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Abstract: Alzheimer’s disease (AD) is the most prevalent neurodegenerative condition. The definitive diagnosis of
AD remains a post-mortem neuropathological study of the brain. Unfortunately, there are no established diagnostic
criteria to achieve an accurate diagnosis of AD in a similarly objective fashion among living patients. Molecular im-
aging provides one way of enhancing clinical criteria where objective measures of AD correlate to the presence and
progression of disease. In this article, the amyloid and tau hypotheses are considered with respect to pathological,
imaging, and therapeutic studies. The value of beta-amyloid (AB) PET and tau PET are ascertained. Subsequently,
the binding characteristics and quality of AR and tau tracers are explored. Finally, the value of AR and tau imaging in
AD can be determined relevant from in-vivo studies of AD patients. Considering the evolving literature in AD and PET
imaging, it has become clear that PET can play a role in the diagnosis and prognosis of AD. The use of A imaging
has been extensively studied with mixed results suggesting a limited clinical utility. Conversely, tau-PET has shown
early success in similar applications as Ap imaging. Specifically, we find that there is value in FDG-PET and prospec-
tive utility in tau-PET. Ultimately, the community must acknowledge that the role of A imaging for diagnosing and
managing AD is very limited and that FDG-PET will remain the study of choice at this time. Moreover, research efforts
must continue to determine the prospective value of tau imaging to the assessment of this disease.
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Defining Alzheimer’s disease

Alzheimer’s disease (AD) is clinically defined
by age-related, progressive cognitive decline,
including a spectrum of clinical diagnoses from
mild cognitive impairment to clinical dementia
[4]. Clinical dementia, marked by a measurable
decline of cognitive function from baseline lev-
els, is considered the most advanced state of
cognitive decline [1]. The underlying cause of
most diagnosed dementias is attributed to AD;
other idiopathic causes of dementia include
Parkinson’s disease, frontotemporal lobar
degeneration, and Lewy body dementia, or a
mix of these etiologies [2]. AD dementia may
present in conjunction with additional neurode-
generative diseases, most notably vascular
dementia, caused by underlying cerebrovascu-
lar disease [3]. Atherosclerotic plaque deposi-
tion and subsequent arterial vasculature steno-
sis cause cerebral ischemia, neurological dys-
function, and clinical dementia [4, 5]. Reduced

perfusion can often precede atrophy; this, in
addition to generalized dysfunction, can occur
concurrent to neurogenerative prion disease
[6]. Fortunately, molecular imaging through
positron emission tomography (PET) has prov-
en sensitive to differentiating cerebrovascular
disease from prion-based disease [3-5]. Never-
theless, the differential diagnoses among these
etiologies of dementia remain quite difficult to
parse. The most important risk factor of demen-
tia and, specifically AD, is age; the incidence of
these conditions greatly increases after the age
of 60 [2]. Aging populations and increasing
healthcare costs have driven global efforts to
better detect pre-onset and progressive AD in
order to provide earlier treatment, more appro-
priate management, and assess the efficacy of
novel therapeutics [1].

Gross pathological examination of the post-
mortem AD brain yields minimal information to
specifically suggest AD. That is, common non-
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specific anatomical findings in AD patients,
such as atrophy, are not definitive for AD [2, 7].
Most cases show a moderate cerebral cortical
atrophy often involving the frontotemporal
association cortex; this atrophy often excludes
sensory, primary motor, and visual areas [2, 7].
Nevertheless, observed atrophy and decreased
cortical thickness are generally documented in
those with AD along with age-matched control
subjects with normal cognitive function [2, 7].
Exceptions where atrophy may be a defining
feature of AD involve early-onset Alzheimer’s
disease (EOAD) [2, 7]. Those with the presenile
onset of AD often present with reduced brain
weight from atrophy which is notably not
observed in age-matched controls [8]. In those
with mild and prodromal AD, magnetic reso-
nance imaging (MRI)-based computational seg-
mentation techniques have attempted to
detect subtle patterns of cortical atrophy as
predictors of symptom severity; however, these
techniques are chiefly experimental and not
employed in clinical practice [9]. Furthermore,
by now it is well established that structural
changes are the latest manifestation of the dis-
ease compared to molecular abnormalities
detected by PET.

Neuropathological examinations have noted
certain defining microscopic characteristics of
the Alzheimer’s brain [7]. In accordance with
macroscopic atrophy, loss of neurons and syn-
aptic features are commonly observed [7].
Distinct neuropathological features include
unique prion deposition consisting of extracel-
lular beta-amyloid (AB) plaques, intracellular
neurofibrillary tangles (NFT), neuropil threads,
and dystrophic neurites [2, 7, 10]. Congophilic
AB angiopathy is also found in most cases of AD
[10].

Normal physiological processes involve the
cleavage of the amyloid precursor protein
(APP) [10]. Most APP is secreted into the ex-
traneuronal space and is cleaved by a-secre-
tase which produces a soluble product [11].
Alternatively, APP may be cleaved by a [-se-
cretase plasma membrane protein which re-
sults in a soluble extracellular fragment and a
membrane-bound C-terminal fragment (C99)
[11]. C99 is then cleaved by the intracellular
region of a y-secretase plasma membrane
protein; the resultant products include intracel-
lular proteins and AB which is then secreted
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[11] (see Figure 1 for details). Subsequently,
these AR proteins are removed via the circula-
tory system or degraded through immunologi-
cal mechanisms [11]. Pathological changes,
such as mutated APP cleavage sites or mutat-
ed secretase enzymes, can impede this path-
way [7]. As a result, less soluble APP deriva-
tives may be exported into the extracellul-
ar matrix [7]. Specifically, extracellular deposi-
tion of AB proteins has been characterized
with two possible isoforms of Af proteins; AB42
is generally less soluble and more inclined
to fibrilization and thus is more often found
in plaques than AB40 [2, 11]. AR aggregates
can progress as oligomers, protofibrils, fibrils,
and plaques that are subsequently unable to
be cleared by physiological mechanisms [2,
11].

NFTs are defined as intraneuronal filament
aggregates of microtubule-associated tau pro-
teins; most fibrils are helical and paired though
some are unpaired with a straight structure
[12]. Other hybrid structures and more unique
assemblies have recently been discovered
[12]. Nevertheless, NFT tau proteins are hyper-
phosphorylated and misfolded; other minor
components may include ubiquitin with cholin-
esterases, and AB [13]. Neuropil threads, which
contain aggregated and hyperphosphorylated
tau in axonal and dendritic segments, usually
present in those neurons with observable intra-
cellular NFT [10] (Figure 1).

The need for an objective characterization of
disease severity has led to the creation of dis-
ease staging. Most commonly, researchers and
clinicians use Braak staging to classify the
state of disease progression in AD during post-
mortem autopsy [14, 15]. Proposed by Heiko
Braak in 1991, AD can be divided into six dis-
tinct stages [14, 15]. Brains that display NFTs
primarily in the transentorhinal cortex are iden-
tified as either stage | or Il. Brains with addi-
tional involvement in the limbic regions are
classified as stage Il or IV, and brains with
extensive involvement in the neocortex are
classified as stage V or VI, depending on the
extent of cortical expansion [14, 15]. It is im-
portant to note that the Braak staging system
is dependent on tangle-based pathology, wh-
ich has an entirely different progression and
presentation in the brain than plaque-based
pathologies.
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Figure 1. The figure above illustrates the development of amyloid-$ (AB) plaques and tau aggregates in the develop-
ment of Alzheimer’s disease. Mechanisms many developmental anti-amyloid-f3 (AB) drugs are indicated. This image
was reproduced with permission from Panza et al. [11].
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Each class of prion expresses a broadly charac-
teristic distribution. Generally, AR plaques are
primarily distributed in the cortical mantle
whereas NFTs are often most prevalent in the
limbic and association cortices [10]. AB plaques
accumulate mainly in the isocortex, however,
deposition progression is highly variable. Most
plaques begin to appear in the associative iso-
cortex, then step-wise progression to the allo-
cortex, basal ganglia, brainstem nuclei, and the
cerebellum is observed; nevertheless, deposi-
tion is most pronounced in the associative iso-
cortex [10]. The progression of deposition is
prion-specific. NFT degeneration often appears
in the entorhinal cortex, perirhinal cortex, hip-
pocampus, association cortex, and primary
neocortex in succession; significant sensory,
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motor and visual areas are generally not
involved. Notably, NFT deposition patterns par-
allel neuronal loss [16].

As an added difficulty, any regions of the brain
that are inclined to AD-related pathologies are
also involved in other neurodegenerative con-
ditions such as a-synucleinopathy and TDP-43
proteinopathy; thus, mixed pathologies are rel-
atively common [17]. Nevertheless, cognitive
impairment is most directly associated with
continued degeneration of the limbic system,
the basal forebrain, and neocortical areas; spe-
cifically, synaptic damage, retrograde degener-
ation of the axons, dendritic degradation, and
eventual loss of neuronal bodies are closely
associated with cognitive impairment [10].
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Evolving etiologies of Alzheimer’s disease

The prevailing explanatory hypothesis for AD
has long centered on AP but this understanding
has slowly evolved. The higher ratio of AB42
underlies AB fibril development where further
accumulation leads to the formation of AR
plaques [2, 7, 11]. AB plaque toxicity is hypoth-
esized through several mechanisms that result
in cognitive impairment, neuronal atrophy, tan-
gle formation, and tau hyperphosphorylation
[11]. The reliance upon the AB hypothesis was
partly founded upon genetic studies. Familial
AD (FAD) is a dominantly inherited condition
that leads to an aggressive form of EOAD; simi-
lar AD aggressiveness and early onset are
observed in Down’s Syndrome (DS) [7]. While
DS involves a trisomy of chromosome 13, FAD
is linked to mutated APP, presenilin-1 (PS1), or
presenilin-2 (PS2) on chromosome 21; PS1 or
PS2 act as the catalytic subunit of y-secretase
[7, 11]. Recently, certain APP mutations were
found to confer protection against AD and
dementia [18]. The body of genetic literature is
consistent in associating AD with APP produc-
tion and subsequent processing, although the
exact mechanism of toxicity is still undeter-
mined [19].

Nevertheless, in-vivo investigations of these
biological processes and therapeutic interven-
tions have provided valuable insight into the
mechanism of prion toxicity. For instance, ani-
mal models that overexpressed AB42 were
observed to have increased AP deposition
and plaque formation but no cognitive impair-
ment was observed and neither was any gross
or microscopic neuronal degeneration [20].
Generally, neuropathological studies in humans
have found that AR aggregates correlated
remarkably poorly with AD severity [21]. To this
point, recent studies suggest that most AB
extracted from the AD brain is innocuous and
only some types underlie neurotoxicity [22].

The most direct link to neurotoxicity is related
to tau proteins and NFTs. The trigger of tau pro-
tein accumulation into NFTs is unknown in most
neurodegenerative conditions, but studies sug-
gest that soluble amyloid oligomers lead to the
initial development of abnormal tau in the
microtubules of the synapse [23]. Nonetheless,
the presence of genetic tau abnormalities has
been linked to accumulations of tau and neuro-
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nal degeneration via the inability of tau to func-
tion as a microtubule-stabilizing protein in the
axon [24]. As noted, tau has been confirmed to
propagate in a significantly more predictable
manner than AB plaques where the progression
of AD is tightly linked to tau burden (i.e. Braak
Stage) in the brain [12]. This is likely due to the
ability of small amounts of abnormally phos-
phorylated tau to be transmitted between cells
and induce hyperphosphorylation of normal tau
which is followed by fibrilization [25].

The therapeutic use of y-secretase inhibitors,
as means of accumulating APP C-terminal frag-
ments and suppressing AB production, led to a
significant worsening of AD in clinical trials [26].
Further, large scale trials of AR immunotherapy
that reduce plaque burden have consistently
proven ineffective over nearly two decades
[11]. We specifically can look to the negative
results of the Solanezumab and Aducanumab
clinical trials. While both anti-amyloid antibod-
ies were effective in relieving amyloid burden,
there were no significant gains in reducing neu-
rocognitive impairment [19, 27]. The failure of
these trials further emphasizes the lack of
validity of the Amyloid Hypothesis as a logical
basis for AD. In an editorial that was published
recently, 3 colleagues who were on the advisory
board of the FDA described their views about
the futility of the Amyloid Hypothesis and the
related therapeutic interventions that are
based on views of proponents of this concept
[28]. Therefore, it is increasingly clear that amy-
loid plaques are the consequence of neurode-
generation, not the underlying cause. In the
face of these clinical results, the revised
Amyloid Hypothesis relies on two possible
pathogenic mechanisms. First, impairments of
APP metabolism and the prevalence of APP
C99 fragments, instead of AR production and
development, may be the triggering sources of
AD [29]. Second, AB neurotoxicity could be
mediated chiefly by soluble AB where insoluble
aggregations of these oligomers are a means
to making such oligomers inert [11, 30]. Many
empirical studies have buoyed the former
mechanism; yet the latter still holds significant
weight in the community.

Molecular imaging in Alzheimer’s disease

Structural imaging modalities, namely CT and
MRI, were the first applied in the radiological
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study of AD [31, 32]. Both modalities are often
able to reflect significant atrophy of the cortex
found in AD patients, and MRl is often preferred
given its superior resolution for soft tissue mor-
phologies in the cerebrum. Equally valuable
has been the use of sub-modalities of MRI,
such as MR spectroscopy and diffusion-weight-
ed imaging MRI, which have been able to detect
structural changes at a microscopic level prior
to macroscopic changes which may be cap-
tured in T-1 or T-2 MRI [33]. While these meth-
ods developed, molecular imaging studies soon
began to explore AD. Most notable was the
application of [*®F]FDG-PET to patients with AD,
which allowed for the characterization of neuro-
nal hypometabolism observed in AD [31]. In an
effort to mimic the successes of metabolic
molecular imaging, there was an effort to devel-
op the tracers to reflect the proliferation of pri-
ons that were beginning to be documented in
the neuropathological study of AD. Since then,
the pharmacological development of specific
and selective radiotracers for tau and AB has
been a dynamic field. The initial push towards
molecular imaging for AD coincided with the
previously mentioned reliance upon the Amyloid
Hypothesis and AB plaques. Therefore, the ear-
liest radiotracers aimed to image AB; unfortu-
nately, most AB-specific radiotracers were
greatly hindered by off-site binding and other
significant inadequacies [15]. Compared to PET
imaging, MRl and CT studies have relatively lim-
ited value. This primarily stems from PET imag-
ing’s ability to develop tracers for myriad bio-
logical compounds which can reflect the state
of disease in a manner that is more specific
than that of MRI or CT-measured atrophy. For
instance, the macroscopic atrophy in AD
patients observed by MRI and CT can be
observed more precisely with SV2A PET which
assesses synaptic density as well as neuroin-
flammatory processes (Adam P Mecca et al.
2020, In vivo measurement of widespread syn-
aptic loss...).

Before continuing, it is important to note that
[*F]FDG-PET has been used to measure the
state of disease in conditions other than AD.
For instance, [*®F]FDG-PET has been success-
fully used in cancer imaging (in breast, colorec-
tal, esophageal, head and neck, lung, pancre-
atic, thyroid, and more cancers) [34], in mea-
suring inflammation and infection [35], in par-
kinsonian disorders [36], in AD and related
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dementias, in neurology, and in cardiology
imaging studies [37].

The binding characteristics and other features
of the most commonly used AR tracers have
been well studied. [**C]PiB was one of the earli-
est AP radiotracers developed. In vitro binding
of [**C]PiB was observed to be sufficiently spe-
cific though in vivo binding is a more disputed
matter; otherwise, a significant limiting factor
of [**C]PiB involves its short half-life which intro-
duces significant inconsistencies in imaging
[38]. Importantly, higher in-vivo uptake across
all age groups was noted in patients with
ApoE-e4 as opposed to those without [38]. The
other commonly used AB radiotracer is [‘6F]
Florbetapir. [*F]Florbetapir has presented rela-
tively weaker binding strength than [*'C]PiB
and similar specificity for AR [38]. Notably, in
vivo studies and post-mortem studies have
noted poor binding of [*8F]Florbetapir to AB in
the postmortem brain [38]. Furthermore, there
is significant concern that AB radiotracers con-
fer significant off-target binding to non-Ap tar-
gets [38]. Although the in vitro binding of
[*'C]PiB and [*®F]Florbetapir to beta-amyloid
plagues have been observed in vitro, there in
vivo studies have uncovered significant off-tar-
get binding of these radiotracers to microhem-
orrhages neuromelanin, calcification, leptome-
ningeal melanocytes and monoamine oxidase
[38].

Even when assuming ideal radiotracer adequa-
cy, studies have suggested limited value of
AB imaging in AD. The significant majority of
AB-PET studies, across a variety of AB radio-
tracers, have consistently shown results which
are indistinguishable between patient groups.
Specifically, similar uptake patterns are often
observed in non-symptomatic healthy control
patients and AD patients; the only exception
tends to be in younger controls, where higher
uptake may be observed in those with EOAD
though this is not fully appreciable [39]. The
true reason for such results is likely to be a
combination of radiotracer inadequacy and a
similar degree of AB burden between the major-
ity of healthy and AD individuals as aligned with
the neuropathological consensus (Figure 2).

Biased published data and public pressure
over the past decade has led to FDA approval of
a few ‘specific AP tracers’ for the application of
PET in AD [40]. Generally, administration of
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Figure 2. PET imaging using [*6F]FDG and [‘®F]florbetapir in Alzheimer’s dis-
ease (AD), mild cognitive impairment (MCI) patients, and normal controls
(NC). There was significant loss of [*®F]FDG avidity observed in the cortices
of the NC, MCI and AD patients in progressive fashion; such indicates pro-
gressive hypometabolism concurrent to disease progression. In the [*¥F]flo-
rbetapir studies, there was moderate increase of radiotracer density when
comparing the NC patient to the MCI and AD patients; however there was
minimal difference between the MCI and AD patients. This image was repro-

duced with permission from Khosravi et al. [41].

these novel radiotracers have been performed
during first in human studies via blood sampl-
es, urine samples, electrocardiograms, assess-
ments for adverse events where most tracers
have been assessed for tolerability. As a result,
many studies have attempted to determine the
value of AB-PET in altering the diagnosis of
patients. Unfortunately, these studies rely on
the clinical symptoms of the patients and do
not definitively assign a relative value to AB
positivity in the experimental diagnostic criteria
[39]. Though this study has indicated that the
course of clinical care was altered in some of
these newly diagnosed patients, there is no evi-
dence to confirm that the change in treatment
improved subsequent patient health by any
appreciable metric; this lack of specificity
inclines AR positively to produce false positives
nulling the value of PET imaging.

Beyond this, research by Khosravi et al. has
simultaneously used [*®F]FDG-PET and AB-PET
to detect dementia in 63 subjects to find that
neuronal metabolism is a stronger diagnostic
measure of AD, as shown in Figure 2; moreover,
there was with minimal relationship between
the two radiotracers, so to further limit the clini-
cal relevance of AB imaging in clinical settings
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AD [41]. This inadequacy of AB-
PET is predictable given the
current scientific understand-
ing of prions in AD. Specifically
developed plaques are likely
inert in the progression of AD
and the production of AB pri-
ons may only be relevant in
initiating the tau cascade,
which is the main mechanism
correlated to neuronal dys-
function [29]. AB-imaging and
anti-AB therapies must be
reassessed as the scientific
evidence has all but exhaust-
ed the medical value of AB in
AD.

The argument for the supe-
rior utility of tau imaging as
opposed to AB imaging does
not rely solely on the more
persuasive biological rele-
vance of tau in AD or the
resulting need to characte-
rize the in vivo tau burden in
AD. We additionally point to a
growing literature of tau-PET imaging studies
that have substantiated the assumed value of
tau imaging. Where AB has failed, tau has
shown increasing promise; tau radiotracers
have also received significant attention and
multiple radiotracers have been tested in the
context of AD. The first PET imaging probe used
for detection of tau and AR aggregates in AD
was [*®F]FDDNP, introduced in 1999 [42]. [*8F]
FDDNP binds to 3R/4R tau and A in vivo, and
has been used extensively in mild cognitive
impairment and AD [43]. [*®F]FDDNP PET find-
ings were also correlated with [*F]FDG in AD,
with cortical areas of hypometabolism having
significant correlation with tau and AP neuroag-
gregate depositions [44].

Because of its affinity to other tau isoforms,
[*8F]FDDNP has also been applied with high lev-
els sensitivity and specificity in other predomi-
nant tauopathies like progressive supranuclear
palsy [45] and chronic traumatic encephalopa-
thy in football players and veterans [46]. Where
these studies have found consistent radiotrac-
er binding patterns mirroring distinctive tau
deposition patterns per the respective neuro-
degenerative condition as understood by neu-
ropathological studies [45, 47]. In these dis-
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eases, the presence of significant AR aggre-
gates is only observed in late stages. The utility
of [*8F]FDDNP is based on its specificity for
amyloid-like segments of tau and AP as deter-
mined by X-ray crystallography [48]. No off-
label binding (e.g., to receptors of enzymes) has
been observed with [*8F]FDDNP in vitro or in
vivo. Unfortunately, the radiotracer’s affinity for
AB plaques, which are not able to be distin-
guished with the [*8F]FDDNP, performs poorly in
the diagnostic context of AD as AB plaques
have more variable presentation in the AD brain
as compared to tau NFTs.

In recent years, the most widely used radiotrac-
er has been [*8F]Flortaucipir, noted for its sig-
nificant affinity for mature NFT and not imma-
ture plaque. However, [*8F]Flortaucipir has
been reported to present “inconsistent binding
to regions that had extensive tau neuritic
pathology, most notably in superficial cortical
layers” [49, 50]. Of note, due to the notable
affinity of [*®F]Flortaucipir for monaamine oxi-
dase (MAO)-A, and MAO-B, significant non-
specificity or off-target labeling has been docu-
mented in vivo [51]. Further studies also
showed that [*8F]Flortaucipir binding was stron-
gest among 3R/4R tau isoforms (i.e. primarily
neurofibrillary tangles and paired helical fila-
ments containing neurites in patients with AD),
suggesting that its clinical utility may be con-
fined to certain isoforms of tau, many of which
are present in AD [52-54]. [*®F]Flortaucipir in
vivo binding in tangle-predominant dementia
has been reported as variable, with tau disease
progression due to variations in tau location
and isoforms [52-54]. As such, [*8F]Flortaucipir
has shown somewhat limited utility for in vivo
selective and reliable detection of tau aggre-
gates non-Alzheimer tauopathies [53].

Another commonly used tracer, [*8F]THK-5351,
has expressed superior kinetics and selectivity
for tau protein deposits [38]; off-site binding
to MAO-B and neuromelanin has also been
noted [38]. While these tracers are far from
perfect, they have produced compelling find-
ings. As such second-generation tracers with
enhanced specificity and selectivity have the
potential to build on this promising foundation
and establish the robust diagnostic value of
tau-PET. Thus far, multiple small-scale studies
of these second-generation radiotracers have
produced similar or superior results in AD
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patients [565-60]. Of particular note are [*®F]
R0O-948, [*8F]PI-2620, [*8F]GTP1, [*®F]MK-6240,
and [*®F] PM-PBB3, however, these tracers
require extensive in vivo study, and significant
replication of results is required. Other radio
tracer studies have also confirmed the ability
to delineate AD from healthy controls. Studies
examining [8F]THK-5351 and [*F]THK-5117,
[*8FIMK-6240 [56], and [*¥F]R0-948 [61] have
all demonstrated an ability to distinguish AD
from healthy controls and assist clinicians in
disease staging in some cases, too [62].

Nevertheless, countless tau-PET studies have
consistently proven to be useful in characteriz-
ing tau pathology in AD and other predominant
tauopathies in a unique fashion. Most studies
use a group of cognitively normal (CN) individu-
als along with an age-matched group of AD
patients. Tau-PET studies have shown that
whole-brain retention of the radiotracer posi-
tively correlates to the symptomatic progres-
sion of AD as well as the plaque and NFT load,
although regional retention is typically most
predictive of clinical progression [63-66]. In a
recent study examining different measures of
tau-PET and AB-PET imaging, researchers
found that Braak staging, regional tau imaging,
and whole-brain retention measures accurately
distinguished MCI and AD patients from those
who were cognitively normal [66]. Similarly, a
recent review of the clinical findings of tau
radiotracers concluded that the anatomical
patterns of tau accumulation seen post-mor-
tem correlate with the regional uptake of most
tau radiotracers with relatively minimal off-tar-
get binding and with overall brain atrophy [67].
There is specific retention in areas known to be
affected by tau pathology among patients with
AD; specifically, tracer accumulation is often
most notable in the medial temporal cortex,
limbic system, and extends into neocortical
regions depending upon the severity of AD in
the patient [60, 68-70], as shown in Figures 3
and 4. Thus, the greater degree of retention
and the specific distribution of tracer retention
suggest tau as a valuable biological marker
of AD and tau-PET as a procedure may have
utility within the diagnostic or clinical staging
process. Importantly, given the aforemention-
ed overlap of symptoms and mix of neurode-
generative pathologies, it is imperative that
any imaging procedure must specifically differ-
entiate between neurodegenerative conditions.

Am J Nucl Med Mol Imaging 2021;11(5):374-386
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Figure 3. Visualizing the progressive extent of [*8F]AV1451 retention on the
cortex across the spectrum of normal aging, mild cognitive impairment and
Alzheimer’s disease. Consistent with the neuropathological progression of
tau deposition, several studies have identified focal tau accumulation in
cognitively normal adults, most prominently in the medial temporal lobe
structures (Left). In contrast, mild cognitive impairment is characterized with
increased uptake in the temporal and posterior cingulate regions (Middle),
before progressively spreading widely across the temporo-parietal cortices
in AD (Right). Volumetric data of representative subjects are represented in
radiological convention. This image was reproduced with permission from

Hall et al. with permission [67].

While we have well-founded doubts in the abili-
ty of AB-PET to do so based on the variability of
AB plaque pathology and the potential inade-
quacy of AB radiotracers, evidence indicates
that tau may succeed where AB has failed.

Several studies have extensively assessed AD
and other forms of dementia in an effort to
examine differential binding patterns. Among
those with AD and non-AD tauopathies, tau
radiotracers have consistently shown the ability
to distinguish between the pattern of tau pa-
thologies, suggesting tau radiotracers’ poten-
tial utility as a discriminatory diagnostic tool
[60]. For instance, in a study examining the util-
ity of [*®F]Flortaucipir in distinguishing among
healthy patients, patients with CBD, patients
with PSP, and those with AD, differences in
spatial binding patterns and cortical atrophy
allowed researchers to clearly distinguish pa-
tients with CBD from those with AD, PSP, or
healthy controls; some imprecision of the trac-
er's diagnostic capabilities were noted [57].
Thus, there is certainly potential for tau-PET to
be specific in diagnosing AD, however, better
tracers or additional modalities (e.g. [*®F]FDG-
PET) may be required.

Many studies have employed [*®F]FDG-PET,
which assesses neuronal metabolic activity, as
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AD a standard for comparing the

results of their tau-PET. To
this point, most of these
studies have demonstrated a
negative correlation between
[8F]FDG uptake and tracer
retention, suggesting that
imaging agents accurately
bind to regions with substan-
tial tau deposition and exten-
sive metabolic dysfunction
[57, 68, 71] (Figure 4). In one
study, Chiotis found such
negative correlations in focal
areas of the prefrontal, lateral
temporal, and lateral and
medial parietal cortices bilat-
erally [68]. Interestingly, posi-
tive correlations between [*8F]
FDG and [*®F]THK5317 were
found bilaterally in the superi-
or temporal, primary motor,
and occipital cortices; the
study also found positive cor-
relations between THK5317 retention and [*!C]
PiB uptake bilaterally in the inferior and me-
dial temporal, and anterior and superior front-
al, lateral and medial parietal, and occipital
cortices [68]. Further, Chiaravalloti and col-
leagues found a substantial negative correla-
tion between cerebrospinal fluid tau burden
and [*®F]FDG uptake in the frontal, parietal,
and right temporal lobe, concluding that tau
deposition is associated with hypometabolism
in these areas [71]. These data suggest that
tau-PET is not only sensitive in detecting tau
deposition but also directly correlates to neuro-
nal dysfunction and clinical disease progres-
sion.

The heightened value of tau imaging is well
aligned with the current literature regarding the
competing influence of AB plaques and tau
NFTs. While the true relevance of AB in AD is
unknown, the combined body of neuropatho-
logical studies and anti-Ap therapeutic trials
strongly suggests that AB is an early but distant
factor in the initiation and progression of AD,
whereas tau proteins have been strongly impli-
cated in the direct neuropathological mecha-
nism of neurotoxicity in AD. For instance, tau
burden has been more tied to the clinical pro-
gression of AD, whereas imaging in AD aims to
create an objective standard of diagnosis and
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Figure 4. Correlations between tracers, two by two, across all Alzheimer’s disease patients (n=20). Voxel-based neg-
ative correlations between [*8F]THK5317 DVR retention and [*8F]FDG SUVR uptake (A). Voxel-based positive correla-
tions between [*F]THK5317 DVR and [**C]PIB SUVR retention (B). Three thresholds for statistical significance were
applied (P<0.001, P<0.01, and P<0.05) as indicated. The peak voxels of clusters meeting the P<0.001 threshold.
DVR = distribution volume ratio; SUVR = standard uptake value ratio. This image was reproduced with permission

from Chiotis et al. with permission [68].

disease progression; the present scientific lit-
erature mandates a reorientation to make tau
the focal point of molecular imaging initia-
tives in AD. That said, it is possible that future
research could identify synergistic methods of
using distinct tau and AP radiotracers that pro-
vide clinical benefit above and beyond the use
of tau or AB imaging alone.

Conclusion

Considering the evolving literature in AD and
PET imaging, it has become clear that PET can
play a role in the advancement of diagnosis and
prognosis in clinical practice. The use of AB
imaging has been extensively studied to find
mixed results suggesting a limited clinical utili-
ty. On the other hand, tau-PET has shown early
success in similar applications as AB imaging.
Specifically, we find that there is value in [*8F]
FDG-PET and prospective utility in tau-PET.
Currently, the present use of tau-PET in the
diagnosis of AD requires metabolic concor-
dance through [*®F]FDG-PET studies; however,
with development of more specific and valid
tau-PET radiotracers, we believe that tau imag-
ing may succeed where AB imaging has failed.

Regardless, the community must acknowledge
that the role of A imaging for diagnosing and
managing AD is very limited and that [*®F]FDG-
PET will remain the study of choice at this time.
Moreover, research efforts must continue to
elucidate the prospective value of tau imaging
to the assessment of this disease.
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