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The development of amyloid targeting PET radioligands is

one of the most challenging research and clinical neuro-

imaging endeavours. The first radiopharmaceutical devel-

oped by investigators at the University of Pittsburgh, a

derivative of a histopathologic dye (thioflavin-S) used to

identify fibrillary Ab-amyloid in microscopic brain tissue

sections, was N-methyl-[11C]2-(40-methylaminophenyl)-6-

hydroxybenzothiazole (now termed [11C]Pittsburgh Com-

pound-B or [11C]PiB) [1]. Shortly following the advent of

[11C]PiB, several commercial entities began development

of radio-fluorinated amyloid probes that would have

potential translational clinical uses. At the time of this

writing, there are a few probes approved for clinical use by

Food and Drug Administration (FDA) and European

Medicine Agency (EMA) and several others still in the

pipeline.

As today, based on the available data, results obtained

by PET with amyloid radiopharmaceuticals should not be

considered as diagnostic for Alzheimer disease (AD), but

rather indicative of the presence of cerebral amyloid

deposition. Ab deposition may be found in fact in disorders

other than AD, such as dementia with Lewy bodies and

amyloid angiopathy. Further researche will solve these

issues, possibly increasing the spectrum of applications for

amyloid PET imaging.

The Society of Nuclear Medicine and Molecular Imag-

ing has recently released Guidelines for the clinical

application of amyloid imaging, emphasizing a conserva-

tive approach [2]. The SNMMI Guidelines suggest appro-

priate use of clinical amyloid imaging for distinguishing

dementias with a moderate-to-high burden of fibrillary Ab-

amyloid vs. those without amyloid deposition. The speci-

ficities of PET findings with the use of the clinically

approved tracers have each been confirmed by direct

comparisons of PET imaging with subsequent neuropa-

thologic diagnosis at autopsy. Patients with dementia due

to Alzheimer disease and some patients with dementia with

Lewy bodies are expected to have abnormal (‘‘positive’’)

amyloid scans, while patients with other forms of neuro-

degenerative disorders, such as the frontotemporal

dementia spectrum (FTD), Creutzfeld–Jacob disease, and

others, to have normal (‘‘negative’’) amyloid scans.

Amyloid imaging might be of prognostic value in sub-

jects with mild cognitive impairment (MCI), in whom there

is a significant increased risk for progression to AD over

2–3 years following a ‘‘positive’’ amyloid PET scan. On

the other hand, amyloid imaging is appropriate neither in

patients with typical AD and in asymptomatic elderly

subjects, as the imaging results would not lead to changes

in diagnostic classification or clinical management, in

particular, ‘‘positive’’ amyloid scans may be observed in

elderly individuals, that remain asymptomatic for a decade

in spite of such finding. It remains possible that some of

these individuals may never develop dementia—follow-up

research studies are underway at present to evaluate this

possibility. Conversely, when patients exhibit deficits and

course that are typical of AD, the vast majority will dem-

onstrate ‘‘positive’’ amyloid scans, and the incremental

contribution to diagnosis and management will be small.

Up to now, the types of patients and clinical circum-

stances in which amyloid PET imaging could be used are

limited to patients with atypical dementia or in clinical
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trials, but only in conjunction with the other biomarkers,

particularly CSF measures and FDG-PET. On the basis of

recent FDG-PET imaging findings showing that neuronal

injury can be early and independent of amyloid-b deposi-

tion, a more complex picture [3] has progressively replaced

the Ab cascade hypothesis. The different molecular paths

that PET in vivo biomarkers can reveal in the timeframe of

AD progression reflect the events, leading to deposition of

Ab and phosphorylated tau, neuronal injury and neurode-

generation that can run in parallel instead than in a

sequential manner. The amyloid and neuronal injury paths

may diverge along the AD cascade, and bear separate

relationships with AD symptoms and clinical phenotypes.

All these evidences are crucial for the early diagnosis and

for the development of new drugs aimed at slowing or

preventing dementia. In this context, it is important to draw

a clear distinction between the value of Ab imaging and the

Ab hypothesis. The feasibility and validity of Ab imaging

remains since, by definition, Ab deposition is a patholog-

ical hallmark of AD.

We are expecting further discussion regarding clinical

indications for Ab imaging and the debate about the causal

role of Ab pathology in the genesis of AD is one of the

most important. The amyloid accumulation period can last

for up to 15 years and during this period the positivity level

gradually increases. It is thus common wisdom that a

dichotomous classification (positive/negative exam) is

inadequate for a thorough interpretation and reporting

procedure. Therefore, a quantification of the exam pro-

viding information about the level of positivity is manda-

tory. The measurement has to be performed through

adequate and innovative quantification tools, adapted to

validated and standardized criteria.

We should also consider that different conformations of

Ab deposits in the brain may affect the uptake and retention

pattern of the tracers and that Ab imaging modalities may not

recognize all types of Ab pathologies with equal sensitivity.

This may be an interesting area of future research, to further

improve the understanding of the quantitative information

provided by in vivo Ab imaging methods.

There are in addition several issues raised in the related

literature out of the diagnostic value of Ab imaging, which

require careful consideration and research. Among the

most relevant, the nonspecific white matter retention and

the role of Ab pathology in AD disease generation. It is

clear that the white matter uptake and the corresponding

partial volume effects may lead to inaccuracies in the

precise quantification of cortical tracer retention and thus

assessment of cortical Ab. While common to all Ab ra-

diotracers, this is more noticeable in currently published

studies using 18F-labeled Ab radiopharmaceuticals, that

appear to generally show somewhat higher white matter

retention as compared to [11C]PiB.

Further improvement in this context will regard the

development of radiopharmaceuticals with less white matter

retention and of image evaluation techniques, such as partial

volume correction algorithms/volume of interest-based

techniques for selective identification of gray matter uptake.

There is also a long-recognized discrepancy between

cognitive impairment and Ab plaque burden in the brain.

These mismatches between the presence of cerebral b-amy-

loidosis and symptoms of dementia paved the way to resear-

ches on the role of Amyloid-PET and FDG-PET imaging as

conveying different molecular information on paths that can

diverge along the timeframe of Alzheimer’s disease progres-

sion. Amyloid-dependent and amyloid-independent mecha-

nisms exist, and are not mutually exclusive, both contributing

to Alzheimer’s disease disorder. Designing interventional

strategies that target the right molecular pathways at an

appropriate stage of disease depends on accurate models of

Alzheimer’s disease biomarker evolution.

Although both FDA and EMA have approved PET

imaging for the assessment of brain amyloid load, reim-

bursement is still at stake. At the present time healthcare

insurance providers in the US do not offer reimbursement

for amyloid imaging, while in Europe, where national

health systems are in place in many countries, reimburse-

ment is being debated. The argument is made that AD and

other neurodegenerations cannot be effectively treated, and

that improved survival and quality of life are not yet

demonstrated to result from dementia management alter-

natives. Under the evidence that in turn amyloid imaging

may not have a ‘‘therapeutic impact’’ its use would not be

appropriate on the premises that the use of a diagnostic

radiopharmaceutical, similarly to any other medicine,

would be indicated under the assumption that it can pro-

duce an effect on patient outcome. This reasoning dis-

counts entirely the value of diagnosis and prognosis

afforded by amyloid imaging. Of even greater concern

here, is the missed opportunity to discover potential man-

agement approaches and therapies that could affect the

course of dementias. Clinical diagnostic accuracy in com-

parison to autopsy confirmation demonstrates accuracy in

the range of *75 %, even in the context of expert clini-

cians in dedicated specialty clinics. Accuracy is expected

to be even less when patients present early in the course of

their cognitive decline, when specific signs or symptoms

atypical of AD may be encountered. However, our ability

to make needed progress in the discovery of effective

therapies for dementias will rely heavily on accurate

diagnostic classifications, together with the investigation of

targeted new treatment approaches. A historical parallel to

the current amyloid-imaging situation is the status of MRI

for the diagnostic evaluation of suspected demyelinating

disease in the 1980s. Use of MRI increased the sensitivity

and accuracy of the diagnosis of multiple sclerosis, and
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contributed directly to the development of current effective

immunomodulatory therapies. A similar breakthrough in

the treatment of neurodegenerative dementias is overdue,

and the now available contribution of molecular endophe-

notyping with amyloid-avid tracers will play a crucial role.
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