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Beta-amyloid imaging in dementia
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Alzheimer's disease (AD) is a neurodegenerative disorder associated with extracellular plaques, composed 
of amyloid-beta (Aβ), in the brain. Although the precise mechanism underlying the neurotoxicity of Aβ has 
not been established, Aβ accumulation is the primary event in a cascade of events that lead to neurofibrillary 
degeneration and dementia. In particular, the Aβ burden, as assessed by neuroimaging, has proved to be 
an excellent predictive biomarker. Positron emission tomography, using ligands such as 11C-labeled Pitts- 
burgh Compound B or 18F-labeled tracers, such as 18F-florbetaben, 18F-florbetapir, and 18F-flutemetamol, 
which bind to Aβ deposits in the brain, has been a valuable technique for visualizing and quantifying the 
deposition of Aβ throughout the brain in living subjects. Aβ imaging has very high sensitivity for detecting 
AD pathology. In addition, it can predict the progression from mild cognitive impairment to AD, and contribute 
to the development of disease-specific therapies.
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INTRODUCTION

With the number of dementia patients rising due to an 
aging population, it is important to detect dementia early and 
delay its progression. A variety of diagnostic methods are 

being used for this purpose, including mental status examina-
tion, neurophysiological testing, and magnetic resonance ima- 
ging (MRI). Alzheimer’s disease (AD) is one of the most com-

mon types of dementia, accounting for 70% of all cases. It is 
pathologically characterized by deposition of beta-amyloid (Aβ), 
forming amyloid plaques outside neurons, and an accumula- 

tion of hyperphosphorylated tau proteins inside neurons, both 
of which are known to induce neuronal apoptosis and ul- 
timately cause dementia [1]. Abnormal deposition of Aβ is 

subsequently followed by synaptic dysfunction, tau protein 
abnormality in the cerebrospinal fluid (CSF), structural 

changes of the brain, and cognitive decline (Fig. 1) [2]. Accu- 
mulation of Aβ starts at an early stage of the disease, when 
no symptoms are present. Studies investigating early biomar- 

kers to differentiate AD and normal individuals have attemp- 
ted to predict the progression or onset of AD from mild cog-
nitive impairment— the intermediate stage between healthy 

state and dementia—or the preclinical stage— the stage pre-
ceding mild cognitive impairment—and halt the progression 
of the disease [3]. Accumulated Aβ can be observed in an au-

topsy or Aβ1-42 can be detected in the CSF; currently, the 
extent of Aβ accumulation can be visualized in living patients 
using neuroimaging. The methods used to visualize Aβ in-

clude positron emission tomography (PET), and new com-
pounds have been developed and approved by the US Food 
and Drug Administration (FDA) since the development of the 

C-11 Pittsburgh compound B (PiB) in 2004. Although a fun-
damental treatment for AD is still lacking, efforts to develop 
new therapeutic agents are ongoing, which would serve as 

useful tests for the diagnosis performed using Aβ PET, and 

https://crossmark.crossref.org/dialog/?doi=10.12701/yujm.2018.35.1.1&domain=pdf&date_stamp=2018-06-30


Kyung Ah Chun

2 YUJM VOLUME 35, NUMBER 1, JUNE 2018  

Fig. 1. Chronological relationships among pathology, clinical symptoms and biomarkers. Based on biomarker studies, β-amyloid protein
accumulation appears to start-20 years before the onset of dementia (adapted from Yoshiyama et al. J Neurol Neurosurg Psychiatry
2013;84:784-95, with permission of British Medical Association). MCI, mild cognitive impairment; sMRI, structural MRI; FDG, 
2-[18F]-fluoro-2-deoxy-D-glucose; PET, positron emission tomography; CSF, cerebrospinal fluid; Aβ, β-amyloid protein; fMRI, functional
magnetic resonance imaging.

the assessment of treatment effectiveness [4].

Beta-amyloid

Found in the brain of patients with AD, Aβ is a peptide 
of 36-43 amino acids, and when it forms plaques, it becomes 

neurotoxic. This peptide is produced by the action of β-se- 
cretase and γ-secretase on the amyloid precursor protein [5]. 
Subsequently, Aβ is converted to amyloid fibrils via a nuclea-

tion reaction, after which it accumulates coagulates [6]. Amy- 
loid plaques, which primarily consists of amyloid fibrils, are 
surrounded by axons, dendrites, reactive astrocytes, and acti-

vated microglia (Fig. 2), and Aβ is detected not only in amy-
loid plaques but also in cortical arteries, CSF, plasma, and 
neuronal culture [7]. Amyloid plaques can be classified accor- 

ding to density and structure into diffuse plaques, which have 
a low fibril content, and neuritic plaques, which have a high 

fibril content [8], with the latter type known to be the more 
significant indicator of AD [9].

Although the exact physiological role of Aβ has not yet 

been revealed, evidences suggest that it is important for the 
regulation of synaptic activities and survival of neurons [10]. 
All available genetic, pathological, biochemical, and cytologi- 

cal evidences support that the gradual accumulation of Aβ 
in the brain, as a result of an imbalance of the production and 
removal of Aβ, is an important factor in the etiology of AD, 

and despite conflicting arguments, Aβ is still an important 
risk factor for AD [11,12].

Beta-amyloid imaging

Radiopharmaceuticals for Aβ imaging have been developed 

based on the chemical structures of the dyes used to stain Aβ 
in the conventional pathologic examination. These substances 
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Fig. 2. Molecular and cellular processes presumed to participate in AD pathogenesis. Aβ peptides produced by neurons and other
brain cells and build-up of pathogenic Aβ assemblies could result from increased production or aggregation or from deficient clearance
mechanisms (adapted from Roberson et al. Science 2006;314:781-4, with permission of American Association for the Advancement
of Science). AD, Alzheimer’s disease; Aβ, β-amyloid protein.

were modified by eliminating their ionization properties, and 
enhancing their lipophilic properties, such that they could 
penetrate the blood brain barrier, and accumulate in the parts 

of the brain containing Aβ aggregates [13]. Most Aβ imaging 
methods involve the use of a PET tracer known as 11C-PiB, 
but its use is limited due to its short half-life (20 min). Recen- 

tly, a fluoride (18F) marker with a long half-life (110 min) 
has been used in several ongoing clinical trials; of them, Amyvid 
(florbetapir; 18F-AV-45) was the first to be approved by the 

FDA in 2012, followed by Vizamyl (flutemetamol; GE-067) 
in 2013, and Neuraceq (florbetaben; BAY 94-9172) in 2014. 
Currently, Neuraceq and Vizamyl are being used in South 

Korea. Owing to its high sensitivity, Aβ imaging enables early 
diagnosis, and can predict the progression of mild cognitive 
impairment to AD. In particular, a two-year follow-up study 

of patients with mild cognitive impairment reported that those 
who progressed to AD had a higher uptake of 11C-PiB than 
those who did not convert to AD, suggesting that Aβ PET is 

useful for the early diagnosis of AD [13]. In a study that exa- 
mined the local deposition of Aβ radiological tracers, and the 
presence of local amyloid plaques reported in autopsies or bio- 

psies of patients with AD, the agreement rate between the 
two exceeded 96%[14,15]. The deposition of Aβ is usually 
observed in the cerebral cortex of patients with AD, that is, 

it is deposited in the gray matter, including the prefrontal, 
medial parietal, lateral temporal, and cingulate gyrus and sub-
cortical striatum(Fig. 3) [16,17]. Images are analyzed and de-

termined as positive or negative by comparing the radioac- 
tivity between the grey matter in the cerebral cortex and the 
proximal white matter. When negative, the contrast between 
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Fig. 3. Axial view of 18F-flutemetamol positron emission tomography scans. Negative image (A) shows a white matter sulcal pattern
at the frontal and lateral temporal regions with a color intensity that tapers to the periphery, as well as less radioactivity in the striatal 
region(s). Positive image (B) shows absence of the white matter sulcal pattern with intensity radiating to a sharply defined convex edge, as
well as more radioactivity in the striatum.

the white and grey matters is clear, showing elevated radio-
activity in the white matter as opposed to the grey matter; 
however, when positive, the contrast between the two is wea- 

kened, and it is difficult to distinguish the white matter from 
the grey matter. Therefore, Aβ PET images can provide addi-
tional information to confirm the diagnosis in cases where 

the diagnosis of AD is uncertain, and are also highly useful 
for distinguishing between frontotemporal dementia and AD 
[18]. However, such Aβ images are not specific to AD, as 

they are positive also for dementia with Lewy bodies and 
cerebral amyloid angiopathy, hindering differential diagnosis 
[19]. Therefore, Aβ images should be accepted as a general 

marker of cerebral amyloidosis, not a specific marker for amy- 
loidosis in the patients with AD.

Moreover, Aβ images can be meaningful even when obser- 

ved in dementia other than AD. In dementia with Lewy body, 
high Aβ deposition is associated with a more severe cognitive 
impairment, and a better response to choline esterase inhibi- 

tors, while Aβ deposition in Parkinson’s disease signifies rapid 
progression to dementia [20-22]. These findings suggest that 
α synucleinopathy can coexist with the pathology of AD[23]. 

However, one shortcoming is that the possibility of testing 
positive for Aβ increases with age, and amyloid plaques can 
be observed on Aβ PET even in elderly individuals with nor-

mal cognitive function. In fact, positive findings can be obser- 
ved in under 5, 10, 25, and 50% of the people in their 50s- 
60s, 60s-70s, 70s-80s, and 80s-90s, respectively [24,25]. Even 

in patients without dementia, the prevalence of cerebral Aβ 
pathology, determined based on Aβ PET or CSF findings, is 
associated with age, and the formation of amyloid plaques 

in patients with dementia can begin up to 20 years prior to 
the onset of clinical symptoms [26,27]. Thus, indications for 
Aβ PET application have been suggested as follows: first, 

patients with persistent or progressive mild cognitive impair-
ment with an unknown cause; second, patients with a possi-
bility of AD, with unclear clinical symptoms, and third, rela-

tively younger patients (aged 65 years or less) with progre- 
ssive dementia. It is generally not performed for determining 
the severity of symptoms [28].

In addition to Aβ PET, computed tomography or brain 
MRI are also used to measure brain volume, shape, and inten- 
sity to assess the loss or atrophy of brain tissue to identify the 
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pathophysiology of AD. Many studies have reported that atro- 
phy of the medial temporal area is observed from an early 
stage of AD, and a meta-analysis of a brain volume study has 

reported a sensitivity of 78-94% and specificity of 60-100% 
for differentiating AD from normal condition [3,29]. In addi-
tion, changes in brain activities can be measured by regional 

blood flow or measuring glucose metabolism using fluoro- 
deoxyglucose (FDG) PET. Studies using FDG-PET have found 
that metabolism is reduced in the medial temporal area, pa- 

rietal area, and posterior cingulate gyrus. Reduced metabolism 
is also observed in the frontal lobe in more advance stages 
of AD. These patterns are in contrast with the preservation 

of the primary motor/visual cortex, cerebellum, thalamus, and 
basal ganglia [3,30]. An Aβ PET study using PiB differenti- 
ated between frontotemporal dementia and AD with an ac-

curacy of 97%[18], while it differentiated between AD and 
other neurodegenerative diseases with an accuracy of 87.5% 
[31,32]. Interestingly, Aβ PET yields negative results for fron- 

totemporal dementia, which helps in the differentiation of 
AD, and development of treatment plans. A recent study in-
vestigating the usefulness of Aβ images suggested that they 

lead to a change in diagnosis for about 30% of the patients, 
and a change in treatment policies for about 60% of the pa- 
tients [33].

Although there is no cure for AD, symptomatic treatment 

using acetylcholinesterase inhibitors or glutamatergic modu-

lators can bring about temporary stabilization, though not a 

marked improvement in memory [34]. Other treatment me- 

thods are currently being developed, one of which is anti-

body-based immunotherapy, which targets Aβ to inhibit the 

accumulation of or remove Aβ in the brain, delaying the pro- 

gression of the disease. In a phase two clinical trial for bapi-

neuzumab (a humanized anti-amyloid-beta monoclonal anti-

body), Aβ PET images and tau protein concentrations in the 

CSF differed according to the presence of apolipoprotein E 

ε4, but the agent did not improve cognitive functions or other 

symptoms in patients with AD [35]. A recent study of aduca-

numab found that treatment led to reduction of amyloid pla-

ques in Aβ PET images, and that the agent delayed the deteri-

oration of cognition [36]. Therefore, Aβ PET imaging is ex- 

pected to be useful in monitoring the progression of a disease 

or treatment effects by accurate diagnosis of AD in the early 

or preclinical stages, and measuring the Aβ accumulation in 

the brain [13].

CONCLUSION

The number of patients with dementia is rising due to an 
aging population, and most of these patients are diagnosed 
with AD. The disease is pathologically characterized by amy-

loid plaques outside neurons and accumulation of tau protein 
within neurons, which are known to induce AD by promoting 
neuronal apoptosis [1]. Detecting accumulated Aβ before the 

onset of symptoms is highly important, as individuals in this 
stage can potentially benefit from treatments that aim to re-
duce or remove Aβ in the brain before an irreversible loss 

of neurons or synapses occurs [37]. In this context, the impor- 
tance of early diagnostic methods using imaging biomarkers 
has been emphasized, and PET scans that visualize Aβ are ex- 

pected to play an important role in the early diagnosis of AD 
and the development of therapeutic agents [23].
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