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ABSTRACT

Background Dementia is a chronic brain disorder
classified by four distinct diseases that impact cognition
and mental degeneration. Each subgroup exhibits similar
brain deficiencies and mutations. This review will focus on
four dementia subgroups: Alzheimer’s disease, vascular
dementia, frontotemporal dementia and dementia Lewy
body.

Aim The aim of this systematic review is to create a
concise overview of unique similarities within dementia
used to locate and identify new biomarker methods in
diagnosing dementia.

Methods 123300 articles published after 2010 were
identified from PubMed, JSTOR, WorldCat Online Computer
Library and PALNI (Private Academic Library Network

of Indiana) using the following search items (in title or
abstract): ‘Neurodegenerative Diseases’ OR ‘Biomarkers’
OR ‘Alzheimer’s Disease’ OR ‘Frontal Temporal Lobe
Dementia’ OR ‘Vascular Dementia’ OR ‘Dementia Lewy
Body’ OR ‘Cerebral Spinal Fluid’ OR ‘Mental Cognitive
Impairment’. 47 studies were included in the qualitative
synthesis.

Results Evidence suggested neuroimaging with amyloid
positron emission tomography (PET) scanning and newly
found PET tracers to be more effective in diagnosing
Alzheimer’s and amnesiac mental cognitive impairment
than carbon-11 Pittsburgh compound-B radioisotope
tracer. Newly created methods to make PET scans more
accurate and practical in clinical settings signify a major
shift in diagnosing dementia and neurodegenerative
diseases.

Conclusion Vast improvements in neuroimaging
techniques have led to newly discovered biomarkers and
diagnostics. Neuroimaging with amyloid PET scanning
surpasses what had been considered the dominant
method of neuroimaging and MRI. Newly created methods
to make PET scans more accurate and practical in clinical
settings signify a major shift in diagnosing dementia
pathology. Continued research and studies must be
conducted to improve current findings and streamline
methods to further subcategorise neurodegenerative
disorders and diagnosis.

INTRODUCTION

mental disorder affecting millions worldwide.
To accurately diagnose the disorder, much
neurophysiological and lab testing must be
conducted. However, difficulties arise when
similarities in characteristic readings are
inconclusively interpreted to distinguish
between the four types of dementia, thus the
need for continued identification, through
research, of new biomarker testing apart
from cerebrospinal fluid (CSF) biomarker
testing."™ CSF has accounted for the
discovery of most known biomarkers specific
to dementia. The vast majority of biomarkers
are only obtained through lumbar punctures.
The results that come from these methods
are heavily dependent on the age and phys-
ical state of the patient, which makes this
method ineffective despite it being the main
method for diagnosing dementia. There is
common aetiology and significant overlap-
ping of biomarkers between dementia types,
which make them harder to diagnose. For
instance, overlapping concentrations occur
in CSF total tau (T-tau) and tau phosphory-
lated at threonine 181 (P-taul81P) between
Alzheimer’s disease (AD), frontotemporal
dementia (FTD), dementia Lewy body (DLB)
and vascular dementia (VaD).! * Devel-
oping less invasive methods used to evaluate
dementia biomarkers, specific to a certain
type of dementia, is one of the main objec-
tives of recent neurodegenerative research.
Employing alternative methods to diagnose
different types of dementia will require
advancements in neuroimaging techniques
such as positron emission tomography (PET)
scans and MRIs.

There are two types of biomarkers, expo-
sure (risk prediction) and disease (screening
and diagnosis), which are generally defined
as cellular, biochemical or molecular alter-

Professor Tao Wang; The four types of dementia represent a  ations that are measured in human tissues or
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to dementia and can be used to diagnose and manage
cardiovascular disease, immunological and genetic disor-
ders.” ® The wide uses for biomarkers and the advance-
ments of such will provide much-needed clarity and
understanding of the wide range of neurological diseases.

ADis characterised by the gradual loss of memory, cogni-
tion and activities of daily life (ADL). AD is the most well-
known and prevalent type of dementia in the world, with
a 69% occurrence rate in patients older than 75 years of
age.” AD is also responsible for plaque deposit build-up of
amyloid beta (Abl-42), T-tau and P-taul81P. These four
biomarkers represent the most clinically tested measure-
ments for diagnosing dementia disorder. Despite heavy
utilisation of CSF biomarkers in clinical trials throughout
the diagnostic process, biomarkers often lose diagnostic
performance attributes due to patient ageing that are
needed to accurately differentiate between AD and DLB,
or any other comparative form of dementia.*®’

DLB and AD share similar aetiologies, making conclu-
sive diagnosis harder to ascertain, therefore increasing
the likelihood for misdiagnosis. Neuropsychosocial
profiles observed exhibiting cross-sectional comparisons
in mild or early stages of AD requires biomarker measure-
ments specific to each disorder to render more conclu-
sive results.

Degradation of the temporal and frontal lobes is the
root cause of behavioural and physical maladies specific
to FTD, a heterogeneous disease diagnosed by evaluating
a patient’s family history. Given that FID is the second
most common type of dementia for those under the age
of 65, it is the easiest subtype to conclusively diagnose.'*"
The chronic degradation of the frontal and temporal
lobes eventually distorts one’s behavioural personality by
diminishing the ability to perform social and executive
functions needed for coherent communication.”” '* The
myriad of maladies results in two subtypes: the behavioural
subtype, which accounts for half of patients with FTD,
and the language subtype, which has three other vari-
ants.'” "' * Language variants are referred to as variants
of primary progressive aphasia (PPA), semantic variants
of primary progressive aphasia (svPPA) and non-fluent
variant of primary progressive aphasia (nfvPPA)."" !

VaD is a heterogeneous disease genetically related to
cerebrovascular disease. The likelihood of someone
developing VaD increases when a person has cerebrovas-
cular disease.® Prior to diagnosing VaD, patients must be
diagnosed with mental cognitive impairment (MCI) due
to an inability to perform ADL." If higher levels of cere-
brovascular lesions are identified during initial testing,
vascular ischaemia becomes the main determining factor
for diagnosing a patient with vascular mild cognitive
impairment (vMCI). If symptoms worsen, steps are taken
to diagnose the patient with VaD.'> '®

METHODS
Data were sourced from review journals and clinical
studies via PubMed. The following are the supplemental

databases sourced on 28 June 2018: PALNI (Private
Academic Library Network of Indiana), JSTOR (jour-
nals, primary sources and books) and WorldCat Online
Computer Library. PubMed and PALNI were sourced
on 2 July 2018. The review protocol may be accessed at
https://gpsych.bmj.com/pages/authors/. All articles
referenced in this systematic review are categorised by
publication date, article content and evidence-based
research. There were 123 300 articles published after 2010
identified from the databases using the following search
items (in title or abstract): ‘Neurodegenerative Diseases’
OR ‘Biomarkers’ OR ‘Alzheimer’s Disease’ OR ‘Frontal
Temporal Lobe Dementia’ OR ‘Vascular Dementia’ OR
‘Dementia Lewy Body’” OR ‘Cerebral Spinal Fluid’ OR
‘Mental Cognitive Impairment’. In total, 57 studies were
researched for this review. Forty-seven studies were used
in the analysis. Articles displaying publication bias were
eliminated from the review. Articles chosen referenced
advancements in genetics, neuroimaging and the local-
isation of new biomarkers that indicate specific types of
dementia. There were other articles dating back to 1992
that were used for background purposes (figure 1).

RESULTS

Current biomarkers and the implementation of blood plasma
and serum biomarkers

Obtaining and testing CSF through lumbar punctures
result in intense pain for patients and provide little clarity
in differentiating types of dementia.' *° Lumbar punc-
tures may cause severe backaches, nausea and fatigue in
subjects most afflicted. This painful and invasive method
used to analyse CSF often renders inconclusive results
and is not considered a major biomarker for diagnosing
dementia. It fails to identify a specific type of dementia
with precision." * ° 17 Indepth research into serum,
plasma and microRNA (miRNA) dysregulation has laid
groundwork for more effective testing in the diagnostic
process.17 " The use of miRNA dysregulation appears to
be the most effective new method developed for use in
diagnosing the four different types of dementia. Further
evaluation of the dysregulation of miRNA expression in
peripheral blood may serve as a potent source for diag-
nosing AD and other neurodegenerative diseases.'” '
Most importantly, this process delivers a less painful expe-
rience for the patient, which prompts frequent testing
and better follow-up evaluations. In relation to AD, a study
was conducted showing the effectiveness of this method
by identifying a plethora of downregulated miRNAs using
microarray chips that compared 16 patients with AD with
16 control patients."” The downregulated miRNAs (miR-
34a, miR-81b and let-7f) were a part of p53, Notch and
Bcl-2 pathways found in AD pathogenesis.'”

There are a multitude of factors involved in AD degen-
eration and neurodegeneration. The primary factors
resulting from mitochondrial ultrastructural failure
include a large formation of hypoxic mitochondria, over-
production of mitochondrial DNA deletions, and/or the
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123,300 articles published after 2010 were identified from PubMed, JSTOR,
WorldCat Online Computer Library, and PALNI using the following search
items (in title or abstract): ‘Neurodegenerative Diseases” OR ‘Biomarkers’
OR ‘Alzheimer’s Disease’ OR ‘Frontal Temporal Lobe Dementia” OR
‘Vascular Dementia’ OR ‘Dementia Lewy Body’ OR ‘Cercbral Spinal Fluid®

OR ‘Mcntal Cognitive Impairment’.

A 4

112,243 duplicate reports excluded

A 4

The dtles of 11,057 articles were screened

—| 11,000 reports were cxcluded

Y

the text.

The full text of 57 articles were examined to determine whether or not
they had prevalent bias or failed to present their aptitude effectively in

—| 10 reports were excluded

A4

47 articles included in qualitative synthesis

Figure 1 Flowchart of collecting and evaluating research used in this review. PALNI, Private Academic Library Network of

Indiana.

build-up of neurofibrillary tangles plaque and amyloid
beta plaque.'”" Mitochondrial failure is the primary
factor for hypoperfusion caused by chronic injury from
decreased blood flow to the brain. This may lead to
other degenerative symptoms such as oxidative stress
and neuronal damage.”” ** This mitochondrial failure is
induced by the vascular endothelial cells, neurons and the
glia cells’ inability to synthesise, store and release active
oxygen (ROS) and vasoactive substances in response to
stimuli, especially when formed by chronic hypoperfu-
sion.'? # ** Apart from the various possible side effects of
mitochondrial failure, diagnosing AD is a combination
of neurological examination, brain imaging and mental
status tests in conjunction with the use of biomarkers
currently used to diagnose patients with AD.*'

DLB is arguably one of the hardest types of dementia
to identify having an unclear pathology due to lack of
known biomarkers for DLB and its similar aetiology with
AD. Additional investigation is needed to distinguish
DLB from AD by using blood-based biomarkers in clin-
ical settings. However, if blood-based testing became a
method of biomarker collection, inaccurate reflections of
disease progression could result, as blood is not in direct
contact with the central nervous system.*?* In an effort
to differentiate AD from DLB, a study was conducted with
patients diagnosed with AD, FTD, DLB and Parkinson’s
disease (PD). The researchers assumed the addition of
CSF 3-methoxy-4-hydrox-yphenylglycol (MHPG), a main

metabolite of monoamines epinephrine and norepineph-
rine that aids in identifying central noradrenergic activity,
would add discriminative value that would increase both
sensitivity and specificity for differentiating between AD
and DLB.* These diseases were compared using ELISA
to measure amyloid beta, T-tau and tau (phosphorylated
at threonine 181) levels.* Moreover, the study resulted in
MHPG levels being much higher in the baseline levels,
while serum MHPG levels were lower in patients with DLB
compared with all of the other groups.* Solely focusing
on MHPG levels in CSF and serum monoamines, investi-
gators found that CSF and serum MHPG were the most
valuable markers to differentiate AD from both DLB and
PD.*

Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are plasma fatty acids that are part of the
omega-3 polyunsaturated fatty acids class (-3 PUFAs).”
EPA, DHA and omega-3 have been shown to help negate
the inflammatory tendencies in neurodegenerative disor-
ders.” ®* % Chronic inflammation is one of the leading
causes for cerebrovascular disease. More specifically,
these biomarkers were shown to improve cognitive ability
for episodic memory, learning functions in healthy adults
and cellular function changes in gene expression, and
indicate whether fatty acid balance is optimal.” ** The
function of w-3 PUFAs in regard to EPA and DHA was
shown to inhibit triglyceride synthesis, cause vascular
relaxation, reduce platelet aggregation and reduce
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inflammation.” ?* When ®-3 PUFAs were in decline, the
more at risk a person became for developing AD.
Biomarkers specific to inflammation are important for
the initial diagnosis of dementia.”” Lipid biomarkers are
randomly used in similar diagnostics, but primarily used
to assess one’s risk for cerebrovascular disease, potentially
leading to VaD or metabolic syndrome (MetS). MetS was
labelled as a global epidemic by the WHO due to its find-
ings of brain abnormalities and severe declines in cognitive
function of those affected.?' ?’ High-density lipoprotein
(HDL), low-density lipoprotein (LDL), higher sensitivity
C reactive protein (hsCRP) and serum amyloid A (serum
AA) are plasma fatty acids used to prevent neurodegen-
erative developments from progressing.” After further
review of plasma fatty acid biomarkers, HDL performed a
wide range of functions including antioxidation, anti-in-
flammation, proendothelial function and modulation of
immune function. Higher levels of LDL appeared to lead
to atherosclerosis, a chronic disease characterised by the
deposition of excessive cholesterol in the arterial intima,
resulting in increased risks of heart attacks and ischaemic
stroke (IS).”” * The hsCRP testing measurement quan-
tifies the worsening of cognitive decline after a stroke
occurrence.” Serum AA occurs in the acute phase protein
and is present in atherosclerosis, AD, inflammatory,
tumour tissue and histologically normal adults.” Reptin
and adiponectin, although not a lipid specific biomarker,
are extremely beneficial for physicians to measure during
the initial diagnostic process. Systemic viability, antago-
nistic roles in tissue growth, gene transcription, remod-
elling of chromatin, DNA damage sensing and repair,
regulation of the tumour metastasis oppressor gene,
and involvement in tumour biology are all orchestrated
by reptin protein.” Likewise, adiponectin, a hormone
used to detect one’s risk for coronary artery disease, is
only secreted through adipocytes and causes gradual
digression of atherogenesis endothelial function and
vascular remodelling through the modulation of signal-
ling cascades.” In relation to plasma fatty acids and other
biomarkers mentioned in the preceding paragraph, a
study was conducted to measure the varying expressions
of HDL, LDL, hsCRP, serum AA, reptin and adiponectin,
as well as EPA and DHA, within patients with AD, VaD,
MCI and IS. Due to a sizeable population of 776 partici-
pants (AD, n=295; MCI, n=47; VaD, n=34; IS, n=200; and
control sector [102 males and 98 females]), conclusive
results were obtained.” Serological data for EPA, DHA,
adiponectin, reptin, hsCRP, serum AA, HDL and LDL
were obtained from 696 participants (normal controls,
n=130; AD, n=266; MCI, n=44; VaD, n=33; IS, n=200) using
blood samples to analyse for routine biochemical param-
eters.” Regarding the Bradford protein assays collected
from serological testing, EPA and DHA were assayed
using gas chromatography and mass spectrometry, while
adiponectin, reptin and serum AA were assayed using
solid-phase sandwich ELISA through commercial Kits.”
The results of the serological tests revealed EPA levels

were significantly lower in patients with AD and IS than
in the control group.” The results also showed DHA was
present at noticeably lower levels than in other dementia
types analysed. Patients with VaD and IS exhibited signifi-
cantly higher hsCRP levels when compared with patients
with VaD, who exhibited considerably higher levels than
the control group. Serum AA levels tested higher in each
control group than the control group with VaD and
MCI, which revealed markedly higher serum AA levels
than in all other groups tested. Lastly, despite exhibiting
higher reptin levels, IS presented with significantly lower
adiponectin levels when compared with AD, MCI and the
other measured diseases.’

Testing for HDL and LDL revealed the most consistent
results in control and experimental groups tested. In
the experimental groups, patients with AD and IS tested
exhibited slightly lower levels of HDL when compared
with the levels measured in patients with MCI. AD and
IS in contrast exhibited significantly higher LDL when
compared with other control groups with IS. From the
results gathered from this study, it suggests that lower
EPA and DHA levels and higher reptin and LDL levels
are linked to AD and IS. The serum AA levels were found
to be strongly associated with all of the tested cognitive
diseases, whereas the reptin:adiponectin ratio was found
to be strongly associated with IS and hsCRP levels heavily
associated with VaD and IS.” Amyloid beta, a proteolytic
product of amyloid precursor protein, was shown to be
extremely important in diagnosing AD due to continued
production and accumulation over time in the brain of
those affected with AD.*

Amyloid beta is thought to impair Ca2+ pumps, which
leads to an influx in Ca2+ through voltage-dependent
channels and glutamate receptors.”” Annexin A5 was the
Ca2+ protein that was most responsible for this process
and was analysed in a study of AD mice model that found
that the levels of annexin A5 were augmented in both
the blood and brain plasma."””** It should be stated that
50 lines of transgenic mice express the same human
amyloid beta precursor protein, but are considered
incomplete disease models,” although the mice results
may be used for studying the mechanisms for amyloid
beta generation, aggregation, clearance and toxicity.”
As for the annexin A5 levels that were evaluated between
the test subjects and the control, the plasma levels were
much higher in AD-affected mice than in the control
suggesting annexin A5 may be an effective
biomarker for AD and possibly other types of dementia.
DLB specifically was proven responsive to annexin Ab as
an effective biomarker.”** Due to amyloid beta-impaired
Ca2+ pumps, the increased levels of annexin Ab levels
were thought to be a way for the body to compensate for
the Ca2+induced damaged as annexin A5 binds both
Ca2+ and lipids."”” Annexin A5 was shown to play a role
in reducing the toxicity of amyloidogenic proteins, islet
amyloid proteins and o-synuclein, which impairs complex
I-dependent respiration.” ** These benefits defend
against apoptosis, a term used to categorise an organised
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collapse of a cell by membrane blebbing (a part of a
cell that bulges out below the plasma membrane), cell
shrinkage, condensation of chromatin and the rapid
engulfment of DNA.” Mentioned previously, a-synuclein
is one of the proteins that impair complex I-dependent
respiration, but it is also an integral protein in the devel-
opment of both AD and PD.®** a-Synuclein goes through
protein aggregation, causing it to switch from its physi-
ological role of improving ATP synthase to a patholog-
ical toxic gain of function.” That pathological function
through monomer aggregation generates beta sheet-
rich oligomers that localise to the mitochondria in close
proximity to several mitochondrial proteins such as ATP
synthase.® ** ** Apolipoprotein E (APOE) &4 allele is the
most common genetic variant of late-onset AD and is also
associated with AD biomarkers, greater amyloid depo-
sition and a faster neurodegeneration rate.” ¥’ A study
was conducted to evaluate the effectiveness of APOE &4
status on amyloid deposition, neurodegeneration and
cognition in patients with early metal cognitive impair-
ment, the earliest stage of prodromal AD.” Participants
were divided into two different groups based on APOE €4
status determined by the presence or absence of APOE €4
on image and non-imaging phenotypes.”” An additional
group was also included determined by the presence of
g4 alleles.”” There was significant correlation in clinical
diagnosis and cognitive status. Specifically, APOE €4 was
associated with cognitive performance, temporal lobe
atrophy, CSF tau and phosphorylated tau.””

Similarities found within neuroimaging

MRI and PET scans are integral measurements in the
diagnostic process for dementia. In particular, MRI is the
primary method used to diagnose neurodegenerative
diseases. However, PET scans may provide more conclu-
sive results when differentiating and evaluating amyloid
beta with comparable biomarkers in recent studies. MRI
neuroimaging emerged as the measurement of choice
due to the impractical clinical use of carbon-11 Pittsburgh
compound-B (C-PIB) radioisotope tracer identified by
PET scans.”™ The onsite cyclotron and specialised radio-
chemistry infrastructure are required to work in conjunc-
tion with G-PIB isotope,” whereas newly developed PET
tracers, 18Fflorbetapir (2,3), 18F-florbetaben (4,5) and
18F-flutemetamol, are radiolabelled with longer lived
fluorine-18 isotopes, making PET scans more practical
for clinical use.”

With the development of these three PET tracers and
continued advancements in biomarker research, the
diagnostic process is becoming more accurate and easier
to conduct. These tracers, despite their vast potential
and usability, do have flaws, although small. A study was
conducted to find new methods for PET scanning that
would compensate for the systematic bias caused by
PET scanning’s high capacity to take in white and grey
matter.”” The rising levels of both white and grey matter
are proportionate to the fibrillar amyloid beta levels.
However, non-specific white matter remains present

despite fibrillar amyloid beta loads.™ This results in the
noticeable development of white matter with differing
pattern formations within amyloid beta-positive and
amyloid beta-negative images when evaluating scans on
standard single-template PET-driven registrations.” A
fully automated PET-only registration method was devel-
oped where a linear combination of the first and second
components from a decomposition analysis of 18F-flute-
metamol was used to model a synthetic template span-
ning the entire range of both amyloid beta-positive and
amyloid beta-negative.” The new method was proven to
be highly successful and allowed for a robust and accurate
registration of 18F-flutemetamol without the need for an
MRIL.*

In this study, 117 participants were analysed. Some were
cross-examined in multiple groups when presenting symp-
toms overlapped. Seventy subjects consisted of 25 cogni-
tively healthy participants; 19 participants with amnesiac
mental cognitive impairment (aMCI); 26 participants
presented with AD in the template creation cohort group;
47 patients presented with 14 MCI, 27 AD; and 5 patients
exhibited non-AD, with one unspecified case of dementia
identified in the registration validation chart group.”
The classification was needed to validate method effec-
tuality. The study further negates MRI as the dominant
method for scanning initial diagnosis across the broad
spectrums of dementia. Although the study is specific to
AD, there is potential for future analysis of dementia types
and possibly other neurodegenerative diseases in general.

The similarities in dementia type using neuroimaging
biomarkers make it incredibly difficult to differentiate
between FTD, svPPA, nfvPPA and AD since the subcallosal
media prefrontal cortex atrophied into the four types.*’
Due to the inability of the medial temporal lobe atrophy
(MTA) to be evaluated in clinical settings, it is most often
neglected as the primary method for diagnosis.*’ Volu-
metric analysis, a method heavily used with MTA, provides
an ‘accurate and detailed measure of a predetermined
circumscribed area or region of interest’.*' In relation to
AD, the hippocampus is the most active part of the brain
in this disease and is also the prime location to perform
volumetric analysis.*’ In conjunction with this method’s
impractical use in clinical applications, it also has a few
more drawbacks that stem from manual volumetric anal-
ysis. The tracer used to delineate the hippocampus’s
boundaries, anterior and posterior limits must be trained
to do so.* Segmentation of the hippocampus afterwards
would take anywhere from 20 to 30 min depending on the
user, which signifies this method’s widely disadvantageous
clinical use despite great results.”' Visual assessment tests
are adversely viewed due to inaccuracy and lack of preci-
sion, but are highly practical for clinical use due to their
ability to be performed on several scans simultaneously.
More specifically, other studies have shown that the visual
assessment of the medial temporal lobes (MTL) rendered
similar prediction accuracy in multivariate classification
and manual hippocampal volumes.*' Other studies have
shown that this method failed to detect any patients
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carrying mutations of familial AD to be at high risk, or
detect progression over time, which hinders this discov-
ery’s applicability in clinical applications.

To combat the shortcomings found within MTA’s
usability, a proposed method of diagnosis was introduced
to highlight the potential for a new two-dimensional
method for measuring MTA through current neuroim-
aging technology. It should be stated that this method
has yet to be tested by clinical researchers, but the vast
potential and possible success of this method could push
the evaluation of MTA to the forefront of diagnostic
methods for dementia. The proposed method focused
on the detection of atrophy before symptoms arose and
consisted of the measurement of three brain regions on
a single MRI slide, where researchers initially took the
data from those slides to calculate a simple ratio.*' From
this initial step, researchers began to manually trace the
regions found on the coronal slide at the level of the inter-
peduncular fossa on the thermal infrared radiation (TIR)
sequence through use of the pointer-rule tool found on
any visual software used for DITCOM images.*' To further
expound on the three brain regions evaluated after the
initial step, the MTL was defined as the foursided space
boarded in its inferior side by the tentorium cerebelli.*!
The cerebral peduncles are located on the medial side
of the brain—the upper side by the roof of the temporal
horn of the lateral ventricle, its lateral side by the collat-
eral sulcus, and a straight line linking the collateral sulcus
with the lateral edge of the temporal horn of the lateral
ventricle.* The second region evaluated was the paren-
chyma, which houses the hippocampus and the parahip-
pocampal gyrus, with the exclusion of the fimbria taenia
and plexus choroideus in this specific study.*’ The last
region evaluated was the body of the ipsilateral lateral
ventricle."!

Tau and phosphorylated tau P-taul81P are known for
delivering positive outcomes when diagnosing different
types of dementia, most notably AD. Applying neuro-
imaging techniques such as PET scans to these specific
biomarkers is crucial in diagnosing neurodegenera-
tive diseases in general and assessing the burden of tau
in clinical trials for antidementia drugs.*” Tau PET was
considered potentially useful for antemortem assessment
of non-AD tauopathies, such as progressive supranuclear
palsy (PSP), corticobasal degeneration (CBD) and some
variants of FTD.* %3 [18F]THKb5351 was a part of the first
generation of tau PET tracers purposed to detect tau
aggregates in the form of paired helical filaments tau
(PHF-tau) in AD.* Studies surrounding this PET tracer
found there was prominent retention in patients with PSP
and CBD within the midbrain and the basal ganglia. The
pathology is indicative of disease progression due to the
positive correlation with the clinical severity of PSP caused
by the amount of tracer retention.** With regard to [18F]
THKbH351 binding mechanics, it was found to correlate
significantly with monoamine oxidase-B (MAO-B) density
and tau levels, indicating that [18F]THK5351 reflects tau
pathology and reactive astrocytes in AD brains.*

The latest advancements and studies of tau PET phar-
maceuticals, specifically [18F]AV1451, pinpointed a
significant difference between control subjects and those
with AD.*® For studies involving [18F]JAV1451, results
delineated elevated tracer retention where tau pathology
was heavily observed in PSP and CBD.* Discrepancies
were mentioned in several studies that categorised differ-
ences between antemortem PET and postmortem in vitro
binding research of non-AD tauopathies.* ** Moreover,
[18F]AV1451 failed to bind to fourrepeat tau lesions
in PSP and CBD in in vitro autoradiography validation
studies.*’

Through recent cross-sectional PET studies, APOE
€4 was found to have abnormally low measurements of
the cerebral metabolic rate for glucose (CMRgl) located
in the same regions found in patients with AD.***’ In a
study aimed to characterise longitudinal CMRgl declines
in normal €4 heterozygotes, the potential to check the
efficacy of current treatment methods and potential
candidate therapies for AD prevention were estimated.
Researchers considered how this paradigm could effi-
ciently be used to test the potential of AD preventative
therapies.”® Researchers identified several limitations in
using PET measurements and other biological markers in
normal APOE €4 carriers to test the potential of preven-
tive candidate treatments for cognitive AD-related impair-
ment. Moreover, preventative studies in €4 carriers may
not be generalised to €4 non-carriers between positive
and negative findings.”® There is also the issue of PET
CMRgl attenuation in CMRgl decline. This attenuation
occurs before clinical symptoms appear and is associated
with a decreased risk of AD symptoms.”® However, APOE
genotypes and PET measurements have not proven
through clinical analysis a patient’s probability of devel-
oping AD symptoms.”® Due to limited research, preventa-
tive therapies do not accurately predict or outweigh the
psychological or social risk that would come from possibly
misdiagnosing a patient.”® Despite these hindrances, the
study produced a paradigm for characterising the poten-
tial of preventative AD treatments without evaluating
countless studies and clinical trials.

The APOE ¢4 heterozygotes measured had significant
CMRgl declines in the vicinity of temporal, posterior
cingulate, prefrontal cortex, basal forebrain, para-
hippocampal gyrus and thalamus which proved to be
greater in the €4 non-carriers.”® The two main groups
of participants consisted of 10 €4 heterozygotes which
included 7 women and 3 men. All presenting with the
€3/¢e4 genotype were 55.9+3.4 years of age (mean+SD)
and had 15.4+2.9 years of education.”® The £4 non-car-
riers included 10 women and 5 men. Ten with the €3/
€3 genotype and five with the £2/£3 genotype were
57.1+4.4 years of age and had 16.1+1.9 years of educa-
tion.”® In an attempt to test a candidate’s preventa-
tive treatment potential for developing AD symptoms,
researchers estimated the results of 50-115 cognitively
healthy €4 heterozygotes between 50 and 63 years of age
per active group. The placebo treatment group needed
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to detect a 25% attenuation in CMRgl decline in the
temporal cortex, posterior cingulate cortex, basal fore-
brain, parahippocampal/lingual gyri and thalamus at
80% power over 2 years.” If there was a linear digres-
sion of CMRgl, then the same number of cognitively
normal €4 heterozygotes per active and placebo treat-
ment group would be necessary to detect a 50% atten-
uation in CMRgl declines with 80% power.*® It was also
estimated that 207-289 cognitively healthy €4 non-car-
riers from ages 50 to 63 per active and placebo treat-
ment group were needed to detect a 25% attenuation
in age-related CMRgl declines in the anterior cingu-
late cortex, parietal cortex, posterior cingulate cortex
and the caudate nucleus at 80% power.”® From these
estimations, as well as in previous findings from other
studies, regional CMRg1 in €4 heterozygotes continued
to decline in the temporal lobes, posterior cingulate,
prefrontal, basal forebrain, parahippocampal/lingual
gyri and thalamus during the 2-year interval between
baseline and follow-up scans.

DISCUSSION

Main findings

Evidence suggests neuroimaging with amyloid PET
scanning and newly found pet tracers (18Fflorbetapir
[2,3], 18F-florbetaben [4,5] and 18F-flutemetamol) is
more effective in diagnosing Alzheimer’s and aMCI, and
has vast potential to detect other neurodegenerative
diseases. A fully automated, newly developed PET-only
registration method using 18F-flutemetamol was used to
model a synthetic template spanning the entire range of
both amyloid beta-positive and amyloid beta-negative.™
The new method was proven to be highly successful
and allowed for a robust and accurate registration of
18F-flutemetamol without the need for an MRL.* The
use of miRNA dysregulation appears to be an effec-
tive new method developed for use when diagnosing
the four different types of dementia. Further evalua-
tion of the dysregulation of miRNA expression in the
peripheral blood may serve as a potent source for diag-
nosing AD and other neurodegenerative diseases.'” '
Some researchers investigating solely on MHPG levels
in CSF and serum monoamines found CSF and serum
MHPG to be the most valuable markers to differentiate
AD from DLB and PD." As for annexin A5 levels eval-
uated between test subjects and control, the plasma
levels were much higher in AD-affected mice than in
the control group,"” * suggesting annexin A5 may be an
effective biomarker for AD and has been proven to be
an effective biomarker in DLB.* **

A new method introduced to combat the shortcom-
ings found within MTA’s usability focused on the detec-
tion of atrophy before symptoms arose and consisted
of the measurement of three brain regions on a single
MRI slide.*" This method has not been clinically tested
to date, but has vast potential. Researchers identified
several limitations using PET measurements and other

biological markers in normal APOE €4 carriers to test
the potential of preventive candidate treatments for
cognitive AD-related impairment. Furthermore, preven-
tative studies in €4 carriers may not be generalised to €4
non-carriers between positive and negative findings.*

Limitations

Limitations were discovered before and during the
course of this research. Available articles and methods
accessed from research databases were limited to the
availability of studies on the topic meeting inclusion
criteria. However, there was one factor of influence
that could not be controlled by man, but can place
restrictions on methodology. Lastly, the aptitude of the
researchers writing these varying articles was not cited
effectively in their written works, which raised concern
regarding authenticity and credibility.

Understanding the limitations and negatives in testing
CSF is extremely important in order for innovation and
creativity to develop a future reliance on other methods
for diagnosing different types of dementia. From the
studies highlighted, there were several new methods
that stood out more than others, more specifically
changing the initial belief that conducting MRIs is the
best neuroimaging method for diagnosing dementia
and indicating PET scans are considerably more accu-
rate in discerning dementia types than originally
believed. Other studies were hindered by the shortcom-
ings of PET scans, but by using newly developed isotopes
and PET tracers (18Fflorbetapir [2,3], 18F-florbetaben
[4,5], 18F-flutemetamol and [18F]AFV1451) that were
shown to be more reliable and clinically friendly for
avid use.?**? Overall, some studies were either shedding
light on PET scans’ shortcomings within studies, or high-
lighting the potential of PET scans to be used in more
clinical settings by using 18F-flutemetamol to model a
synthetic template. The results from one specific study
were able to show that an MRI was not required for an
accurate registration of 18F-flutemetamol.** Another
PET scanning study had highlighted a few key issues
with PET scans and still managed to find that regional
CMRgl in €4 heterozygotes continued to decline in the
temporal lobes, posterior cingulate, prefrontal, basal
forebrain, parahippocampal/lingual gyri and the thal-
amus during the 2-year interval between their baseline
and follow-up scans.”® Regarding the PET tracer [18F]
THK5351 binding mechanics, it was found to correlate
significantly with MAO-B density and tau levels, indi-
cating [18F]THKb5351 reflects tau pathology and reac-
tive astrocytes in AD brains, which again shows the
importance of PET neuroimaging.45

Implications

The initial study evaluated the effectiveness of 18Fflor-
betapir (2,3), 18F-florbetaben (4,5), 18F-flutemetamol
and [18F]AFV145. It indicated great potential for
what could be accomplished when compared with its
predecessor. In the future, I would like to use these
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newly found PET tracers to retest and re-evaluate the
studies conducted that used amyloid PET scanning and
documented issues discerning dementia types, thus
making the claims and results of those other studies
more credible. Regarding limitations for creating this
systematic review, there were no particular limitations
apart from obtaining access to key articles from selec-
tive databases. All of the studies referenced provided
significant evidence for new methods and biomarkers.
By solely focusing on MHPG levels in CSF and serum
monoamines, researchers discovered that CSF and
serum MHPG were the most valuable markers to differ-
entiate AD from DLB and PD.* In relation to discov-
ering the importance of serum MHPG, another study
discovered significant associations between APOE ¢4
and cognitive performance, temporal lobe atrophy,
CSF tau, and phosphorylated tau.”” There were other
studies that found different results after conducting
research. More specifically, there have been studies that
found the visual assessment of the MTL having similar
predictive accuracy when compared with multivariate
classification and manual hippocampal volumes.*'
Other studies, however, have shown this method failed
to detect patients carrying mutations of familial AD
to be at high risk or detect progression of the disease,
which may hinder this discovery’s applicability in clin-
ical applications.
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