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Abstract: Alzheimer’s disease (AD) is the most common form of dementia and may contribute to
60-70% of cases. Worldwide, around 50 million people suffer from dementia and the prediction
is that the number will more than triple by 2050, as the population ages. Extracellular protein
aggregation and plaque deposition as well as accumulation of intracellular neurofibrillary tangles, all
leading to neurodegeneration, are the hallmarks of brains with Alzheimer’s disease. Therapeutic
strategies including active and passive immunizations have been widely explored in the last two
decades. Several compounds have shown promising results in many AD animal models. To date,
only symptomatic treatments are available and because of the alarming epidemiological data, novel
therapeutic strategies to prevent, mitigate, or delay the onset of AD are required. In this mini-
review, we focus on our understanding of AD pathobiology and discuss current active and passive
immunomodulating therapies targeting amyloid-f3 protein.
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1. Introduction

Most proteins need to fold into specific three-dimensional structures to become func-
tional [1]. The aberrant folding of proteins has been linked to a rapidly expanding list of
pathologies [1]. A group of diseases occurs due to toxic gain of function mutations, where
metastable proteins undergo aggregation leading to intra- or extracellular deposits of toxic
insoluble fibrillar proteins [1-3]. Today there are around 30 human diseases associated
with protein misfolding and amyloid formation [4]. These pathologies include neurodegen-
erative disorders such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) as well as
type II diabetes (T2DM) [1].

Alzheimer’s disease (AD) is one of the most common irreversible, neurodegenerative
disorders worldwide [5,6]. AD is the most common cause of dementia, affecting 50 million
people with cases rising to approximately 150 million by 2050 [6]. Usually, the disease affects
people at age 60 and above [7]; however, the accumulation of Ap plaques usually starts
10-20 years before clinical manifestation [8]. The neuropathology of AD is defined by the
accumulation of extracellular plaques containing amyloid 3 protein as well as the increase
in intracellular tau-containing neurofibrillary tangles [9]. These specific hallmarks trigger
neuronal dysfunction, neurotoxicity, and inflammation, leading to cognitive dysfunction,
and affecting memory and behavior [10]. During the primary stage of the disease, para-
hippocampal brain regions, which are responsible for the formation of new memories in
the brain, are affected by neuronal and synaptic impairment. With the progression of the
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disease, neuropathology continues to spread, causing a total brain mass reduction of up to
35% [11]. Through continuous spreading, patients suffer from progressive disability due to
neuronal loss and cognitive decline throughout the disease course, with death occurring
within 5-12 years of symptom onset [12]. With the rise of AD cases, the costs of care
associated with the disease are increasing [13]. The massive impact on caregivers as well
as the public health system is staggering [14]. In terms of total costs to society, AD is the
third most costly disease in the world after cancer and coronary heart disease. The total
economic cost of AD in 2020 is estimated to be USD 305 billion [15]. Total costs include
direct, indirect, and intangible costs. Direct costs include different medical care costs (e.g.,
nursing home care, medications, physician visits, hospitalizations) and nonmedical care
costs (e.g., home health helps, private social care, adult day care). Indirect costs are imputed
values of resources lost due to the illness, including premature deaths, patient and caregiver
lost productivity, and unpaid caregiving time [16]. Direct medical costs are shared between
families and public health systems, but indirect costs fall entirely on families resulting in
a high private economic burden. Intangible costs are those related to pain and suffering
endured by patients and families and those related to the deterioration of patient and
caregiver quality of life. The presence of comorbid conditions significantly increases the
cost of caring for patients with AD. The effects of comorbidities are particularly important
in AD patients as most of them have at least one comorbid condition [17]. Therefore,
much effort is needed to develop therapeutic measurements for AD. So far, several disease-
modifying therapies (active and passive immunization strategies), are in clinical trials,
targeting amyloid-3 [18].

This brief review discusses our understanding of the pathophysiology of AD and
summarizes current treatment strategies targeting amyloid-3, highlighting some risk factors
involved in disease development.

2. Disease Mechanism and Pathogenesis
2.1. The Amyloid Pathway

According to the amyloid hypothesis, synaptic dysfunction and neurodegeneration are
caused by the accumulation of amyloid-f in Alzheimer’s disease (AD) [19]. The precursor
of the main constituent of amyloid plaques, A3 peptides, is the transmembrane amyloid
precursor protein (APP) [20]. The APP gene is located on chromosome 21 in humans and
in the brain, it is involved in the development of neurons, the formation, and repair of
synapses, and the provision of synaptic plasticity [21,22]. Proteolytic sequential cleavage of
the amyloid protein from APP by APP secretase is a key event in AD pathogenesis. There
are two processing pathways for APP, non-amyloidogenic and amyloidogenic pathway
(Figure 1): (1) a-secretase cleaves APP within the amyloid sequence either in the middle,
generating soluble APP« or shorter A3 species when further cleaved by 3-secretase [22,23].
This pathway is referred to as the so-called non-amyloidogenic pathway (Figure 1). In
contrast, in the second pathway (2) the sequential cleavage by (3- and y-secretase on the
N- and C-terminal ends respectively, leading to the formation of soluble Af3 peptides
(monomers) [24]. Soluble A3 undergoes conformational changes allowing inter-molecule
hydrogen bonding resulting in highly stable 3-sheet structures, leading to pathologic
aggregates in the brain, causing brain dysfunction [25] and neurodegeneration [11]. The
formation of pathophysiological Af by the second pathway is called the amyloidogenic
pathway (Figure 1) [25]. Beta-Site APP Cleaving Enzyme 1 (BACEL) is the 3-secretase
enzyme cleaving the extracellular region of APP, releasing the soluble N-terminus while
the C-terminus remains bound to the membrane [26]. Increased [3-secretase activity is
related to two mutations in BACE1 (the Swedish mutation and the Italian variant) [26,27].
High BACEI activity has been detected in human AD brain extracts [28]. The membrane-
bound C-terminal fragment is further cleaved by y-secretase, releasing A[3-proteins at the
luminal sides [29]. The catalytic units of the y-secretase complex are presenilins 1 3 and 2
(PSEN1/PSEN2) [26]. Mutations in PSEN1/PSEN2 have been related to increasing y-
secretase activity [25]. Among consecutive cleavage of APP by y-secretase at variable sites,
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different AP peptides, ranging in length from 38 to 43 residues, are produced [30]. Along
A species, AB42 and A[343 have the most self-aggregating potential, whereas A(340 is
comparably more benign by even protecting aggregation of A342 [31]. Apf42 and Ap40
are the most abundant A species in the human brain and a critical biochemical feature
in AD [30]. After their generation, A3 peptides are found in different aggregation states
including, monomers, oligomers, and protofibrils forming fibrils, that finally accumulate in
plaques [30]. The main mediators of cytotoxicity in AD are likely to be soluble oligomeric
forms of A3, which may multiply through a “prion-like” mechanism [32].
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Figure 1. Processing of APP. (1) During the non-amyloidogenic pathway, amyloid precursor protein
(APP) is cleaved by o-secretase yielding extracellular released soluble APP (left). (2) For the amy-
loidogenic pathway, APP is primarily cleaved by [3-secretase and subsequently cleaved by y-secretase
within the membrane (right). The proteolytic processing of APP via the amyloidogenic pathway
releases amyloid-f3 into the extracellular space, which is prone to self-aggregate, leading to the
formation of cytotoxic oligomers and insoluble A fibrils. Adapted from Patterson et al. [25]. This
illustration was created using BioRender.com.

2.2. Pathogenesis and Clinical Stages

The neuropathology of the disease is characterized by the accumulation of extracellu-
lar amyloid p (Af) as amyloid-containing plaques and the accumulation of aggregated,
phosphorylated intracellular tau protein [33]. The oligomeric forms of aggregated A3 and
tau proteins are suggested to be the most toxic species [34]. The exact structure and toxicity
and ability to replicate the different Ap-species is an area of intensive investigation. These
oligomers are thought to be the primary pathogenic driver and the downstream leads to
tau phosphorylation, NFT (neurofibrillary tangle) formation, and eventually synaptic and
neuronal loss accompanied by neuroinflammation [35]. The deposition of A starts in the
basal, temporal neocortex regions of the brain, with continuous deposit formation in the
hippocampus, amygdala, diencephalon, and basal ganglia [36]. This deposition and the
resulting neuronal loss result in clinical symptoms such as progressive memory decline,
impaired executive function, and advanced stages of the disease to severe memory loss
and disorientation, and eventually death [37].

Four stages can be used to categorize the clinical stages of AD. Mild memory loss
and early degenerative changes in the hippocampus and cortex characterize the first pre-
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clinical stage, in which daily activities are not hindered and patients do not exhibit clinical
indications of AD [38]. This stage is followed by mild AD, the second stage. At this
stage, patients start to show clinical symptoms, such as subtle memory deficits, loss of
concentration, and disorientation of place and time [39,40]. With the spread of the disease
to all areas of the cerebral cortex, memory loss increases. Individuals show impairment
in speaking, writing, and reading when reaching this third stage, defined as moderate
AD [41]. Severe AD, the fourth stage, involves continuous spreading and deposition of Af3
to the entire cortex area, with a severe accumulation of neuritic plaques and neurofibrillary
tangles (NFT), resulting in progressive functional and cognitive impairment and eventually
death [42].

3. Current Treatment Strategies Targeting A3

The misfolding and aggregation of the A3 protein is a hallmark of AD [43]. There-
fore, it is the primary goal of Af-immunotherapy to reduce the formation, spread, and
deposition of A aggregates in the human brain. It appears that the pathology of the
disease begins to develop 10-20 years before the currently recognizable clinical signs of
AD [35]. Therefore, novel therapeutics should aim to delay or prevent the disease at the
preclinical stage. The two most comprehensive anti-Af3 therapy concepts are active as
well as passive immunization [19]. Passive vaccination introduces exogenous monoclonal
antibodies (mAbs) directly, whereas active vaccination uses an exogenous substance to
direct the immune system to produce an immunological response [44]. The advantage
of active immunotherapy is the long-term production of antibodies through short-term
drug administration at a limited cost. On the other hand, the immune response can be
inconsistent or absent, especially in older people [45]. In contrast to active vaccination,
passive immunotherapy has the advantage of ensuring constant antibody titers and al-
lowing control of adverse effects by discontinuing treatment. The major disadvantages of
monoclonal antibodies are the need for repeated administration and the associated produc-
tion costs [46]. Additionally, passive immunotherapy can cause the innate and adaptive
immune systems to become overactive, which can have serious implications including
cerebral vasculitis [18].

Agents that are presently undergoing clinical trials were grouped into four groups
for the 2022 Alzheimer Drug Development Pipeline: disease-modifying biologics, disease-
modifying small molecules, treatments against neuropsychiatric symptoms, and cognitive
enhancers [47]. According to this report, 31 agents are currently in phase III clinical
trials, where 5 of them fall into the category of disease-modifying agents, targeting Af3
(Table 1) [47]. Until now, anti-Af3 agents have been acting by primarily lowering A
production, inhibiting A aggregation, and accelerating A3 clearance [18].

Table 1. mAbs targeting A3 with completed phase III clinical trials. Adapted from Pardrige [48].

Target Drug Sponsor Status of Clinical Trial  ClinicalTrials.gov Identifier
Ap aggregates Aducanumab Biogen Phase III NCT04241068
AR fibrils Gantenerumab Roche Phase III NCT03443973
A aggregates Crenezumab Genentech Phase III NCT03114657
Amyloid $3 Solanezumab Eli Lilly Phase I1/111 NCT01900665
A aggregates Donanemab Eli Lilly Phase III NCT04437511
A Protofibrils Lecanemab Eisai Phase III NCT04468659

3.1. Passive Immunotherapy Phase I1I Clinical Agents

There have been several clinical trials for active as well as passive immunotherapeu-
tic interventions to treat AD, but many of these trials were terminated due to a lack of
efficacy [49]. Two major obstacles were faced regarding passive immunotherapy. The
blood-brain barrier (BBB) limits antibodies’ ability to enter the brain [50]. Therefore, the
first challenge is to find the optimal dosage of the antibody, to cross the BBB, and to reach
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the area with the neuropathology [51]. The second difficulty is to avoid unforeseen neu-
roinflammation in the brain. There have been several clinical trials of AD agents, where
brain inflammation occurred due to overactivated microglia [52]. Nevertheless, a new
generation of anti-A 3 monoclonal antibodies (mAbs), has been demonstrated to prevent
the formation of fibrillar aggregates from A3 monomers, in vitro and in vivo [53]. Indeed,
several anti-A3 mAbs were very successful in decreasing brain pathology in AD animal
models as well as in human patients [54].

One of them is Aducanumab, a human IgG1 monoclonal antibody directing to the
N-terminus of the A} protein (3-7) preferably targeting AP aggregates (Figure 2) [49,55],
had a clear therapeutic effect and successfully removed Af from the brain of transgenic
mice [49]. In June 2021 the US Food and Drug Administration (FDA)-approved Adu-
canumab (Aduhelm; Biogen Inc, Cambridge, MA, USA), for treating patients diagnosed
with mild to moderate AD [55]. Even though this mAb significantly decreases A3 plaques,
the benefit on cognition is controversially discussed [56]. A second mAb also targeting
Ap is Gantenerumab (MorphoSys, Planegg, Germany and Hoffmann-La Roche, Basel,
Switzerland). It is a human IgG1 antibody, targeting A fibrils (Figure 2), and it comprises
both N-terminal and central amino acids of A3 [57] In a recent press release, Roche de-
clared, that the phase III Graduate studies with their mAb failed the primary endpoints of
slowing clinical decline in patients with early, prodromal to mild AD [58]. Additionally for
Crenezumab (AC Immune SA, Lausanne, Switzerland; Genentech, South San Francisco,
CA, USA; Hoffmann-La Roche), a humanized IgG4 targeting AP oligomers as well as
fibrils [59], the clinical phase III placebo-controlled study was not successful in reducing
the clinical decline in participants with early AD [60]. Solanezumab (Eli Lilly & Co., Indi-
anapolis, IN, USA), a humanized form of the murine monoclonal antibody m266 generated
against A313-28 has similar binding qualities as Crezenumab [61] and finalized its phase
III trial in 2014 for mild to moderate AD. However, the results were not convincing as the
antibody failed to prevent a decline in cognition and functional ability [62]. Donanemab,
another humanized mAb from Eli Lilly & Co., recognizing Ap(p3-42) a pyroglutamate
form of A that is aggregated in amyloid plaques [63-65]. This humanized IgG1 antibody
is currently being tested on AD patients with prodromal to moderate AD in a phase III
clinical trial [66,67].

In late September 2022, Eisai and Biogen revealed promising results with their mAb
Lecanemab in a phase IlI clinical trial [68]. Lecanemab is a humanized monoclonal IgG1 of
the mouse mAb158, which selectively binds to large soluble A protofibrils (Figure 2) [69,70].
This antibody was able to abolish A accumulation in astrocytes and protected cultured
neurons from Af toxicity [71]. Already in 2021, this antibody showed encouraging results
in a phase IIb double-blind placebo study, where brain amyloid accumulation and disease
progressions were diminished in a dose-dependent manner, in patients diagnosed with
mild to moderate AD [72]. In their phase III double blind study, Lecanemab therapy
reduced early AD amyloid indicators and led to a moderately less decline on measures of
cognition and function [73]. It seems that Lecanemab is the most promising mAb among
the five agents currently in phase III trials and which has just been registered in the United
States [74]. Aducanumab and in particular, Lecanemab, showed a positive therapeutic
effect on the decline in brain Af levels along with the slowing of cognitive decline [54,68].
However, there was a slight increase in brain bleeds in the antibody-treated group (0.6%
compared with 0.2% in the placebo group) [73]. Nevertheless, it remains unclear if this is
linked with blood thinners, which may increase the risk of microhemorrhage in antibody-
treated Alzheimer’s patients [75].
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Figure 2. Targets of monoclonal anti-A{3 agents. The main mode of action of anti-amyloid 3 drugs
is currently in phase III clinical trials. Adapted from Panza et al. [76]. This illustration was created
using BioRender.com.

3.2. Active Immunotherapy

Due to the inferior induction of cellular and humoral responses to novel antigens,
especially if the response is T-cell dependent, aging-related loss in immunological function-
ing is the primary cause of older people’s decreased protective responses to vaccines [77].
The need for vaccine strategies to address this issue is growing, especially for active im-
munotherapy against age-related diseases such as AD [77].

The first version of a vaccine against A3 consisted of A31-42 (Figure 3), formulated
with QS-21 adjuvant, called AN1792 [78]. However, clinical trials involving vaccination
with AP1-42 had to be stopped because of the development of aseptic meningoencephalitis
in 6% of the treated patients [79] due to the use of full-length A3 which was associated with
an induction of AB-specific T-cell mediated pro-inflammatory responses. Consequently,
second-generation Af-active immunotherapies targeting different A3 epitopes have been
developed to control for inflammatory effects [80,81]. These novel peptide vaccines were
created lacking components necessary for Ap-specific T-cell activation, leaving only the
components required to produce specific anti-Af antibodies [82]. One such vaccine is
Novartis’ CAD106 (Amilomotide). It consists of multiple copies of AB1-6 (Figure 3) cou-
pled to a virus-like particle (VLP) derived from the bacteriophage Qf [81,83]. Transgenic
mice overexpressing human amyloid precursor protein (APP) with a mutation associated
with familial Alzheimer’s disease spontaneously develop plaque deposition and signs of
Alzheimer’s disease. In such transgenic mice, CAD106 has been shown to interfere with
Ap aggregation and reduce the plaque burden. Phases I/1I clinical trials (NCT01097096)
showed a favorable safety profile and an acceptable antibody response with preliminary
evidence of an amyloid reduction in patients with mild to moderate AD [84,85]. As the
first active immunotherapy agent entering phase II/III (NCT0256551), CAD106 showed
beneficial effects in slowing down amyloid deposition in humans [86]. For the preven-
tion of amyloid deposition in high-risk groups, CAD106 treatment may offer a favorable
risk /benefit profile at this stage [86].
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Figure 3. Active immunotherapy agents targeting A3. Adapted from Song et al. [18]. This illustration
was created using BioRender.com.

Additional vaccine candidates consist of linking other B cell epitopes (Ap1-12, AB33-
40, AB1-15) either conjugated to some carrier proteins (keyhole limpet cyanine (KHL))
or with some liposome adjuvant [87]. Such a vaccine is under investigation, ABvac40
(Araclon Biotech) and targets the C-terminus of AB1-40 (Figure 3). It is made up of C-
terminal ends of AB40 that have been conjugated to KHL and repeated many times to
elicit an immunological response [88]. Another approach has been explored by fusing
B cell epitopes (Af31-12) with T cell epitopes derived from tetanus toxoid to stimulate
memory T cells generated by tetanus vaccination [78]. Although these latter vaccines
have reached different stages of clinical development, no results have been published
or have shown clear benefits [87]. In consequence, active immunotherapy requires two
major adjustments: (1) vaccinations must be modified for older individuals, maybe by
adding novel structural elements to elicit a potent immune response; and (2) patients with
preclinical AD must be enlisted, where PET imaging and CSF biomarkers will be essential
to enabling early diagnosis and tracking therapy progress in this situation [89]. Moving
from a late therapeutic intervention to a prophylactic treatment. Emphasizing that a vaccine
should aim to avoid premature neurodegeneration rather than to revive dying neurons [90].

4. Alzheimer’s Disease Risk Factors

Although Ap is thought to be one of the main mediators of AD-related synaptic loss
and eventually neuronal death, AD neuropathology involves a number of additional risk
elements, which have been associated to increase the risk of developing the disease [91]:

(1) The most important risk factor for developing the disease is aging. Many epidemi-
ological studies have shown that aging is the predominant factor for cognitive decline [92].
The age at which the first symptoms appeared can be used to classify the disease. People
under 65 are affected by early-onset AD, whereas people 65 and above are affected by
late-onset AD [93].

(2) The second most common risk factor is genetics [94]; 70% of the risk of developing
the disease can be attributed to genetic factors [94]. Most cases of early-onset AD are
inherited in an autosomal-dominant pattern due to mutations occurring in genes such as
APP, PSEN1/PSEN2, and apolipoprotein E (ApoE) [95]. A total of 25 mutations have been
identified on the APP gene, related to AD and causing the accumulation of A [96]. While
there are more than 200 mutations associated with AD in the PSEN1 gene, the PSEN2 gene
has fewer variants with less than 40 mutations [96]. PSEN1 mutations often involve a single
amino acid change, while severe mutations can be caused by two amino acid changes [97].
These mutations in the PSEN1 gene increase the ratio of A342/A[340, mostly by lowering
the amounts of Af340 produced [97]. PSEN2 mutations, in contrast, are sporadic and have
a minimal impact on the generation of A3, but still are associated with AD [96]. For ApoE,


BioRender.com

Int. J. Mol. Sci. 2023, 24, 3895

8of 13

a glycoprotein highly expressed in astrocytes, there are three different alleles, giving rise to
the apoE2, apoE3, and apoE4 isoforms [98]. It has been shown that apoE4 is crucial for the
formation of A as senile plaque and the main risk for late-onset AD [98].

(3) Numerous neurological disorders and diseases, such as multiple sclerosis, schizophrenia,
depression, and autism, are largely influenced by the developmental and physiological
variations between men and women [99]. For AD, both men and women can be affected;
however, women make up roughly two-thirds of AD cases. It appears that women have
a higher incidence of AD in old age and have a more robust progression of moderate
cognitive impairment as well as a higher severity of clinical dementia [91]. In addition,
some genetic variations, such as the ApoE4 allele, more profoundly raise the risk of AD in
women relative to men [100]. This issue has been investigated by Buckley et al. in 2018,
where they examined the relationship between sex and cognitive impairment in relation to
Ap burden and ApoE genotype. [101]. The incidence of ApoE4 and the load of A} did not
differ by sex; however, females with greater A3 burden showed a faster cognitive reduction
than males [101].

(4) There are some acquired factors that increase the risk of developing AD. According
to Li et al. (2015), the increased risk of acquiring AD and type 2 diabetes mellitus (TDM2)
is clearly linked [102]. Animal studies have shown that insulin insufficiency or resistance
can stimulate the activation of 3- and y-secretase in addition to causing a reduction in A3
clearance, resulting in its accumulation in brain tissue [98].

(5) Besides aging, genetics, and sex differences, the chance of developing AD may be
increased by environmental risk factors such as food, metals, infections, and air pollution,
which may cause oxidative stress and inflammation [100].

5. Summary and Future Perspectives

AD is a progressive neurodegenerative disease affecting people worldwide [36]. As
the world population is getting older, the number of seniors, and consequently those with
dementia, is climbing [103]. As its prevalence strongly increases with age, AD is the main
cause of dementia in older people. When people are 65 to 74 years old, the incidence is
about 3%; when people are 75 to 84 years old, it is 19%; and when people are over 84 years
old, it is 47% [104]. It is now generally accepted that the pathology of the disease starts
years, if not decades, before clinical manifestations become visible.

Over the past 10-15 years, the field of AD immunotherapy has grown enormously,
with 143 drugs currently in the AD drug development pipeline [47]. Although many
preclinical studies have reported the clearing effects of A3 deposits by passive as well as
active immunotherapy, they could not delay the progression of AD [46,69,105]. This shows
that once extensive neuronal damage has taken place, eliminating amyloid aggregates
will not be able to reverse cognitive deficiencies [46]. The goal of innovative therapeutic
approaches is to start Af3 immunotherapy before the onset of AD pathological changes or in
the very early stages of clinical symptoms. Therefore, it is urgent to change the diagnostic
toward the detection of pre-symptomatic AD in order to increase our understanding of
the condition and to develop better techniques for early diagnosis when neuroprotection
is feasible.

Preventing dementia onset across different populations around the world is one of the
global public health priorities. The estimated annual medical care associated with dementia
is higher for Hispanic and Black individuals than for their White counterparts [106]. More-
over, when looking on a gender basis, the prevalence is higher in women than in men across
the world and the ratio of cases in women versus men is 2:1 [15]. Alzheimer’s disease is the
fourth cause of disability in women aged 60 years or older worldwide. Thus, early effective
treatment can help to increase the quality of life of women and men by minimizing the risk
for future dementia and thereby reducing gender inequality in AD. Alzheimer’s disease is
more present in low-income and middle-income countries (LMICs) than in high-income
countries, because of greater risk factor burdens such as less education, high blood pres-
sure, obesity, physical inactivity, smoking, early life malnutrition, and survival with more
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infections [103]. Preventive interventions would also allow great reductions in cases of
dementia in LMICs.

Many risk factors have been associated with AD including aging, genetic factors,
sex differences as well as environmental components [92]. Even though the amyloid cas-
cade holds that deposition of Af3 drives neuronal dysfunction and eventually neuronal
death [94], the studies of such risk factors are important to understand the pathophysiolog-
ical processes of the disease.

6. Conclusions

AD is an irreversible neurodegenerative disorder, which is considered a leading
world health concern [100]. Even though several immunotherapeutic approaches showed
promising preclinical results in animal models, the compounds then often failed in clinical
trials, as they did not show beneficial effects in treating nor slowing down the progression
of the disease [107]. However, hope is on the rise, since the FDA-approved Aducanumab in
2022 [55] and now Lecanemab (Leqembi®) via the Accelerated Approval Pathway, by the
6th of January 2023 [74]. The antibody lowered early-stage amyloid indicators and mildly
decreased declines in cognition and function during cognitive assessments [73]. Instead of
merely treating disease symptoms, this treatment option is the most recent medication to
target and influence the underlying disease progression of AD, which could improve the
lives of millions who suffer from the disease.
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