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Dementia, which impairs a person’s cognition and ability in daily tasks and is often
caused by neurodegenerative disorders, remains one of the most challenging neuro-
psychiatric conditions. The prevalence of dementia has been steadily increasing in
aging societies. Recently, antiamyloid treatment has been developed and approved for
the treatment of Alzheimer’s disease (AD), which is known as the major cause of
dementia. Such therapeutic developments have accelerated the use of in vivo bio-
markers in research, clinical trials, and clinical practice. Past and recent developments
of several biomarkers, including '8F-fluorodeoxyglucose (FDG) positron emission
tomography (PET), have played a pivotal role in understanding the underlying mecha-
nisms of dementing disorders and accelerating progress in both research and clinical
practice, leading to more accurate clinical diagnosis, recognition of co-pathologies,
better understanding of new diseases, treatment planning, and response evaluation.
This article reviews the roles of brain FDG PET, one of the well-established imaging
biomarkers, as a valuable tool for studying brain metabolism and its applications in
clinical and research settings, particularly for the treatment of dementia.
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'8F_FDG and "®F-FDG PET
Appearance of the Brain

DG is a radiolabeled glucose analog used in PET imaging

to examine brain glucose metabolism. The uptake of
FDG relies on glucose transporter proteins, particularly
GLUT-1 and GLUT-3, and then it is transported into neurons
and glial cells and undergoes phosphorylation. The distribu-
tion of FDG uptake in the normal adult brain is nonuniform,
and regional brain uptake is related to different brain
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functions and sensory inputs' with the posterior cingulate
cortex (PCC), primary visual cortex (medial occipital lobe),
and the striatum displaying relatively higher uptake com-
pared to other cortical regions (Fig. 1). Deviations in glucose
metabolism are believed to be associated with synaptic vul-
nerability related to neurodegenerative and other neurologi-
cal conditions.

Semi-quantitative Analysis of
FDG PET Using Statistical
Mapping

Brain FDG PET provides 1) the degree of regional glucose
metabolic changes and 2) spatial extent of such changes.
The accuracy of brain FDG PET depends primarily on
the method of objectively and reproducibly interpreting
these 2 interrelated indices. Computer/software-assisted
analysis of brain FDG PET can improve such accuracy
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Figure 1 FDG brain PET scan of a 55-year-old male with normal cognition shows a normal distribution of 18F-FDG in
the bilateral hemisphere. Prominent uptake in the precunei, posterior cingulate cortices, sensorimotor cortices, primary
visual cortices, and subcortical grey matter structures are noted.

and provide more objective and semi-quantitative indices
that can be used as biomarkers of diseases.” Three-
dimensional Stereotactic Surface Projections (3D-SSP)
method’ has pioneered this field of development and has
contributed globally to the improved interpretation of
brain FDG PET as well as discoveries of clinical imaging
findings associated with different types of dementing dis-
orders. This method and other similar methods available
to date transform the original images to a standard atlas
brain orientation” and minimize individual anatomic dif-
ferences  across  subjects’ brains by  anatomic
normalization.”” It normalizes the pixel values on FDG
PET images to the value of a reference region (such as
pons or cerebellum) producing FDG SUVR values, then
compares to a database obtained from multiple normal or
control subjects and expresses the regional alterations of
the normalized FDG uptake as Z-score maps, which indi-
cate both the spatial extent and degree of the altered
FDG uptake”® (Fig. 2). This method and similar subse-
quently developed methods have been implemented
widely to assist the interpretation of conventional visual
ratings and assist physicians in improving the accuracy of
brain FDG PET images' interpretation.”” However, het-
erogeneous sensitivity and specificity results of brain FDG
PET interpretation using software-aided assessment of
patient pathologies in previous studies might be
explained by differences in interpretation criteria, meth-
odological approaches, the equipment and reconstruction
methods, the thresholds, brain regions, and scaling proce-
dures used to assess positivity.

Brain FDG PET Characteristics of
Common Neurodegenerative
Dementias

Brain FDG PET can unveil distinct metabolic fingerprints
associated with different types and states of neurodegenera-
tive disorders. Spatial patterns of altered regional FDG
uptake help identify areas of neuronal dysfunction linked to
the underlying pathophysiological changes in these disor-
ders. Brain FDG PET findings often correlate well with cogni-
tive and behavioral symptoms of the patient. While amyloid
PET is highly specific for amyloid pathology, FDG PET is
extremely useful in differentiating between various types of
dementias, as different neurodegenerative conditions cause
regional neuronal dysfunctions and thus distinct metabolic
patterns. The examples of typical imaging patterns observed
in known neurodegenerative diseases are summarized in
Figure 3 and Table 1.°7'°

Major neurodegenerative dementias, such as AD, fronto-
temporal dementia (FTD), and Dementia with Lewy bodies
(DLB) are known to demonstrate unique metabolic signature
on brain FDG PET that can be used for differential diagnosis.
When AD is compared to normal controls, FDG PET has a
high negative predictive value (NPV) of 73%-90%; compared
to other neurodegenerative diseases, the NPV ranges from
57% to 84%. FDG PET was 845%-96% sensitive and 73%-
74% specific in predicting AD pathology during autopsy.'’
FDG PET outperformed the clinical diagnosis based on pre-
dicting autopsy diagnosis. The clinical diagnosis was
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Figure 2 Statistical mapping using Three-dimensional Stereotactic Surface Projections (3D-SSP) for processing the origi-
nal "®F-FDG PET images through a series of corrections and transformations and extracting cortical gray matter activity
on a pixel-by-pixel basis. The individual subject’s 3D-SSP extracted data is compared to a normal database using Z-
scores and visualized in three dimensions (3D-SSP Z-score Map). (Minoshima S, Mosci K, Cross D, Thientunyakit T,
editors. Brain [F-18] FDG PET for clinical dementia workup: differential diagnosis of Alzheimer’s disease and other
types of dementing disorders. Seminars in nuclear medicine; 2021: Elsevier'*, reprint with permission).

associated with a 70% probability of detecting AD pathology. recent systematic review and meta-analysis on the diagnostic
In contrast, the probability dropped to 31% with a negative performance of FDG PET in differentiating dementia sub-
PET scan and rose to 84% with a positive FDG PET scan.'® A types using visual and quantitative assessments found the
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Figure 3 The examples of 3D-SSP Z-score map images of typical imaging patterns observed in known neurodegenera-
tive diseases (AD, Alzheimer’s disease; bvAD, behavioral variant of AD; CBD, corticobasal degeneration; DLB, dementia
with lewy bodies; FTD, frontotemporal dementia; fvAD, frontal variant of AD; IvPPA, logopenic-variant PPA; PCA, pos-
terior cortical atrophy; PSP, progressive supranuclear palsy; svPPA, semantic variant primary progressive aphasia; VaD,
vascular dementia).
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Table 1 Abnormal Glucose Metabolic Patterns in Known Neurodegenerative Diseases

Diseases FDG PET Findings

Typical AD Hypometabolism in the posterior cingulate gyri, precuneus, posterior temporal, parietal association cortices
and may involve the frontal/prefrontal association cortices in severe cases

Sparing of the sensorimotor cortex and relatively preserved metabolism in the visual and anterior cingulate
cortices, basal ganglia, thalamus, and posterior fossa

IvPPA Hypometabolism in the lateral temporal cortex and inferior parietal lobule, often more severe in the left hemi-
sphere.

The right temporoparietal cortices can be spared.

PCA Hypometabolism in the medial and lateral occipital association cortices, parietal, and posterior temporal
cortices

bvAD or fvAD Hypometabolism in the frontal and anterior temporal lobes, and varying degrees of hypometabolism in the
parietal and posterior temporal cortices,

bvFTD or PiD Hypometabolism in the frontal and anterior temporal lobes, often involves caudate nucleus.

svPPA Asymmetric hypometabolism in the anterior temporal lobe, often more severe in the left temporal lobe, and
may involve the inferior frontal lobe.

nfvPPA Hypometabolism predominantly in the left lateral posterior frontal cortex, superior medial frontal cortex, and
insula

DLB Hypometabolism in the temporoparietal and occipital lobe involving the associative and primary visual cortex

Relatively preserved uptake in the posterior cingulate cortex, “cingulate island sign.”

VaD Hypometabolism in the brain cortices with focal cortical pattern related to the affected vascular territory,
often involves deep gray nuclei, cerebellum, primary cortexes, middle temporal gyrus, and anterior cingulate
cortex.

PD Asymmetric hypometabolism in the basal ganglia, particularly the putamen, may be in the frontal cortex.

MSA Hypometabolism in the striatum, frontal, prefrontal, and temporal cortices, brainstem, and cerebellum

More pronounced in the putamen and lenticular nuclei in Parkinsonian type (MSA-P)
More pronounced in brainstem and cerebellum in cerebellar type (MSA-C)

PSP Hypometabolism in the midbrain, medial frontal and anterior cingulate cortices, caudate, and thalamus

CBD Asymmetric hypometabolism in the frontoparietal regions without sparing of the sensorimotor cortex, basal
ganglia, and thalamus, in relative to the clinical symptoms

HD Early phase—hypermetabolism in the striatum, particularly the caudate nucleus and putamen.

Late phase—gradual shift from hypermetabolism in the basal ganglia to hypometabolism in the frontal and

parietal cortices

Note: AD, Alzheimer’s disease; bvAD, behavioral variant of AD; bvFTD, behavioral variant FTD; CBD, corticobasal degeneration; DLB, dementia
with lewy bodies; FTD, frontotemporal dementia; fvAD, frontal variant of AD; HD, Huntington’s disease; IVPPA, logopenic-variant PPA; MSA,
multiple system atrophy; nfvPPA, nonfluent variant primary progressive aphasia; PCA, posterior cortical atrophy; PD, Parkinson’s disease;
PSP, progressive supranuclear palsy; svPPA, semantic variant primary progressive aphasia.

sensitivity of 0.96 (95% CI, 0.88-0.98) and specificity of 0.84
(95% CI, 0.70-0.92) in differentiating AD from FTD, a sensi-
tivity of 0.93 (95% CI 0.88-0.98) and specificity of 0.92
(95% CI, 0.70-0.92) in differentiating AD from DLB, and a
sensitivity of 0.86 (95% CI, 0.80-0.91) with the specificity of
0.88 (95% CI, 0.80-0.91) in differentiating AD from non-AD
dementias.'*" Moreover, specific patterns of atrophy and
hypometabolism are necessary for diagnosing PPA according
to the diagnostic criteria, where FDG-PET is more sensitive
than MRIL.”" Two studies that used amyloid PET to confirm
the underlying pathology found that lateral temporal hypo-
metabolism and asymmetric hippocampal metabolism on
brain FDG PET had a sensitivity of up to 83% and a specific-
ity of up to 100% in predicting amyloid-negative logopenic-
variant of Primary Progressive Aphasia (IvPPA).?>** FDG
PET also has high positive predictive value (PPV) in predict-
ing AD pathology (>90%) in the agrammatic/nonfluent PPA
and IvPPA, with NPV ranging from 81% to 96% among sub-
types. Brain FDG PET showed high specificity in distinguish-
ing between parkinsonian disorders and its value in

treatment selection for early-stage patients and identifying
participants for clinical trials.”* Specific hypometabolic pat-
terns from FDG PET are highly accurate in differentiating
between PD and atypical parkinsonian syndromes (APSs),
including multiple system atrophy (MSA), progressive supra-
nuclear palsy (PSP), and corticobasal degeneration (CBD),
with diagnostic performance higher than 90% for diagnosing
APSs and higher than 90% specificity. However, the sensitiv-
ity was lower (higher than 75%) for differential diagnosis of
parkinsonism. From the joint guidelines developed by the
European Association of Nuclear Medicine (EANM) and the
European Academy of Neurology (EAN), brain FDG PET is a
clinically useful imaging biomarker for idiopathic PD and
atypical parkinsonism associated with dementia, despite lim-
ited good-quality evidence from previous literature.””*° The
accurate differentiation between PD and APSs is of therapeu-
tic and prognostic importance. However, using clinical diag-
nosis as the reference standard to validate the diagnostic
imaging patterns is the main limitation of the previous stud-
ies. Future studies should be done prospectively and require
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postmortem verification to confirm the prognostic value of
FDG PET in PD-Mild Cognitive Impairment (MCID)
patients.”’

Emerging Evidence of
Co-Pathologies Among
Neurodegenerative Disorders:
Overlapping Brain FDG PET
Findings

Emerging evidence from recent large-cohort autopsy studies
indicates that neurodegenerative disorders characterized by
abnormal protein depositions co-exist frequently, particu-
larly in elderly patients. These observations have raised new
perspectives when interpreting imaging findings for differen-
tial diagnosis of neurodegenerative dementias. For example,
the most prominent findings on brain FDG PET are sugges-
tive of AD but does not mean that AD is the only and exclu-
sive pathology or proteomic abnormality in the patient.
Classifying FDG PET results into a single neurodegenerative
category may not be helpful for clinicians or for research.
Overlapping patterns on brain FDG PET exist, especially
among dementia cases with atypical presentation. A
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hypometabolic pattern of FDG PET in the inferior parietal
lobule and posterior temporal cortex is observed in patients
with IvPPA from AD. This pattern may resemble that of PPA
from frontotemporal lobar degeneration (FTLD) pathology.
Likewise, the hypometabolic pattern of FTD and frontal-vari-
ant of AD are comparable. Moreover, patients with advanced
AD stages may exhibit a pattern similar to DLB in terms of
hypometabolism in the occipital lobes, especially in the
visual association cortex. Therefore, there are recommenda-
tions to consider multimodal biomarker approaches, espe-
cially in elderly patients, such as an amyloid PET to detect
AD pathology among patients with FTLD,”” a dopamine
transporter SPECT or '*'I-metaiodobenzylguanidine (MIBG)
cardiac scan to infer co-existing alpha-synucleinopathy
among clinically diagnosed AD patients.

A growing number of autopsy investigations continues to
reveal mixed dementia and various co-pathologies, particu-
larly in elderly patients. There have been reports of various
mixed dementias with several concomitant neurodegenera-
tive diseases identified by pathologic markers,'”*” as an
example in Figure 4. Notably, when FDG PET does not
show well-established patterns of neurodegenerative demen-
tias or discordant results from multimodal imaging studies or
other biomarkers, co-pathologies and mixed dementia
should be considered. New molecular imaging, fluid and
pathologic markers, and clinicopathologic correlation studies

TN

Figure 4 FDG Brain PET scan and 3D-SSP Z-score maps (normalized by pons) of a 75-year-old male with mild cogni-
tive impairment show focal hypometabolic foci in the right striatum compatible with infarction in right basal ganglia
and internal capsule evident in prior MRI study. Mild hypometbolism in precunei, posterior cingulate, and temporo-
parietal cortices also indicates AD. These findings suggest mixed AD with VaD patterns.



'8F_FDG PET for Dementia Evaluation: Co-pathologies, New Diseases, and Its Roles in the Fra of Antiamyloid Treatment 531

help better characterize overlapping and coexisting neurode-
generative diseases. Other molecular imaging studies, in
addition to FDG PET, sought to identify pathologic markers
such as amyloid, tau, a-synuclein, and TDP-43, which over-
lap and coexist in dementia patients. However, some of these
imaging biomarkers are not available to date, and FDG PET
may be able to confirm the clinically congruent predominant
cause of dementia, even in the presence of multiple patholo-
gies. FDG PET findings can support the cause of a patient’s
main clinical features and identify possible pathologies essen-
tial for further clinical management. This approach is often
required when interpreting cases of suspicion for dementia
with complex or atypical clinical presentations. Examples of
the mixed/comorbid neurodegenerative diseases causing
dementia are summarized in our previous work."”

Emerging Neurodegenerative
Dementias

In recent years, the landscape of neurodegenerative disorders
is evolving rapidly, with several new and previously known
diseases gaining more recognition for potential cases of cog-
nitive decline. With increasing use of biomarkers including
molecular imaging, new disease categories have emerged and
been investigated, such as limbic-predominant age-related
TDP-43 encephalopathy (LATE), primary age-related tauop-
athy (PART), and hippocampus sclerosis (HS).'”'* With the
developments in clinicopathologic correlation, molecular
imaging, and proteinomics, the field of research still discov-
ers new neurodegenerative disorders even after more than
100 years have passed since the discovery of AD.
Limbic-predominant —age-related TDP-43  encephalopathy
(LATE): LATE is a recently identified disease characterized by
the misfolding and accumulation of TDP-43, a protein that
forms aggregates within the limbic system, particularly affect-
ing the hippocampus, amygdala, and entorhinal cortex. The
distribution of TDP-43 accumulation is quite distinct as com-
pared to that seen in Amyotrophic Lateral Sclerosis (ALS), in
which TDP-43 was initially investigated. LATE has been
gaining attention due to its high prevalence among elderly
patients and clinical similarity to AD, but it is characterized
by TDP-43 pathology rather than amyloid or tau. LATE is
notably prevalent in advanced age, with its presence in
approximately 20%-50% of individuals over 80 years old
without significant amyloid plaques. LATE’s prevalence rises
with increasing age, distinguishing it from AD, which tends
to plateau in prevalence among very elderly individuals.
Despite the similar gradual decline in episodic memory, indi-
viduals with LATE may report fewer subjective memory
complaints, and the progression of cognitive decline can be
slower compared to those with AD. As discussed above,
LATE often coexists with other pathologies, including AD,
which can complicate the clinical picture and potentially
accelerate cognitive decline.”” LATE is often associated with
hypometabolism in the limbic system, particularly in the
medial temporal lobe, anterior temporal lobe, and inferior

frontal lobe on brain FDG PET that can be distinguishable
from the pattern of pure AD'”'* (Fig. 5).

Primary age-related tauopathy (PART): PART is a newly rec-
ognized condition where tau protein accumulates in the
brain in a pattern similar to AD, but without the characteris-
tic amyloid plaques. It is primarily seen in elderly individu-
als, often in the absence of significant cognitive impairment.
However, cognitive decline occurs in some individual and
suggests that tau-related dementia can develop even without
amyloid plaques, making it a potential cause of dementia in
older adults. Tau pathology in PART is predominantly
located in the medial temporal lobe, with minimal involve-
ment of the neocortex. FDG PET may reveal hypometabolism
confined to the medial temporal regions, reflecting the lim-
ited distribution of tau pathology. Mild to moderate hypome-
tabolism in PART can be detected in the posterior
cingulate and precuneus but without the more extensive,
widespread  cortical hypometabolism  typically  seen
inAD.l,’),l‘},jl

Hippocampal sclerosis (HS): Adult Hippocampal sclerosis,
also known as mesial temporal sclerosis, is characterized by
neuronal loss and gliosis predominantly in the CAl region
and subiculum of the hippocampus. In dementia patients,
HS is often associated with significant memory impairment,
closely resembling the clinical presentation of AD. HS also
frequently coexists with other neurodegenerative conditions,
such as AD, LATE, and FTLD. The presence of HS in AD
patients has been linked to more severe cognitive impairment
and a faster rate of decline. HS and LATE share clinical fea-
tures, but they differ in underlying pathology, prevalence,
and disease progression. FDG PET in HS typically reveals
hypometabolism predominantly in the temporal lobe on the
side of the affected hippocampus, which may extend to adja-
cent temporal structures.'”'**%** Distinguishing between
HS and LATE can be challenging due to overlapping clinical
features and imaging findings. Therefore, definitive diagnosis
often requires postmortem neuropathological examination
that can identify specific proteinopathies and neuronal loss
patterns.

Roles of FDG PET in Amyloid-
targeting Therapy and Other
Medical Treatments

During the last decade, amyloid-targeting drugs have made a
significant advancement in the treatment of AD, aiming to
slow cognitive decline by targeting and removing amyloid
plaques in the brain. Three monoclonal antibodies have
received approval from the U.S. Food and Drug Administra-
tion (FDA) for use in early-stage AD. The first drug, aducane-
mab gained approval in June 2021 but discontinued in
January 2024. Later, lecanemab gained approval in July 2023
for individuals with mild cognitive impairment or mild
dementia due to AD, confirmed by elevated beta-amyloid
presence in the brain. Similarly, donanemab was approved in
July 2024 for the treatment of early symptomatic AD.
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Figure 5 FDG Brain PET scan and 3D-SSP Z-score maps (normalized by pons) of a 90-year-old female with rapid for-
getting, mood swing, and significant hippocampal atrophy noted in MRI, shows hypometabolism in medial temporal
cortices, particularly on the right side, and mild hypometabolism in the orbital frontal regions. These findings, together
with the extremely old age of the patient, probably indicate limbic-predominant age-related TDP-43 encephalopathy

(LATE).

However, their use requires careful patient selection and
monitoring due to potential side effects, including amyloid-
related imaging abnormalities (ARIA). Moreover, tau-target-
ing drugs, such as phosphorylated tau-directed monoclonal
antibody and tau active immunotherapies used for tau aggre-
gation inhibitors and microtubule stabilizers, have also been
emerging. These therapies are primarily aimed at slowing
cognitive decline by preventing tau aggregation or facilitating
its clearance in individuals with early stages of AD. Although
tau-directed therapeutics have yet received approval for the
treatment of AD, the US FDA has granted Fast Track designa-
tion to investigational therapies indicating their potential in
addressing unmet medical needs. Ongoing clinical trials con-
tinue to evaluate the safety and efficacy of various tau-target-
ing approaches. FDG PET is a feasible imaging modality in
multicenter clinical trials for AD’” and is useful for partici-
pant inclusion, evaluation, and stratification to increase the
probability of success of larger AD trials.””

Selecting patients suitable for treatment: FDG PET is often
used to differentiate multiple etiologies of dementing disor-
ders. Although some previous studies found that distribution
and degree of amyloid deposition may correlate with clinical
decline in AD,”"° it does not often correlate with glucose
hypometabolism and this relationship may be weaker in
other forms of dementia. From evidence stated in previous

sections,” 1" 7?° FDG PET can help clinicians differentiate

whether cognitive decline is due to AD or another or co-
existing neurodegenerative conditions, which then help lead
to proper selection or exclusion for treatment specific for
AD, particularly amyloid-targeting drugs. Furthermore, the
disease severity assessed by FDG PET also help in candidate
selection, which individuals with early or mild stage of dis-
ease are likely to response more than those already with
moderate to severe disease.

Baseline assessment of brain metabolism: FDG PET provides
a baseline of brain function that can be used to monitor
changes over time. Reduced glucose metabolism on FDG
PET is considered a functional biomarker of neurodegenera-
tion and is predictive of future cognitive decline, as MCI or
early AD patients who show more severe hypometabolism
have more rapid cognitive decline over time compared to
those without significant metabolic decline.”” Therefore,
FDG-PET can assist in prognostication and guide treatment
decisions in clinical settings. This information is valuable
when assessing the impact of antiamyloid treatments, as
these therapies are aimed at reducing amyloid plaques but
may also indirectly influence brain function and metabolism.
Distinct glucose hypometabolism in certain areas of the brain
in the early stages of AD, particularly the posterior cingulate
cortex, temporal lobes, parietal lobes, and frontal regions,
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may occur even in patients without significant amyloid pla-
ques using amyloid-PET imaging.”””*"*"? However, antia-
myloid treatments may not immediately reverse metabolic
dysfunction in the brain. In current clinical trials, FDG-PET
is used as a baseline to monitor how metabolism changes fol-
lowing treatment.

Monitoring effectiveness of treatment: The development of
immunotherapy for AD has failed for over years, until more
recently developed antibodies are able to improve outcome
by removing amyloid deposition. However, the removal of
amyloid deposition does not immediately correlate with
improvements in cognitive functions. FDG PET imaging
helps to monitor whether brain metabolism improves along-
side amyloid plaque reduction (and thus possibly modifying
the disease), which improvements or stabilization in glucose
metabolism, especially in areas of the brain most affected by
AD, may be indicative of treatment effectiveness. Neverthe-
less, a few clinical trials showed no significant changes in the
outcome measured by FDG PET regardless of changes in
other outcomes such as amyloid or fluid biomarkers. ™ ** A
clinical trial using aducanumab showed that although amy-
loid reduction was observed, changes in FDG-PET scans did
not consistently show improvement. While metabolic stabili-
zation was observed in some patients who had lower baseline
amyloid levels or in those receiving higher doses of the drug,
the reduction in amyloid plaques did not always correlate
with stabilization of brain metabolism or functions in terms
of cognition recovery. Similar findings were observed in the
other studies, which amyloid PET scans showed significant
plaque reduction in patients treated with Aducanumab and
some patients also showed preserved or stable metabolism
on FDG PET. However, the correlation between amyloid pla-
que removal and metabolic improvement was not straightfor-
ward. These discrepant observations and the arguments on
potential suboptimal accuracy of amyloid PET in assessing
treatment response lead to suggestions on the more in-depth
investigation by means of FDG PET and MRI imaging in
assessing the treatment benefit of the amyloid-targeting
drugs, by showing an increase or stabilization in brain metab-
olism on FDG PET and a preserved or less loss of whole brain
volume on MRI alongside cerebral amyloid reduction and
slower cognitive decline in the treated vs the placebo
subjects.”’

Recently, tau-targeting therapies have been developed and
used in the ongoing clinical trials for AD and other tauop-
athy-related neurodegenerative disorders. Tau PET, fluid bio-
markers reflecting tau pathology and downstream measures
of neurodegeneration, like FDG PET, may be important for
both participant recruitment and monitoring disease-modifi-
cation. Negative relationships between FDG PET and Tau
using either CSF, plasma, or Tau PET were demonstrated, "’
supporting the use of FDG PET to monitor changes in brain
metabolism alongside tau PET after treatment by tau-target-
ing monoclonal antibody in clinical trials. FDG PET has been
shown to be a valuable tool for evaluating treatment response
in AD and other dementias not only for assessing therapeutic
effects of amyloid- and tau-targeting therapies, but also other
treatments (e.g. cholinesterase inhibitors, NMDA receptor

antagonist such as Memantine, and type 2 diabetes treatment
such as Pioglitazone). For example, 1 study using FDG-PET
scans to evaluate treatment effects of rivastigmine suggested
that FDG PET could sensitively evaluate the progression of
AD and its improvement with cholinesterase inhibitors.”” A
similar study suggested an association between memantine’s
clinical benefit and its effects on regional cerebral metabolic
rate for glucose (CMRgl) using FDG-PET in AD-affected
brain regions.”® Another study found that Pioglitazone treat-
ment in AD was associated with a modest immediate increase
in glucose utilization but then decreased over the remaining
period of the trial, with no evidence of changes in brain vol-
ume or cognition.”” Data from these clinical trials support
the promising role of FDG PET in assessing treatment
response alongside other biomarkers in AD.*"~*

The Diagnostic Pathways Using
FDG PET and Other Molecular
Imaging Modalities

The diagnostic evaluation of dementia patients begins with a
thorough clinical evaluation, including detailed history-tak-
ing, physical and neurological examination, neurocognitive
testing (e.g., Mini-Mental State Examination, MMSE, and
Montreal Cognitive Assessment, MoCA), and assessment of
risk factors (e.g., family history, genetics, lifestyle factors).
This initial assessment is crucial for narrowing down the dif-
ferential diagnosis. For neuroimaging, structural MRI imag-
ing is recommended as the first diagnostic workup in
patients suspecting dementia to exclude structural and vascu-
lar abnormalities potentially causing the symptoms, evaluate
the degree of white matter lesions such as microvascular
changes, and assess general patterns of parenchymal atrophy.
Computed Tomography (CT) is an alternative when MRI is
unavailable or contraindicated, but MRI provides better reso-
lution, tissue contrast, including white matter information.
When the diagnosis remains unclear after clinical and struc-
tural imaging, FDG PET can be considered for differential
diagnosis between AD and other dementias and help cases
when patients exhibit atypical symptoms.’” Major organiza-
tions, including EANM, EAN, and the National Institute on
Aging-Alzheimer’s  Association (NIA-AA), have recom-
mended using FDG PET in neurodegenerative cognitive
impairment and dementia, emphasizing its clinical val-
ue.”' 77 According to EANM and EAN recommendations,
FDG PET is suggested to diagnose MCI due to AD, FTD, and
DLB, atypical AD and pseudodementia; to differentiate
between AD and DLB, FTD, or vascular dementia, between
DLB and FTLD, and between Parkinson’s disease and pro-
gressive supranuclear palsy; to determine underlying patho-
physiology in CBD and PPA, and cortical dysfunction in PD.
This group of experts also recommends the use of semi-auto-
mated assessment to assist visual reading.’* If FDG PET
availability is limited, cerebral perfusion using Single Photon
Emission Computed Tomography (SPECT) is another option
to reveal regional hypoperfusion patterns related to different
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types of dementia, although lower diagnostic performance of
SPECT is expected due to its limited resolution and potential
difference in radiotracer distribution.

Combining other existing imaging and fluid biomarkers
can provide complementary information and apparent
pathology, which helps improve early diagnosis of neurode-
generative diseases. PET tracers other than FDG have been
developed to specifically target different neurochemical pro-
cesses and receptors. Among these tracers, amyloid PET and
tau PET have been approved for clinical uses. In 2018, FDG
PET was proposed as 1 biomarker to identify neurodegenera-
tion in the amyloid-8 (AB)/tau/neurodegeneration (AT(N))
system used to identify the AD continuum’” with the revised
recommendation in 2024.7° Imaging or fluid (such as CSF)
markers of amyloid (A) and tau (T) proteinopathies and neu-
ronal dysfunction/loss (N by either FDG PET, MRI, or CSF t-
tau) may all become positive before cognitive impairment,
but in a sequential order and nonparallel course of change
over time concerning the progressive decline of cognition.
Amyloid markers become positive many years before clinical
dementia, followed by neuronal dysfunction and structural
loss. These techniques have unique strengths and synergies
in evaluating patients with cognitive decline or dementia.
However, the AT(N) system remains a research framework,
requiring more validation before being introduced into rou-
tine clinical use. Moreover, the degree of internal concor-
dance between the different types of biomarkers used to

assess each pathological change need to be established. Fur-
thermore, the high cost and limited availability of amyloid
PET and tau PET tracers are their important limitations for
widespread use. Therefore, FDG PET, which is more widely
available, and its abnormality significantly modifies the risk
of progression, regardless of amyloid positivity, is suggested
for detecting the presence of neuronal damage markers to
determine the glucose hypometabolic patterns corresponding
to the type of dementia. In some cases, additional imaging
techniques might be required. If AD is suspected but unclear
(e.g., in patients with atypical symptoms or age), amyloid
PET can be used to confirm the presence of amyloid plaques
in the brain. While tau PET imaging may help confirm
the presence and distribution of tau tangles in cases
where tau-related pathologies (e.g., AD, FTLD) are sus-
pected. More importantly, new diseases such as LATE
and overlapping neurodegenerative disorders and co-
pathologies can be evaluated effectively by FDG PET as
there is no currently established PET imaging method for
TDP-43, alpha-synuclein, and other emerging proteinopa-
thies.

The recent publication on imaging diagnostic pathway in
neurodegenerative diseases proposed 3 different sequences
of imaging pathway corresponding to the clinical case scenar-
i0s.”” In the Pathway 1, amyloid PET is recommended first
when AD is suspected clinically, but with some ambiguous
or atypical presentation, or with atypical or inconsistent with

CLINICALLY SUSPECTED DEMENTIA

Clinical assessment
Neurocognitive test

Structural MRI
(optional, CT)
[
: Yes
Identifiable Stop
cause
No
o Movement be Movement
disorder disorder first
No Yes
Typical AD Suspicious of Non-AD DaT scan
Amyloid PET FDG PET
Positive Conclusive Positive
Yes I No Yes } No Yes No
Stop FDG PET Stop Amyloid PET FDG PET Stop

Figure 8 The proposed diagnostic imaging pathways using imaging biomarkers in 3 different clinical scenarios.
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structural imaging, or information on the amyloid status is
needed. FDG PET is then proposed if amyloid PET scan is
negative or inconclusive, or likely amyloid co-pathology, or
persistent diagnostic uncertainty given to inconsistent
between clinical and neuroimaging information, or to evalu-
ate disease staging or short-term prognosis. The possible
exception for using FDG PET prior to amyloid PET in this
pathway are individuals with very old ages and APOE#4 car-
riers. In the Pathway 2, FDG PET is recommended first when
disease other than AD, such as FID, is suspected without
movement disorder symptoms. Amyloid PET may be then
required when FDG PET patterns is not typical, suspected
atypical AD, or information on the amyloid status is required.
Lastly, in the Pathway 3, when PD is suspected due to move-
ment disorder symptoms are present with cognitive decline,
dopamine transpoter (DaT) SPECT or PET) is recommended
first to assess the nigrostriatal dopaminergic integrity. FDG
PET is further suggested to differentiate the hypometabolic
patterns across Parkinson syndrome’s spectrum, which can
all present abnormal DaT scan.

FDG PET has advantages over other imaging bio-
markers mentioned above in terms of availability, cost,
and the capability in differentiating specific cause for
dementia according to the abnormality patterns and
severity, with high diagnostic performance as discussed
earlier. Here, we propose the diagnostic imaging path-
ways using integrated AD biomarkers and balance health-
care costs with diagnostic accuracy incorporating FDG
PET in all 3 clinical scenarios, as in Figure 6. In move-
ment disorder pathway, we agreed that DaT scan should
be considered first when movement disorder symptoms
proceeded cognitive decline, but FDG may be considered
first when cognitive decline is the initial presentation.

Although fully integrated PET/MR scanners have
become more available and gradually used in the past
decade, showing its advantages in early diagnosis,
improved diagnostic classification, disease staging, and
prognostic evaluation, and provide a better understanding
of disease pathomechanisms,S 798 the scanner’s relatively
high cost still limits its applications in many countries.
Therefore, it is yet included in discussion.

Conclusion

Brain FDG PET offers insights into the functional changes of
neurons associated with various neurodegenerative diseases
causing dementia and plays a pivotal role in understanding
the underlying mechanisms of dementia and accelerating
progress in both clinical practice and research, which is con-
tributing to more accurate clinical diagnosis, recognition of
co-pathologies, better detection and evaluation of new dis-
eases such as LATE, treatment planning, and monitoring
treatment response. With the advantages of widespread avail-
ability, affordable cost, diagnostic performance that is
improved by statistical mapping, the capability in differenti-
ating multiple dementing disorders, FDG PET is a critical

molecular imaging modality in the diagnostic pathway for
patients with dementia.
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