawn (HD) 

(Rasario2011), FreeSurfer 5.1.0 (FS), and Wake Forest University Pick Atlas (WFU) derived ROIs.  HD and 

FS ROIs were defined in native MRI space. WFU ROIs were defined in MNI space.  WFU SUVRs were 

extracted from SUVR images that were normalized from native MRI space (SPM8) to a study-specific PET 

template in MNI space.  Between-method differences in mean SUVR were determined using a repeated 

measures analysis with a fixed method factor and a random subject effect (to account for within subject 

correlation).  HD ROIs were the standard for comparison.  Intra-class correlation coefficients (ICCs) were 

calculated using a one-way random effects model to assess agreement of the FS and WFU methods with the 

HD method. 

 

Results: Compared to HD SUVRs, both WFU and FS SUVRs were significantly lower for all ROIs (Tables 1 

and 2).  ICCs indicated reasonable agreement with HD SUVRs for FS (except temporal cortex) and WFU 

methods, with WFU generally having slightly higher ICCôs with HD (Table 3). 

 

Conclusions: The use of a study-specific PET template in combination with the WFU PickAtlas improves 

agreement with hand drawn ROIs compared to using FreeSurfer and is a viable method for ROI delineation in 

the Down syndrome population.  Normalizing to a PET template allows for regional SUVR extraction 

without requiring MRI data. 
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Tau accumulation is known to be core pathologic change in various neurodegenerative diseases including 

AD. Several tau tracers have been developed to detect tau deposition in vivo. Recently, AV1451 and  THK-

5351 are widespread tau tracers among many tau tracers. We evaluated how each tau tracer reflected tau 

distribution and weather there were some differences between two tracers or not in various neurodegenerative 

diseases including AD-spectrum tauopathies and non-AD neurodegenerative diseases. 

 

Six participants performed Tau-PET using two tracers, FBB-PET, and MRI. The participants consisted of two 

bvFTD, one svPPA, one AD, one LPA, and one SMI patients. To compare regional tau tacers uptake, we used 

the standardized uptake value ratios (SUVR) which is uptake ratio of automated volume of interest to 

reference region. 

 

We found that THK-5351showed higher amount and larger area of retention than AV1451 in non-AD 

neurodegenerative diseases. Conversely, in AD spectrum diseases, higher amount and larger area of uptake 

were shown in AV1451, compared to THK. We also found that off target binding in midbrain and basal 

ganglia was prominent in THK-5351 than AV1451. 

 

This study revealed that AV1451 was more specific to AD tauopathies and less likely to present off target 

binding, while THK-5351 was more likely to reflect non-specific neurodegeneration. These results would 

provide better understanding to clinical application of AV1451 and THK-5351. 

Keywords: tau, PET, tracer 
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Objectives: This work compared quantification strategies for estimating specific binding with dynamic and 

static imaging of PET tau radioligands 18F-THK-5351 and 18F-THK-5317. 

 

Methods: Twenty-eight participants (mean=71±7 yrs) underwent 90-minute dynamic 18F-THK-5351 or 18F-

THK-5317 PET scans and T1-w MRI.  Ten participants were scanned with both tracers (321±46 days 

between PET scans).  Participants included individuals at-risk for Alzheimerôs disease (AD) (15 parental 

history, 18 APOE-Ů4 carriers) and included probable AD (n=6), amnestic MCI (n=3), cognitively declining 

(n=10), and cognitively stable (n=9) individuals.  Regression and Bland-Altman analyses were carried out to 

compare SUVR and DVR estimates determined derived from Logan graphical analysis, MRTM2, and basis 

function SRTM.  The effects of t* (and k2 for Logan) were investigated for MRTM2 and Logan.  Effects of 

scan duration and scanning window were determined for DVR and SUVR, respectively.  Regressions 

analyses were performed to compare within-subject DVR and SUVR estimates for the ten participants that 

received both THK scans. 

 

Results: MRTM2 and Logan DVR estimates were stable for t*=30 min and t*=40 min, respectively.  The 

Logan method was sensitive to combinations of t* and k2. Between-method DVR estimates were generally in 

agreement for 90-minute dynamic scans for both tracers, with the exception of SRTM, which failed to 

converge in some ROIs for THK-5317.  Sixty-minute scan durations using MRTM2 and 70-minutes using 

Logan produced DVR estimates consistent with 90-minute derived estimates.  SUVR became temporally 

stable 50-70 minutes post-injection and SUVR from 30-50 minutes post-injection had the highest correlation 

with DVR.  Agreement was observed between THK-5351 and THK-5317 DVR and SUVR estimates for 

individuals scanned with both tracers with THK-5351 having higher binding estimates. 

 

Conclusions: THK-5351 has more favorable imaging characteristics for tau imaging compared to THK-

5317.  Shortened 60-minute dynamic scans are suitable for DVR estimation using MRTM2 for both THK-

5351 and THK-5317 in this subject population. 
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Introduction : Post-mortem studies have shown that tau deposition in early Alzheimerôs Disease occurs 

predominantly in inferior and middle temporal cortex, and in subject-specific patterns which do not respect 

anatomical boundaries. PET ligand 18F-T807 (FTP) allows measurement of intra-subject change in tau 

binding. We investigated rate of change of tau binding  in cognitively-normal (CN) subjects using a surface-

based cluster approach. 

 

Methods: Two time-points of FTP PET (10mCi, 80-100min) were acquired in each of 31 CN subjects 

(baseline age 76.2±6yr, interval 20.2±5 months). Time-points were registered to a subject-specific FTP 

template that was registered to baseline MPRAGE. FTP data was sampled at midpoint vertices of the 

Freesurfer-calculated grey-matter-ribbon, surface-smoothed at 10mm FWHM, and expressed as SUVR 

(cerebral white-matter reference).  Clusters in the lateral and medial temporal lobes and spanning both time-

points were formed from vertices with FTP SUVR>=1.0 sharing a segment of the triangular surface mesh in 

each time-point, or occupying congruent positions across time-points. An FTP uptake measure (ClustSUVR) 

for each subject was computed as the average SUVR across all clusters with overlap between time-points of 

at least 20% of the number of cluster vertices in each time-point, to minimize error due to misregistration. 

Mixed-effect models were used to determine rate of change of ClustSUVR in CN subjects. 

 

Results: The 31 CN subjects had average rate of change of ClustSUVR of 0.009 SUVR/yr (0.00012,0.015) 

(1st,3rd quartiles), with minimum/maximum -0.013/0.063 SUVR/yr.  Modeled ClustSUVR rate of change 

was 0.007±0.0021 SUVR/yr (p<0.003). 

 

Conclusions: Our initial findings with FTP Tau-PET a group of normal subjects suggest that most showed 

evidence of increases in tau binding over time in spatially associated temporal lobe clusters of vertices with 

FTP SUVR>=1.0. 

Keywords: Clusters, T807, Tau 
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Introduction: Interactions between molecular imaging agents and their respective targets might be affected 

by the chronic or acute use of certain pharmacological interventions. Here we described changes in THK5351 

binding elicited by a single dose of a widely used MAO-B inhibitor, selegiline. 

 

Methods: Patients with mild cognitive impairment (MCI; N=3; 72±5.2 y.o; MMSE) and a progressive 

supranuclear palsy patient (PSP; 68 y.o; MMSE=29) had a baseline THK5351 scan (6.8±0.1 mCi). All 

participants had two days later, a second THK5351 scan (6.6±0.5mCi) conducted 1h following an oral dose of 

10mg of selegiline. Dynamic images were obtained using the ECAT HRRT (High Resolution Research 

Tomograph). A six-minute transmission acquisition was obtained for each scan. The primary outcome 

measure was the standardized uptake value (SUV).  SUVs were obtained using tissue radioactivity 

concentration obtained 50 to 70 minutes following THK5351 injection, normalized by body weight and 

injected tracer dose. 

 

Results: On baseline scans, all individuals showed high uptake in the frontal, temporal lobes, basal 

ganglia and thalamus (see Figure 1). These regions of uptakes were reduced in a range of 36.2% - 51.3% in 

the follow up scans, presumably due to the blocking of MAO-B binding sites by selegiline (Figure 2). 

 

Conclusion: Quantification of THK5351 binding is affected by concomitant use of selegiline.  These results 

merit careful studies focusing on the underlying basis of this phenomenon, particularly interactions between 

THK5351 and MAO-B binding sites. 

 



85 

 
 

 
Keywords: [18F]THK5351, PET, selegiline, MAO-B 



86 

Wednesday, January 11, 2017 - 04:40 pm - 05:25 pm 

SESSION 2: Novel Tau Tracers 

SESSION 2 

Novel Tau Tracers 

CHAIRS:   

Julie Price 

Massachusetts General Hospital 

Robert Koeppe 

University of Michigan 

Effects of [18F]AV-1451 binding in cerebellar gray and 

extra-cortical areas 

Suzanne Baker 

Lawrence Berkeley National Laboratory 

[18F]MK -6240, a novel neurofibrillary  tangles PET 

tracer:  Evaluation in healthy subjects and Alzheimer's 

Disease patients 

Cyrille Sur 

Merck & Co., Inc. 

Current  efforts to overcome drawbacks of [11C]PBB3 by 

developing new PBB3 derivatives: first -in-human PET 

study with  [18F]AM -PBB3 

Hitoshi Shimada 

National Institute of Radiological Sciences 

Evaluation of baseline and longitudinal  tau burden in 

Alzheimerôs disease using [18F]GTP1 (Genentech tau 

probe 1) PET imaging 

Robby Weimer 

Genentech Inc. 

Invited Lecture:  

Molecular imaging analysis for tracer validation and 

clinical trials  

Roger Gunn 

Imanova Ltd 

Discussion 

  



87 

Baker, Suzanne - 137 

Effects of [18F]AV-1451 binding in cerebellar gray and extra-

cortical areas 

Suzanne Baker1, Anne Maass2,3, Susan Landau2, Samuel Lockhart2, William Jagust1,2 

1Lawrence Berkeley National Laboratory, Berkeley, CA, USA 
2University of California, Berkeley, Berkeley, CA, USA 
3German Center for Neurodegenerative Diseases, Magdeburg, Germany 

 

Objectives: Evaluate high AV-1451 uptake in cerebellar gray subregions and extra-cortical regions. 

 

Methods: Subjects (Table) received AV-1451 scans from 80-100 min and structural MRIs. MRIs were 

segmented using FreeSurfer5.3 and SPM12. SUVR80-100 was calculated using cerebellar gray as the 

reference region and coregistered to the MRI. Seven controls received a second scan 1.9±0.5 years later. 

SUIT cerebellum atlas was reverse-normalized to native space and masked by FreeSurfer cerebellar gray for 

gray matter subregions. Extra-cortical high-uptake (ECHU) regions (SUVR80-100>1.3 and k > 500 voxels) 

were created in soft tissue and bone masks from SPM12. Cerebellar gray subregions and ECHUs were 

smoothed by the scanner resolution to quantify their partial volume effects (PVE) on cortical ROIs. 

 

 
 

Results: Figure 1 shows SUVR80-100 for cerebellar gray subregions by diagnosis. Superior subregions 

showed higher AV-1451 uptake, with no differences observed across diagnosis within subregion. Superior 

subregions showed PVEs from 1-3% on parahippocampal, fusiform, and lingual gyri. For the 7 HCs with 

longitudinal data, the superior portions of cerebellar gray (relative to inferior cerebellar gray) changed a small 

amount (0±2%). Figure 2 

shows the mean ECHU across 

subjects and a modest partial 

volume effect on cortical 

regions. Of the voxels 

classified as ECHU regions in 

scan 1, 31±14% were classified 

as ECHU in scan 2, while 

number of ECHU voxels 

increased by 63±81% from 

scan 1 to scan 2. 
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Conclusion: AV-1451 uptake varies in cerebellar gray subregions, showing increased uptake in superior 

regions. Although this has minimal PVE on ROIs and is stable over time, the inclusion of superior portions of 

cerebellar gray in the reference region could add noise to cross-sectional analyses. ECHU has a moderate 

effect on regional SUVRs and is not stable over time, resulting in noise in analyses across diagnosis and 

longitudinal studies. 

Keywords: [18F]AV-1451, tau, non-specific binding 
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Background: MK-6240 is a novel PET tracer for the detection of neurofibrillary tangles (NFT) in 

Alzheimerôs Disease (AD) patients. Here, we present the pharmacological profile of MK-6240 and 

preliminary characterization in healthy elderly (HE) and AD subjects. 

 

Methods: The pharmacological profile of MK-6240 was established and compared to AV-1451 in various 

preclinical models.  Whole body images were collected over 5 hours in healthy volunteers to estimate 

biodistribution and effective dose (ED). HE and AD patients received a MK-6240 scan to determine tracer 

kinetics. After bolus injection of MK-6240 (153-349 MBq) dynamic scans were acquired  for up to 180 

minutes. Some of the dynamic scans were acquired with arterial input to perform tissue compartmental 

modeling. 

 

Results:In vitro experiments using AD tissue homogenates showed that MK-6240 is a potent (KD :0.3 nM) 

and selective NFT ligand. In contrast to AV-1451 no saturable MK-6240 in vitro binding was observed in 

control tissue sections. In vivo, self-block studies in rhesus showed no off-target binding for MK-

6240.  Dosimetry evaluation in human resulted in an effective dose of 29.4+/-0.6 µSv/MBq allowing several 

scans per year. MK-6240 showed high peak brain uptake of ~ 5 SUV followed by quick washout from all 

brain regions in HE but retention in medial temporal lobe and neocortical regions in AD. Tracer kinetics were 

best fitted by a 2-tissue-compartment model and a linear relationship was found between DVR and SUVR(60-

90 min) using cerebellum as a reference region. In AD patients the distribution of MK-6240 signal was 

consistent with post-mortem pattern of NFT deposition with SUVR >3-4 in patients exhibiting neocortical 

signal. 

 

Conclusion: MK-6240 is a novel selective and specific NFT PET tracer with a favorable radiation profile and 

a large dynamic range. These characteristics are promising for characterizing the pathological burden of low 

and high NFT expressing brain regions. 

Keywords: Tau, PET, Alzheimer, clinical 
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Background and aims: Accumulating evidence indicates that PBB3 can bind diverse tau conformations, 

such as Alzheimerôs disease (AD), progressive nuclear palsy (PSP), corticobasal syndrome, Pickôs disease, 

and transgenic mouse models. Meanwhile, it is gradually revealed that PBB3 have several issues including 

the short half-life of 11C, limited dynamic range and off-target binding around basal ganglia and thalamus, 

leading to difficulty in wide use and early detection of tau pathology. Then, we have developed novel PBB3 

derivatives, AM-PBB3 and PM-PBB3, to overcome such drawbacks. Here we present preliminary data of 

PET imaging with fluorinated PBB3 derivatives. 

 

Methods: Four patients with AD and four age-matched cognitive healthy control (HC) subjects underwent a 

dynamic PET scan, arterial blood sampling, and free fraction measurements after injection of AM-PBB3. 

PBB3 and PiB PET scans were also performed within a month. Parametric AM-PBB3, PBB3- and PiB- 

images were generated by voxel-based calculation of standard standardized uptake value ratio (SUVR) to the 

cerebellum. Furthermore, one- and two-tissue compartment analyses (1TCM, 2TCM) and a reference tissue 

model (MRTMO) were also applied to estimate binding potential (BPND). 

 

Results: Since plasma parent free fractions decreased over time, we analyzed kinetics of 18F-AM-PBB3 using 

corrected plasma input functions with sequentially measured parent free fractions. 2TCM produced a better fit 

to tissue TACs than did 1TCM with corrected input functions, and was in good agreement with MRTMO. 

AM-PBB3 yields a 1.5 ï 2 fold higher dynamic range than PBB3 in visualizing AD tau lesions. Off-target 

binding of PBB3 is noticeable in the basal ganglia and thalamus, while AM-PBB3 does not produce 

prominent off-target signals in these areas. 

 

Conclusions: Fluorinated PBB3 derivatives were promising novel tau PET ligands, which showed similar 

characteristics to PBB3 with long half-life, broad dynamic range and less off-target binding around the basal 

ganglia and thalamus. 

Keywords: tau, PET, [11C]PBB3, [18]AM-PBB3, [18F]PM-PBB3 
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Objectives: In Alzheimerôs disease (AD), the density and anatomical distribution of tau pathology in the 

brain correlates with cognitive dysfunction. GTP1 is a tau PET tracer that exhibits desirable 

pharmacokinetics, enabling the use of SUVR60-90min as a surrogate measure of specific binding, and robust 

test-retest reliability. We report preliminary results on the burden of tau pathology detected by GTP1 PET 

imaging in an AD cross-sectional cohort, and changes observed at 6 and 12 months in participants of a 

longitudinal 18-month natural history study. 

 

Methods: Subjects (age 50 to 85, inclusive) were enrolled in an ongoing study; inclusion criteria: cognitively 

normal (MMSE 28-30, CDR 0), prodromal AD (amyloid(+), MMSE 24-30, CDR = 0.5), mild AD 

(amyloid(+), MMSE 22-30, CDR 0.5 or 1) and moderate AD (amyloid(+), MMSE 16-21, CDR 0.5 or 1 or 2). 

GTP1 images are acquired over 30 minutes starting 60 minutes post injection. The cerebellar gray reference 

tissue is used to calculate SUVR, and tau burden was assessed by exploratory metrics: a density metric 

(average SUVR) and an extent metric (% of voxels above a SUVR threshold). 

 

Results: Baseline tau burden in gray matter, using both density and extent, generally increased as a function 

of disease state (prodromal, mild, moderate), yet varied in distribution between subjects and across cohorts, 

with extent providing greater dynamic range. Preliminary longitudinal data show that increases in tau burden 

could be detected in mild and moderate subjects within 6-9 months. In contrast, healthy controls show low 

baseline gray matter tau burden and no longitudinal change. 

 

Conclusion: Preliminary analysis suggests that GTP1 imaging can detect baseline tau pathology and 

progression. Additional interim analysis from this ongoing study will be presented. 

Keywords: Tau PET, Alzheimerôs disease, longitudinal 
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PET molecular imaging data, using tracers that bind to misfolded proteins, can be acquired as dynamic or 

static data, with or without associated blood data. The analysis of these data aims to derive an outcome 

measure that is proportional to the density of the misfolded protein, however the quantitative accuracy of the 

outcome measure derived is dependent on both the chosen acquisition and analysis method. 

 

There are three types of approach: 1) Full tracer kinetic analysis of dynamic tissue data using an arterial input 

function and an appropriate tracer kinetic model to derive VT and DVR outcome measures, 2) Reference 

tissue analysis of dynamic tissue data using a reference tissue input function to derive a DVR outcome 

measure and 3) Tissue ratio analysis from static data at a particular time point to derive an SUVR outcome 

measure. 

 

The utility of the different analytical approaches will be explored in the context of tracer validation studies 

and clinical trials of novel therapeutics. For validation of novel tracers the goal is to understand the tracers 

key characteristics, which includes an assessment of BBB penetration, target binding, selectivity and any 

metabolite liabilities. For clinical trials the goal is to select an approach that balances quantitative accuracy 

with an experimental design that is practical for phase II/III trials.  
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Objectives: Tau deposition has been shown to be highly associated with cognitive impairment. Furthermore 

tau deregulation is a key mediator of neurodegeneration. Positron emission tomography (PET) with a 

selective tau radioligand allows disease progression monitoring as well as direct demonstration of the 

mechanism of action of new therapies. Multiple tau radioligands have been developed; however the question 

about their selectivity in vivo remains. Here, we evaluate the off-target binding of THK5351 in Alzheimerôs 

Disease (AD) brain tissue in vitro and in cynomolgus macaques (cynos) in vivo. 

 

Methods: Competitive binding assays were performed in homogenate from entorhinal cortex of an AD donor 

with THK5351 in the presence of various concentrations of THK5351 as well as clorgyline and selegiline, in 

order to evaluate the total specific binding and binding to monoamine oxidase A and B (MAO-A and MAO-

B) respectively. 

 

Ten young (8-10yrs) and four geriatric (24-26yrs) cynos went through 120 min dynamic THK5351 PET scan 

with arterial sampling. Three old cynos had a second scan post i.v. administration of 1mg/kg selegiline. The 

total volume of distribution (VT) was estimated using kinetic modeling. 

 

Results: The in vitro binding assay demonstrated strong specific binding of THK5351. 100nM selegiline 

blocked 70% of the total binding whilst clorgyline showed no blocking effect at that concentration(Figure 1). 

The VT in aged cynos was 20% higher than in the young (Figure 2) in globus pallidus (p=0.02) and striatum 

(p=0.06). Following selegiline pretreatment, there was 20-60% reduction in VT across brain regions in aged 

cynos (Figure 3), suggesting MAO-B binding. 

 

Conclusion: A sizable fraction of total THK5351 binding in the brain is attributable to MAO-B, the level of 

which is reported to increase with age. To our knowledge this dataset provides the first in vivo evidence of 

THK5351 binding to MAO-B. This off target (non-tau) binding should be considered as a confounding effect 

in longitudinal clinical trials using THK5351. 
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Objectives: 18F-THK5351 has been widely used for the in vivo detection of tau pathology in the Alzheimerôs 

brain. In spite of this, ñoff-targetò binding has not been characterized, nor has ante to post-mortem validation 

been reported. The aim of study was to examine the on- and off-target binding of 18F-THK5351 using 

postmortem brain sections. 

 

Methods: We performed postmortem examination of brain samples from an autopsy-confirmed Alzheimerôs 

disease case (81-yo male, MMSE 16) who underwent 18F-THK5351 PET 7 months before death. In vitro 

autoradiography (ARG) of 3H-THK5351 was performed using frozen brain sections. In vitro binding assay 

was also performed using the brain homogenates from the corresponding regions. We quantitatively measured 

tau aggregates in the brain tissue from autopsy and examined the correlation with regional tracer retention in 
18F-THK5351 PET image. 

 

Results: We observed a significant correlation between cortical 18F-THK5351 SUVR in ante-mortem PET 

image with tau pathology at postmortem examination. We also observed 18F-THK5351 retention in the basal 

ganglia that contained no remarkable tau pathology in this case. To identify off-target tracer retention, 

competitive screening was performed using ARG with several compounds. Although no remarkable 

competition was observed with dopamine transporter inhibitor, ɛ-opioid receptor agonist, and monoamine 

oxidase-A (MAO-A) inhibitors, MAO-B inhibitor completely displaced 3H-THK5351 binding in the basal 

ganglia. In vitro binding assay also indicated that 3H-THK5351 binds with high affinity to recombinant 

MAO-B. 

 

Conclusions: These results suggest that cortical 18F-THK5351 signal reflects tau pathology in the brain. 

MAO-B seems to explain 18F-THK5351 off-target retention in basal ganglia. A human study to confirm the in 

vitro findings is currently ongoing. 

Keywords: tau PET, Alzheimerôs disease, imaging-autopsy, off-target binding 
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During the past years, there has been a rapid development of radiotracers for visualizing tau deposition in 

human brain. Three families of tau ligands have been studied in patients after having shown good in vitro 

binding-properties. Due to the presence of different tau isomers in Alzheimer´s disease and other tauopathies 

it is important to further characterize and compare the binding properties between different Tau PET tracers. 

In this study we aimed at comparing the two THK compounds, THK5117 and THK5351 with T807 and 

PBB3, head to head in the same human brain tissue, using both autoradiography and binding assay studies. 

We are reporting for the first time the binding in large frozen autoradiography of 11C-THK5351. 

 

Methods: Regional distribution comparison between 3H-THK5117 and 3H-THK5351 were performed in 

brain homogenate from 3 AD cases. Autoradiographies on large frozen section were done using 3H-

THK5351, 3H-THK5117, 11C-THK5351 and 11C-PBB3. T807 was used as cold compound for the 11C 

compound autoradiography. In vitro binding assay competition using 3H-THK5351 with THK5351, 

THK5117 and T807 respectively were performed in hippocampus homogenate. 

 

Results: Binding studies with 3H-THK5117 and 3H-THK5351 showed similar regional distribution in AD 

brain. The autoradiography with 11C-THK5351 showed similar binding distribution in brain compared to 3H-

THK5351. In vitro binding assay using 3H-THK5351 in competition with THK5351, THK5117 and T807, 

respectively, showed two binding sites that were similar for the two THK compound and different for T807. 

Those results were also confirmed by inhibition experiment in autoradiography.11C-PPB3 showed in 

comparison to 11C-THK5351 autoradiographies corresponding binding pattern with lower binding in most 

brain areas. 

 

Conclusion: Tau tracers from three different families showed different binding properties probably reflecting 

different binding site on tau. These results may have an influence on the outcome of the clinical use of in vivo 

PET study targeting different form of tauopathies. 

Keywords: tau pathology, autoradiography, biomarker imaging, autopsy brain 
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Background: Several tau-PET imaging agents have been developed. Comparing the characteristics of these 

different agents is important to better understand future applications. We therefore compared the binding of 

THK-5351 to AV-1451 PET in the same brain tissue samples in a wide range of pathologies. 

 

Methods: Serial sections were obtained from our research brain bank from multiple different pathologies 

(normal, n=2; pathologic aging (PA, Braak <3), n=1; AD, n=4; FTD-TDP, n=2; AGD, n=1; CBD, n=1; PSP 

n=1, PART, n=1; MAPT N297K, n=2; MAPT R406W, n=1; and MAPT 301L, n=1). Adjacent sections were 

incubated with AV-1451 and THK-5351 using identical methods. Self-blocking with each respective cold 

tau-PET agent was performed. Adjacent sections were also stained with PHF-1 and CP-13 for comparison. 

Visual comparison of the autoradiography results with the immunohistochemistry findings was performed. 

 

Results: Both AV-1451 and THK-5351 show binding to AD-tau (3R+4R) with THK-5351 showing less 

intense binding in some sections and similar binding in others (Figure 1). The binding of THK-5351 was 

similar to AV-1451 in the remaining sections except for discordant uptake in the case of PA, some of which 

may be ñoff-targetò binding (see Figure 2), less uptake in the MAPT 406W case, and discordant uptake in the 

CBD case. Similar binding between the two agents was seen in common ñoff-targetò sites such as 

neuromelanin. 

 

Conclusions: Reduced binding of THK-5351 vs. AV-1451 in some AD cases may result in lower THK-5351 

signal in AD dementia clinical imaging. Mild THK-5351 binding in non-AD tau cases, similar to AV-1451, 

was generally seen and argues for similar clinical imaging characteristics. While some ñoff-targetò sites had 

similar appearances between the two agents, additional suspicious ñoff-targetò binding by THK-5351 needs to 

be better characterized and, at least in some cases tested, has incremental potential over AV-1451 to falsely 

mimic tau pathology. 

 

 

 

 

 

 

https://worldeventsforum.net/conference/wp-content/uploads/2016/05/Slide1.tiff
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Figure 1. Autoradiography findings of THK-5351 (left) and AV-1451 (right) in a posterior 
hippocampal section of a case with AD-type tau (respective blocking studies are shown 
below each). Reduced binding is seen with THK-5351 in PHF-1 positive regions (red 
arrows) as compared to AV-1451. 

 

THK-5351	 AV-1451 	 	PHF-1	(top),	 	
	 	CP-13	bo om 	
							

NA06-300F	

Figure 2. Autoradiography findings of THK-5351 (left) and AV-1451 (right) in a posterior 
hippocampal section (respective blocking studies are shown below each) of a case staged as 
Braak < 3 with no more than sparse plaques (sometimes referred to as pathologic aging 
(PA)). Discordant binding is seen with THK-5351 in PHF-1 negative regions (red arrows) 
unlike AV-�������������,�Q���D�G�G�L�W�L�R�Q�����I�R�F�D�O���V�L�W�H�V���R�I���³�R�I�I-�W�D�U�J�H�W�´���E�L�Q�G�L�Q�J���D�U�H���P�R�U�H���S�U�H�Y�D�O�H�Q�W���R�Q���7�+�.-
5351. 

 
















































































































































































































































































































































