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Abstract

Objectives—The aim of this article was to review the current role of brain PET in the diagnosis
of Alzheimer dementia. The characteristic patterns of glucose metabolism on brain FDG-PET can
help in differentiating Alzheimer’s disease from other causes of dementia such as frontotemporal
dementia and dementia of Lewy body. Amyloid brain PET may exclude significant amyloid
deposition and thus Alzheimer’s disease in appropriate clinical setting.

Conclusions—FDG-PET and amyloid PET imaging are valuable in the assessment of patients

with Alzheimer’s disease.
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LEARNING OBJECTIVES
After completing this journal-based CME activity, participants will be able to:

1. Identify patterns of FDG spatial distribution in brain PET of patients with MCI,
AD, frontotemporal dementia, and dementia of Lewy Body.

2. ldentify the value and learn the appropriateness criteria for amyloid brain PET.

Dementia is a collective group of neurodegenerative disorders characterized by memory
impairment and cognitive decline, leading to difficulty in performing activities of daily
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living that has been present for a minimum period of 6 months.! Depending on the
underlying pathology and clinical manifestation of the disease, dementia can be further
grouped into Alzheimer’s disease (AD), Lewy body dementia (DLB), frontotemporal
dementia (FTD),2 and vascular dementia. Alzheimer’s disease accounts for 60% to 80% of
dementia cases, and the incidence increases with the age of the patients, especially older
than 65 years. It is the sixth leading cause of mortality in the United States and causes a
considerable financial burden to the country. In 2012, the estimated overall care expenses
accounted to US $200 billion.3

The diagnosis of AD was mainly based on the clinical manifestation of symptoms. However,
advances in genetics, the development of biomarkers of neurodegeneration, and
neuroimaging has lead to the incorporation of these modalities in the diagnosis of AD. It is
believed that the pathophysiology of AD starts years ahead of the manifestation of clinical
signs, and this discovery mandates the use of methods to detect AD earlier than conventional
diagnostic tools.* Most available treatment modalities aim at slowing the progression of
disease and controlling symptoms, and this further stresses the importance of early diagnosis
of the disease.? 18F-FDG-PET/CT has been not only a valuable tool in tumor imaging®-11
but also a very promising neuroimaging tool in the diagnosis of AD because it reflects
resting state cerebral metabolic rates of glucose, which is an indicator of neuronal activity,
and several studies have shown that cerebral metabolic alterations precede the clinical
manifestation of AD symptoms. The distinct patterns of cerebral glucose metabolism also
help in differentiating AD from other causes of dementia.12 Recently, PET imaging tracers,
which correlate f-amyloid deposition in the brain, have been approved by the Food and
Drug Administration (FDA). The amyloid deposition in the brain can be detected years
before the onset of clinical symptoms. The PET imaging tracers help in differentiating
dementia syndromes, which do not have overlap of the underlying pathological process.13
The purpose of this article was to review the role of brain PET imaging in the diagnosis of
AD.

CLINICAL FEATURES, DIAGNOSIS, AND TREATMENT OF AD

The clinical manifestation of AD demonstrates a spectrum of presentations, depending on its
severity. The National Institute of Neurological and Communicative Disorders and Stroke
and Alzheimer’s Disease and Related Disorders Association have worked together to
establish criteria to assist the clinical diagnosis of AD. The first manifestation of AD
symptoms, also referred to as the predementia phase of AD, is termed mild cognitive
impairment (MCI). This entity is characterized by lower performance in 1 or more cognitive
domains for the age and educational background of the patient in the absence of dementia
and preservation of independence in functional abilities.1* The National Institute of
Neurological and Communicative Disorders and Stroke—Alzheimer’s Disease and Related
Disorders Association classifies AD broadly as “probable AD dementia” or “possible AD.”
Probable dementia is diagnosed when the patient, in addition to the criteria for all-cause
dementia, has insidious onset of symptoms, clear history of cognitive worsening by report or
observation, and the cognitive deficits present with either amnestic or nonamnestic
presentations, in the absence of evidence of all other causes of dementia. Possible dementia
of AD is considered in patients who present with an atypical course of cognitive impairment
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or have a mixed presentation, such as concomitant cerebrovascular disease, features of DLB
or evidence of another neurological disease or nonneurological medical comorbidity, or
medication use that could affect cognition.

Available treatment options for AD aim at slowing the progression of the disease and
controlling symptoms. Drugs under development are aimed at targeting the pathological
processes leading to AD. The approved groups of drugs for the treatment of AD include the
acetylcholinesterase inhibitors, which aim at increasing the levels of acetylcholine at the
sites of neurotransmission and memantine, a noncompetitive N-methyl-aspartate receptor
antagonist. The common adverse effects of acetylcholinesterase inhibitors are nausea,
vomiting, diarrhea, sleep disturbances, muscle cramps, weakness, bradycardia, and urinary
incontinence. The adverse effects encountered with memantine include dizziness, confusion,
headache, and incontinence and is used with caution in patients with renal failure or

epilepsy.®

PATHOPHYSIOLOGY OF AD

Alzheimer’s disease is characterized by the accumulation of the 3-amyloid peptide (Ap)
within the brain along with neurofibrillary tangles of hyperphosphorylated tau protein.1®
Amyloid deposits has been described to be caused by the deposition of A, a cleavage
product of the amyloid precursor protein that originates from degenerating mitochondria in
dystrophic neurons, and the deposition causes further disruption of axons and further
deposition of amyloid.16:17 Neurofibrillary tangles caused by hyperphosphorylation of tau
protein have also been identified as an important pathophysiological step in the development
of AD. Studies have shown significant correlation between the concentration of
phosphorylated tau protein and neurofibrillary tangles in patients with AD.18 Based on these
pathophysiological processes, the measurement of certain biomarkers such as -amyloid
peptide (AB42), total tau, and phosphorylated tau, reflect the pathological features of AD.19
Studies have shown that these markers may be used to monitor patients with AD overtime
and can also serve as a surrogate marker for treatment efficacy.2 Another biomarker of
importance is the apolipoprotein E (ApoE). It has been implicated that ApoE isoforms
influence clearance and deposition of Af. The ApoE is coded by the APOE gene, which has
3 major alleles; €2, €3, and 4. Apolipoprotein E-e4 (ApoE4) has been recognized as the
strongest risk factor for sporadic AD.21

FDG BRAIN PET IMAGING

Normal Cerebral Glucose Metabolism With Aging

Cerebral glucose metabolism patterns are similar among individuals who are age matched.
The mean cerebral glucose metabolism has been found to gradually decrease with age. A
study by Kuhl et al?2 evaluating the effects of aging on the cerebral glucose metabolism of
40 normal subjects showed that the average cerebral glucose metabolic rate at age 78 years
was 26% less than at age 18 years. Within the brain, the anatomical regions that show the
greatest decrease in FDG uptake with aging are the bilateral superior medial frontal, motor,
anterior, and middle cingulate and bilateral parietal cortices. The superior temporal pole was
found to be particularly affected. The regions that show the least changes in glucose
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metabolism with aging are the bilateral medial temporal lobes, putamen, pallidum, lateral
thalamic nuclei, right posterior cingulate cortex, precuneus, and both sides of the
occipitotemporal cortex.23

Value of FDG-PET in the Evaluation of AD

FDG-PET has been proven to be a promising modality for detecting functional brain
changes in AD, identifying changes in early AD, and helping to differentiate AD from other
causes of dementia. Many studies have been published evaluating the value of FDG-PET in
AD for the last 3 decades. A meta-analysis including 27 studies evaluating FDG-PET in the
diagnosis of AD resulted in a pooled sensitivity (SN) of 91% (95% confidence interval [Cl],
86%—-94%] and specificity (SP) of 86% (95% ClI, 79%-91%). The analysis included 119
studies evaluating the role of different modalities in the diagnosis of AD. The results from
the meta-analysis showed that FDG-PET has superior diagnostic accuracy in comparison
with the other available diagnostic methods such as clinical guidelines, MRI, CT, SPECT,
and biomarkers.24 Studies have also shown that FDG-PET has the potential to differentiate
patients with AD from normal subjects and patients with other causes of dementia. A study
by Mosconi et al?> has shown that FDG-PET can differentiate patients with AD from normal
subjects with an SN and SP of 99% and 98%, respectively, from patients with DLB with an
SN and SP of 99% and 71%, respectively, and from patients with FTD with an SN and SP of
99% and 65%, respectively.

FDG-PET in MCI

In patients with MCI, FDG-PET has been found to be better than other imaging modalities
in diagnosing and predicting conversion of MCI to dementia.2® This has a significant impact
on the management strategy and quality of life of affected patients because all available
treatment options aim at slowing the progression of the disease and also help patients plan
ahead and make important life decisions.

Studies have been published evaluating the pattern of glucose metabolism in patients with
AD and MCI. Del Sole et al?® evaluated FDG-PET scans performed in 16 patients with MCI
and in 14 patients with AD showing that the areas of decreased glucose metabolism
involved the posterior cingulate cortex (PCC), precuneus, inferior parietal lobule, and
middle temporal gyrus in patients with AD. In patients with MCI, the authors found
decreased glucose metabolism only in the PCC. The areas of decreased glucose
metabolismin the PCC was found to be wider in patients with AD, compared with those with
MCI and extended to the precuneus. Decreased glucose metabolism in the lateral parietal
cortex was found only in AD. The study has also shown that 86%, 71%, 64%, and 35% of
patients with AD demonstrated decrease in the cerebral glucose metabolic rate in the PCC,
temporal cortex, parietal cortex, and frontal cortex, respectively. The corresponding
percentages for patients with MCI were 56%, 44%, 18%, and 0%, respectively.25 Other
studies have shown changes in glucose metabolism in similar regions of the brain?7:28 (Fig.
1).

Another important application of FDG-PET in the evaluation of patients with MCI is its
ability to predict progression to dementia. In a meta-analysis by Yuan et al,2° of 24 studies
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involving 1112 patients, the pooled SN, SP, positive likelihood ratio, negative likelihood
ratio, and odds ratio of FDG-PET to predict conversion of MCI to AD were 88.8%, 84.9%,
4.61, 0.15, and 40.15, respectively. Regions of decreased cerebral glucose metabolic rate
have been observed in the temporoparietal, inferior parietal, medial temporal, and posterior
cingulate cortices in patients with MCI who developed AD within a year, in comparison
with normal subjects and patients with stable MCI. The progression of the disease is
accompanied by a continued decrease in the glucose uptake in the regions and emergence of
a new affected region involving the lateral prefrontal cortex.30-32 Mosconi et al3! evaluated
37 patients with MCI, followed them up for a year, and found that all patients who
progressed to dementia showed reduced cerebral glucose metabolic rates in the inferior
parietal cortex as compared with those patients who did not. Anchisi et al32 evaluated 67
patients with MCI and found that patients who converted to AD showed bilateral
hypometabolism in the inferior parietal, posterior cingulate and medial temporal cortices,
whereas those with stable MCI had hypometabolism in the dorsolateral frontal cortex.

FDG-PET in AD

FDG-PET in

As mentioned earlier, in patients with early AD, the areas of glucose hypometabolism have
been commonly observed in the parietotemporal association cortices, posterior cingulate
cortex, and the precuneus (Figs. 2 and 3). As the disease progresses, the affected regions
spread to involve the frontal cortices, whereas the metabolism in the striatum, thalamus,
primary sensorimotor cortices, visual cortices, and cerebellumare relatively preserved.33:34
Silverman et al3® evaluated 146 patients undergoing evaluation for dementia, of whom 97
patients were histopathologically confirmed to have AD and observed focal hypometabolism
in the parietal, temporal, and/or frontal cortices or global hypometabolism. Hoffman et al3¢
evaluated 22 patients with dementia, of whom 16 were found to have a pathological
diagnosis of AD, and observed that bilateral temporoparietal hypometabolism had relatively
high SN (93%), positive predictive value (81%), and negative predictive value (83%) as well
as lower SP (63%) for the diagnosis of AD. This study proves that the finding of bilateral
temporoparietal hypometabolism highly correlates with the pathological diagnosis of AD.
Minoshima et al37 evaluated the glucose metabolism patterns in patients with autopsy-
confirmed AD and found that the patients had significant metabolic reductions in the lateral
parietal, temporal, frontal, and posterior cingulate cortices. They also observed either mild
or insignificant reduction in the glucose metabolism in the primary visual, sensorimotor
cortices and subcortical structures. Ossenkoppele et al38 compared the SUV ratio (SUVr)
obtained with the cerebellar grey matter as the reference tissue and observed that in patients
with AD at baseline, there was a decrease in SUVr in the parietal, posterior cingulate and
temporal cortices. At a mean interval follow-up of 2.5 years, the authors observed that there
was a decrease in SUVr from baseline in the frontal, parietal, and lateral temporal lobes over
time in patients with AD.

Differentiating AD From Other Types of Dementias

An important application of FDG-PET in clinical practice in the context of dementia is its
ability to differentiate AD from other causes of dementia. Many studies have been
performed to help clinicians differentiate between the types of dementias. Gilman et al3°
evaluated 25 patients with AD, 20 with DLB, and 19 normal control subjects and found that
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the FDG-PET studies showed significantly lower cerebral glucose metabolic rates in the
visual cortex (Brodmann areas 17, 18, and 19) in patients with DLB compared with patients
with AD. They also observed no significant difference in the glucose metabolism in the
PCC, superior parietal lobe, lateral temporal lobe, and prefrontal region between the 2
groups. However, a study by Lim et al*? evaluating 14 patients with DLB and 10 patients
with AD has shown that hypometabolism in the lateral occipital cortex had the highest SN
(88%) and the relative preservation of the mid or posterior cingulate gyrus had the highest
SP (100%) in differentiating DLB from AD. Minoshima et al3” have shown that significant
cerebral glucose metabolic reduction in the occipital cortex, especially in the primary visual
cortex, distinguished DLB from AD with an SN and SP of 90% and 80%, respectively (Fig.
4). Clinically, it is important to differentiate patients with DLB from patients with AD
because patients with DLB can be severely dopaminergic deficient and can adversely react
severely to neuroleptic treatment.

Foster et al*! evaluated the glucose metabolism patterns in patients with pathologically
confirmed AD from those with FTD. The authors found glucose hypometabolism in the
frontal, anterior cingulate and anterior temporal regions more frequently in patients with
FTD, whereas patients with AD demonstrated hypometabolism in the temporoparietal and
posterior cingulate regions, more commonly. The authors found a mean diagnostic accuracy
of 84.8% by transaxial FDG-PET imaging and 89.2% by stereotactic surface projection of
the FDG-PET images (Fig. 5). Clinically, it is important to differentiate patients with FTD
from patients with AD because patients with FTD can have serious adverse effects if treated
with anticholinesterase inhibitors.

AMYLOID BRAIN PET IMAGING

Although the etiology of AD has not been fully established, there is evidence to suggest that
the amyloid-B peptide plays an important role in AD pathogenesis.*2 Accumulation of Ap
fibrils in the form of amyloid plaques is a neuropathological hallmark for autopsy-based
diagnosis confirmation of dementia caused by AD,*3 and more importantly, A deposition is
thought to precede cognitive symptoms in AD and is therefore a potential preclinical marker
of disease.** There have been different approaches to noninvasively visualize amyloid
deposition in human brains with amyloid PET radiotracers.

PET Amyloid Radiopharmaceuticals

Typically, amyloid imaging agents bind to insoluble fibrillar forms of AB 40 and A 42
deposits, which are a major component of compact neuritic plaques and vascular deposits.
PET amyloid-$ imaging agent could facilitate the clinical evaluation of late-life cognitive
impairment by providing an objective measure for AD pathology. PET imaging probes of
AP plaques have been extensively developed during the last decade.

11c-pittsburgh Compound B (PiB) was the first amyloid imaging PET agent used in humans
subjects in 2002.45 In April 2012, the US FDA approved the first Ap imaging PET

probe, 18F-florbetapir?® (Amyvid, Eli Lilly and Company), to identify AB plaque
accumulation in patients with suspected AD. Subsequently, another amyloid PET
radiopharmaceutical derived 11C-PiB, flutemetamol (Vizamyl, GE Healthcare)*’ and more
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recently a third amyloid imaging probe, 18F-florbetaben injection*® (Neuraceq, Piramal
Imaging) had been approved by the FDA. Many other amyloid ligands are available for
research use, such as the benzofuranes 11C-AZD-2184 and 18F-AZD-4694,4°
benzoxazole 11C-BF-227,%0 as well as stilbene compounds 11C-SB,5! and naphthol 18F-
FDDNP.52 The following discussion will focus on FDA-approved amyloid PET
radiotracers.

11c-piB [N-methyl-[11C]2-(4-methylaminophenyl)-6-hydroxybenzothiazole]

11C-PiB is a derivative of a fluorescent amyloid dye, thioflavin T, and has been found to
possess high affinity and high SP for fibrillar AB.4553 It was developed by Chet Mathis and
William Klunk at the University of Pittsburgh and was first used in human research studies
in 2002 in collaboration with Uppsala University, Sweden. The compound was named
Pittsburgh Compound B (}1C-PiB). The initial human study of 11C-PiB was expanded to
include 16 subjects with AD and 9 cognitively healthy controls, which was published in
2004.53 Patients with AD were found to show significantly higher 11C-PiB retention in the
frontal cortex (1.94-fold), parietal cortex (1.71-fold), corpus striatum (1.76-fold), temporal
cortex (1.52-fold), and occipital cortex (1.52-fold). Since that study, 11C-PiB imaging has
been rapidly spread to academic centers worldwide and widely used in many research
studies. PiB compound is labeled with 11C, with short half-life of only 20 minutes, limiting
its use to PET centers equipped with an on-site cyclotron and 11C radiochemistry expertise.
To overcome these limitations, 18F-labeled AB tracers, with longer half-life of 110 minutes,
have been developed and found to successfully correlate with 11C-PiB results, providing a
reliable assessment of brain amyloid with a single scan of 15- to 20-minute duration.

18F_Florbetapir (18F-AV-45; Amyvid)

18F_Florbetapir was the first amyloid imaging agent approved by the FDA in April 2012.54
It is a stilbene derivative, first synthesized by Kung et al at the University of Pennsylvania.
It has rapid reversible binding characteristics, allowing scanning to commence 45 to 50
minutes after injection, similar to 11C-PiB. There are a number of studies evaluating the
efficacy of florbetapir in detecting Ap pathology. In a multicenter study of 59 patients with
different levels of cognitive function, florbetapir showed an SN and SP of 92% and 100%,
respectively, in detecting amyloid plaques.#4:46.48.54-56 The accumulation of amyloid
detected by florbetapir PET imaging significantly correlated with postmortem amyloid
assessment.>6

18F_florbetaben Injection, Also Known as AV1 or BAY04-9172) (Neuraceq, Piramal Imaging)

18F_florbetaben was also synthesized by Kung et al. It was the first 18F-labeled amyloid
imaging agent used in humans and has been recently approved by the FDA in March 2014.
Approximately 50% to 70% of its binding is reached in approximately 90 minutes after
injection in subjects with AD. Florbetaben had shown an SN of 100% and an SP of 90% in
detecting AD by visual interpretation.46:48.54.56.57 Rowe et al*8 also reported florbetaben
binding in areas matching the postmortem Ap plaques distribution. Brain retention of 18F-
florbetaben is also highly correlated with 11C-PiB (r = 0.97).
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18F_flutemetamol (also known as GE067) (Vizamyl, GE Healthcare)

Flutemetamol is another 18F-labeled amyloid imaging approved by the FDA in 2013. 18F-
flutemetamol has demonstrated dosimetry comparable with other 18F-labeled
radiopharmaceuticals and performed similarly to 11C-PiB with high correlation (r =
0.91).46:54.56-58 gy dies have provided additional data supporting the concordance between
in vivo 18F-flutemetamol imaging and histopathology.>®

AMYLOID PET IMAGING IN AD

Studies suggest that the visual inspection of PET imaging amyloid scan shows a typical
regional brain distribution in patients with AD, which seems to replicate the sequence of Ap
deposition found at autopsy,#6:54.56.59.60 wjith initial deposition in the precuneus,
orbitofrontal cortex, and inferior temporal, posterior cingulate gyrus, followed in time by the
remaining prefrontal cortex as well as lateral temporal and parietal cortices. There is relative
sparing of the sensorimotor, occipital, and medial temporal regions.

A negative amyloid PET scan result (Fig. 6) indicates a reduced likelihood that cognitive
impairment is caused by AD, but a positive scan result (Fig. 7) does not establish a diagnosis
of AD. However, amyloid PET imaging must be performed in a setting of a clinically
suspected AD because there is a relative low SP. Klunk et al conducted a review of 15
studies with a total of 341 patients with AD and 651 subjects with normal cognitive
performance, concluding that 96% of the patients with clinically suspected AD had amyloid
imaging positive result, with an SP of 76%.46:54.56,60,61

The degree of cortical binding of amyloid agent in patients with AD is highly variable and
does not correlate with clinical measures of cognitive impairment severity. This has been
shown in longitudinal studies assessing for disease progression demonstrating stable PiB
retention after 2 years of follow-up in a whole spectrum of cognitive stages, from
cognitively unimpaired individuals to patients with AD dementia.46:54:56.61.62 Ag
accumulation is a slow process, and the evidence suggests that it remains constant in the
preclinical and prodromal stages of the disease.

There have been efforts to evaluate the impact of amyloid PET in clinical management of
patients with AD. Grundman et al2 assessed the impact of florbetapir imaging in 229
patients, reporting change in the diagnosis 54.6% of patients (CI, 48.1%-60.9%) after
amyloid imaging scan with 18F-florbetapir, and the diagnostic confidence was increased by
an average of 21.6% (Cl, 18.3%-24.8%). Thus, the incorporation of amyloid PET into the
management of patients with AD may be valuable, offering the possibility of monitoring and
assessing the effectiveness of pharmaceutical therapeutic agents directed against Ap levels.
Rinne et al% conducted a phase 11 study (n = 19 patients), where PiB PET imaging was used
to investigate whether bapineuzumab, a monoclonal antiamyloid antibody, would reduce
cortical fibrillar A load in patients with AD. The difference in mean PiB retention ratio
changes between the bapineuzumab and the placebo group was —0.24 (P < 0.003). The
differences in the individual regions between the 2 groups were similar. Ostrowitzki et al%
studied the effectiveness of gantenerumab treatment using PiB PET imaging (n = 16
patients) and found that using 60 mg of gantenerumab decreased the A deposition by
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15.6% (95% ClI, —42.7 to 11.6%), whereas using 200 mg of gantenerumab decreased the
deposition by 35.7% (95% CI, —63.5% to —7.9%). These studies illustrate the potential value
of amyloid imaging in assessing the effectiveness of new treatment options against A in
clinical trials as well as monitoring the effect of treatment in clinical practice.

Amyloid PET Imaging in Mild Cognitive Disorder

Appropriate

Approximately 25% to 35% of elderly subjects with adequate performance in cognitive tests
demonstrate high cortical radiotracer amyloid imaging retention in the prefrontal, posterior
cingulate and precuneus regions.46:54:56.64.65 These findings are concordant with
postmortem reports, which show that approximately 25% of nondemented subjects older
than 75 years have AB plagques.46:54-56.65.66 |n nondemented subjects, the presence of AB
deposition might reflect a preclinical stage of AD.

Unlike AD, there is correlation between amyloid imaging binding, using 11C-PiB, and the
degree of memory impairment in nondemented subjects, and approximately 50% to 60% of
indivuals with MCI will progress to AD during 3 to 5 years of follow-up.46:54.56.66.67 There
is evidence that a positive amyloid PET scan result in patients with MCI will help in
predicting conversion to AD and, thus, can potentially help to identify patients who will
benefit from specific therapies. This was assessed by Jack et al in 218 patients who
concluded that amyloid positive scan results were associated with a significantly higher
chance to progress to AD, with a hazard ratio of 3.2 (P = 0.004).46:54.56.67.68 By contrast,
only less than 10% of patients with 11C-PiB-negative MCI progress to AD, whereas
approximately 20% of subjects with of 11C-PiB—negative MCI progress to other types of
dementia, such as Lewy bodies dementia or frontotemporal dementia.*6:54.56.68,69

Use Criteria for Brain Amyloid Imaging with PET in AD

Criteria for appropriate clinical use are needed to avoid potential patient harm if the amyloid
imaging scans are performed in inappropriate circumstances or are poorly read or if the
significance of the results is not correctly applied to the clinical context.

The Society of Nuclear Medicine and Molecular Imaging and the Alzheimer’s Association
Amyloid Imaging Taskforce have jointly developed consensus recommendations for the
appropriate use of brain amyloid imaging to aid in the diagnosis of people with suspected
AD.* The Amyloid Imaging Taskforce concluded that amyloid imaging could potentially
be helpful in the diagnosis of cognitive impairment when considered along with other
clinical information and when performed according to standardized protocols by trained
staff. The appropriate use of amyloid PET requires a fully comprehensive evaluation of
patients undertaken by a clinician with expertise in evaluating cognitive neurodegenerative
disorders.

Appropriate candidates for amyloid PET imaging evaluation would include (1) patients
complaining of persistent or progressive unexplained MCI; (2) patients meeting tests for
possible AD but who have unclear clinical presentation, either atypical clinical course or
etiologically mixed presentations; and (3) patients with progressive dementia and atypically
early age of onset (defined as before the age of 65 years). Inappropriate candidates for
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amyloid PET imaging include (1) patients who are 65 years or older and meet standard
clinical criteria for probable AD; (2) those whose severity of disease has to be determined;
(3) those undergoing imaging solely based on a family history of dementia or presence of
other risk factors for AD, such as the ApoE-&4 gene; (4) patients with a cognitive complaint
but no clinical confirmation of impairment; (5) those undergoing imaging in lieu of
genotyping for suspected autosomal mutation carriers; (6) asymptomatic individuals; (7)
those undergoing imaging for nonmedical use, such as insurance coverage and legal or
employment screening.

Although the accumulation of B-amyloid plaques is one of the defining pathological features
of AD, many elderly people, with normal cognition, have elevated levels of Af plaques.
Population-based studies have reported age-specific positivity rates for amyloid PET of less
than 5% in those 50 to 60 years old, 10% in those 60 to 70 years old, 25% in those 70 to 80
years old, and greater than 50% in those 80 to 90 years old.46:54.56.69.70 Therefore, the
potential clinical use of amyloid PET requires careful consideration in the proper clinical
setting.

Another limitation is that a positive amyloid scan result can also be seen not only in AD but
also in other medical conditions, such as dementia with Lewy bodies,46:54:56.70.71 or cerebral
amyloid angiopathy.#6:5455.71.72 Thys it is important to emphasize that amyloid positivity
does not establish differential diagnosis between AD and A disorders. Furthermore,
amyloid PET would not add any useful information in differentiating disorders that are not
associated with AB, such as frontotemporal dementia syndromes, or in detecting rare forms

of AD in which ligand binding is greatly reduced because of unusual forms of
/A\B.46.54,56,72,73

CONCLUSIONS

FDG-PET and amyloid PET imaging are valuable in the assessment of patients with
dementia. The characteristic spatial distribution of glucose metabolism on brain FDG-PET
can help in differentiating AD from other causes of dementia such as frontotemporal
dementia and dementia of Lewy body. A negative amyloid brain PET result is useful in
excluding significant amyloid deposition and thus AD in appropriate clinical setting.
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FIGURE 1.
Mild cognitive impairment: 18F-FDG brain PET/CT study of a 61-year-old woman who

presented with history of progressive confusion, disorientation, and urinary incontinence.
She has a history of surgery for a benign cerebellar tumor at 5 years of age. The left and
right lateral (A) and left and right medial (B) 3-dimensional stereotactic surface projection
images of FDG hypometabolism demonstrate mild glucose hypometabolism in the parietal
and posterior cingulate cortices (compared with a normal brain database, Mim software 6.2,
Cleveland, OH. Light blue, -1 SD; dark blue, -2 SDs; purple, -3 SDs), features consistent
with MCI. Postsurgical changes appreciated in the cerebellum.
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FIGURE 2.
Alzheimer’s disease: 18F-FDG brain PET/CT study of a 50-year-old woman with

progressive amnesia and dysgraphia for 18 months. The left and right lateral (A) and left and
right medial (B) 3-dimensional stereotactic surface projection images of FDG
hypometabolism demonstrate glucose hypometabolism involving the posterior cingulate
gyrus and bilateral parietal cortices extending to the temporal region (compared with a
normal brain database, Mim software 6.2. Light blue, =1 SD; dark blue, -2 SDs; purple, -3
SDs), features consistent with early AD.
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FIGURE 3.
Alzheimer’s disease: 18F-FDG brain PET/CT study of a 81-year-old man with cognitive

decline during the past few months. The left and right lateral (A) and left and right medial
(B) 3-dimensional stereotactic surface projection images of FDG hypometabolism
demonstrate glucose hypometabolism involving the bilateral frontal, temporal, and parietal
cortices (compared with a normal brain database, Mim software 6.2. Light blue, =1 SD; dark
blue, -2 SDs; purple, —3SDs), with sparing of the sensorimotor and occipital cortices,
features consistent with AD.
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FIGURE 4.
Lewy body dementia: 18F-FDG brain PET/CT study of a 43-year-old woman with memory

loss and visuospatial dysfunction. The left and right lateral (A) and left and right medial (B)
3-dimensional stereotactic surface projection images of FDG hypometabolism demonstrate
glucose hypometabolism involving the bilateral occipital and parietal cortices, extending to
the temporal cortex (compared with a normal brain database, Mim software 6.2. Blue, -2
SDs; purple, =3 SDs), features suggestive of Lewy body dementia.
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FIGURE 5.
Frontotemporal dementia: 18F-FDG brain PET/CT study of a 72-year-old woman with

anomia, progressive memory impairment, cognitive decline, and gradual paucity of speech.
The left and right lateral (A) and left and right medial (B) 3-dimensional stereotactic surface
projection images of FDG hypometabolism demonstrate glucose hypometabolism involving
the bilateral frontal and temporal cortices (compared with a normal brain database, Mim
software 6.2. Blue, -2 SDs; purple, =3 SDs), compatible with a diagnosis of frontotemporal
dementia.
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FIGURE 6.
Negative amyloid brain PET result: 18F-florbetapir brain PET/CT study of a 75-year-old

man with history of cerebral amyloid angiopathy with gradual decline in cognitive function
over 3 years. Axial PET images demonstrate normal grey-white differentiation in the
cerebellum (A) and in the cerebrum (B and C) consistent with sparce amyloid neuritic
plaques density, inconsistent with the neuropathology of AD.
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FIGURE 7.
Positive amyloid brain PET result: 18F-florbetapir brain PET/CT study of a 71-year-old

woman with history of short-term memory loss for 2 years. The axial PET images of the
cerebellum (A) demonstrate the normal grey-white differentiation, but there is loss of grey-
white differentiation in occipital and frontal lobes (B and C), suggesitve of moderate-to-
severe amyloid neuritic plaques density. This can be observed in cognitively normal
individuals as well as those with AD.
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