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Biomarkers 
support 
clinical 

diagnosis

Biomarkers (use NIA-AA criteria as example):
Aβ deposition: CSF Aβ42, amyloid PET imaging
Neuronal injury: CSF tau, hippocampus volume or medial temporal 
atrophy by MR, FDG-PET imaging

Gold standard

Neuropathological diagnosis for degenerative dementia
AD: A β plaque, neurofibrillary tangle

FTLD: TDP-43, tau, etc
DLB: lewy body

Biomarkers improve diagnostic accuracy
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FDG-PET pattern 
in MCI/AD

• Probable Alzheimer’s disease (pAD) :characteristic and 
progressive CMRgl reductions in posterior cingulate (PC), 
temporal (TE), parietal (PA), precuneus (PCu), occipital (OC).

• A meta-analysis including 27 studies evaluating FDG-PET in 
the diagnosis of AD resulted in a pooled sensitivity (SN) of 
91% and specificity (SP) of 86%.

– AD v.s Control: SN and SP of 99% and 98%.
– AD v.s. DLB: SN and SP of 99% and 71%.
– AD v.s. FTD: SN and SP of 99% and 65%.

Clinical Nuclear Medicine & Volume 39, Number 10, October 2014
Journal of Neuroscience Methods 192 (2010) 277–285
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• Progressive nonfluent aphasia
– Left posterior frontal and insular 

region atrophy.
– Tau-positive pathology.

• Semantic aphasia
– Anterior temporal region atrophy.
– Ubiquitin-positive TDP-43 positive 

pathology.

• Logopanic aphasia
– Left temporo-parietal region 

atrophy.
– AD pathology.

FDG-PET in FTLD (2)

Language variant of FTLD



Management Impact of FDG-PET in Dementia: 
Results from a Tertiary Center Memory Clinic

• FDG-PET had moderate to high 
impact on the diagnosis and 
management in 44% participants.

• PET changed the type of 
dementia in 15% participants 
and prescription of 
cholinesterase inhibitors in 17% 
patients.

• Number of uncertain diagnoses 
reduced 11%, decreased 
differential diagnosis 37% and 
increase very probable diagnose  
19%.

Alzheimer’s & Dementia 9 (2013) 414–421 
Journal of Alzheimer’s Disease 42 (2014) 885–892

AD

FTD

FTD-AD



Self-propagation of pathogenic protein
aggregates in neurodegenerative diseases

Amyloid: AD

Tau: AD & others

a-Synuclein inclusion: 
DLB, PD

TDP-43 inclusion: MND
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FDA Approves Piramal Imaging's 
PET Imaging Tracer for Beta-
Amyloid Plaques



GE amyloid imaging agent, F-18 
flutemetamol,



2010 kick out project for TADNI



Characteristics of subjects

• Screen Failure : 1:claustrophobia  3:stroke  1:withdraw consent 1: GDS>6

• SAE: head and neck tumor,  unrelated to Investigational product. 
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CGMH
(Linkou)

60 82 72 10 0 0 23 4 31 8 6 0 1 120%

CGMH
(Kaoshiung)

20 14 14 0 0 0 9 1 0 2 2 0 0 70%

TVGH 20 9 9 0 1 7 1 0 0 0 0 0 0 45%

TMU-SHH 20 1 1 0 0 0 0 0 0 0 1 0 0 5%

Total
120 106 96 10 1 7 33 5 31 10 9 0 1 88%
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PLoS One. 2013;8(3):e58974. Epub 2013 Mar 14.

Regional Amyloid Deposition in Amnestic Mild Cognitive 

Impairment and Alzheimer’s Disease Evaluated by 

[18F]AV-45 Positron Emission Tomography in Chinese 

Population.



Multimodality image information for 
disease staging
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Alzheimers Res Ther. 2011 Nov 10;3(6):31.

https://www.ncbi.nlm.nih.gov/pubmed/22071129
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Potential clinical utility

1. Determine whether MCI is due to AD

2. Diff erentiate AD from non-AD dementia (for example, frontotemporal lobar 

degeneration), particularly in early age-at-onset patients

3. Determine whether AD copathology is present in patients with cognitive 

impairment and other known neurologic disease (for example, Parkinson’s 

disease, stroke/vascular disease, multiple sclerosis, epilepsy, HIV)

4. Differentiate AD from nondegenerative cognitive decline (for example, 

depression, substance abuse)

5. Determine whether AD is present in patients with advanced dementia and 

no reliable history

6. Identify whether AD is present in focal cortical syndromes (for example, 

posterior cortical atrophy, primary progressive aphasia, corticobasal

syndrome)

7. Differentiate cerebral amyloid angiopathy from intracranial hemorrhage 

due to small-vessel vasculopathy

Laforce and Rabinovici Alzheimer’s Research & Therapy 2011, 3:31 
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Unlikely to have clinical utility

1. Initial investigation of cognitive complaints (in the absence of a detailed 

neurologic evaluation and cognitive testing)

2. Differentiate AD from other amyloid-beta-associated dementia (for 

example, dementia with Lewy bodies, cerebral amyloid angiopathy)

3. Differentiate between AD clinical variants (for example, classic amnestic 

AD vs. posterior cortical atrophy or logopenic variant primary progressive 

aphasia)

4. Differentiate between non-AD causes of dementia (for example, molecular 

subtypes of frontotemporal lobar degeneration)

Laforce and Rabinovici Alzheimer’s Research & Therapy 2011, 3:31 



MIC @ CGMH

Utility for research only

1. Testing and longitudinal follow-up of asymptomatic or subjective cognitive 

impairments not meeting MCI criteria or at-risk individuals (for example, 

gene mutation carriers, family history of AD, apolipoprotein E ε4 allele) 

2. Selection of candidates for anti-amyloid treatment trials (AD, MCI, 

preclinical) 

3. Study of the natural evolution of amyloid burden and its role in the 

pathophysiology of AD and other dementias 

4. Potential surrogate marker for anti-amyloid therapies

Laforce and Rabinovici Alzheimer’s Research & Therapy 2011, 3:31 



Tentative clinical algorithm for the 
utility of amyloid imaging

http://dx.doi.org/10.1016/j.nicl.2013.03.014



Whole-body biodistribution and brain PET

Nucl Med Biol. 2010;37:497-508



18F-AV45 Imaging in disease severity

Lin et al, EJNM 2016

Perfusion

Amyloid
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https://www.ncbi.nlm.nih.gov/pubmed/22071129




Dual phase [18F]florbetapir PET among 

Patients with FTD, AD, and Healthy 

Controls in Chinese Population
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 Case 1 is an 89-year-old man with 8 years of progressive memory 

loss, executive dysfunction, behavioral changes, and an MMSE of 

29. MRI showed severe hippocampal atrophy as well as 

significant subcortical white matter disease and a number of 

lacunes. Clinical diagnosis was mixed AD/vascular dementia. 

FDG showed bifrontal hypometabolism sparing the temporo-

parietal cortex, while PIB revealed diffuse cortical binding. 

 Autopsy indicated high-likelihood AD (CERAD frequent/Braak

stage 6) and moderate subcortical ischemic vascular disease. In 

this case, FDG alone could have led to a misdiagnosis of pure 

vascular disease or bvFTD (the latter less likely based on age), 

and treatment with a cholinesterase inhibitor may not have been 

offered.
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 Case 2 is a 55-year-old man with 9 years of profound behavioral 

changes including compulsive behaviors, disinhibition, socially 

inappropriate behavior, and impairment in executive, memory, and 

visuospatial functions (MMSE = 16). He was clinically diagnosed 

with bvFTD. FDG showed bilateral frontal and temporo-parietal 

hypometabolism, while PIB revealed diffuse cortical binding. 

Pathology is not available.

 In this case, PIB provides a useful tiebreaker in favor of AD in an 

early-onset dementia patient in whom clinical features and FDG-

PET are ambiguous between AD and FTLD. A cholinesterase 

inhibitor was subsequently started.
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 Case 3 is a 70-year-old woman presenting with non-fluent variant 

PPA (MMSE = 28). FDG showed focal left frontal 

hypometabolism, while PIB was unexpectedly positive. 

 On autopsy the patient was found to have both Pick's disease and 

high-likelihood AD (CERAD frequent/Braak 5). This case 

demonstrates that while PIB can accurately detect AD pathology, 

a positive amyloid scan does not rule out comorbid non-Aβ 

pathology, which in this case was FTLD, as predicted based on 

the clinical presentation and FDG-PET pattern.

35
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 Case 4 is a 68-year-old man with 6 years of progressive 

asymmetric left-sided apraxia, Parkinsonism, dystonia, tremor, 

and myoclonus. Levodopa treatment was unhelpful. Cognitive 

decline was characterized by deficits in executive and visuospatial 

functions, episodic memory and language (MMSE = 19). Visual 

hallucinations emerged later in the course. Clinical diagnosis was 

CBS. FDG revealed asymmetric right posterior frontal and 

temporo-parietal hypometabolism. 

 Pathological diagnosis was mixed high-likelihood AD (CERAD 

frequent/Braak 6)/intermediate-likelihood DLB. In this case, PIB 

correctly predicted underlying AD in a patient with a clinical 

syndrome (CBS) associated with varied histopathology.

36
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Suspected non-Alzheimer 

pathophysiology (SNAP)

 Suspected non-Alzheimer disease pathophysiology 

(SNAP) is a biomarker-based concept that applies to 

individuals with normal levels of amyloid-β 

biomarkers in the brain, but in whom biomarkers 

of neurodegeneration are abnormal.

 SNAP is present in ~23% of clinically normal 

individuals aged >65 years and in ~25% of mildly 

cognitively impaired individuals.

Nat Rev Neurol. 2016 Feb; 12(2): 117–124.

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26782335


Clinical, genetic, and pathological spectrum of 
misfolded proteins in neurodegenerative disease

Lancet Neurol 2015; 14: 114–24
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THK-5351 for Targeting Tau

This new tau PET tracer shows low uptake in 

controls, and intense tau pathology spreading 

across the frontal and temporal cortex in 

Alzheimer’s disease

Coronal images (75 mm thick) of  sequential 

whole body PET images (10, 60, 120, and 240 

min after injection of  18F-THK-5351) from one 

subject. Images are displayed on SUV scale.

J Nucl Med. 2017 Mar 23

https://www.ncbi.nlm.nih.gov/pubmed/28336780
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 Same low proportion (14% to 17%) of those with 

SNAP and those with no pathology at baseline went on 

to have amyloid accumulation in their brains. (Brian 

Gordon, PhD, JAMA Neurology.)

 People with SNAP didn't have greater levels of tau in 

Alzheimer's brain regions than those without any 

pathology (Elizabeth Mormino, JAMA Neurology.)

 This argues against SNAP being some sort of 

accelerated Alzheimer's pathology, and instead it's more 

likely that this is some other form of 

neurodegeneration.

Suspected non-Alzheimer 

pathophysiology (SNAP)

http://nrg.wustl.edu/events/brian-gordon-ph-d-instructor-department-of-radiology/
http://archneur.jamanetwork.com/onlineFirst.aspx
https://connects.catalyst.harvard.edu/Profiles/display/Person/108354
http://archneur.jamanetwork.com/onlineFirst.aspx


Cyrille Sur, Merck & Co., Inc. (Also known as MSD outside the US and Canada) 



Piramal Imaging and AC Immune April 3, 2017

Andrew Stephens, MD, PhD 



Next-Generation Tau PET Tracers

APRINOIA Therapeutics Inc.

https://www.aprinoia.com/


MIC @ CGMH

Acknowledgment
• Prof Nobuyuki @Tohoku University

• Dr. 閻紫宸、蕭穎聰@ CGU and CGMH

• Dr. 魏孝萍 @ CGU and CGMH

• Dr. 田美萍 @ U Penn

• Dr. 陸清松、翁意欣 @ CGMH

• Dr. 黃錦章、徐文俊、徐榮隆、張瓊之@ CGMH

• Lilly/Avid Radiopharmaceuticals, Inc. GE 

Healthcare, 士宣生技
• Grant support from CGMH/Ministry of Science 

and Technology Research Fund.

….and members from all groups


