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Background/Objective: Alzheimer’s disease is a rapidly growing degenerative neurological condition that is a major cause of
dementia. Genetics as well as lifestyle factors play a role in its development. Histopathologically, the formation of amyloid
beta plaques and tau neurofibrillary tangles leads to degeneration of neurons and loss of neurotransmitters. Recent advances
in imaging techniques and molecular biomarkers have enabled early detection of this condition. Despite this, treatment of this
condition remains challenging. This review presents a general overview of the causes, clinical presentation and traditional
treatment options, followed by a focus on recent advances in diagnostic and treatment modalities.

Methods: A literature search of evidence-based medical databases and peer reviewed research articles is used to describe
established causes, traditional diagnosis and medical therapy, recent laboratory and radiological diagnostic tools, newer disease
modifying agents available and future research.

Results: Compared to older clinical tools that diagnosed Alzheimer’s disease later in symptomatic individuals, newer diagnostic
modalities attempt to identify the disease in earlier stages. For treatment of Alzheimer’s disease, traditional treatment options
have limited efficacy. In recent years, immunotherapy has emerged as a new treatment option. Monoclonal antibodies that target
amyloid are being considered as disease modifying agents due to radiological reduction in plaque burden on PET scan, when
used in early stages of the disease. However, their use is still limited due to availability and adverse effects. Several attempts
have been made to develop a vaccine that would prevent or delay the onset of neuronal degeneration in high-risk individuals,
with poor or limited results. Further research is needed into targeting the additional pathologies of Alzheimer’s, including the
neurofibrillary tangles, and the development of an effective vaccine.

Keywords: Alzheimer’s disease, amyloid plaque, tau protein, Alzheimer’s biomarkers, amyloid targeted therapy, Alzheimer’s
vaccine

Introduction

Dementia, a medical condition that impairs a person’s abil-
ity to think, reason, and remember to an extent that inter-
feres with daily life, is a rapidly growing problem. It is es-
timated that the number of people with dementia would in-
crease from 57 million globally in 2019 to 152 million in
2050, Alzheimer’s Disease (AD), named after German psy-
chiatrist Alois Alzheimer, is the most common cause of de-
mentia, affecting an estimated 7.2 million Americans above
the age of 652. Other less common etiologies of dementia
include cerebrovascular disease (strokes), frontotemporal de-
generation, and Lewy body dementia, but AD is the most com-
mon and most rapidly growing category, as well as the seventh
leading cause of death in the United States, as of 2022

As opposed to other forms of dementia, individuals with
AD demonstrate very characteristic changes in their brains,
namely deposits of amyloid beta in extracellular tissue and
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accumulation of tau protein intracellularly®*. These changes
are the foundation of recent advances that have been made in
the diagnosis and treatment of this disease.

This report highlights the following aspects of AD: 1) Ge-
netics and Pathophysiology, 2) Traditional diagnostic tools
and treatments, 3) Recent diagnostic techniques that enable
early detection, 4) Novel immunotherapeutic treatment op-
tions, and 5) Areas of current and future research.

Methods

A literature search was done using the following keywords:
Alzheimer’s disease, amyloid plaque, tau protein, Alzheimer’s
biomarkers, amyloid targeted therapy, Alzheimer’s vac-
cine. Databases searched were Pubmed, UpToDate, Google
Scholar, ClinicalTrials.gov, and FDA.gov.

The date range for the search was 1990 to current. A total
of 74 articles were reviewed. Exclusion criteria were articles
related to non-Alzheimer’s dementia, animal-only studies, and
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abstract-only publications.

For established pathophysiology, clinical features and tra-
ditional management of AD, information from articles pre-
senting a comprehensive review of AD, primary research ar-
ticles, and peer reviewed articles pertaining to the diagnosis
and treatment of AD, were selected. For recent advances re-
view, articles published after 2000 describing Alzheimer’s lab-
oratory assays, imaging techniques, amyloid-targeted therapy,
immunotherapy, treatment trials and vaccine trials were in-
cluded. 41 articles were listed as references.

Initial Search Pubmed | ‘ UpToDate

‘ ‘ Google Scholar

n =86 n=59 n=15 n=12

Duplicates excluded <
Articles Screened

n=74

Exclusion Criteria
Non-Aizheimer's dementia
Animal studies
No full text access

‘ Eligible Full Text Articles

o

‘ Selected for reference

Excluded pre-2000 articles

n=41

PRISMA flow diagram for Methods

Discussion

Genetics of Alzheimer’s Disease

AD affects women more commonly than men, with a life-
time risk of nearly 1 in 5 for women and 1 in 10 for men?.
Alzheimer’s can be either Early-Onset or Late-Onset.
Early-Onset AD is autosomal dominant and shows the
strongest genetic link. The 3 genes with the strongest as-
sociation to Early-Onset AD are amyloid precursor protein
(APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2). APP
is located on chromosome 21q, PSEN1 on chromosome 14q,
and PSEN2 on chromosome 1q. Families with these genetic
variants have individuals who develop symptoms between the
ages of 30 and 60 years. The criteria for autosomal domi-
nant AD are at least 3 affected individuals in 2 or more gen-
erations, with 2 of the individuals being first-degree relatives
of the third. Individuals with Down syndrome (Trisomy 21)
commonly develop AD by their fifth decade of life due to the

presence of an extra copy of the APP gene on the additional
chromosome 21 that they carry?.

Late-Onset AD has a more complex interplay of genetic and
environmental factors, but the gene that has the most estab-
lished connection is apolipoprotein E (APOE). APOE is lo-
cated on chromosome 19 and has 3 alleles: epsilon 2, 3, and
4. The APOE epsilon 4 (APOE €4) has the highest correla-
tion with Late-Onset AD. However, unlike the genes in Early-
Onset AD, the presence of APOE €4 does not directly lead to
the development of AD. Rather, APOE €4 increases the sus-
ceptibility of the individual to AD depending on various fac-
tors like sex (women with APOE €4 are more susceptible than
men), smoking, diabetes, hypertension, hyperlipidemia, etc.

The proposed mechanism by which APOE &4 leads to the
development of AD is its effect on amyloid. Apolipoprotein is
a prevalent lipoprotein in the brain, playing a role in neuronal
protection and repair by facilitating the removal of amyloid-
beta from the brain into the bloodstream. As opposed to the
other alleles APOE €2 (cysteine/cysteine) and APOE €3 (cys-
teine/arginine), APOE €4 (arginine/arginine) is not as efficient
at transferring amyloid beta to the bloodstream, resulting in
amyloid plaque buildup in the brain'Z.

AD is more commonly seen in women than men, especially
related to the loss of estrogen after menopause. The Estrogen
Receptor Gene (ESR) codes for estrogen receptors ERa and
ERp. These receptors are found in the hypothalamus, amyg-
dala, hippocampus, and cortex and play a role in the higher

prevalence of AD in women®.

Pathology of Alzheimer’s Disease

The hallmark of AD is the deposition of amyloid beta pro-
tein in the extracellular brain tissue. There is overproduction
and reduced clearance of amyloid beta peptides, resulting in
the formation of amyloid plaques®®. The other protein in-
volved is tau, a microtubule-associated protein that aids in
microtubule assembly and stabilization. In AD, tau is hyper-
phosphorylated, leading to the formation of intracellular neu-
rofibrillary tangles. These changes lead to neuronal death and
gradual brain atrophy V"L,

The above structural changes contribute to the loss of neu-
rotransmitters, especially Acetylcholine (ACh). Acetylcholine
plays a crucial role in several physiological processes, in-
cluding memory, attention, sensory information, and learning.
Lack of sufficient ACh leads to defects in memory and cogni-
tion,

Another neurotransmitter that plays a role is Glutamate,
which binds and excites N-methyl-D-aspartate (NMDA) re-
ceptors. Overstimulation of NMDA leads to excitotoxic neu-
ronal damage'l2.

Understanding these pathological changes is critical in the
development of drugs and therapies that specifically target
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these deficits.

Risk Factors for Alzheimer’s Disease

Age and family history have the highest correlation in devel-
oping AD. Although Early-Onset AD can be seen in people
less than 65 years of age, it forms a small percentage of to-
tal Alzheimer’s cases. Being over 65 years of age or having
a family history of AD in first-degree relatives has a strong
association with the development of ADZ,

Vascular risk factors like hypertension, dyslipidemia, cere-
brovascular and cardiovascular disease, diabetes, and obesity
are associated with AD. Aggressive management of these con-
ditions can lead to reducing the risk and progression of the
disease?.

Lifestyle factors like reduced physical activity, poor diet,
smoking, including exposure to secondhand smoke, excessive
alcohol consumption, as well as exposure to pesticides play a
role. Poor sleep quality and chronic stress also show a corre-
lation. These are modifiable factors, and several studies have
shown reduced cognitive decline in physically active individ-
uals3,

Social isolation in the elderly is being recognized as a factor
in cognitive decline and a contributor to AD4.

Clinical Features and Symptoms of Alzheimer’s Disease

Early symptoms

Impaired memory is the initial and most common symp-
tom. Memory of recent events is affected in AD in the ear-
liest stages, with relative sparing of memory of more distant
events. Sleep disturbance is commonly seen and may occur
early on. Other cognitive deficits include impaired language
and word-finding difficulties. Psychosocial changes like apa-
thy and social withdrawal may lead to a mistaken diagnosis of
depression>.

Impairment of executive function and problem-solving
leads to the affected individual appearing less organized and
with particular difficulty in multitasking'®. These concerns
are usually reported by family members, as the patients them-
selves commonly have anosognosia (reduced insight into their

deficits), causing them to offer explanations and excuses'”.

Late symptoms

Loss of remote memory is seen in advanced disease and so
is loss of procedural memory and motor learning skills (sub-
cortical functions). Other behavioral changes like agitation,
aggression, and wandering can be seen later in the course of
the disease'>.

Apraxia or dyspraxia, which is the inability or difficulty per-

forming learned motor tasks, occurs later and leads to the in-

dividual being unable to perform activities of daily living like
self-care'®. Abnormal motor movements, including seizures,
loss of reflexes, and incontinence, are also late findings L)

Diagnosis of Alzheimer’s Disease

Traditionally, the diagnosis of Alzheimer’s disease was depen-
dent on a clinical evaluation using various cognitive assess-
ment tests, while imaging studies like CT and MRI showed
cerebral changes in advanced disease. In recent years, addi-
tional tools have been developed which include measurement
of molecular markers in CSF and blood, and PET scans. Amy-
loid PET scans are being used more frequently, but Tau PET
scans have limited availability.

Clinical Assessments

The initial assessment involves a clinical evaluation. Vari-
ous tools are available; the commonest one used by most clin-
icians is the Mini-Mental State Examination (MMSE) (Fig-
ure 1), which is a series of questions answered by the patient
that test their memory, ability to recall, and cognitive func-
tions. Other standard mental status scales are the Montreal
Cognitive Assessment (MoCA), National Institute on Aging
and the Alzheimer’s Association (NIA-AA) scale, Diagnos-
tic and Statistical Manual of Mental Disorders (DSM) criteria,
and Clinical Dementia Rating (CDR).

Max Score Patient Score Questions

5 What is the Year? Season? Date? Day? Month? (1 point
each)

5 Where are we: State? Country? Town? Hospital? Floor?
(1 point each)

3 Examiner names 3 objects and asks subject to repeat them
(1 point each)

5 100-7 test (count backwards from 100 by sevens)

OR spell WORLD backwards (D-L-R-O-W)

3 Ask subject to recall the 3 objects above (1 point each)

2 Show subject simple objects like watch and pencil and
ask them to name them

1 Have subject repeat the phrase “No ifs, ands or buts”

3 Give subject a blank piece of paper and have them follow
the instructions “Take the paper in your right hand, fold
in half, and put it on the floor”

1 Read and follow the command “CLOSE YOUR EYES”

1 Write a sentence (sentence should contain a noun and
verb)

1 Copy this picture

30 Total

Fig 1. Questionnaire and point scoring scale for Mini-Mental State
Exam (MMSE). Normal >26; Mild dementia 19-26; Moderate
dementia 10-18; Severe dementia <10.
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Neuroimaging

MRI scans in AD show brain atrophy, particularly in the
hippocampus and medial temporal lobe.

['°FIFDG

Fig 2. Fluorodeoxyglucose (FDG) PET scan showing reduced
uptake in AD patients particularly in the parietotemporal area.
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PET scan (Figure 2) shows areas of hypometabolism in
brains of AD patients.
Amyloid PET and neurodegenerative disorders

Normal Alzheimer's disease

Fig 3. Amyloid PET imaging illustrating increased amyloid deposits
in AD in comparison with normal controls.

Amyloid PET (Figure 3) is a specialized PET scan that uses
amyloid tracers (florbetapir F-18, florbetaben F-18) that high-
light the amyloid deposits in the brain. This helps differentiate
AD from other forms of dementia, and is a useful tool to use
when amyloid-targeting medications like Lecanemab are be-
ing considered as treatment.

An alternate method of detection is Tau PET imaging,
where PET scans using a tau tracer (flortaucipir F-18) can
measure the tau burden in an AD brain.

Biomarkers
Molecular markers can be measured either in the cere-

brospinal fluid (CSF) or blood. In AD, as the amyloid accumu-
lates in the brain, the CSF shows low levels of beta amyloid 42

(AB42) as it is secreted less into the cerebrospinal fluid. Low
AB42 or low AB42/AB40 ratio in CSF is indicative of AD.
On the other hand, CSF levels of Total tau and phospho-tau

increase .

Since obtaining CSF requires the patient to undergo a rela-
tively invasive procedure, namely lumbar puncture, blood tests
have been developed that can measure plasma levels of these
biomarkers and are a significant landmark in the early detec-
tion and diagnosis of AD.

Various laboratory assays are being developed to measure
different biomarker levels. The Simoa pTau assays for differ-
ent pTau isoforms have shown elevated levels of pTau in AD.
For example, the Simoa pTaul81 assay was seen to have 100%
sensitivity and 89% specificity, with AUC of 0.938 (95% con-
fidence interval of 0.872-1.000). The Simoa pTau217 had a
sensitivity of 92% and specificity of 100%, with AUC 0.995
(95% CI 0.987-1.000)=".

The Lumipulse pTau217 assay showed a positive predic-
tive value of 92% and negative predictive value of 85%, with
AUC of 0.95 (95% CI 0.94-0.96)2!. In May 2025, the FDA
granted a Breakthrough Device designation to the Lumipulse
G pTau217/beta amyloid 1-42 ratio test, based on its PPV of
91.7% and NPV of 97%4*. Given the invasiveness of CSF
studies, and the high cost as well as limited availability of
amyloid PET scans, these blood tests are emerging as con-
venient, easily accessible, and more cost-effective diagnostic
tests for AD>3.

Additional blood tests for other markers associated with AD
are currently being studied, including microRNAs (miRNAs)
and neurofilament light chain levels'>.

Given the development and availability of these recent diag-
nostic tools, the National Institute on Aging and Alzheimer’s
Association has proposed a scheme for a standardized biolog-
ical definition of AD called the ATN classification based on
the Amyloid, Tau and Neurodegeneration markers as follows:

o A: Aggregated AB = CSF AB42 or AB42/AB40 ratio,
Amyloid PET

o T: Aggregated Tau = CSF pTau, Tau PET

* N: Neurodegeneration = Neuronal injury seen on MRI,
FDG PET or CSF total tau.

Presence of both A and T markers is required to diagnose
“Alzheimer’s Disease”, while presence of A without the T
markers is designated “Alzheimer’s pathologic change”. The
N markers, although not strictly required to diagnose AD, pro-
vide a strong correlation to pathologic staging and cognitive
decline*,
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Clinical Classification of Alzheimer’s Disease

Using all the diagnostic tools mentioned above, AD can be
classified into: Preclinical Alzheimer’s Disease, Mild Cog-
nitive Impairment (MCI), and clinical Alzheimer’s Demen-
tia2526]

Preclinical Alzheimer’s disease:

» Stage 1: Asymptomatic amyloidosis — High PET amy-
loid tracer retention, low CSF Af42

» Stage 2: Amyloidosis + Neurodegeneration — Neuronal
dysfunction on FDG PET, high CSF tau/phospho-tau, at-
rophy on MRI

» Stage 3: Amyloidosis + Neurodegeneration + Subtle
Cognitive Decline — demonstrate subtle change from
baseline in cognitive function, poor performance on more
challenging cognitive tests, but do not meet criteria for
MCI.

Mild Cognitive Impairment (MCI): There is evidence of
memory loss, but general cognitive and social functioning is
preserved. The person can still function independently.

Clinical Alzheimer’s Dementia: The cognitive decline is
significant enough to affect daily functioning. This is further
classified into:

¢ Mild dementia — MMSE score 19 to 26
¢ Moderate dementia — MMSE score 10 to 18

¢ Severe dementia — MMSE score <10.

Treatment of Alzheimer’s Disease

Although AD has been a progressive condition leading to in-
evitable neurological decline, some therapies are available that
improve cognitive functions and slow down the progression of
the disease.

Cholinesterase Inhibitors

People affected by AD have reduced levels of acetylcholine,
a key neurotransmitter required for cortical function. The
enzyme cholinesterase plays a role in breaking down acetyl-
choline. Cholinesterase inhibitors like donepezil, rivastig-
mine, and galantamine reduce the activity of this enzyme,
thereby increasing the levels of acetylcholine. Although these
drugs do not change the underlying progression of the disease,
they do improve symptoms by having a positive impact on
cognition and daily functioning. Their use is limited by their
adverse effects, such as nausea, dizziness, fatigue, headaches,
increased urination, and incontinence, as well as by the wors-

ening of the underlying disease'227,

Memantine

The cortical and hippocampal neurons in AD show an
excessive activity of receptors called N-methyl-D-aspartate
(NMDA). Memantine blocks these NMDA receptors and im-
proves memory function. However, it too cannot modify the
course of the underlying disease 227,

Amyloid Targeted Therapies

Immunotherapy has emerged as the latest frontier in the
treatment of AD. Recent development of recombinant mon-
oclonal antibodies like lecanemab and donanemab has offered
new strategies in the treatment of AD. These antibodies bind
to and remove amyloid, resulting in a reduction in amyloid
plaque burden on PET scans. Thus, they are considered to be
disease-modifying and can slow the progression of AD227,

The pivotal clinical trials for these drugs are described be-
low (Table [T} Table [2)), and showed reduction in amyloid on
imaging studies, with modest improvements in clinical scores
and disease progression2831,

Similarly, antibodies that target tau are in the process of
being developed and studied, although none are currently ap-
proved by the FDAX.

Although these antibodies have offered a novel treatment
approach for AD patients, they have also been linked to cer-
tain complications, notably Amyloid-related imaging abnor-
malities or ARIA (Figure 4). ARIA is being increasingly rec-
ognized in people treated with Lecanemab and Donanemab,
in the form of ARIA-E (edema or effusion) and ARIA-H
(hemosiderosis or hemorrhage). ARIA-E is characterized

by swelling or fluid under the meninges. ARIA-H presents
as bleeding, usually microhemorrhages, or iron deposition
(hemosiderosis) from the breakdown of these areas of hem-
orrhage. Although most patients are asymptomatic, some may
develop headaches, confusion, nausea, vomiting, and vision or

gait disturbances?233,

Fig 4. Panel A, Panel B = ARIA-H showing microhemorrhages and
iron deposits; Panel C = ARIA-E showing area of cerebral edema
(arrow).

Management of Risk Factors
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Table 1 Comparison of pivotal clinical trials involving monoclonal antibodies.

Study (Ref) Design Phase Severity of AD Drug Duration
Swanson et al 2021 Multicenter, randomized, 2 Mild Lecanemab 18 months
n = 85428 double blind, placebo con-
trolled
Van Dyck et al 2023 Multicenter, randomized, 3 Mild Lecanemab 18 months
n=1795% double blind, placebo con-
trolled
Mintun et al 2021 Multicenter, randomized, 2 Early symptomatic Donanemab 76 weeks
n =257 double blind, placebo con- AD
trolled
Sims et al 2023 Multicenter, randomized, 3 MCI and Mild AD Donanemab 76 weeks
n=17361 double blind, placebo con-
trolled
Table 2 Outcomes and Adverse Events in pivotal clinical trials involving monoclonal antibodies.
Study Primary outcome: Secondary outcome: ARIA-E ARIA-H Discontinuation
Change in clinical score Change in amyloid rate
on PET scan
Swanson et al 2021 Goal (80% probability tobe  Goal (reduced brain Drug9.9%  Drug Drug 14.9%
n = 85428 better than placebo) not met  amyloid) met Placebo 6%  10.7% Placebo 6%
Placebo 5%
Van Dyck et al 2023 Drug 1.21 Drug —55 Drug Drug Drug 6.9%
n= 17952 Placebo 1.66 Placebo +3.6 12.6% 17.3% Placebo 2.9%
(in favor of drug) Placebo Placebo 9%
1.7%
Mintun et al 2021 25% slower disease pro- 67% achieved nega- Drug27% Drug Drug 30.5%
n=2573% gression tive PET status Placebo 30.5% Placebo 7.2%
0.8% Placebo
7.2%
Sims et al 2023 35% slowing of disease 76% achieved amy- Drug 24% Drug Drug 13%
n= 173641 progression loid clearance Placebo 2%  19.7% Placebo 4.3%
Placebo
7.4%

Treatment of underlying conditions like hypertension, hy-
perlipidemia, diabetes, obesity, vascular disease, and lifestyle
interventions like exercise can reduce cognitive decline.

Non-pharmacological Management Strategies

Cognitive stimulation through mental games, reality orien-
tation by providing environmental cues, and occupational ther-
apy to reinforce fading skills can keep a person with AD more
functional for longer periods of time. There is some evidence
to show the beneficial effects of the Mediterranean diet. Since
people suffering from AD have concomitant mood disorders

like depression and anxiety, as well as disrupted sleep cycles,
treatment of these conditions goes a long way in improving
their quality of life. Good sleep hygiene and socializing also
show some improvement in cognitive function'>. Music ther-
apy through MEAMs (music evoked autobiographical memo-
ries) can also be helpful**.

The benefits of regular physical activity in dementia are
now clearly documented in several studies®>. Aerobic exer-
cise of 30 min per session, up to 150 min per week, and up to
3 times per week showed measurable improvement in cogni-
tion as seen by an increase in MMSE scores~®.

These measures improve the functioning and quality of life
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of the person suffering from AD and also reduce caregiver
burden.

Future Developments and Quest for a Vaccine

Although amyloid targeted therapies have emerged as effec-
tive recent tools, further research is ongoing to address the
other pathologies in AD, particularly tau neurofibrillary tan-
gles. Clinical trials studying agents such as tideglusib, sara-
catinib, and nilotinib that target tau protein have shown some
promise=/?. Efforts are underway to develop a potential vac-
cine against beta amyloid. Additionally, stem cell therapy us-
ing neuronal stem cells is the target of future research'>.

While amyloid targeted therapies like lecanemab and do-
nanemab are examples of passive immunotherapy, research is
being conducted to develop an effective vaccine, which would
be a form of active immunotherapy, to stimulate a person’s
immune system to produce antibodies that target and remove
the amyloid plaques and tau tangles“".,

Some initial vaccine trials (AN1792, CAD106) were termi-
nated due to lack of safety and efficacy. Currently, two vaccine
trials are underway. A phase 2A trial showed the UB-311 vac-
cine was safe, well-tolerated, and generated a robust immune
response“Z4 42 Another vaccine, ABvac40, also showed sus-
tained immune response and no serious adverse effects in a
phase 2 study 24243,

Conclusion

Alzheimer’s Disease is a chronic progressive neurodegenera-
tive condition that leads to both mental and physical decline
and significantly affects the quality of life of the people suf-
fering from it as well as their caregivers. Its prevalence is
projected to increase significantly and have a large impact on
healthcare. Early diagnosis and intervention are crucial to
maintain the mental faculties and functional status of the af-
fected individual.

Recent advances in diagnostic tools enable early identifi-
cation of affected individuals before their disease burden be-
comes severe. Simultaneously, the development of drugs and
treatment strategies that can slow the progression of the dis-
ease and improve quality of life offers a glimmer of hope to
persons affected by this terminal disease. Effective strides
have been made in recent years, particularly in the area of
immunotherapy, to develop novel treatment options. Ongo-
ing research that explores new treatment targets and efforts to
develop an effective vaccine are the cornerstone of future de-
velopments in the fight against this debilitating disease.
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