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Introduction
Positron emission tomography (PET) with amyloid ligands has gained considerable momentum
in the field of neuroimaging of aging and dementia in the last decade mainly because it allows
in vivo detection of amyloid plaques, a core pathologic feature of Alzheimer’s disease (AD)
[Klunk et al., 2004]. The first specific tracer for amyloid-beta (Aβ) applied in human studies
was 11Carbon-labelled Pittsburgh Compound-B (PIB). PIB is an analog of thioflavin-T that at PET
tracer concentrations binds to beta-sheet rich fibrillar deposits of Aβ with high sensitivity and
specificity [Ikonomovic et al., 2008]. Although the 20-minute half-life of carbon-11 has limited
its use to research centers equipped with a cyclotron, a second generation of amyloid agents
labeled with fluorine-18 (18F, 110-minute half-life) has recently been developed, making it
feasible to produce and distribute tracers for clinical use [Jagust 2010]. Last month, florbetapir
(https://investor.lilly.com/releasedetail2.cfm?ReleaseID=662647) became the first FDAapproved 18F tracer. Apart from higher non-specific white matter binding in the 18F amyloid
agents (flutemetamol, florbetapir, and florbetaben; see Section 6 below for a more detailed
discussion on new PET tracers), all have performed comparably to PIB in clinical populations,
and high correlation with post-mortem measures of fibrillar Aβ have been found [Clark et al.,
2011].
Amyloid imaging data has been incorporated in the new consensus guidelines for the diagnosis
of AD [McKhann et al., 2011] and predementia AD-related conditions [Albert et al., 2011;
Sperling et al., 2011a] which now include the measurement of Aβ in cerebrospinal fluid (CSF) or
the brain (i.e. amyloid PET) in conjunction with core clinical criteria to assess the likelihood of
AD. For example, in a patient with mild cognitive impairment (MCI) with both positive Aβ (e.g.
amyloid PET or CSF Aβ 1-42 levels) and neuronal injury (e.g. CSF tau, hippocampal/medial
temporal atrophy on MRI, hypometabolism on FDG-PET) markers, a diagnosis of ‘MCI due to
AD-high likelihood’ can be made. If markers from both categories are negative, MCI is
considered ‘unlikely due to AD’.
Amyloid PET in various clinical populations
Cognitively normal elderly individuals (NC) show elevated PIB binding in 10-34% of cases,
similar to observed rates of amyloid pathology in autopsy studies [Pike et al., 2007]. Increasing
age and the presence of the apolipoprotein E ε4 allele (ApoE ε4) are the major predictors of
PIB-positivity in NC [Rowe et al., 2010]. Recent findings in persons without dementia or MCI
suggest that amyloid deposition is associated with very subtle cognitive deficits especially
among ApoE ε4 carriers [Kantarci et al., 2012]. Interestingly, in a gene-based association
analysis of amyloid-pathway candidate genes using PIB uptake value on 103 Alzheimer’s
Disease Neuroimaging Initiative (ADNI) participants, the DHCR24 gene showed association with
a lower average PIB uptake, hence suggesting a neuroprotective role [Swaminathan et al.,
2011].

Although the significance of a positive amyloid scan in NC still remains uncertain, crosssectional studies have shown ‘AD-like’ brain changes (hippocampal and temporo-parietal
atrophy) [Dickerson et al., 2009] while early longitudinal data have strengthened the notion
that many (although probably not all) are in a ‘preclinical’ phase of AD [Sperling et al., 2011b].
This hypothesis will require further longitudinal investigation. From a diagnostic perspective,
the significant baseline rate of amyloid-positive NC emphasizes that amyloid-positivity is not
synonymous with AD, and that amyloid scans cannot be interpreted in lieu of a detailed clinical
evaluation. At present, there is no clinical indication for amyloid imaging in cognitively normal
individuals, though this will remain an area of active research in coming years, particularly with
the advent of amyloid lowering therapies, which might be most effective if initiated in the
presymptomatic disease stage [Ostrowitzki et al., 2011; Klunk 2011].
Current data in MCI patients indicate that amyloid imaging provides prognostic information
presumably by identifying patients with underlying AD pathology [Pontecorvo & Mintun, 2011].
As a group, 52 to 87% show elevated PIB binding in a similar regional distribution to AD [Pike et
al., 2007]. In longitudinal studies, one year conversion rates to AD range from 33-47% in PIBpositive MCI subjects versus virtually no conversions in PIB-negative subjects [Wolk et al.,
2009]. In the largest longitudinal effort to date [Okello et al., 2009], authors compared baseline
amyloid deposition between MCI converters and non-converters in 31 subjects followed over 3
years. The conversion rate was 82% in those with increased PIB uptake, but only 7% in PIBnegative subjects. Altogether, PIB-positive amnestic MCI patients are likely to have early AD,
and amyloid imaging will help in risk stratification and selection of patients who may benefit
from disease-specific therapies.
Most studies in AD have found very high (90% or greater) PIB-PET sensitivity, and in a pattern
that closely mirrors the distribution of plaques found at autopsy [Rowe et al., 2010]. Tracer
binding is diffuse and symmetric, with high uptake consistently found in prefrontal cortex,
precuneus and posterior cingulate cortex, followed closely by lateral parietal, lateral temporal
cortex, and striatum. Studies in atypical clinical presentations of AD have shown that amyloid
deposition is more common in the logopenic variant of primary progressive aphasia (lvPPA)
than in nonfluent or semantic variants [Rabinovici et al., 2008], supporting the hypothesis that
lvPPA is predictive of underlying AD. Others have detected high PIB binding in patients with
posterior cortical atrophy (PCA), a visuospatial/biparietal clinical syndrome often caused by AD
[de Souza et al., 2011]. Much like FDG-PET [Laforce et al., 2010], amyloid imaging will probably
not add value to the diagnostic work-up of patients with straightforward clinical AD, but is likely
to be useful in patients with atypical complex presentations or early age-of-onset dementia.
Other clinical conditions studied with amyloid PET include vascular dementia (VD), cerebral
amyloid angiopathy (CAA), Parkinson’s disease dementia (PDD), dementia with Lewy bodies
(DLB), and the frontotemporal lobar degeneration spectrum of disorders (FTLD). A detailed
discussion of these results is beyond the scope of this article (see Drzezga 2010 or Laforce &
Rabinovici, 2011 for more detailed reviews), but key findings are summarized below.

In one study on VD, authors found that 69% of patients were PIB-negative [Lee et al., 2011].
High PIB binding rates were found in non demented patients with CAA [Johnson et al., 2007].
Most studies showed higher amyloid plaques in DLB than in PDD or non-demented PD patients,
and in some PIB-positivity was associated with more rapid disease progression [Maetzler et al.,
2009]. The high frequency of plaques and high rates of positive scans in DLB suggest that
amyloid PET is unlikely to be helpful in differentiating DLB from AD. Finally, considering that
FTLD and AD are the leading causes of early age-of-onset dementia [Ratnavalli et al., 2002], that
distinguishing the two during life can be clinically challenging [Alladi et al., 2007], and that Aβ
plaques are not part of the FTLD pathologic spectrum, several authors have argued for a
valuable role of amyloid imaging in the differential diagnosis of these conditions. Small case
series have reported low rates of PIB (0 to 15%) and ﬂorbetaben-positivity (9%) in FTLD
[Villemagne et al., 2011]. Recently, results from the largest study on the diagnostic utility of
amyloid PET in FTLD showed in 62 AD and 45 FTLD patients that PIB visual reads had a higher
sensitivity for AD than FDG-PET, with similar specificity [Rabinovici et al., 2011]. PIB
outperformed FDG in classifying patients with known histopathology, and visual reads showed
higher inter-rater reliability and agreement than FDG, suggesting it was the more accurate and
precise technique.
Amyloid PET in clinical practice: unresolved questions and recommendations
There are many unknowns that could impact the diagnostic utility of amyloid PET including (1)
its sensitivity and specificity compared to pathology, (2) technical and patient factors that could
lead to false positives and false negatives, (3) the relative contribution of both diffuse and
neuritic plaques’ binding to the in vivo signal, (4) interpretation of the test as a dichotomous
result versus assessing binding degree and spatial distribution, (5) inter- and intra-rater
reliability of visual interpretations, (6) determining the optimal quantitative threshold for
defining a positive scan, (7) adjusting the threshold for PIB-positivity based on demographic
factors such as age or genetic variables, and (8) cost effectiveness issues [Jagust 2011].
At present, studies of practical clinical applications of amyloid imaging lag far behind studies
with biological objectives. Nonetheless, in clinics where PIB has been available, results have had
implications for treatment, particularly on deciding whether to initiate or discontinue AD
symptomatic medications (see Laforce & Rabinovici, 2011 for case vignettes). Currently,
acetylcholinesterase inhibitors are prescribed to a large number of patients with non-AD
dementia, while certain populations that may benefit are currently not treated (e.g. MCI due to
AD). This is based on negative clinical trials that may have been confounded by biological
heterogeneity. Such decisions would be more rational if amyloid PET were applied in the right
circumstances, and this could result in cost saving. The more immediate impact of amyloid
imaging, however, will be in improving clinical trial design by enrolling patients based on
biological, rather than clinical phenotype. A positive amyloid scan may eventually be the
primary inclusion criterion for a study focused on AD prevention.
Conclusion

Amyloid imaging represents a major breakthrough in the evaluation of dementia that will
doubtlessly translate into better clinical care, and ultimately help guide the development of
molecular-based therapies for these devastating illnesses. This technique should be regarded as
an adjunct imaging tool that is part of a comprehensive clinical evaluation when a more
accurate clinical diagnosis is needed in the face of a complex case. Fundamentally, amyloid
imaging detects a brain pathophysiology, and is not a clinical diagnosis. Used in isolation, it
cannot diagnose AD, MCI, or differentiate normal or abnormal aging. Although an impressive
body of research has already been generated in the field, more studies of practical clinical
applications are needed. Clinical availability of new 18F agents will help better understand
diagnostic performance, added clinical value and cost effectiveness of amyloid imaging.
Recommendations
Recommendations for clinicians on behalf of the 4th Canadian Consensus Conference on
Diagnosis (CCCD)
1. Amyloid biomarkers have not yet reached regulatory approval in Canada and are not yet
funded for use in clinical settings, yet they represent a major breakthrough in the
evaluation of dementia in research studies. It is unclear how the approval of 18F tracer
florbetapir by the FDA will impact our practice but clinicians should be familiar with the
key findings of amyloid imaging research;
2. At present, there are many unknowns that could impact the diagnostic utility of amyloid
PET (e.g. sensitivity and specificity compared to pathology, technical and patient factors
that could lead to false positives and false negatives, relative contribution of both
diffuse and neuritic plaques’ binding, dichotomous interpretation versus assessing
binding degree and spatial distribution, determining the optimal quantitative threshold
for defining a positive scan, adjusting the threshold based on demographic factors, cost
effectiveness issues) and therefore, clinicians should be cautious when faced with a
situation where amyloid data is discussed;
3. Should this technique become available to Canadian clinicians in the future, it should
not be available for routine evaluation due to cost and limited access. Moreover, it
should be regarded as an adjunct imaging tool that is part of a comprehensive clinical
evaluation under provincial medicare systems for specific patients in referral Memory
Clinics when a more accurate clinical diagnosis is needed in the face of a complex case
(i.e., atypical presentations, early age-of-onset dementia);
4. Used in isolation, amyloid imaging cannot diagnose AD, MCI, or differentiate normal or
abnormal aging. Although further research is needed, early findings in this field has
demonstrated the potential clinical utility of amyloid imaging in (1) determining if MCI is
due to AD, (2) differentiating AD from non-AD dementia (e.g. FTLD) particularly in early
age-at-onset patients, (3) determining if AD co-pathology is present in patients with
cognitive impairment and other known neurologic disease (e.g. PD, stroke/vascular
disease, MS, epilepsy, HIV), (4) differentiating AD from non-degenerative cognitive
decline (e.g. depression, substance abuse), (5) determining if AD is present in patients
with advanced dementia and no reliable history, (6) identifying if AD is present in focal

cortical syndromes (e.g. PCA, PPA, CBS), and (7) differentiating CAA from ICH due to
small vessel vasculopathy;
5. At present, there is no clinical indication for amyloid imaging in cognitively normal
individuals, initial investigation of cognitive complaints, differentiating AD from other
Aβ-associated dementia (e.g. DLB, CAA), differentiating between AD clinical variants
(e.g. classic amnestic AD vs. PCA or lvPPA), and differentiating between non-AD causes
of dementia (e.g. molecular subtypes of FTLD).
Recommendations for research and translational development to clinical care on behalf of the
4th Canadian Consensus Conference on Diagnosis (CCCD)
1. In research settings with amyloid imaging capabilities, investigators should be
encouraged to develop projects that further validate the clinical and research uses of
this technique and evaluate its readiness for translation to clinical care;
2. Trial designers are strongly encouraged to use this technique to (1) decrease the
heterogeneity of their MCI population; (2) identify a cohort that is likely to respond to a
drug with anti-amyloid properties; and (3) study patients that are likely to convert to AD
in a relatively short time frame;
3. Testing and longitudinal follow-up of asymptomatic individuals or patients with
subjective cognitive impairments not meeting MCI criteria, or at-risk individuals (e.g.
gene mutation carriers, family history of AD, ApoE ε4) should be restricted to research;
4. Future research should explore (1) the natural evolution of amyloid burden and its role
in the pathophysiology of AD and other dementias, (2) its use as a potential surrogate
marker for anti-amyloid therapies, (3) the value of new 18F amyloid tracers, (4) perform
PET-pathology correlations, and (5) compare amyloid imaging with CSF AD biomarkers
as well as downstream markers of degeneration.
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AD: Alzheimer’s disease
ApoE ε4: apolipoprotein E ε4 allele
CAA: cerebral amyloid angiopathy
CBS: corticobasal syndrome
CSF: cerebrospinal fluid
DLB: dementia with Lewy bodies
FDG: 18F-Fluorodeoxyglucose
FTLD: frontotemporal lobar degeneration
ICH: intracranial haemorrhage
MCI: mild cognitive impairment
MRI: magnetic resonance imaging
MS: multiple sclerosis
PCA: posterior cortical atrophy
PD: Parkinson’s disease
PPA: primary progressive aphasia

References
Klunk WE, Engler H, Nordberg A, Wang Y, Blomqvist G, Holt DP, Bergström M, Savitcheva I,
Huang GF, Estrada S, Ausén B, Debnath ML, Barletta J, Price JC, Sandell J, Lopresti BJ, Wall A,
Koivisto P, Antoni G, Mathis CA, Långström B: Imaging brain amyloid in Alzheimer’s disease with
Pittsburgh Compound-B. Ann Neurol 2004, 55:306-319.
Ikonomovic MD, Klunk WE, Abrahamson EE, Mathis CA, Price JC, Tsopelas ND, Lopresti BJ,
Ziolko S, Bi W, Paljug WR, Debnath ML, Hope CE, Isanski BA, Hamilton RL, DeKosky ST:
Postmortem correlates of in vivo PiB-PET amyloid imaging in a typical case of Alzheimer’s
disease. Brain 2008, 131:1630-1645.
Jagust WJ: Amyloid imaging: coming to a PET scanner near you. Ann Neurol 2010, 68:277-278.
Clark CM, Schneider JA, Bedell BJ, Beach TG, Bilker WB, Mintun MA, Pontecorvo MJ, Hefti F,
Carpenter AP, Flitter ML, Krautkramer MJ, Kung HF, Coleman RE, Doraiswamy PM, Fleisher AS,
Sabbagh MN, Sadowsky CH, Reiman EP, Zehntner SP, Skovronsky DM: Use of florbetapir-PET for
imaging beta-amyloid pathology. JAMA 2011, 305:275-283.
McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, Klunk WE, Koroshetz
WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN, Scheltens P, Carrillo MC, Thies B,
Weintraub S, Phelps CH: The diagnosis of dementia due to Alzheimer’sdisease:
recommendations from the National Institute on Aging–Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 2011, 7:263-269.
Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman DM,
Jagust WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH: The diagnosis of mild
cognitive impairment due to Alzheimer’s disease: recommendations from the National Institute
on Aging–Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimers Dement 2011, 7:270-279.
Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, Iwatsubo T, Jack CR Jr, Kaye J,
Montine TJ, Park DC, Reiman EM, Rowe CC, Siemers E, Stern Y, Yaffe K, Carrillo MC, Thies B,
Morrison-Bogorad M, Wagster MV, Phelps CH: Toward defining the preclinical stages of
Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's
Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement
2011a, 7:280-292.
Pike KE, Savage G, Villemagne VL, Ng S, Moss SA, Maruff P, Mathis CA, Klunk WE, Masters CL,
Rowe CC: Amyloid imaging and memory in nondemented individuals: evidence for preclinical
Alzheimer’s disease. Brain 2007, 130:2837-2844.
Rowe CC, Ellis KA, Rimajova M, Bourgeat P, Pike KE, Jones G, Fripp J, Tochon-Danguy H,
Morandeau L, O'Keefe G, Price R, Raniga P, Robins P, Acosta O, Lenzo N, Szoeke C, Salvado O,

Head R, Martins R, Masters CL, Ames D, Villemagne VL: Amyloid imaging results from the
Australian Imaging, Biomarkers and Lifestyle (AIBL) study of aging. Neurobiol Aging 2010,
31:1275-1283.
Kantarci K, Lowe V, Przybelski SA, Weigand, SD, Senjem, ML, Ivnik RJ, Preboske, GM, Roberts R,
Geda YE, Boeve BF, Knopman DS, Petersen RC, Jack CR: APOE modifies the association between
Aβ load and cognition in cognitively normal older adults. Neurology 2012, 78:1-9.
Swaminathan S, Shen L, Risacher SL, Yoder KK, West JD, Kim S, Nho K, Foroud T, Inlow M, Potkin
SG, Huentelman MJ, Craig DW, Jagust WJ, Koeppe RA, Mathis CA, Jack CR, Weiner MW, Saykin
AJ for the Alzheimer’s Disease Neuroimaging Initiative (ADNI): Amyloid pathway-based
candidate gene analysis of [11C]PiB-PET in the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) cohort. Brain Imaging and Behavior 2011. Epub ahead of print Sep 8.
Dickerson BC, Bakkour A, Salat DH, Feczko E, Pacheco J, Greve DN, Grodstein F, Wright CI,
Blacker D, Rosas HD, Sperling RA, Atri A, Growdon JH, Hyman BT, Morris JC, Fischl B, Buckner
RL: The cortical signature of Alzheimer’s disease: regionally specific cortical thinning relates to
symptom severity in very mild to mild AD dementia and is detectable in asymptomatic
amyloidpositive individuals. Cereb Cortex 2009, 19:497-510.
Sperling RA, Jack CR Jr, Black SE, Frosch MP, Greenberg SM, Hyman BT, Scheltens P, Carrillo MC,
Thies W, Bednar MM, Black RS, Brashear HR, Grundman M, Siemers ER, Feldman HH, Schindler
RJ: Amyloid-related imaging abnormalities in amyloid-modifying therapeutic trials:
recommendations from the Alzheimer’s Association Research Roundtable Workgroup.
Alzheimers Dement 2011b, 7:367-385.
Ostrowitzki S, Deptula D, Thurfjell L, Barkhof F, Bohrmann B, Brooks DJ, Klunk WE, Ashford E,
Yoo K, Xu ZX, Loetscher H, Santarelli L: Mechanism of Amyloid Removal in Patients With
Alzheimer Disease Treated With Gantenerumab. Arch Neurol 2011. Published online October
10.
Klunk WE: Amyloid imaging as a biomarker for cerebral β-amyloidosis and risk prediction for
Alzheimer dementia. Neurobiology of Aging 2011, 32:S20–S36.
Pontecorvo MJ, Mintun MA: PET amyloid imaging as a tool for early diagnosis and identifying
patients at risk for progression to Alzheimer’s disease. Alzheimer’s Res Ther 2011, 3:11.
Wolk DA, Price JC, Saxton JA, Snitz BE, James JA, Lopez OL, Aizenstein HJ, Cohen AD, Weissfeld
LA, Mathis CA, Klunk WE, De-Kosky ST: Amyloid imaging in mild cognitive impairment subtypes.
Ann Neurol 2009, 65:557-568.
Okello A, Koivunen J, Edison P, Archer HA, Turkheimer FE, Någren K, Bullock R, Walker Z,
Kennedy A, Fox NC, Rossor MN, Rinne JO, Brooks DJ: Conversion of amyloid positive and
negative MCI to AD over 3 years: an 11C-PIB PET study. Neurology 2009, 73:754-760.

Rabinovici GD, Jagust WJ, Furst AJ, Ogar JM, Racine CA, Mormino EC, O'Neil JP, Lal RA, Dronkers
NF, Miller BL, Gorno-Tempini ML: Abeta amyloid and glucose metabolism in three variants of
primary progressive aphasia. Ann Neurol 2008, 64:388-401.
de Souza LC, Corlier F, Habert MO, Uspenskaya O, Maroy R, Lamari F, Chupin M, Lehéricy S,
Colliot O, Hahn-Barma V, Samri D, Dubois B, Bottlaender M, Sarazin M: Similar amyloid-β
burden in posterior cortical atrophy and Alzheimer’s disease. Brain 2011, 134:2036-2043.
Laforce RJr, Buteau JP, Paquet N, Verret L, Houde M, Bouchard RW: The value of PET in mild
cognitive impairment, typical and atypical/unclear dementias: a retrospective memory clinic
study. Journal of Alzheimer’s Disease and Other Dementias 2010, 25:324-332.
Drzezga A: Amyloid-plaque imaging in early and differential diagnosis of dementia. Ann Nucl
Med 2010, 24:55-66.
Laforce RJr, Rabinovici GD: Amyloid imaging in the differential diagnosis of dementia: review
and potential clinical applications. Alzheimer’s Research & Therapy 2011, 3:31.
Lee JH, Kim SH, Kim GH, Seo SW, Park HK, Oh SJ, Kim JS, Cheong HK, Na DL: Identification of
pure subcortical vascular dementia using 11C-Pittsburgh Compound B. Neurology 2011, 77:1825.
Johnson KA, Gregas M, Becker JA, Kinnecom C, Salat DH, Moran EK, Smith EE, Rosand J, Rentz
DM, Klunk WE, Mathis CA, Price JC, Dekosky ST, Fischman AJ, Greenberg SM: Imaging of
amyloid burden and distribution in cerebral amyloid angiopathy. Ann Neurol 2007, 62:229-234.
Maetzler W, Liepelt I, Reimold M, Reischl G, Solbach C, Becker C, Schulte C, Leyhe T, Keller S,
Melms A, Gasser T, Berg D: Cortical PIB binding in Lewy body disease is associated with
Alzheimer-like characteristics. Neurobiol Dis 2009, 34:107-112.
Ratnavalli E, Brayne C, Dawson K, Hodges JR: The prevalence of frontotemporal dementia.
Neurology 2002, 58:1615-1621.
Alladi S, Xuereb J, Bak T, Nestor P, Knibb J, Patterson K, Hodges JR: Focal cortical presentations
of Alzheimer’s disease. Brain 2007, 130:2636-2645.
Villemagne VL, Ong K, Mulligan RS: Amyloid imaging with 18F-Florbetaben in Alzheimer disease
and other dementias. J Nucl Med 2011, 52:1210-1217.
Rabinovici GD, Rosen HJ, Alkalay A, Kornak J, Furst AJ, Agarwal N, Mormino EC, O’Neil JP, Janabi
M, Karydas A, Growdon ME, Jang JY, Huang EJ, DeArmond SJ, Trojanowski JQ, Grinberg LT,
Gorno-Tempini ML, Seeley WW, Miller BL, Jagust WJ: Amyloid versus FDG PET in the differential
diagnosis of AD and FTLD. Neurology 2011, 77:2034-2042.

Jagust WJ: Amyloid imaging: liberal or conservative? Let the data decide. Arch Neurol 2011,
68:1377-1378.

