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Learning objectives

AD, Alzheimer’s disease; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography

Understand the imaging modalities that can be used to support a diagnosis of 

Alzheimer’s disease (AD)1

Gain knowledge on the information provided by MRI and high-resolution CT in AD 

diagnosis2

Appreciate the role of amyloid PET in supporting a diagnosis of AD3
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Structural imaging
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Diagnostic journey

AD, Alzheimer’s disease; CSF, cerebrospinal fluid; CT, computed tomography; MRI, magnetic resonance imaging; 

PET, positron emission tomography

1. Dubois B, et al. Lancet Neurol 2014;13:614–629;

Cognitive 
assessments

Imaging: 
structural MRI; 
CT scans

Access to 
biomarkers*: 
CSF or PET

Neurologic 

tests
Patient and 

family history. 

Application of 

detection tools
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Structural imaging is useful in excluding other pathologies,1 excluding contraindications for lumbar puncture, 

and may provide insight into neurodegeneration related to AD pathology1

*In some regions available in tertiary care clinics or  under research studies
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• MCI identifies a heterogenous syndrome that includes impairment in both 

memory and non-memory cognitive domains and can be due to different 

etiologies1

• Patients have measurable cognitive impairment in the absence of 

significant effects on instrumental activities of daily living2,3

• MCI with multiple cognitive domain involvement denotes a greater severity 

of disease than single-domain MCI, and has a higher progression rate1

• Some patients with MCI remain stable for many years and may even revert 

to normal cognition, while others progress to dementia4,5

What is mild cognitive impairment (MCI)? 

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Roberts R, Knopman DS. Clin Geriatr Med 2013;29:753–772; 2. Dubois B, et al Lancet Neurol 2010;9:1118–1127;                  

3. Karantzoulis S, Galvin JE. Expert Rev Neurother 2011;11:1579–1591; 4. Koepsell TD, Monsell SE. Neurology 2012;79:1591–1598; 

5. Sugarman MA, et al. J Alzheimers Dis 2018;62:1841–1855
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• Subjective cognitive complaint by patient or family member of decline 

or impairment

• Objective evidence of impairment in cognitive domains

• Essentially normal functional activities

• Does not meet the criteria for a diagnosis of dementia

Criteria for MCI

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Roberts R, Knopman DS. Clin Geriatr Med 2013;29:753–772
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Atrophy as a marker of Alzheimer’s disease

AD, Alzheimer’s disease

Left image: Eikelboom et al. J Alzheimers Dis 2018;66:947–970; Right image provided by Padovani A

1. Swerdlow RH. Biochim Biophys Acta 2011;1812:1630–1639; 2.  Raskin R, et al. Curr Alzheimer Res 2015;12:712–722

• Brain atrophy is representative of neurodegeneration and is not specific for any disease1

• Anatomic signs of AD dementia include progressive brain atrophy, particularly in the hippocampal region2

Control Patient with AD dementia

Hippocampal atrophyNo hippocampal atrophy



9Biogen | Confidential and Proprietary
Veeva ID: Biogen-70491

Date of preparation: July 2020 For Clinical and Medical use only | Do not distribute

MRI: Most common scan types

3D, three-dimensional; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging 

1. Frisoni GB, et al. Nat Rev Neurol 2010;6:67–77; 2. Fischbach-Boulanger C, et al. Eur J Neurol 2018;25:775–781; 

3. Harper L, et al. J Neurol Neurosurg Psychiatry 2014;85:692–6981; 5. Jetty SN, et al. J Clin Imaging Sci 2018;8:36

• High-resolution 3D / volumetric T1-weighted images – assessment of regional atrophy, namely 

of the hippocampus and lobes1

• T2-weighted images – detection of small vascular disease and visual rating of hippocampal atrophy1,2

• FLAIR sequence – detecting white matter hyperintensities, ischemic changes, and vascular pathologies3

• Gradient echo / T2* / susceptibility-weighted imaging – detection of white matter hyperintensities, 

cerebral micro-hemorrhages or microbleeds, and cerebral superficial siderosis4,5

• Diffusion-weighted imaging

– Useful in cases of rapid cognitive decline suggestive of Creutzfeldt-Jakob disease and structural 

changes associated with the disease3

– Can also reveal transient or early ischemia that may disappear after a few weeks or result in a lacune 

or infarct
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Assessing atrophy

AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; FTLD, frontotemporal lobar degeneration; MRI, magnetic resonance imaging

Harper L, et al. J Neurol Neurosurg Psychiatry 2014;85:692–698

Images 1 and 3 provided by Padovani A; middle image of  FTLD from Pick’s Disease provided by S.E. Black

Focal lobar atrophy such as 

this case of Pick’s Disease 

suggests underlying FTLD 

rather than AD pathology

Patterns of atrophy on structural imaging are generally indicative of the specific underlying pathology

Focal hippocampal atrophy is 

the most established structural 

imaging biomarker of AD

Generalized atrophy 

symmetric generalized atrophy 

is more typically observed in AD 

and DLB 
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Assessing atrophy: Bilateral anterior temporal lobe atrophy found 

in Semantic Dementia- a fluent type of Primary Progressive Aphasia

Images courtesy of Sandra E. Black

Coronal view
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Assessing atrophy with MRI: Using mammillary bodies as a landmark 

for medial temporal lobe atrophy measurements 

MRI, magnetic resonance imaging

Duara R, et al. Neurology 2008;71:1986–1992 

No atrophy (score = 0) Severe atrophy (score = 4)

Hippocampus

Entorhinal cortex

Perirhinal cortex

If very severe,  consider Limbic associated TDP 43 encephalopathy(LATE) 

often with hippocampal sclerosis Temporal Variant
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Assessing medial temporal lobe atrophy with CT scans1,2

CT, computed tomography

1. Pasi M, et al. Int Psychogeriatr 2011;5(Suppl 2):S6–S12; 2. Menéndez González M, et al. Cureus 2016;8(3):e544

Images from Frisoni G, et al. J Neurol Neurosurg Psychiatry 2003;74:1371–1381

• Minimum thickness of the medial 

temporal lobe 

(white arrows)

• Radial width of the temporal horn             

(red arrows)

Alzheimer’s diseaseNormal
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Courtesy of Sean Nestor, SHSC, U of T;  also Nestor Neuroimage 2013; now improved and available as app. See Goubran et al HBM 

2019 (takes 90sec from a 3DT1) 

Fully Automatic Hippocampal Volume Segmentation

Images displayed in ITK-SNAP
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Detecting vascular changes

CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging

1. Mortimer AM, et al. Pract Neurol 2013;13:92–103; 2. Harper L, et al. J Neurol Neurosurg Psychiatry 2014;85:692–698; 

3. Román GC, et al. Lancet Neurol 2002;1:426–436; 4. Guermazi A, et al. Neuroradiology 2007;49:1–22

Lacunar infarcts – occur in the basal ganglia, putamen, internal capsule, thalamus, corona 

radiata 

and centrum semiovale, and lateral brainstem3,4

• Radiologically 3–15 mm in size; round, oval, or slit-like3,4

• On CT, appear hypodense2

• On MRI, hypointense on T1 and hyperintense on T23,4

• On FLAIR sequences, hyperintense with a high signal rim4

Microbleeds – focal hypointensities on T2*-weighted or susceptibility-weighted images1,2
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Detecting vascular changes

AD, Alzheimer’s disease; FLAIR, fluid-attenuated inversion recovery

1. Loeb C, et al. Stroke 1992;23:1225–1229; 2. Sepehry AA, et al. AJNR Am J Neuroradiol 2016;37:215–222

Image from Grajauskas L, et al. Ageing Res Rev 2019;49:67–82 

• Patients with lacunar infarctions develop dementia 4–12 times more frequently than the normal population1

• Microbleeds indicate hemosiderin deposition; they appear in at least 20% of  people with AD dementia2

Lacunes on 

T2‐weighted images 

Periventricular white 

matter lesions and 

confluent deep white 

matter lesions on 

T2 FLAIR

Diffuse white matter 

lesions on T2 FLAIR

Dilated perivascular 

spaces on 

T1‐weighted images

Micro-hemorrhage 

on T2* gradient 

echo image
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The substrate of periventricular white matter hyperintensities 

is venous collagenosis1,2

1. Black S et al. Stroke. 2009 40(3 Suppl):S48-52. Epub 2008 Dec

2. Keith J et al. J Neuropath Exp Neurol 2017; 76(4): 299-312

Images courtesy of Dr. Black, Dr. Gao and Dr. Keith
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Detecting vascular changes: Lacunes and microbleeds

AD, Alzheimer’s disease; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging

Image provided by Dr. Sheltens P. 

1. Loeb C, et al. Stroke 1992;23:1225–1229; 2. Sepehry AA, et al. AJNR Am J Neuroradiol 2016;37:215–222

Axial FLAIR MRI showing 

two lacunar infarcts

Patients with lacunar infarctions 

develop dementia 4–12 times 

more frequently than the 

normal population1

T2* image showing at least 

five microbleeds in the lobar 

parietal region

Microbleeds indicate 

hemosiderin deposition;

they appear in at least 20% 

of AD cases2
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Differentiating between dementia etiologies

*Detecting vascular lesions does not mean the patient has vascular dementia; there are often multiple pathologies
†Hyperintensity in the hippocampal region on a T2 or FLAIR image can help to differentiate between AD etiologies3

AD, Alzheimer’s disease; CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging

1. Mortimer AM, et al. Pract Neurol 2013;13:92–103; 2. Chan D, et al. Neurology 2001;57:1756–1763; 

3. Harper L, et al. J Neurol Neurosurg Psychiatry 2014;85(6):692–698; 4. Frisoni GB, et al. Nat Rev Neurol 2010;6:67–77

Condition Typical non-specific features observed on MRI

Alzheimer’s disease1 • Medial temporal lobe atrophy

• Parietal atrophy

• Ventriculomegaly

• Global volume loss

Behavioral frontotemporal 

lobar degeneration1

• Frontal and anterior temporal atrophy

• Medial temporal lobe atrophy; often asymmetry

• Global volume loss2

Vascular dementia / vascular 

cognitive impairment1

• Cortical and/or lacunar infarctions*

• Deep and periventricular white matter T2 hyperintensity / CT hypodensity*

• Global volume loss

• Mild medial temporal lobe atrophy

Dementia with Lewy bodies1 • Global volume loss

Hippocampal sclerosis3 • Hippocampal atrophy†

Multiple system atrophy4 • Atrophy of putamen, middle cerebellar peduncle, pons, and/or cerebellum

Creutzfeldt-Jakob disease4 • Cortical diffusion changes; pulvinar sign
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Differentiating between dementia etiologies: Examples

AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging

Images provided by Scheltens P

Axial MRI (T1) 
Cerebral atrophy in a 

patient with AD

AD

Axial MRI (FLAIR) 
Atrophy much more 

pronounced in frontal 

lobes

Frontotemporal 

dementia

Axial MRI (T1)
Non-specific changes in

DLB atrophy seen most

clearly in ventricular 

enlargement, no 

obvious lobar focus 

DLB

Axial MRI (FLAIR) 
Extensive microvascular 

damage in vascular 

cognitive impairment

Vascular dementia

Slide removed
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Representative brain MRI scans of patients with typical and 

atypical AD 

AD, Alzheimer’s disease; MRI, magnetic resonance imaging

Warren JD, et al. Nat Rev Neurol 2012;8:451–464

Bilateral disproportionate hippocampal atrophy (arrows) on 

a background of more diffuse regional atrophy with a 

posterior emphasis

Accentuated atrophy of frontal and anterior temporal 

cortices is evident (arrows), along with relative preservation 

of hippocampi

Relative preservation of hippocampi is accompanied by 

accentuated atrophy of parieto-occipital cortices (arrows)

Hippocampi are again relatively preserved, and there is 

accentuated atrophy of left perisylvian cortices (arrows)

Typical AD

Frontal AD 

Posterior cortical 

atrophy

Logopenic variant 

primary 

progressive 

aphasia
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• Curvilinear low intensities on GRE/T2* MRI sequences that 

lie adjacent to the surface of the brain1

• Attributed to the deposition of iron in the form of hemosiderin

• Thought to represent residual leakage of blood from a vessel 

into the adjacent subarachnoid space or the periadventitial 

compartment1

• Baseline prevalence of superficial siderosis:2

• 0.21% in those aged 50–69 years

• 1.43% in those >69 years old

Superficial siderosis

ARIA-H

ARIA-H, amyloid-related imaging abnormalities due to micro-hemorrhages, macro-hemorrhages; GRE, gradient-recalled echo; MRI, 

magnetic resonance imaging 

1. Sperling RA, et al. Alzheimers Dement 2011;7:367–385; 2. Pichler M, et al. Stroke 2017;48:3210–3214; 
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ARIA-H

ARIA-H, amyloid-related imaging abnormalities due to micro-hemorrhages, macro-hemorrhages; GRE, gradient-recalled echo; MRI, 

magnetic resonance imaging 

1. Sperling RA, et al. Alzheimers Dement 2011;7:367–385; 2. Pichler M, et al. Stroke 2017;48:3210–3214; 

3. Barakos J, et al. AJNR Am J Neuroradiol 2013;34:1958–1965; 4. Tsushima Y, et al. AJNR AM J Neuroradiol 2003;24:88–96; 5. 

Vernooij MW, et al. Neurology 2008;70:1208–1214

Image from Barakos, J., et al. AJNR Am J Neuroradiol, 2013;34:1958-1965

• Small deposits of iron in the brain parenchyma in the form  of 

hemosiderin1

• Typically manifest as focal, round, very-low-intensity  lesions on 

GRE/T2* MRI sequences1 (typically defined by a cutoff of <10 mm)3

• Thought to represent residual small leakage of blood from a vessel 

into adjacent tissue1

• Although rare, macro-hemorrhages (≥10 mm) can also occur3

• Baseline prevalence of micro-hemorrhages = 9.8%4

– ~18% in those aged 60–69 years 

– ~38% in people aged >80 years5

Micro-hemorrhages
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Spontaneous ARIA-H (micro-hemorrhages)

ARIA-H, amyloid-related imaging abnormalities due to micro-hemorrhages

Cordonnier C, van der Flier WM. Brain 2011;134(Pt 2):335–344

The prevalence of 

micro-hemorrhages

differs according to 

disease setting

Ischemic 

stroke

Hemorrhagic

stroke

General 

population

MCI Alzheimer’s 

disease
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Multiple 1–3-mm dark foci in the right inferior 

temporal and occipital lobes, typical of the 

appearance of micro-hemorrhages

Micro-hemorrhages (<10 mm) 

GRE, gradient-recalled echo; TE, echo time

Sperling RA, et al. Alzheimers Dement 2011;7:367–385

Image acquired at 1.5 T with 

GRE/T2* sequence (TE of 30 ms)

Inferior sagittal sinus

Susceptibility artifact

These vascular 

structures and artifacts 

can sometimes mimic 

the appearance of 

micro-hemorrhages 

and superficial 

siderosis
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Neuroimaging markers
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Alzheimer’s disease pathology begins 15–20 years before 

clinical presentation 

1. Mathur R, et al. PLoS One 2015;10:e0118463; 2. Day RJ, et al. PLoS One 2015;10:e0132637; 3. Villemagne VL, et al. Lancet 

Neurol 2013;12:357–367;  4. Jack CR, et al. Alzheimers Dement 2018;14:535–562; 5. Bateman RJ, et al. N Engl J Med 

2012;367:795–804

Aβ1 Tau2 Symptoms across stages

−20 years −15 years Onset of disease
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Rationale for neuroimaging markers to support a diagnosis

Aβ, amyloid beta; CSF, cerebrospinal fluid; FDG-PET, fluorodeoxyglucose positron emission tomography; MCI, mild cognitive impairment; 

MRI, magnetic resonance imaging; PET, positron emission tomography

1. Selkoe D & Hardy J. EMBO Mol Med 2016; 8:595-608; 2. Jack CR et al. Lancet Neurol 12:207-16.
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Maximum

Detection threshold

CSF Aβ42

Amyloid PET

CSF tau

MRI + FDG-PET

Cognitive impairment

Normal

MCI

Dementia

~20
years

~15
years

Onset of 

disease

(detectable 

deposition)

Minimum
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Diagnostic journey

Aβ, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; CT, computed tomography; MCI, mild cognitive impairment; MRI, 

magnetic resonance imaging; PET, positron emission tomography

1. Dubois B, et al. Lancet Neurol 2014;13:614–629

Cognitive 
assessments

Imaging: 
structural MRI; 
CT scans

Access to 
biomarkers: 
CSF or PET

Neurologic 

tests
Patient and 

family history. 

Application of 

detection tools
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Amyloid PET shows the extent of Aβ accumulation in the brain and supports a diagnosis of AD1

*In some regions available in tertiary care clinics or  under research studies
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Introduction to amyloid PET

Aβ, amyloid beta; AD, Alzheimer’s disease; PET, positron emission tomography

1 Clark CM, et al. JAMA 2011;305:275–283; 2. Klunk W. Neurobiol Aging 2011;32:S20–S36; 

3. Villemagne VL, et al. Nat Rev Neurol 2018;14:225–236; 4. Dubois B, et al. Lancet Neurol 2014;13:614–629

• In vivo amyloid PET strongly predicts the presence of significant Aβ pathology at autopsy and is 

considered a surrogate marker of brain amyloid pathology that is required for AD diagnosis1,2

• The use of in vivo tracers helps establish biomarker relationships with changes in cognition and 

neurodegeneration, and support a diagnosis3

• Increased retention of the tracer indicates the presence of fibrillar aggregates of Aβ4

– A positive result does not definitively diagnose AD and amyloid PET tracers must be combined 

with other diagnostic tools, such as cognitive assessment, for an accurate diagnosis3 
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How amyloid PET results evolve as disease progresses

Aβ, amyloid beta; AD, Alzheimer’s disease; MCI, mild cognitive impairment; PET, positron emission tomography

Image from Doraiswamy PM, et al. Neurology 2012;79:1636–44

Amyloid PET deposition in cognitively normal individuals vs. patients with MCI and AD dementia
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Introduction to amyloid PET tracers

Aβ, amyloid beta; PET, positron emission tomography

1. Wong DF, et al. J Nucl Med 2010;51:913–920; 2. Villemagne VL, et al. Nat Rev Neurol 2018;14:225–236

Amyloid PET tracers that bind to aggregated Aβ peptides in amyloid plaques provide a means 

to directly assess relative brain amyloid pathology1

Currently available tracers2 include:

• 18F-Florbetapir [AMYViD®] 

• 18F-Florbetaben [Neuraceq®]

• 18F-Flutemetamol [VIZAMYL®] 

• 11C-Pittsburgh compound B 

• 18F-NAV4694
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Introduction to amyloid PET tracers

Aβ, amyloid beta; EMA, European Medicines Agency; FDA, Food and Drug Administration; PET, positron emission tomography

1. Wong DF, et al. J Nucl Med 2010;51:913–920; 2. Villemagne VL, et al. Nat Rev Neurol 2018;14:225–236 3. 

https://www.canada.ca/en/services/health/drug-health-products/drug-medical-device-highlights-2017/approved-drugs/neurological-

therapies.html

Amyloid PET tracers that bind to aggregated Aβ peptides in amyloid plaques provide a means 

to directly assess relative brain amyloid pathology1

Currently available tracers2 include:

• 18F-Florbetapir [AMYViD®] 

• 18F-Florbetaben [Neuraceq®]

• 18F-Flutemetamol [VIZAMYL®] 

• 11C-Pittsburgh compound B  

• 18F-NAV4694

18F-florbetaben has  received approval by 

Health Canada3
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Introduction to amyloid PET tracers1–3

AD, Alzheimer’s disease; PET, positron emission tomography

1. AMYViD® (18F-florbetapir) highlights of prescribing information. 2012. Available from: 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/202008s000lbl.pdf (Accessed November 18, 2018);                             

2. Neuraceq® (18F-florbetaben) Product Monograph. 2017. Available from: https://pdf.hres.ca/dpd_pm/00038480.PDF (Accessed 

November 18, 2018); 

3. VIZAMYL® (18F‐flutemetamol) package insert. 2013. Available from: 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/203137s005lbl.pdf (Accessed November 18, 2018)

• A positive scan using 18F-florbetapir, 18F-florbetaben, or 18F‐flutemetamol indicated 

the presence of moderate-to-frequent amyloid neuritic plaques, but does not 

independently establish a diagnosis of AD

• All three tracers show high non-specific binding in white matter

• Detection of amyloid for all three tracers relies on the loss of the normal high white 

matter to gray matter contrast due to amyloid accumulation in the cortex

• Specific criteria for a positive scan can be found for each tracer in the mandatory 

online training course required for imaging specialists to access the tracers for 

clinical use
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Sensitivity and specificity of amyloid PET tracers

Aβ, amyloid beta; PET, positron emission tomography

1. Clark CM, et al. Lancet Neurol 2012;11:669–678; 2. Villemagne VL, et al. Nat Rev Neurol 2018;14:225–236

Overall, the clinically approved tracers for Aβ imaging demonstrate 

high sensitivity (range 88–98%) and specificity (range 88–95%) 

for detection of plaque pathology1,2
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Amyloid PET quantification

PET, positron emission tomography; SUVR, standardized uptake value ratio

1. Morris E, et al. Eur J Nucl Med Mol Imaging 2016;43:374–385

• In some clinical settings, PET images may be assessed for amyloid burden visually or by 

using SUVR, a quantitative method 

– SUVR is the ratio of uptake in the cortex relative to a site that does not accumulate 

amyloid in AD dementia, such as the cerebellum or white matter

• Quantitative analysis is preferred vs visual interpretation in the following:

– Early disease stages
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Amyloid PET quantification

PET, positron emission tomography; SUVR, standardized uptake value ratio 

1. Morris E, et al. Eur J Nucl Med Mol Imaging 2016;43:374–385; 2. Bullich S, et al. Neuroimage Clin 2017;15:325–332 

Considerations for visual assessment1

• Readers require training2

• Visual interpretation depends on the observer’s experience and lacks a 

clear cutoff value between normal and pathologic findings1

• In most studies, multiple readers must agree for a scan to be classified as 

positive or negative1

• This is contrary to everyday clinical practice and will have an effect on

diagnostic accuracy1
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Standardization of PET imaging across clinics: The Centiloid method

AD, Alzheimer’s disease; CL, Centiloid

1. Klunk WE, et al. Alzheimers Dement 2015;11:1–31

The CL method, which is undergoing validation and currently limited to research use, is an 

example of a standard approach that is tailored to the assessment of a large cortical area that 

represents the typical regions of high amyloid load in AD1

The goal of widespread use of the CL approach is to provide the following benefits:

1. Direct comparison of results across labs even when different analysis methods or tracers 

are employed

2. Provide a clear definition of cutoff points for the earliest signs of amyloid positivity in 

cognitively normal controls

3. Provide further definition of the range of amyloid positivity characteristics of AD

4. Provide a more consistent representation of longitudinal change in standard units rather 

than as percent change 

5. Allow for direct comparison of the characteristics of different tracers
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Current evidence for the validation of the CL method

Aβ, amyloid beta; AD, Alzheimer’s disease; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; 

CL, Centiloid; PiB, Pittsburgh compound B; SUVR, standardized uptake value ratio

1. Klunk WE, et al. Alzheimers Dement 2015;11:1–31; 2. Rowe CC, et al. J Nucl Med 2016;57:1233–1237; 

3. Battle MR, et al. EJNMMI Res 2018;8:107; 4. Rowe CC, et al. Eur J Nucl Med Mol Imaging 2017;44:2053–20591; 

5. La Joie R, et al. Alzheimers Dement 2019;15:205–216; 6. Navitsky M, et al. Alzheimers Dement 2018;14:1565–1571

Method

• CL is ranked on a 0 to 100 scale anchored 

by young controls aged ≤45 years and 

patients with typical AD1

• The CL value is derived from the SUVR 

value using a predetermined equation that 

varies depending on the tracer1

• Data are available for the following tracers:

– 18F-NAV46942

– 11C-PiB1–3

– 18F-florbetaben4

– 18F-flutemetamol3

The data for each 

tracer are available 

at www.gaain.org/

centiloid-project

Evidence

• Pathology-based analysis has identified a 

threshold of 12.2 CL to detect moderate-to-

frequent CERAD scores using 11C-PiB5

– A CL score of >24.4 CL was read as a 

positive amyloid result using 11C-PiB in 

29/30 cases5

• Similarly, it has been found that for 
18F-florbetapir, a threshold of 24.1 CLs was 

found to equate to the SUVR value of 1.106

– This discriminates cases 

neuropathologically verified with none-to-

sparse Aβ vs moderate-to-frequent neuritic 

plaques in an autopsy-confirmed cohort
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Advantages and limitations of the CL method

CL, Centiloid; GAAIN, Global Alzheimer's Association Interactive Network; 

PET, positron emission tomography; PiB, Pittsburgh compound B; SUVR, standardized uptake value ratio

1. Battle MR, et al. EJNMMI Res 2018;8:107; 2. Rowe CC, et al. Eur J Nucl Med Mol Imaging 2017;44:2053–20591; 3. Rowe CC, et 

al. J Nucl Med 2016;57:1233–1237; 4. Navitsky M, et al. Alzheimers Dement 2018;14:1565–1571

Advantages

• CL scaling has low test-retest variability 

and may be considered a robust analysis 

method1

• This method has shown high correlations 

between 11C-PiB and the 18F tracers 

ranging from 0.89 for florbetapir to 0.99 

for NAV4694 18F-florbetaben 2–4

• Data on the GAAIN website may be used 

to convert a global SUVR determined by 

a local method2

Limitations of the CL method

• Differences between PET systems and 

reconstruction methods have an effect on the 

use of the conversion equation across sites2

– Further work is needed to determine if this 

could be an issue for the CL method, 

and whether equipment‐specific equations 

are needed

• It should be noted that the CL method is still 

being validated and is currently only used as 

a research tool
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Amyloid PET quantification

PET, positron emission tomography; SUVR, standardized uptake value ratio 

1. Bullich S, et al. Neuroimage Clin 2017;15:325–332 

Considerations for SUVR1

• A number of factors may affect the outcome such as scan time after 

injection, image reconstruction and processing, partial volume correction, 

region of interest delineation method, reference region, and standard of 

truth

• As a result, optimal SUVR cutoffs can differ between sites

• Site-specific cutoff generation is costly and time consuming
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Amyloid PET recommendations and guidelines

Aβ, amyloid beta; AD, Alzheimer’s disease; MCI, mild cognitive impairment; PET, positron emission tomography

1. Sheikh-Bahaei N, et al. J Alzheimers Dis Rep 2017;1:71–88; 2. Johnson KA, et al. Alzheimers Dement 2013;9:e1–e16

The European Federation of the Neurological Societies and the Amyloid Imaging Task Force 

(Society for Nuclear Medicine and Molecular Imaging and the Alzheimer’s Association) Recommendations1,2

Appropriate use of amyloid PET1,2

• When there is a cognitive complaint with objectively confirmed impairment

• Where AD is a possible diagnosis but is uncertain after a comprehensive evaluation

• When knowledge of the presence or absence of Aβ pathology is expected to increase diagnostic 

certainty and alter management

• In patients with persistent or progressive unexplained MCI 

• In patients who satisfy core clinical criteria for possible AD because of unclear clinical presentation, 

either an atypical clinical course or an etiologically mixed presentation 

• In patients with progressive dementia and atypically early age of onset (usually defined as age 

65 years or less)
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Amyloid PET recommendations and guidelines

AD, Alzheimer’s disease; PET, positron emission tomography

1. Sheikh-Bahaei N, et al. J Alzheimers Dis Rep 2017;1:71–88; 2. Johnson KA, et al. Alzheimers Dement 2013;9:e1–e16

The European Federation of the Neurological Societies and the Amyloid Imaging Task Force (Society for 

Nuclear Medicine and Molecular Imaging and the Alzheimer’s Association)  Recommendations1,2

Inappropriate use of amyloid PET1

• In patients with core clinical criteria for probable AD with typical age of onset2

• To determine dementia severity

• On the sole basis of a positive family history of dementia or presence of apolipoprotein E ε41

• Patients with a cognitive complaint that is unconfirmed on clinical examination2

• In lieu of genotyping for suspected autosomal mutation carriers1,2

• In asymptomatic individuals1,2

• Non-medical use (such as legal, insurance coverage, or employment screening)2
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Amyloid PET recommendations and guidelines

FDG, fluorodeoxyglucose; PET, positron emission tomography; rCBF, regional cerebral blood flow;

SPECT, single-photon emission computed tomography

1. Ismail Z et al. Alzheimer’s Demential 2020 In Press; 2. Laforce R, et al. Can J Neurol Sci 2016; 43:503-512. 

3.  Johnson KA, et al. Alzheimers Dement 2013;9:e1–e16; 4. Johnson KA, et al. J Nucl Med 2013; 54:476-490

Canadian CCCDTD5 Recommendations  & Specialized Task Force on Amyloid Imaging in Canada1,2

Appropriate use of amyloid PET1,2

• Ordering PET amyloid imaging tests should be limited to dementia experts. 

• Because of cost issues, it is preferable to obtain an [18F]-FDG PET scan before proceeding to 

amyloid imaging. 

• Use should follow The Amyloid Imaging Task Force of the Alzheimer’s Association and Society for 

Nuclear Medicine and Molecular Imaging as well as The Canadian Consensus Conference on the Use 

of Amyloid Imaging appropriate use criteria. 

• This will result in improved diagnostic classification and management. 

• If such a patient cannot be practically referred for a FDG-PET scan, a SPECT rCBF study is 

recommended for differential diagnosis purposes
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Introduction to tau PET

AD, Alzheimer’s disease; HV, healthy volunteer; MMSE, Mini-Mental State Examination; MRI, magnetic resonance imaging; 

PET, positron emission tomography; SUVR, standardized uptake value ratio

1. Okamura N, et al. Poster presented at CTAD 2016 (Poster P3-39); 2. Gordon BA, et al. Brain 2016;139:2249–2260; 3. Barret O, et al. 

J Nucl Med 2017;58:1124–1131; 4. Lohith TG, et al. J Nucl Med 2019;60:107–114; 5. Betthauser TJ, et al. J Nucl Med 2019;60:93–99

Image from Barret O, et al. J Nucl Med 2017;58:1124–1131

• PET imaging with tau tracers 

is currently being researched 

and is not yet available 

clinically

18F-AV-1451 SUVR images (80–100 min) superimposed 

onto subject’s MRI in transaxial (top row) and coronal 

(bottom row) views3
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Current NIA-AA research framework: 2018

Aβ, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; NIA-AA, National Institute on Aging—Alzheimer's Association guidelines

1. Jack Jr CR, et al. Alzheimers Dement 2018;14:535–562; 2. Blennow K, Hampel H. Lancet Neurol 2003;2:605–613

• The research framework defined AD by its underlying pathophysiologic processes

• It regards AD as a disease continuum and focuses on diagnosis of AD with biomarkers 

in living persons, regardless of their symptoms 

In 2018, the NIA-AA updated and unified the 2011 guidelines:

• Objective: to update the scheme for defining and staging the disease across its entire 

spectrum with which the research community can communicate findings in a 

common manner

• This was labeled a “research framework” as it was intended for observational and 

interventional research use, not clinical care
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Current NIA-AA research framework: 2018 (cont’d)

Aβ, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; NIA-AA, National Institute on Aging—Alzheimer's Association guidelines

1. Jack Jr CR, et al. Alzheimers Dement 2018;14:535–562; 2. Blennow K, Hampel H. Lancet Neurol 2003;2:605–613

• The AT(N) classification – the 2018 research framework identified three groups of 

biomarkers that formed the AT(N) classification system: 

− A: aggregated Aβ

− T: aggregated tau

− N: neurodegeneration or neuronal injury

• Within each category is a CSF and imaging biomarker:1

− CSF biomarkers are measures of the concentrations of proteins in CSF from the 

lumbar sac that reflect the rates of both production and clearance at a given point in 

time2

− Whereas, imaging measures represent the magnitude of the neuropathologic load 

or damage accumulated over time1
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2018 NIA-AA research framework: AT(N) criteria 

A, aggregated amyloid beta; AD, Alzheimer’s disease; N, neurodegeneration; NIA-AA, National Institute on Aging—Alzheimer's 

Association guidelines; T, aggregated tau

Jack Jr CR, et al. Alzheimers Dement 2018;14:535–562

ATN profiles Biomarker category

A−T−(N)− Normal AD biomarkers

A+T−(N)− Alzheimer’s pathologic change

Alzheimer’s 

continuum

A+T+(N)− Alzheimer’s disease

A+T+(N)+ Alzheimer’s disease

A+T−(N)+
Alzheimer’s and concomitant suspected non-AD pathologic 

change

A−T+(N)− Non-AD pathologic change

A−T−(N)+ Non-AD pathologic change

A−T+(N)+ Non-AD pathologic change
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Other imaging modalities
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The role of FDG-PET 

FDG, fluorodeoxyglucose; PET, positron emission tomography

1. Johnson KA, et al. Col Spring Harb Perspect Med 2012;2:a006213–a006213; 2. Magistretti PJ, Pellerin L. 

Philos Trans R Soc Lond B Biol Sci 1999;354:1155–1163; 3. Rocher AB, et al. Neuroimage 2003;20:1894–1898

• Currently used as a diagnostic tool to measure the regional pattern of 

reduced brain metabolism for the early and differential diagnosis of 

dementia1

• Widely accepted to be a valid neuroimaging marker of overall brain 

metabolism because of the reliance of the brain on glucose metabolism2

• Primarily indicative of synaptic activity because the glucose required for 

ionic gradient maintenance required for activity2

• Preclinical studies have shown that uptake correlates with the synaptic 

protein synaptophysin3



51Biogen | Confidential and Proprietary
Veeva ID: Biogen-70491

Date of preparation: July 2020 For Clinical and Medical use only | Do not distribute

Regional pattern of neurodegeneration across 

different dementia etiologies

AD, Alzheimer’s disease; FDG, fluorodeoxyglucose; FTD, frontotemporal degeneration; LAT, lateral; Lt, left; 

MED, medial; PET, positron emission tomography; Rt, right

1. Teune LK. Francesco Signorelli and Domenico Chirchiglia, IntechOpen, DOI: 10.5772/56505. Available from: 

https://www.intechopen.com/books/functional-brain-mapping-and-the-endeavor-to-understand-the-working-brain/fdg-pet-imaging-in-

neurodegenerative-brain-diseases

Image from Elias A, et al. J Alzheimers Dis 2014;42:885–892

FDG-PET as a neuroimaging 

marker is not specific to a particular 

dementia etiology, but rather an 

identifier of regional 

neurodegeneration1

https://www.intechopen.com/books/functional-brain-mapping-and-the-endeavor-to-understand-the-working-brain/fdg-pet-imaging-in-neurodegenerative-brain-diseases
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Considerations of FDG-PET1

FDG, fluorodeoxyglucose; MCI, mild cognitive impairment; PET, positron emission tomography

1. Garibotto V, et al. Neurobiol Aging 2017;52:183–195

Regional downregulation of FDG-PET 

retention may be indicative of AD and may 

help differentiate from FTLD and DLB

However, glucose hypometabolism is an 

indirect marker that may be altered for a 

variety of reasons, such as inflammation 

or ischemia

Although these changes are suggestive 

of an ongoing pathologic process, 

there is no way to confirm they correspond 

to AD pathology in asymptomatic  at-risk 

individuals

Although FDG-PET is well‐established, it 

has not been fully validated in early 

disease detection
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Real-world application
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Real-world application: Precautions for use with PET Imaging

MRI, magnetic resonance imaging; PET, positron emission tomography; rCBF, regional cerebral blood flow; SPECT, single-photon 

emission computed tomography

1. Dolgin E. Nature 2018;559:S10; 2. Ismail Z et al. Alzheimer’s Demential 2020 In Press

• PET is expensive and may cost over 3000 US dollars/ 5000 CAN dollars for a single 

amyloid PET scan

• Patients will require several scans to determine the efficacy of a treatment, especially in 

research settings

• Only a certified / trained physician can read a PET or MRI scan1

• SPECT rCBF can be performed for differential diagnosis purposes when PET is not 

accessible2
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AD: Alzheimer’s disease; CT: computed tomography; FDG: fluorodeoxyglucose; MRI: magnetic resonance imaging; PET: positron 

emission tomography

Many European countries and the USA 

provide reimbursement for MRI and FDG-

PET; however, reimbursement is rarely 

available for amyloid PET

Structural imaging is for eliminating mass 

effect lesions, other structural lesions, for 

differentiating between different 

dementia etiologies and evaluating 

vascular changes/disease

Neuroimaging is essential for 

identifying non-AD pathologic 

processes and pathophysiologic 

markers to determine probability of AD

Current neuroimaging methods include 

MRI, CT scanning, and amyloid and 

FDG-PET; however, tau PET is currently 

being researched as a promising new 

method

In Canada, amyloid PET imaging is 

limited to dementia experts

Key 

Takeaways

Tau PET is not approved for clinical 

use but may become an important 

diagnostic marker
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Back-up slides
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Assessing atrophy with MRI: Scheltens scale to determine 

medial temporal lobe atrophy measurements

MRI, magnetic resonance imaging

Table adapated from Scheltens P, et al. J Neurol 1995;242:557–560

Image from: Park M et al. Korean J Radiol 2016;17(6):827-845

Score Width of 

choroid fissure

Width of 

temporal horn

Height of 

hippocampal 

formation

0 Normal Normal Normal

1 ↑ Normal Normal

2 ↑↑ ↑ ↓

3 ↑↑↑ ↑↑ ↓↓

4 ↑↑↑ ↑↑↑ ↓↓↓

The Scheltens scale is provided below as an example of how a coronal T1-weighted MRI scale 

may be used to determine medial temporal lobe atrophy
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Introduction to amyloid PET tracers: 18F-florbetapir (AMYViD®)

Aβ, amyloid beta; AD, Alzheimer’s disease; CI, confidence interval; PET, positron emission tomography

Images provided by Jagust W

1. AMYViD® (18F-florbetapir) summary of product characteristics. 2013. Available from: 

https://www.ema.europa.eu/documents/product-information/amyvid-epar-product-information_en.pdf (Accessed December 13, 2018)

Key supportive findings1

• Examples of a positive and negative 

scan are shown to the left

• Binding studies in post-mortem AD 

brains showed significant (P<0.0001) 

correlations between in vitro 
18F‐florbetapir binding and Aβ

aggregate deposition

• A blinded pivotal study in 59 end-of-life 

patients resulted in a majority read 

sensitivity of 92% (95% CI 78, 98) and 

specificity of 100% (95% CI 80, 100)

• A study of 47 healthy volunteers (<40 

years) had negative Aβ PET results
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Introduction to amyloid PET tracers: 18F-florbetaben (Neuraceq®)

CI, confidence interval; PET, positron emission tomography

Images provided by Jagust W

1. Neuraceq® (18F-florbetaben) Product Monograph. 2017. Available from: 

https://pdf.hres.ca/dpd_pm/00038480.PDF (Accessed December 13, 2018)

Key supportive findings1

• A blinded pivotal study in 31 end-of-life 

patients resulted in a sensitivity of 100% 

(95% CI 80.5, 100) and specificity of 

85.7% (95% CI 67.4, 100) 

• Comparison of PET scan reading by five 

blinded, electronically trained readers 

from 54 subjects with histopathology 

assessment at autopsy provided 

sensitivity and specificity of 100% 

(95% CI 89.4, 100) and 71.4% 

(95% CI 52.1, 90.8), respectively
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Introduction to amyloid PET tracers: 18F-flutametamol (VIZAMYL®)

CI, confidence interval; PET, positron emission tomography

Images/research originally from: Mantel E, et al. J Nucl Med Technol 2019;47:203–209

1. VIZAMYL® (18F‐flutemetamol) summary of product characteristics. 2017. Available from: 

https://www.ema.europa.eu/documents/product-information/vizamyl-epar-product-information_en.pdf (Accessed December 13, 2018)

Key supportive findings1

• A blinded pivotal study in 68 end-of-life 

patients resulted in a majority read 

sensitivity of 86% (95% CI 72, 95) and 

specificity of 92% (95% CI 74, 99)

• Comparison of PET scan reading by five 

blinded, electronically trained readers 

from the above 68 patients and an 

additional 38 (N=106) provided 

sensitivity and specificity of 91% 

(95% CI 82, 96) and 90% 

(95% CI 74, 98), respectively


