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ABSTRACT 

Alzheimer’s disease (AD) is a chronic, progressive neurodegenerative disorder and the leading cause of dementia worldwide, 
with prevalence increasing due to population aging. It is characterized by cognitive decline, functional impairment, and 
significant public health burden. Pathophysiology involves a complex interplay of amyloid-β (Aβ) accumulation, tau 
pathology and neuroinflammation. Despite extensive research, current pharmacological management of Alzheimer’s disease 
relies primarily on symptomatic therapies and does not alter the underlying neurodegenerative process. The aim of this 
review is to summarize the current state of knowledge on therapeutic strategies for AD, with particular emphasis on 
lecanemab, a recombinant humanized antibody characterized by their selectivity for soluble Aβ oligomers. We discuss its 
mechanism of action, clinical evidence from recent randomized controlled trials assessing its efficacy and safety. In this 
review, lecanemab is not only addressed in the context of established and widely used therapies but also alongside novel 
treatments currently being tested. Lecanemab represents a significant step towards disease-modifying therapy for AD as it 
reduces brain amyloid. Although the available results are promising, current evidence suggests that monotherapeutic 
interventions targeting a single pathological mechanism may be insufficient to completely stop or reverse disease progression 
underscoring the need for further research to optimize therapeutic outcomes. 
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Abbreviations 

Aβ - amyloid beta 

Aβ42 - amyloid beta 42 

ACh - acetylcholine 

AChEI - acetylcholinesterase inhibitor 

AChEIs - acetylcholinesterase inhibitors 

AD - Alzheimer’s disease 

ADAD - autosomal dominant Alzheimer’s disease 

ADAS-cog - Alzheimer’s Disease Assessment Scale - cognitive subscale 
ADCOMS - Alzheimer’s Disease Composite Score 

ADCS-ADL-MCI - Alzheimer’s Disease Cooperative Study - Activities of Daily Living for Mild 

Cognitive Impairment 

APLP2 - amyloid precursor-like protein 2 

APOE ε4 / APOE4 - apolipoprotein E4 

APP - amyloid precursor protein 

ARIA - amyloid-related imaging abnormalities 

ARIA-E - amyloid-related imaging abnormalities with edema 

ARIA-H - amyloid-related imaging abnormalities with hemorrhage 

BBB - blood-brain barrier 

BPSD - behavioral and psychological symptoms of dementia 

CAA-ri/ABRA - cerebral amyloid angiopathy-related inflammation / amyloid beta-related angiitis 

CDK5 - cyclin-dependent kinase 5 

CDR-SB - Clinical Dementia Rating - Sum of Boxes 

ChAT - choline acetyltransferase 

ChEIs - cholinesterase inhibitors 

Cmax - maximum concentration 

CNS - central nervous system 

CQ - clioquinol 

CSF - cerebrospinal fluid 

CT - computed tomography 

CSK3-beta (GSK3β) - glycogen synthase kinase 3 beta 

EBM - evidence-based medicine 

EOAD - early-onset Alzheimer’s disease 

ERK - extracellular signal-regulated kinases 
FAQ - Functional Activities Questionnaire 

FDG-PET - fluorodeoxyglucose positron emission tomography 

GAG - glycosaminoglycans 

IADL - instrumental activities of daily living 

IDE - insulin-degrading enzyme 

IgG1 - immunoglobulin gamma 1 

IRR - infusion-related reaction 

JNK - c-Jun N-terminal kinases 

LOAD - late-onset Alzheimer’s disease 

mAbs - monoclonal antibodies 

MAD - multiple ascending dose 

MCI - mild cognitive impairment 

MMSE - Mini-Mental State Examination 
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MOCA - Montreal Cognitive Assessment 

MRI - magnetic resonance imaging 

NEP - neprilysin 

NfL - neurofilament light chain 

NIA-AA - National Institute on Aging and Alzheimer’s Association 

NMDA - N-methyl-D-aspartate 

NNH - number needed to harm 

NNT - number needed to treat 

NSAID - nonsteroidal anti-inflammatory drugs 

p-tau - phosphorylated tau 

PD - pharmacodynamics 

PET - positron emission tomography 

PHF - paired helical filaments 

PK - pharmacokinetics 

PP2A - protein phosphatase 2A 

RA - retinoic acid 

RAGE -receptor for advanced glycation end products 
RAR - retinoic acid receptor 

RCTs - randomized controlled trials 

SAD - single ascending dose 

tmax - time to reach maximum concentration 

t-tau - total tau 

TNF-alpha - tumor necrosis factor alpha 

VAChT - vesicular acetylcholine transporter 

 

1. Epidemiology 

Dementia results from a variety of diseases and injuries that affect the brain and can be divided into four 

main groups: degenerative, vascular, infectious and metabolic [1]. AD is a chronic, progressive 

neurodegenerative disorder characterized by cognitive decline, memory loss, and impaired reasoning [2]. 

Worldwide, approximately 57 million people have dementia, with nearly 60% living in low- and middle-

income countries. Every year, there are nearly 10 million new cases. AD is the most common form of dementia 

and may contribute to 60–70% of these cases [3]. Thus, it remains the leading cause of cognitive impairment 

in older individuals (aged over 65 years) throughout the world [4] and ranks as the fifth leading contributor to 

mortality globally [5]. There were over 525,000 individuals with dementia in Poland in 2018, which accounted 

for 1.38% of the Polish population. Despite the decreasing overall population in Poland, it is expected that the 

number of patients suffering from dementia will exceed one million in 2050 (3.23% of the population) [6]. 

Underdiagnosis is common, with some evidence suggesting that more than half of those who develop AD 

dementia may never be formally diagnosed [7] 

 

2. Pathophysiology 

AD follows a prolonged, progressive disease course that begins with pathophysiological changes in the 

brains of affected individuals years before any clinical manifestations are observed [8]. These 

pathophysiological changes include the accumulation of toxic species of Aβ, the development of 

neurofibrillary tangles of hyperphosphorylated tau protein, and neurodegeneration that may result from 

uncontrolled activation of microglia in the brain leading to secretion of neurotoxins and inflammatory factors 

[9]. Microglia are a type of glial cells that play a key role in the repair of damage to the CNS. The β-amyloid 

peptide and a variety of pro-inflammatory factors can activate microglia, resulting in the secretion of a variety 

of inflammatory factors and neurotoxins. This leads to neuronal damage and even apoptosis, thus triggering 

AD [10]. As previously stated, AD is characterized pathologically by an accumulation of abnormal neuritic 

plaques and neurofibrillary tangles in the brain. These pathological changes are accompanied by a loss of 

neurons, particularly cholinergic neurons in the basal forebrain and the neocortex. Two prominent 

pathophysiological hypotheses have been proposed based on these pathological findings. The first is the 

cholinergic hypothesis which highlights the importance of ACh in cognitive processes where Aβ is believed 

to negatively affect cholinergic function by causing cholinergic synaptic loss and impaired ACh release [11]. 

The amyloid hypothesis is currently the most widely accepted pathophysiological mechanism for AD, 
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especially in cases of inherited AD. The amyloid hypothesis suggests that Aβ peptide is derived from APP 

through the actions of β- and γ-secretase enzymes instead of physiological α- and β-secretases, resulting in 42 

amino acid peptides (Aβ42). Elevated levels of Aβ42 lead to amyloid aggregation, which causes neuronal 

toxicity [12]. 

AD is a multifactorial condition associated with many known risk factors as shown in Table 1. as the 

pathophysiological process of AD is thought to begin many years before the diagnosis of AD dementia [13]. 

 

Table 1. Factors shown to increase risk of AD [9]. 

 

Risk factor 

Hippocampal atrophy 

Medial temporal atrophy 

Entorhinal atrophy 

Abnormal CSF tau 

White matter hyperintensities 

Abnormal CSF tau/Ab ratio 

APOE4 

Increasing age 

Female sex 

Low memory/MMSE scores 

High ADAS-cog score 

High dependency/IADL score 

High FAQ score 

Neuropsychiatric symptoms 

Hypertension 

Depression 

 

Abbreviations: AD: Alzheimer’s disease; ADAS-cog: Alzheimer Disease Assessment Scale-cognitive 

subscale; FAQ: Functional Activities Questionnaire; IADL: instrumental activities of daily living; MMSE: 

Mini-Mental State Exam. 

AD can be classified as familial or sporadic. The dominant familial or autosomal presentation represents 

1-5% of the total number of cases. It is categorized as EOAD (<65 Y/A) and is associated with genetic 

abnormalities as shown in Table 2. EOAD often exhibits atypical symptoms, and its diagnosis is usually 

delayed, leading to a more aggressive disease course[14]. Sporadic AD represents 95% of the cases and is 

categorized as LOAD, occurring in patients older than 65 Y/A. 
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Table 2. Loci associated with AD [1]. 

 

Chromosome Gene product Age of onset Way of inheritance 

ch11q21.3 APP 30-60 Y/A A&D 

ch14q24.11 PS1 30-60 Y/A A&D 

ch1q31.42 PS2 50-70 Y/A A&D 

ch19q13.2 APOE 50-80+ Y/A 
Familial and sporadic 

occurence 

 

Abbreviations: APP: Amyloid Precursor Protein; A&D: Autosomal Dominant; APOE: Apolipoprotein 

E; PS1: Presenilin 1; PS2: Presinilin 2; Y/A: Years of Age. 

 

3. Symptoms and diagnosis 

Thorough history-taking and a comprehensive physical exam, including a detailed neurological exam 

and mental status assessment, is essential to evaluate the AD stage and rule out other potential conditions. A 

complete clinical assessment can provide a reasonable level of diagnostic accuracy for most patients. A MMSE 

or, preferably, a MOCA should be performed and documented as part of the cognitive neurological exam. The 

MOCA is more sensitive to evaluating patients with MCI than the MMSE [15,16]. 

Episodic short-term memory loss is the initial and most common presenting symptom of typical AD. 

Individuals may have difficulty retaining new information while still recalling long-term memories. 

Impairments in problem-solving, judgment, executive functioning, and organizational skills may follow. In the 

early stages of the disease, executive functioning impairments can range from subtle to significant. IADLs 

such as driving, financial management, cooking, and detailed activity planning are affected relatively early. 

These early signs of cognitive decline are followed by language disorder and impaired visuospatial skills. 

Neuropsychiatric symptoms like apathy, social withdrawal, disinhibition, agitation, psychosis, and wandering 

are also common in the moderate to late stages. Dyspraxia, olfactory dysfunction, sleep disturbances, and 

extrapyramidal motor signs like dystonia, akathisia, and Parkinsonian symptoms occur late in the disease. 

Primitive reflexes, incontinence, and total dependence on caregivers typically follow. Primary motor or 

sensory functions are usually intact. Other causes should be considered if eye movement disorders, cerebellar 

symptoms or peripheral neuropathy are found during neurological examination [17,18]. 

Routine laboratory tests do not reveal any specific abnormalities in AD [19]. MRI is a superior structural 

neuroimaging modality compared to CT when evaluating individuals with dementia, including those suspected 

of having AD. It can reveal specific features compatible with the diagnosis. These include atrophy of the 

entorhinal cortex, followed by atrophy of the medial temporal cortex or hippocampi. Use of volumetric MRI 

for early detection of AD and distinguishing it from normal aging-related changes is still a subject of debate 

and research [20]. 

Because normal aging involves subtle cognitive deterioration, it can often be difficult to distinguish 

cognitive decline due to AD in the early stages from the declines associated with normal aging (e.g. declines 

in processing speed, and certain abilities related to memory, language, visuospatial and executive function) 

[21]. The differential results suggest that use of biomarkers alongside neurocognitive tests has become an 

important part of clinical practice [22]. Some of the most valuable biomarkers are FDG-PET and Amyloid 

PET, alongside CSF biomarkers ratios. FDG-PET is a valuable functional imaging biomarker that can aid in 

the early and differential diagnosis of AD. It may reveal specific metabolic impairments in certain brain regions, 

particularly the hippocampi, in individuals with early or preclinical AD [23]. Amyloid PET is an important in 

vivo surrogate for Aβ pathology in the brain. It allows for the detection and visualization of amyloid deposition, 

a hallmark feature of AD [24]. The ratios of CSF biomarkers, such as Aβ42/40, have provided a more accurate 

and sensitive index of the underlying amyloid-related pathology in patients. The increase in CSF p-tau and t-

tau levels directly reflects tau aggregation within the brain in AD [25]. Most current guidelines for diagnosis 

and staging of AD are shown in Table 3. 
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Table 3. National Institute on Aging and Alzheimer's Association revised  
criteria for diagnosis and staging of AD [17]. 

 

Diagnostic 
Component 

Criteria / Definition Key Tools & Biomarkers 

Core Definition 
AD is defined biologically by the presence of 

ADNPC. 
Diagnosis is established by a positive Core 

1 Biomarker. 

Core 1 Biomarkers 
(Diagnostic) 

Necessary & Sufficient for Diagnosis. 
Detects Amyloid plaques ("A") or soluble 

Phosphorylated Tau ("T1"). 

 Amyloid PET 
CSF (Aβ42/40 ratio, p-tau181/Aβ42) 

Plasma (High-accuracy p-tau217 assays) 

Core 2 Biomarkers 
(Staging) 

Used for Biological Staging. 
Detects aggregated Tau neurofibrillary tangles 

("T2"). 

 Tau PET (Visualizes spread from medial 
temporal lobe to neocortex) 

Biological Staging 
(Molecular Severity) 

Stages A – D 
Classifies the severity of the biological disease 

burden. 

 Stage A: Initial (A+ / T2-) 
Stage B: Early (A+ / T2 Low) 

Stage C: Intermediate (A+ / T2 Moderate) 
Stage D: Advanced (A+ / T2 High) 

Clinical Staging 
(Symptom Severity) 

Stages 1 – 6 
Classifies the severity of cognitive/functional 

decline (independent of biology). 

 Stage 1: Asymptomatic (Normal 
cognition) 

Stage 2: Transitional (Subjective decline, 
subtle changes) 
Stage 3: MCI 

Stages 4–6: Dementia (Mild → Moderate 
→ Severe) 

Non-Specific 
Markers 

Category "N", "I", "V", "S" 
Indicate injury or co-pathologies but do not 

define AD. 

 N: Neurodegeneration (MRI atrophy, 
NfL) 

I: Inflammation (GFAP) 
V/S: Vascular injury / Alpha-synuclein 

 
Abbreviations: ADNPC: Alzheimer’s disease neuropathologic change; AD: Alzheimer’s disease; PET: 

positron emission tomography; CSF: cerebrospinal fluid; Aβ: amyloid beta; MCI: mild cognitive impairment; 
MRI: magnetic resonance imaging; NfL: neurofilament-light chain; GFAP: glial fibrillary acidic protein. 

 
4. Current Therapeutic Strategies for Alzheimer’s Disease 
4.1 Pharmacological strategies 
The current pharmacological management of Alzheimer’s disease is predominantly based on two classes 

of symptomatic agents: acetylcholinesterase inhibitors and N-methyl-D-aspartate receptor antagonists which 
are presented in Table 4. [26,27]. Despite their widespread use, these therapies are not disease-modifying and 
primarily aim to attenuate cognitive decline and BPSD [26,27]. 

 
Table 4. Symptomatic drugs used in the treatment of AD [26,27,28]. 

 

Symptomatic drugs  

AChEIs: 

donepezil 

rivastigmine 

galantamine 

NMDA receptor antagonist: 

memantine 
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Abbreviations: AD: Alzheimer’s disease; AChEIs: acetylcholinesterase inhibitors; NMDA: N-methyl-

D-aspartate. 

 

AChEIs - including donepezil, rivastigmine, and galantamine - constitute first-line therapy for mild-to-

moderate AD [27,28]. These agents exert their therapeutic effects through reversible inhibition of 

acetylcholinesterase, thereby increasing synaptic acetylcholine availability and transiently enhancing central 

cholinergic neurotransmission [27,29]. Given the well-documented cholinergic deficit in the CNS of patients 

with AD, augmentation of acetylcholine signaling may partially compensate for impaired neuronal 

communication involved in memory and cognitive processing [26,27]. Clinical trials have demonstrated 

modest cognitive and functional benefits, typically resulting in stabilization or slight improvement of 

symptoms for approximately 6–12 months in patients with mild-to-moderate disease [27,30]. Nonetheless, 

their efficacy remains symptomatic, without influencing the underlying neurodegenerative cascade 

[26,27,31,32,33,34]. 

Meta-analytical data indicate that AChEI therapy is associated with a reduced risk of progression to 

severe cognitive and functional impairment, as well as lower all-cause mortality and stroke rates [38,42,43]. 

Furthermore, treatment with AChEIs has been linked to a decreased likelihood of antipsychotic prescription 

compared with untreated patients [38,44]. Given the established mortality risks associated with antipsychotic 
use in dementia, these findings contribute meaningfully to the risk–benefit assessment and support the 

continued role of AChEIs in AD pharmacotherapy [38,45,46]. 

Adverse effects associated with AChEIs are primarily attributable to enhanced peripheral and central 

muscarinic activity. Gastrointestinal symptoms-particularly nausea and vomiting-occur in approximately 14–

25% of patients, although slower titration may reduce their incidence [38,39]. Up to 10% of patients experience 

muscle cramps, fatigue, insomnia, anorexia, hallucinations, and vivid or abnormal dreams, including 

nightmares [38]. Caution is warranted in individuals with bradycardia, first-degree atrioventricular block, or 

concomitant use of QTc-prolonging agents; baseline electrocardiographic evaluation may be advisable prior 

to treatment initiation [38]. The transdermal formulation of rivastigmine reduces gastrointestinal adverse 

effects approximately three-fold compared with oral formulations but is associated with cutaneous reactions 

in about 10% of patients [38,40]. Additionally, AChEIs may induce urinary urgency resembling overactive 

bladder; appropriate recognition is essential to prevent unnecessary anticholinergic prescriptions and avoid 

iatrogenic harm [38,41]. 

Memantine is currently the only approved NMDA receptor antagonist indicated for moderate-to-severe 

AD as shown in Table 5. [26,27]. It acts as an uncompetitive antagonist, preferentially binding to NMDA 

receptor-associated ion channels during sustained pathological activation, thereby attenuating excessive 

calcium influx and reducing glutamate-mediated excitotoxicity [27,35]. Importantly, memantine exhibits 

voltage-dependent binding and rapid dissociation kinetics, which preserve physiological synaptic transmission 

necessary for learning and memory [27,36]. Clinical evidence indicates that memantine provides modest 

symptomatic benefit, particularly in combination with AChEIs, contributing to temporary stabilization of 

cognition and activities of daily living [27,37]. However, similar to AChEIs, memantine does not alter the 

trajectory of disease progression [26,27]. 

 

Table 5. Mechanisms of action and clinical indications of acetylcholinesterase inhibitors and memantine in 

Alzheimer’s disease [26,27,28,29,35]. 

 

Drugs Mechanism of action 
Clinical indication 

in AD 

Donepezil, 

Rivastigmine, 

Galantamine 

Reversible inhibition of acetylcholinesterase, resulting in increased synaptic 

acetylcholine availability and enhancement of central cholinergic 

neurotransmission 

Mild-to-moderate 

stage of AD 

Memantine 
Uncompetitive antagonism of NMDA receptors, reducing pathological 

glutamate-mediated excitotoxicity 

Moderate-to-severe 

stage of AD 

 

Abbreviations: AD: Alzheimer’s disease; AChEIs: acetylcholinesterase inhibitors; NMDA: N-methyl-

D-aspartate. 
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For memantine, the number needed to treat ranges from three to eight patients for global, cognitive, and 

functional outcomes, whereas for AChEIs the NNT ranges from four to fourteen patients for cognitive 

endpoints [38,47,48]. Combination therapy with memantine and donepezil has demonstrated superior 

outcomes in cognition, global assessment, and activities of daily living compared with monotherapy, although 

with slightly lower acceptability [38,49,50]. Pooled analyses of registration trials further suggest that 

memantine is associated with a lower incidence of agitation (8%) compared with placebo (12%), with only 

minor increases in hypertension, somnolence, constipation, vomiting, and abnormal gait (approximately 3–4% 

versus 2–3% with placebo) [38,51,52]. 

The therapeutic efficacy of currently available agents may be greater when treatment is initiated in the 

early, potentially preclinical stages of AD, prior to extensive neurodegeneration [26]. Several factors contribute 

to their limited effectiveness, including restricted drug penetration across the BBB, which impedes adequate 

CNS exposure [26,53]. Numerous clinical trials have failed due to insufficient BBB permeability [26]. Dose 

escalation intended to overcome limited CNS bioavailability may increase the risk of adverse events [26,54]. 

Consequently, various strategies have been developed to enhance CNS drug delivery [26,55]. Furthermore, 

age-related alterations in neuronal membrane composition and receptor distribution may diminish 

pharmacodynamic responsiveness - an aspect not consistently accounted for in preclinical models [26]. 

Structural changes in synaptosomal membrane microdomains observed in aged mice have been shown to 
increase susceptibility to amyloid-induced stress and attenuate the neuroprotective effects of ciliary 

neurotrophic factor [26,56]. 

The timing of therapeutic intervention also appears critical. In transgenic mouse models of ADAD, 

characterized by early and rapid amyloid plaque accumulation, anti-amyloid immunization effectively reduced 

amyloid burden [26,57]. However, in human clinical trials, amyloid reduction did not consistently translate 

into meaningful clinical improvement or slowed disease progression [26,58]. These findings suggest that 

treatment is frequently initiated at advanced stages, when irreversible neurodegeneration has already occurred, 

thereby limiting therapeutic benefit [26]. Accordingly, early and accurate diagnosis - particularly in at-risk 

populations, such as individuals with a positive family history, carriers of the ε4 allele, or those presenting 

with isolated memory complaints - is essential [26,34]. 

In recent years, therapeutic development has increasingly focused on disease-modifying strategies 

targeting Aβ pathology [27,59]. Monoclonal antibodies such as aducanumab, donanemab and lecanemab 

represent the first approved anti-Aβ immunotherapies [27,59,60,61]. These agents selectively bind aggregated 

Aβ species, promoting clearance of soluble oligomers and amyloid plaques, and potentially slowing disease 

progression [27,62]. Lecanemab, which preferentially targets Aβ protofibrils, has demonstrated modest 

attenuation of cognitive decline in early-stage AD, although its use is associated with ARIA [27,63,64]. 

Nevertheless, the absence of consistently effective disease-modifying therapies underscores the need to 

explore alternative and complementary targets beyond amyloid pathology [26,67]. 

Overall, the absence of robust disease-modifying therapies and the challenges associated with early 

diagnosis highlight the urgent need for preventive and neuroprotective strategies aimed at decelerating the 

neurodegenerative cascade - particularly progressive dysfunction of axons, dendrites, and synapses - thereby 

reducing the overall risk and burden of AD [26,68]. 

 

4.2 Non-pharmacological strategies 

Accumulating evidence indicates that lifestyle-based interventions exert a significant modulatory effect 

on the progression of AD through multiple neuroprotective mechanisms [27]. Dietary strategies, particularly 

the Mediterranean and ketogenic diets, have demonstrated beneficial effects, including attenuation of Aβ 

toxicity, reduction of neuroinflammatory processes, and improvement of mitochondrial function [27,69,70]. 

These nutritional interventions contribute to the regulation of oxidative stress and preservation of gut 

microbiota homeostasis, with ketogenic regimens showing particular potential in optimizing cerebral energy 

metabolism [27,71]. Moreover, specific nutrients such as omega-3 polyunsaturated fatty acids have been 

associated with cognitive benefits, especially in APOE4-negative individuals with mild cognitive impairment 

[27,72,73]. 

Regular physical activity represents another critical non-pharmacological strategy, enhancing systemic 

antioxidant capacity and potentially reducing Aβ accumulation in high-risk populations [27,74,75]. Additional 

approaches, including intermittent fasting and caloric restriction, activate adaptive cellular stress-response pathways 

that may confer protection against neurodegenerative processes [27,76]. Although these lifestyle modifications do 
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not directly target the core neuropathological hallmarks of AD, they collectively enhance neuronal resilience by 

mitigating metabolic dysfunction, oxidative damage, and chronic neuroinflammation [27,78]. 

Importantly, systematic monitoring of nutritional status is warranted, as individuals with AD frequently 

develop micronutrient deficiencies-such as vitamin B12 and folate deficiency - that may further exacerbate 

cognitive decline [27,78]. Overall, these non-pharmacological interventions represent accessible and cost-

effective strategies for reducing AD risk and supporting comprehensive disease management [27]. 

 

5. Lecanemab 

5.1 Characterization of the drug 

Lecanemab (BAN2401) is a recombinant humanized immunoglobulin gamma 1 (IgG1) version of the 

murine antibody mAb158 [79]. It belongs to the second generation of anti-Aβ (anti-beta-amyloid) monoclonal 

antibodies (mAbs), which are characterized by their selectivity for soluble Aβ oligomers versus insoluble 

fibrils or plaques [80]. Lecanemab attaches to amyloid oligomers, protofibrils, and insoluble fibrils [81]. It 

preferentially targets soluble beta-amyloid (Aβ) protofibrils and prevents them from aggregating into amyloid 

plaques [82,33]. Aβ protofibrils are large, soluble Aβ aggregates that exhibit neurotoxicity via interfering with 

the mechanisms involved in memory function [82]. Lecanemab has been shown to reduce pathogenic Aβ, stop 

the deposition of Aβ, and diminish Aβ protofibrils in the brain and cerebrospinal fluid (CSF) of animal models 
of Alzheimer's disease (AD) [83,84]. Moreover, what distinguishes lecanemab from other anti-amyloid mAbs 

is its ability to selectively bind to large, soluble protofibrils while still targeting insoluble fibrils, which creates 

amyloid plaques [63,85]. 

 

5.2 Pharmacology of lecanemab 

Lecanemab is administered as an intravenous infusion [63]. The median 𝑡𝑚𝑎𝑥 (time to reach maximum 

concentration) occurred at about 1.8 to 2.2 h from the time of administration [86]. A study by Logovinsky et 

al. [86] has studied the single ascending dose (SAD) cohort and the multiple ascending doses (MAD) cohort. 

In both cohorts, the levels of mean 𝐶𝑚𝑎𝑥  (maximum concentration) and the AUC (area under the curve) 

increased in proportion to the dosage [86]. Furthermore, both cohorts have also shown first-order elimination 

kinetics [86]. In the SAD cohort, the mean serum half-life of lecanemab has been estimated to be 165 h for 

patients receiving 10 mg/kg and 174 h for subjects receiving 15 mg/kg of lecanemab [10]. In the MAD cohort, 

the mean half-life of lecanemab was approximated to be around 127 h after the final dose in patients receiving 

the 10 mg/kg biweekly cohort [86]. 

Moreover, Logovinsky et al. [86] have studied concentrations of lecanemab in CSF and have shown 

that while the CSF to serum ratios were 0.04 - 0.08% at 24 h after the final dose and showed no accumulation 

in the three lower dose MAD cohorts, the 10 mg/kg biweekly MAD cohort showed lecanemab serum 

accumulation with the ratio amounting to 0.13% at 24 h after the final dose, and increasing to 0.29% at 14 days 

after the final dose. 

Furthermore, the study has shown slight dose-dependent increases in plasma 𝐴𝛽(1−40) levels some time 

after the first and final lecanemab doses in the MAD cohorts [86]. Yet, lecanemab had no effect on CSF 

𝐴𝛽(1−42), t-tau, or p-tau [86]. 

 

5.3 Administration of lecanemab 

The FDA recommends that lecanemab should be administered as an intravenous infusion over about 1 

hour, once every 2 weeks, at a dose of 10 mg/kg [63]. The appropriate dose of lecanemab should be added to 
an infusion bag with 250 mL of 0.9% sodium chloride injection and then administered through an intravenous 

line with a terminal low-protein binding 0.2 micron in-line filter [87]. The infusion should last for about an 

hour [87]. After the first infusion, a patient should be observed for 3 hours, then the observation period may 

be decreased to 2 hours for the second and third infusions and to 30 minutes for all the consecutive infusions 

after that if no infusion reactions have ever been observed [87]. If any infusions are missed, the following dose 

should be administered immediately [63]. 
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5.4 Indications for administration 

Lecanemab is approved for patients with MCI (mild cognitive impairment) due to Alzheimer’s disease 

or mild Alzheimer’s disease (AD)–related dementia with a confirmed Aβ pathology [88,89]. Participants of 

clinical trials with lecanemab have had Aβ positivity determined by PET (positron emission tomography) or 

CSF measurement of the 𝐴𝛽(1−42) peptide [90]. Moreover, all of them have also had objective impairment in 

episodic memory as indicated by ≥1 standard deviation below the age-adjusted mean in the Wechsler Memory 

Scale IV - Logical Memory II [90]. 

However, the safety and efficacy of lecanemab in both less and more severe stages of AD have not yet 

been studied [87]. Therefore, Cummings et al. [87] recommended only administering lecanemab for patients 

who match the diagnosis of MCI due to AD or mild AD dementia and have objective evidence of Aβ positivity 

determined by PET or CSF exam. 

 

5.5 Contraindications 

As of now, there are no known contraindications of lecanemab [63]. 

Studies such as CLARITY AD excluded patients with a medical history of seizures within the past 12 

months, which can be related to symptoms of more severe ARIA [91]. Cerebral amyloid angiopathy-related 

inflammation/amyloid beta-related angiitis (CAA-ri/ABRA) increases the risk for ARIA as well [87]. 

Therefore, a study by Cummings et al. [87] suggests that any history of seizures or CAA-ri/ABRA should 

disqualify patients from lecanemab until more information about the drug is known. A study by Chowdhury 

et al. [63] advises that lecanemab should be used cautiously in such patients. 

Furthermore, it is suggested to APOE genotype all the patients before starting the lecanemab treatment, 

as APOE4 carriers (especially homozygotes) have an increased risk of side effects such as ARIA (amyloid-

related imaging abnormalities) and CAA-ri/ABRA (cerebral amyloid angiopathy-related 

inflammation/amyloid beta-related angiitis) [87]. 

Moreover, pregnant or breastfeeding women should not be started on lecanemab, as its potential 

reproductive or developmental harm has not been studied either in animals or in humans [63]. 

 

5.6 Adverse effects 

So far, studies have found lecanemab to be a well-tolerated drug [63]. The most important of the reported 

adverse effects of the drug include infusion reactions, headache, and ARIA (amyloid-related imaging 

abnormalities) [92]. Infusion reaction typically presents as fever, chills, headache, rash, nausea, vomiting, 

abdominal discomfort, and elevated blood pressure [93]. To eliminate the risk of serious reactions, an 

observation period after the administration of the drug is advised [87]. 

ARIA (amyloid-related imaging abnormalities) is a frequent side effect of amyloid-lowering 

monoclonal antibodies [87]. There are two different types of ARIA: ARIA-H (which includes bleeding in the 

brain) and ARIA-E (which presents with edema) [87]. ARIA related to lecanemab is usually asymptomatic or 

mildly symptomatic, reversible, and mild to moderate radiographically [87]. The risk of ARIA occurrence and 

severity is significantly higher in patients with the APOE4 genotype [87]. A study by Cummings et al. [87] 

suggests MRI scans prior to the 5th, 7th, and 14th infusions and an additional MRI scan prior to the 26th 

infusion for patients with APOE4 genotype. 
A cerebral macrohemorrhage, while infrequent, remains one of the most severe adverse effects of 

lecanemab [87]. Risk factors of intracerebral bleeding include APOE4 genotype, CAA-ri/ABRA, and 

anticoagulation [87]. 

 

5.7 Interactions with other drugs 

Standard anti-dementia treatment, including cholinesterase inhibitors and memantine, is allowed as 

concomitant medications while on treatment with lecanemab [87]. 

Other second-generation anti-Aβ mAbs should not be administered simultaneously with lecanemab [87]. 

Anticoagulants increase the risk of intracerebral bleeding, therefore, it is advised to exclude patients 

taking heparin, warfarin, vitamin K antagonists, or direct oral anticoagulants from lecanemab treatment [87]. 

Patients receiving antiplatelet agents can be considered for lecanemab treatment [87]. Yet, APOE4 gene 

carriers, who are already at a higher risk of ARIA, may be even more susceptible to ARIA if they combine 

lecanemab treatment with antiplatelet agents [87]. 

There is worry that lecanemab combined with thrombolytics may increase the risk of intracerebral 

bleeding, therefore, these two medications should not be given simultaneously until more data is provided [87]. 
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5.8 Clinical efficacy 

Lecanemab was first studied by Logovinsky et al. [86] in a multicenter, double-blind, randomized, 

placebo-controlled study that assessed its safety and tolerability and pharmacological properties. 

A phase 2b clinical trial by Swanson et al. [94] investigated the dose response of lecanemab over three 

dose levels and two dosing regimens with the objective to establish the most effective (ED90) dose of 

lecanemab. The most effective dose was found to be 10 mg/kg biweekly [94]. The primary endpoint of the 

study at 12 months was not met, however, analysis of the secondary endpoint showed that the dose of 10 mg/kg 

of lecanemab biweekly was able to demonstrate consistent dose-dependent reductions in clinical decline and 

brain amyloid burden across the 18-month treatment period [94]. Moreover, it was found that 10 mg/kg of 

lecanemab biweekly significantly reduced brain amyloid burden on PET imaging [94]. Lecanemab was also 

assessed to be safe and well-tolerated among the patients [94]. The main side effect of treatment was found to 

be ARIA-E, with an incidence rate of less than 10% at the two highest doses for the overall population [94]. 

ARIA is a recognized side effect of many anti-Aβ mAbs, with lecanemab being relatively low-risk among 

other antibodies, possibly because of its pharmacological profile and lower binding to Aβ fibrils [94-96]. 

Another phase 2 trial by McDade et al. [97] randomized 856 patients to one of five dose regimens of 

lecanemab or placebo. The study found that 10 mg/kg of lecanemab biweekly produced dose-dependent 

reductions of brain amyloid measured by PET, improvements in plasma Aβ42/40 ratio, and reductions in 
plasma p-tau181 [97]. 

The phase III Clarity study by van Dyck et al. [90] included 1795 participants who were randomized to 

receive either lecanemab or placebo. The trial found that after 18 months, lecanemab therapy was able to 

decrease the decline on Clinical Dementia Rating - Sum of Boxes by 27%, with significant changes occurring 

after 6 months of treatment [90]. Moreover, lecanemab was capable of reducing brain amyloid and slowing 

loss of cognition [90]. Lecanemab therapy was also successful in significantly reducing markers of amyloid, 

tau, neurodegeneration, and neuroinflammation in the CSF substudy and in plasma analyses [90]. Concerning 

safety, lecanemab was well-tolerated, the incidence of ARIA was rather low – 12.6% for ARIA-E in the 

lecanemab group compared with 9.9% in the placebo group, and 17.3% for ARIA-H in the lecanemab group 

versus 10.7% in the placebo group [90]. ARIA-E cases mostly happened within the first 3 months and were 

mild and asymptomatic [90]. If mild, they did not cause discontinuation of lecanemab or placebo and resolved 

themselves within 4 months [90]. The updated safety results from the Clarity study have also shown lecanemab 

to be a safe and well-tolerated drug, with the most common side effects being infusion-related reactions, ARIA-

H, and ARIA-E [98]. The Clarity trial aimed to include a diverse group of patients, with 20% of participants 

being non-White [90]. A study by Chen et al. [99] studied the results of 294 Asian patients from the Clarity 

trial and found the efficacy of lecanemab in the Asian group was consistent with the overall population. The 

safety of the drug was also comparable between the Asian group and the overall population, with the most 

frequent adverse effects in the Asian group being ARIA-H, ARIA-E, and infusion-related reactions [99]. 

Occurrence of side effects causing drug dose interruption or withdrawal, infusion-related reactions, ARIA-E, 

and ARIA-H was lower for the Asian group compared with the overall population [99]. 

There is another phase 3 trial that is still ongoing called the AHEAD 3-45 Study (NCT04468659) 

[100,101]. It consists of two sister trials: A3 (a Phase 2 trial with PET-imaging end points) and A45 (a Phase 

3 trial with a cognitive composite primary end point) [100,101]. The purpose of the study is to determine 

whether lecanemab is more effective than placebo at slowing down the cognitive decline associated with AD 

and reducing amyloid accumulation in the brain after 216 weeks of treatment [100,101]. The trial will also 

examine the long-term safety and tolerability of lecanemab [100,101]. 

Clinical trials mentioned above are summarized in Table 6. below. 
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Table 6. Characteristics of clinical trials of lecanemab. 

 

Study Phase Duration 
Participants 

(n) 
Dose Remarks 

Logovinsky et 

al. [86] 
1 180 days 80 

Single ascending dose 

cohort: 0.1, 0.3, 1, 3, 10, 

and 15 mg/kg of 

lecanemab vs placebo 

Multiple ascending dose 

cohort:. 3, 1, 3, and 10 

mg/kg of lecanemab vs 

placebo 

Safety, tolerability, and 

pharmacokinetics of 

lecanemab were assessed. 

Swanson et al. 

[94] 
2b 18 months 856 

2.5 mg/kg biweekly, 

5 mg/kg monthly, 

5 mg/kg biweekly, 

10 mg/kg monthly, 

10 mg/kg biweekly of 

lecanemab vs placebo 

The most effective dose was 

found to be 10 mg/kg 

biweekly, lecanemab 

demonstrated a reduction in 

brain amyloid. 

Mcdade et al. 

[97] 
2 

CORE 

(study 201 

blinded 

period): 3 

months 

OLE (open-

label 

extension): 

up to 24 

months 

856 

2.5 mg/kg biweekly, 5 

mg/kg monthly, 5 mg/kg 

biweekly, 10 mg/kg 

monthly, 10 mg/kg 

biweekly of lecanemab 

vs placebo 

10 mg/kg of lecanemab 

biweekly produced dose-

dependent reductions of 

brain amyloid, 

improvements in plasma 

Aβ42/40 ratio, and 

reductions in plasma p-

tau181. 

Van Dyck et 

al. [90] 
3 18 months 1906 

10 mg/kg biweekly of 

lecanemab vs placebo 

Lecanemab decreased 

markers of amyloid in 

Alzheimer’s disease and 

resulted in less decline in 

cognitive function than 

placebo. 

NCT04468659 

[101] 
3 216 weeks 1400 

A45 trial: 5 mg/kg 

biweekly for 6 weeks, 

then 10 mg/kg biweekly 

for 86 weeks, and then 10 

mg/kg every 4 week vs 

placebo 

A3 trial: 5 mg/kg every 4 

weeks for 4 weeks, then 

10 mg/kg every 4 weeks 

for 208 weeks vs placebo 

Ongoing study that will 

determine whether 

lecanemab is superior to 

placebo in reducing brain 

amyloid accumulation and 

assess lecanemab’s long-

term safety. 
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6. Comparison of lecanemab with other drugs 

6.1 Memantine 

Memantine, which is an antagonist of N-methyl-D-aspartate (NMDA) type glutamate receptors, is used 

to treat patients suffering from moderate to severe AD [102], while lecanemab, which is an anti–beta-amyloid 

monoclonal antibody, is approved to be used in the earliest symptomatic stages of the disease, including mild 

dementia and mild cognitive impairment (MCI) due to AD with positive biomarkers (Aβ1–42, phosphorylated 

tau [p-tau], total tau [t-tau], neurogranin and neurofilament light chain [NfL]) [94]. 

These differences in clinical use reflect on different treatment goals. Memantine is the symptomatic 

treatment, which stabilizes or even improves the cognitive, behavioral and functional symptoms. However, it 

has no impact on the pathological process. Lecanemab, on the other hand, modifies the disease course. 

Randomized controlled trials (RCTs) have shown the drug’s effect in lowering the rate of progression in 

cognitive and functional deterioration compared to a placebo, thus delaying the onset of the disease symptoms 

in patients [102]. 

Moreover, depending on the method, there are different side effects. The advantage of memantine has 

no great impact, as it only remains effective for 3-6 months sometimes even 12 months, before declining again, 

decreasing cognitive functions [103]. By contrast, results from the phase 3 CLARITY AD clinical trial 

demonstrated that lecanemab slows down the process of cognitive decline by 27% over 18 months. Although 
this effect is moderate and does not stop progression, it represents a meaningful delay in decline [104]. 

Another difference between the two has to do with their safety profile. Memantine is used orally and is 

well-tolerated, with minimal side effects such as headaches, constipation and confusion. This makes it a 

suitable drug for the long term use for older patients [105]. Lecanemab, on the other hand, requires regular 

intravenous infusions and has side effects, ranging from headaches, falls or confusion, to more serious ones, 

such as ARIA or stroke. So, it is necessary to undergo regular MRI scans. What is important is that 

symptomatic treatment with drugs such as memantine was often continued in the studies with lecanemab [106]. 

 

6.2 Cholinesterase inhibitors (ChEIs) 

Lecanemab and ChEIs including donepezil or rivastigmine are used in the early stages of AD. However, 

they have different mechanism of action and application. ChEIs remain first-line treatment. They increase 

levels of acetylcholine therefore stabilizing cognition and activities of daily living [107]. Meta-analyses of 

ChEIs have shown significant improvements in cognitive response rates compared with placebo, although it 

varies between individuals and across studies [108]. 

Lecanemab, being a disease-modifying medication, slows progression by reducing amyloid-β levels. 

Therefore, the clinical outcomes of lecanemab and ChEIs differ because ChEIs studies focus on short-term 

symptom improvement, whereas lecanemab studies evaluate the rate of cognitive and functional decline over 

time. These medications also have different side effects. ChEIs have more frequent but milder adverse effects, 

particularly gastrointestinal ones, such as nausea, vomiting, and diarrhea [109]. They are associated with a 

higher incidence of adverse events and treatment discontinuation compared with placebo [108]. Lecanemab, 

on the other hand, has less frequent but more serious side effects, such as ARIA or stroke. Therefore, MRI and 

biomarker confirmation are used for lecanemab, while ChEIs do not require one. Also amyloid-related imaging 

abnormalities, including ARIA-E (edema) and ARIA-H (hemorrhage), can occur in some patients treated with 

lecanemab [110]. Moreover, side effects caused by infusion including headache or chills can occur early in the 

treatment, but are often temporary [111]. 

As with memantine, ChEIs can be used together with lecanemab, so they are complementary, not 

mutually exclusive, therapies. Patients with mild AD dementia taking ChEIs do not progress in losing cognitive 

function for over 5-8 years [112]. However, the addition of lecanemab in the early stages of AD maintains 

cognitive function at an improved level for another 5–10 years [90]. Long-term data are still needed, but current 

reviews confirm that lecanemab slows disease progression compared to placebo and has the potential to 

become a disease-modifying therapy for AD [113]. 

6.3.1 Comparison of lecanemab and donanemab 

In pivotal phase 3 clinical trials, patients were treated with both lecanemab and donanemab [114,115]. 

It was demonstrated that both agents markedly removed amyloid plaques from the brains of patients affected 

by Alzheimer’s disease (AD), while donanemab additionally reduced amyloid burden detected by PET 

imaging by an average of 80% after 18 months of therapy [114,115]. Unfortunately, the observed biological 

effect did not translate proportionally into a clinical benefit, which remained limited [1]. Comparisons between 

baseline and endpoint assessments were performed using the Clinical Dementia Rating – Sum of Boxes (CDR-
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SB) scale and the Alzheimer’s Disease Cooperative Study – Activities of Daily Living for Mild Cognitive 

Impairment (ADCS-ADL-MCI), demonstrating 27% for lecanemab and 36% for donanemab (corresponding 

to approximately 0.5–0.7 points on the scale), and in the second scale both 38% to 40%, respectively [114]. 

PET imaging indicated that greater benefits of donanemab were observed in patients with a milder form of AD 

involving tau protein pathology [114,115]. 

The results of these studies raised doubts as to whether the magnitude of cognitive and functional effects 

achieved was clinically meaningful [114,116,117,118]. It should be noted, however, that an approximately 

0.5-point benefit in the CDR-SB score observed in clinical trials of these antibodies represents a composite 

measure derived from all domains included in the scale: memory, orientation, judgment/problem solving, 

community affairs, home and hobbies, and personal care [114]. Regarding the safety profile of both agents, 

clinical trials demonstrated the occurrence of acute infusion-related reactions (IRRs), which were reported in 

approximately 1 in 13 patients treated with donanemab and in approximately every fourth patient receiving 

lecanemab [90, 114,115]. In most cases, these events were mild to moderate in severity; severe reactions 

occurred in 1.2% of patients treated with lecanemab and in only 0.3% of those receiving donanemab 

[90,114,115]. Additionally, it was observed that 75% of IRRs associated with lecanemab occurred within 30 

minutes of the first infusion, whereas in the case of donanemab they typically occurred between the second 

and fifth administrations [90, 114,115]. In patients at high risk of anaphylaxis or angioedema, prophylactic 
administration of antihistamines or corticosteroids reduced the risk of recurrent episodes among study 

participants [87, 114,119]. 

During treatment with anti–beta-amyloid antibodies, clinical progress should be monitored by magnetic 

resonance imaging (MRI) for complications such as amyloid-related imaging abnormalities (ARIA) [114]. A 

higher risk of ARIA has been observed in carriers of the APOE ε4 allele, with the highest risk in homozygotes, 

estimated to be 3- to 6-fold greater than in non-carriers (data presented in Table 8) [114]. Clinical trials 

demonstrated a higher incidence of ARIA in patients treated with donanemab (314/853 patients, 36.8%) 

compared with those receiving lecanemab (193/898 patients, 21.5%); however, it was noted that appropriate 

dose titration significantly reduced the frequency of this complication [114,120]. Clinically manifest ARIA 

most commonly presents as amyloid-related imaging abnormalities with oedema (ARIA-E), occurring in 70% 

of cases within the first 3 months and in 90% within the first 6 months of therapy initiation [98, 114,121]. Most 

cases of ARIA-E resolve spontaneously or within up to 2 months after treatment discontinuation (depending 

on severity), although in patients with severe ARIA or with clinical symptoms, the addition of corticosteroids 

may be therapeutically indicated [114]. Another risk factor, and the only modifiable one, is arterial 

hypertension [114,121]. Another subtype is amyloid-related imaging abnormalities with hemorrhage (ARIA-

H), although it is reported not to show full correlation with immunotherapy [114,90,121]. The incidence of 

isolated ARIA-H during lecanemab therapy was 6/898 patients (0.7%), and major intracerebral hemorrhage 

events were comparable across groups: 5 participants in the lecanemab group, 3 in the donanemab group, and 

3 receiving placebo [90, 114,115]. 

Furthermore, several studies investigating immunotherapy (including donanemab and lecanemab) have 

suggested that such therapy may lead to a reduction in brain volume and ventricular enlargement compared 

with the placebo group [114,122,123,124]. According to available evidence, these changes may correlate with 

amyloid plaque removal and alterations in cerebrospinal fluid dynamics associated with ARIA-E 

[114,122,123]. However, current evidence does not indicate that brain tissue pseudoatrophy is associated with 

adverse cognitive or functional outcomes [114,122,123]. 

In addition to ARIA, other adverse events may occur: non-focal neurological symptoms 

(headache/dizziness, visual disturbances, generalized tonic-clonic seizures, behavioral disturbances, confusion, 

hallucinations), focal neurological symptoms (retinal hemorrhage, nausea, vomiting, tinnitus, fatigue, muscle 

weakness), or stroke-like symptoms (diplopia, aphasia, ataxia, amnesia, paresthesia, speech disturbances) 

[114]. In the case of lecanemab administration, these accounted for approximately 67% non-focal symptoms, 

20–25% focal symptoms, and approximately 10–15% stroke-like symptoms, respectively [114]. Detailed 

changes within the central nervous system (CNS), both in Alzheimer’s disease itself and in patients undergoing 

immunotherapy, can ultimately be fully assessed only post mortem; therefore, autopsy examinations of patients 

who received therapy and were closely monitored clinically will be of considerable value [125]. 
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Table 7. Comparison of the incidence of ARIA in the study groups: with lecanemab, with donanemab and 

with placebo divided according to the occurrence of ApoE ɛ4 alleles. 

 

  Lecanemab (n=898) Donanemab (n=853) All placebo (n=1771) 

ɛ4 non-carrier 5,4% 15,7% 0,6% 

ɛ4 heterozygous 10,9% 22,8% 1.9% 

ɛ4 homozygous 32,6% 40,6% 3,6% 

Abbreviations: ApoE: Apolipoprotein E. 

 

6.3.2 Comparison of lecanemeb and aducanumab 

Aducanumab, similarly to lecanemab, belongs to the class of anti-amyloid antibodies that facilitate beta-

amyloid clearance through Fc receptor–mediated phagocytosis [83]. 

Both agents exhibit lower affinity for beta-amyloid monomers; however, they differ in their preferential 

binding toward soluble oligomers versus plaques or fibrils [62,80,83,,86,126,127]. In comparison, lecanemab 
demonstrates approximately 10-fold greater selectivity for oligomers than aducanumab [62,83,126,127]. 

Both drugs, when tested in transgenic mouse models of AD, demonstrated substantial therapeutic 

potential, which led to their subsequent evaluation in clinical settings [83,86,128,129,79]. 

Currently established dosing regimens include 10 mg/kg body weight administered every 2 weeks for 

lecanemab, whereas aducanumab is administered at the same dose every 4 weeks [83,130]. A detailed 

comparison is presented in Table 8. 

 

Table 8. Comparison of the main features of aducanumab and lecanemab with clinical trials. 

 

 Aducanumab Lecanemab 

Type of antibody IgG1 human N-terminal IgG1 humanized N-terminal 

Target amyloid species Plaque, fibrils >> oligomers 
Large oligomers (protofibrils) > 

jplaque 

Dose Titrate up to 10 mg/kg 10 mg/kg 

Dose frequency Once every 4 weeks Once every 2 weeks 

Route Intravenous Intravenous 

Titration Over 6 months No titration 

Plasma half-life 21 days 5,3 days 

Brain penetration <1,5% ~0,5% 

Time to peak brain steady state 

exposure 
~5 months ~2,5 months 

Most common adverse effects ARIA, headaches ARIA, headaches, IRR 

Abbreviations: IgG1: Immunoglobulin G1, ARIA: Amyloid-Related Imaging Abnormalities; IRR: 

Infusion-Related Reaction. 
 
6.3.3 Studies on effectiveness and safety of aducanumab 
To demonstrate the efficacy and safety of aducanumab in individuals with early-stage AD, two identically 

designed, multicenter, double-blind clinical trials were conducted - EMERGE (1638 patients, NCT02484547) and 
ENGAGE (1647 patients, NCT02477800) [83,131,132,133]. Participants were between 50 and 85 years of age and 
had confirmed amyloid pathology, meeting criteria for mild cognitive impairment or mild dementia due to AD [83]. 
They were randomized into three groups: low-dose administration (target dose 3 or 6 mg/kg), high-dose 
administration (target dose 10 mg/kg), and placebo, each administered every 4 weeks over a 76-week period [83]. 
The primary endpoint was assessed using the CDR-SB scale at week 78, and amyloid plaque burden in the brain 
was evaluated using positron emission tomography (PET) imaging [83]. 

6.3.4 Studies on effectiveness and safety of lecanemab 
For lecanemab, a separate trial was conducted under the name Clarity AD (NCT03887455), in which 

5967 individuals were screened and 1795 were randomized [87,83,134]. Participants were between 50 and 90 
years of age and had early-stage AD with mild memory impairment or cognitive impairment, with confirmed 
evidence of beta-amyloid presence (via PET imaging or cerebrospinal fluid analysis) [83]. In this study, 
participants were assigned to two groups: placebo (897 individuals) and immunotherapy at a dose of 10 mg/kg 
administered every 2 weeks (898 individuals) [83]. 
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6.3.5 Endpoint results 

The EMERGE trial demonstrated that, when comparing the primary endpoint, the high dose of 

aducanumab yielded favorable results, showing a 22% reduction in beta-amyloid compared with placebo [83]. 

Unfortunately, no significant difference compared with placebo was observed for the low-dose group [83]. 

PET amyloid imaging revealed a time- and dose-dependent reduction in beta-amyloid following 

immunotherapy, and cerebrospinal fluid biomarkers decreased in both the low- and high-dose groups [83]. 

In the ENGAGE trial, the primary endpoint was not achieved for either the high-dose or low-dose groups 

compared with placebo [83]. PET imaging demonstrated a reduction in beta-amyloid; however, cerebrospinal 

fluid biomarkers did not show a significant decrease [83]. 

In the Clarity AD trial evaluating lecanemab, the primary endpoint was defined as the change in CDR-

SB score after 18 months of therapy [83]. At the designated time point, the adjusted mean change from baseline 

favored lecanemab (1.21 in the lecanemab group vs. 1.66 in the placebo group; statistically significant 

difference of –0.45) [83]. Comparisons using additional measures - PET imaging, the Alzheimer’s Disease 

Assessment Scale (ADAS-Cog), the Alzheimer’s Disease Composite Score (ADCOMS), and the Alzheimer’s 

Disease Cooperative Study – Activities of Daily Living for Mild Cognitive Impairment (ADCS-ADL-MCI) - 

also demonstrated superior outcomes in the immunotherapy group compared with placebo [83] 

6.3.6 Safety 

At a dosing regimen of 10 mg/kg, aducanumab was generally well tolerated; however, adverse events 

occurred frequently [83]. The most commonly reported events (≥2% of participants) included ARIA-E, 

headache, ARIA-H, microhemorrhage, superficial siderosis, falls, diarrhea, and 

disorientation/confusion/delirium - all of which were significantly more frequent in the immunotherapy group 

than in the placebo group [83]. The most common reason for study discontinuation was the occurrence of 

ARIA-H [83]. 

In the Clarity AD trial, adverse events occurred in 88.9% of the 898 participants receiving lecanemab at 

a dose of 10 mg/kg every 2 weeks, compared with 81.9% of participants receiving placebo [83]. In the 

immunotherapy group, the most common adverse events were IRRs, ARIA-H, ARIA-E, headache, and falls 

[83]. It was also observed that ARIA-H and ARIA-E occurred more frequently in individuals who were carriers 

of the ApoE ε4 allele [83]. 

6.3.7 Comparison summary 

Both aducanumab and lecanemab have demonstrated promising effects in clinical trials; however, their 

full implementation in patients with AD remains uncertain [83]. Although aducanumab exhibited greater 

penetration across the blood–brain barrier (BBB) than lecanemab, its superiority in efficacy remains unclear 

due to the higher selectivity of lecanemab toward beta-amyloid oligomers [80,83]. The dosing regimens of the 

two agents also differ, which may contribute to observable differences in therapeutic efficacy [80,83]. 

Aducanumab is the first approved disease-modifying immunotherapy for mild Alzheimer’s disease [83]. 

Despite this, the unsatisfactory results of the EMERGE and ENGAGE trials - presenting ambiguous findings 

(EMERGE) or a completely negative outcome with respect to the predefined primary endpoint (ENGAGE) in 

terms of slowing cognitive decline as measured by the CDR-SB scale - raise substantial concerns [83]. The 

reported findings unfortunately do not meet the conventional standards required for broad regulatory approval 

and routine clinical use [83,135]. However, when considering cerebrospinal fluid biomarker results, a potential 

for clinical benefit may still be inferred [83,135]. 

Lecanemab demonstrates potential due to its ability to reduce beta-amyloid levels, attenuate cognitive 

decline, and show a lower incidence of ARIA-E [83]. This translates into a favorable safety profile with a 

moderate therapeutic effect [83]. For both lecanemab and aducanumab, larger and more comprehensive studies 

evaluating safety and efficacy are warranted, particularly in individuals without clinical symptoms of dementia 

but with confirmed beta-amyloid pathology [83]. 

 

6.4 Rejected therapies 

Among the well-known and extensively investigated areas of AD pharmacotherapy, there are 

therapeutic approaches whose attempts at implementation through appropriately designed scientific studies 

and clinical trials have ultimately failed. These include investigations of estrogen, vitamin E, statins, 

nonsteroidal anti-inflammatory drugs (NSAIDs), testosterone, and Ginkgo biloba as preventive or therapeutic 

strategies in AD [136]. 
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6.4.1 Estrogen 

Studies evaluating estrogen did not demonstrate a beneficial effect of its long-term administration on 

improvement or preservation of cognitive function in patients suffering from AD [136,137,138]. 

6.4.2 Vitamine E, NSAIDs, statins 

A Cochrane review conducted in accordance with Evidence-Based Medicine (EBM) principles also 

assessed vitamin E and reached similar conclusions [136]. Additionally, it was shown that its use at higher 

doses may be potentially harmful [136,139]. The final outcomes of studies investigating long-term use of 

NSAIDs or statins likewise failed to demonstrate positive effects [136,140,141]. 

6.4.3 Testosterone 

There have also been therapeutic attempts yielding conflicting evidence relative to initial assumptions 

[136]. One such example is testosterone therapy, the use of which in men with Alzheimer’s disease has 

produced ambivalent findings regarding its potential benefits [136]. Two randomized, double-blind, placebo-

controlled trials demonstrated improvement in visuospatial cognition; however, it remains uncertain whether 

this effect can be considered clinically significant [136,142,143]. Another randomized placebo-controlled 

study involved supplementation with transdermal testosterone gel (75 mg daily) in men with mild to moderate 

AD over a 6-month period [136,144]. This intervention resulted in a slight improvement in patients’ quality of 

life; however, the effects were not statistically significant [136]. In a similar randomized placebo-controlled 
trial using testosterone gel in patients aged >65 years characterized by low serum testosterone levels and 

limited mobility, an increased incidence of cardiovascular adverse events was observed in the treatment group 

(22% compared with 5% in the placebo group; P = 0.05; number needed to harm = 6 [NNH]) [136,145]. For 

this reason, testosterone therapy is not recommended in patients with AD [136]. 

6.4.4 Ginko biloba, M. officinalis, S. officinalis 

Thirty-six studies evaluating the use of Ginkgo biloba in the treatment of cognitive impairment were 

also assessed [136]. Thirty-five of the 36 trials used Ginkgo biloba extract EGb 761 at doses ranging from 80 

to 600 mg daily [136]. None of the conducted studies demonstrated consistent, clinically significant cognitive 

improvement in patients with AD [136]. However, one conclusion that may be drawn from these studies is the 

relative safety of Ginkgo biloba, based on comparable rates of adverse events between treatment and placebo 

groups. Due to its pharmacokinetic (PK) and pharmacodynamic (PD) properties, there is a significant risk of 

bleeding in patients concomitantly using agents such as acetylsalicylic acid, NSAIDs, anticoagulants, or 

vitamin K antagonists - medications that frequently accompany patients in their therapeutic regimens [136,146]. 

Other botanical agents with potential to improve cognitive functioning in patients with AD include 

Melissa officinalis (lemon balm) and Salvia officinalis (sage) [147]. 

It has been demonstrated that M. officinalis supports cognitive function and reduces agitation in patients 

with mild to moderate AD [147]. It modulates acetylcholine receptor activity within the central nervous system 

(CNS), exhibiting affinity for both muscarinic and nicotinic receptors [147,148,149]. Studies in young, healthy 

volunteers have shown that preparations containing lemon balm not only improved mood but also enhanced 

cognitive performance [147,150]. In another randomized placebo-controlled study, the efficacy and safety of 

lemon balm were evaluated in 42 patients with mild to moderate AD [147,151]. The therapy lasted 4 months, 

and therapeutic efficacy was assessed using the ADAS-Cog cognitive scale and the CDR-SB scale [147]. The 

CDR-SB scale evaluates six key domains of AD: memory, orientation, judgment and problem solving, social 

functioning, home activities/hobbies, and personal care [147]. The results were promising - patients receiving 

lemon balm extract achieved significant improvement in cognitive function after the planned 16 weeks of 

therapy, as documented by both ADAS-Cog and CDR-SB scores [147]. Differences between baseline and 

endpoint scores were –1.92 for M. officinalis and –1.03 for placebo according to the CDR-SB scale [147]. No 

significant differences in the frequency of adverse events were observed between the two groups; however, 

agitation occurred more frequently in the placebo group compared with the group receiving the plant extract 

[147,151]. 

In addition to lemon balm, sage extract (Salvia officinalis) has also been evaluated in clinical studies 

and demonstrated significant improvement in cognitive function after 16 weeks of therapy [147,152]. Clinical 

relevance was confirmed using the ADAS-Cog and CDR-SB scales, both in observed-case analysis and in 

intention-to-treat analysis [147]. Changes in endpoint scores compared with baseline were 1.60 for sage extract 

and 0.73 for placebo on the CDR-SB scale [147]. Adverse events associated with this preparation were typical 

of excessive cholinergic stimulation, similar to those observed with cholinesterase inhibitors (e.g., rivastigmine) 

[147,153]. As with lemon balm, a lower incidence of agitation was observed in the group receiving sage extract 

compared with placebo, suggesting additional beneficial properties for patients with AD [147]. 
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To date, treatment outcomes involving Melissa officinalis and Salvia officinalis appear promising, as 

these agents have identifiable pharmacological targets, such as specific receptors or neurotransmitter systems; 

however, such therapy cannot be considered sufficient as a standalone treatment for the disease under 

discussion [147]. 

6.4.5 Tramiprosate 

There is one agent which, among beta-amyloid aggregation inhibitors, is currently undergoing phase III 

clinical trials [154,155,156]. This compound is 3-amino-1-propanesulfonic acid, also known as tramiprosate 

[154,155,156]. It was synthesized to antagonize the interaction between soluble beta-amyloid and endogenous 

glycosaminoglycans (GAGs) [154]. GAGs have been shown to promote the deposition and accumulation of 

beta-amyloid fibrils [154,156]. Unfortunately, the results of the phase III trial conducted in 2007 were 

disappointing, leading to the suspension of further development of the drug in Europe [154,157]. 

6.4.6 Kolostrynin 

Colostrinin, a proline-rich polypeptide complex present in human colostrum (as well as bovine and ovine 

colostrum), has been found to inhibit beta-amyloid aggregation [154,158]. Studies in murine cell models 

demonstrated reduced beta-amyloid neurotoxicity and improved cognitive performance in experimental 

animals [154,158]. Phase II trials were conducted in patients with mild AD, in whom administration of the 

agent, assessed using the Mini-Mental State Examination (MMSE), revealed slight improvement over a 15-
month treatment period; however, this beneficial effect was not sustained during the subsequent 15 months of 

continued therapy [154,158]. 

6.4.7 Scylloinositol 

An 18-month phase II clinical trial investigated the use of an oral anti-amyloid aggregation agent, scyllo-

inositol, in patients with mild to moderate AD [154,159]. Ultimately, the study - designed to evaluate safety, 

efficacy, and dose selection - did not meet the predefined criteria for clinical effectiveness [154,159]. 

6.4.8 Inhibitores/modulatores RAGE 

These agents act on the receptor for advanced glycation end products (RAGE), facilitating the transport 

of beta-amyloid across the BBB [154,160,161,162]. They were the only drugs modulating beta-amyloid 

transport between systemic circulation and the central nervous system to reach clinical trial phases [154]. 

Unfortunately, PF-04494700 and TTP400, which reached phase II and phase I trials (NCT01548430), 

respectively, were withdrawn from further development, and their results were not published [154,163]. 

6.4.9 Active immunization 

Active anti-amyloid immunotherapy aims to promote the clearance of beta-amyloid, thereby 

significantly reducing its concentration in individuals affected by AD [154]. Administration of vaccines 

containing beta-amyloid-42 (the predominant form present in plaques in older individuals) to transgenic mouse 

models of AD proved successful in experimental assessments [154]. These vaccines were intended to stimulate 

B- and T-lymphocytes as well as activate the phagocytic properties of microglia [154]. 

Human trials were conducted using a first-generation vaccine (AN1792, comprising the 1–42 beta-

amyloid peptide); however, this approach was associated with serious adverse effects [154]. Due to an 

autoimmune response - primarily mediated by T-lymphocyte activation - 6% of participants developed 

encephalitis, specifically aseptic meningoencephalitis [154,164]. 

Second-generation vaccines contained a shorter peptide fragment (amino acids 1–6 of the beta-amyloid 

protein), with the aim of preventing the adverse immune response observed with the first-generation vaccine 

[154,165]. The company Novartis developed the CAD106 vaccine, which advanced to clinical trial phases 

[154,165]. Phase II clinical studies demonstrated an immune response in as many as 75% of treated patients, 

without the occurrence of serious adverse reactions [154,165]. 

Another vaccine, ACC-001, developed by Janssen, was evaluated in several phase II trials 

(NCT01284387, NCT00479557, NCT01227564) [154,166,167,168]. Unfortunately, the company 

discontinued further development of this vaccine [154]. 

Meanwhile, additional vaccine candidates have been developed and are currently being investigated at 

various stages of preclinical development [154,169,170,171]. 
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6.5 Therapies with the potential to cure the future 

Numerous diagnostic and therapeutic approaches represent potential directions in which Alzheimer’s 

disease (AD) treatment may evolve, creating new therapeutic pathways for patients who respond poorly to 

classical, previously established interventions [172]. 

6.5.1 Retinoic Acids 

One promising avenue requiring further investigation is the use of retinoids to improve cognitive 

functions, including memory and learning. Reduced retinoid levels have been associated with cognitive 

impairment in older individuals, and decreased concentrations have also been observed in the brains of aging 

mice [162,173,174]. Retinoic acids (RA) promote neurogenesis and support neuroplasticity, both of which are 

key processes underlying learning and memory formation [172]. In vitro studies have demonstrated that RA 

reduces beta-amyloid toxicity [172,175]. In murine studies, a vitamin A–deficient diet resulted in disruption 

of RA signaling pathways and accumulation of beta-amyloid within cerebral vasculature in the frontal brain 

region [172,176]. 

Research conducted by Gonçalves et al. demonstrated that modulation of retinoid receptors promotes 

cognitive function, enhances clearance of Aβ from neurons and microglia, and exerts anti-inflammatory effects 

[172,177]. These findings suggest that synthetically developed retinoids may constitute a future therapeutic 

pathway for patients with AD [172]. 
Examples of such agents include tamibarotene and acitretin, which are currently being investigated for 

their therapeutic potential in AD [172]. Studies by Tippmann et al. showed that acitretin increases the activity 

of alpha-secretase involved in amyloid precursor protein (APP) processing, thereby reducing beta-amyloid 

levels in the APP/PS1 AD model. This retinoid also demonstrates substantial penetration across the BBB 

[172,178]. Research by Endres et al. indicated that acitretin enhances non-amyloidogenic APP metabolism in 

humans [172,179,180]. Preliminary phase II clinical data demonstrated a 25% increase in the concentration of 

the aforementioned secretase in the cerebrospinal fluid of patients with AD [172,179]. Furthermore, Gonçalves 

et al. tested multiple retinoid receptor agonists and observed that activation of the RAR signaling pathway 

increases the enzymatic expression of neprilysin (NEP) and insulin-degrading enzyme (IDE), thereby 

promoting beta-amyloid clearance and modulating production of the pro-inflammatory cytokine TNF-alpha 

by glial cells [172,181]. These studies also demonstrated that NEP, through its proteolytic action on beta-

amyloid, activates RAR signaling in CNS cells, while IDE contributes to dissolution of beta-amyloid deposits 

and is likewise present in the CNS [172,177]. 

Retinoids may not serve as a primary therapeutic solution in AD but could potentially enhance the effects 

of currently used agents, such as cholinesterase inhibitors [172]. Stimulation of RAR increases the production 

of choline acetyltransferase (ChAT) and vesicular acetylcholine transporter (VAChT) protein [172]. Both are 

involved in facilitating acetylcholine (ACh) transport into presynaptic vesicles for subsequent neurotransmitter 

release [172,182]. Thus, enzymatic pathways involving retinoids may play a significant role in regulating ACh 

production via ChAT as well as neurotransmitter availability at synapses through acetylcholinesterase 

modulation, offering potential pharmacological support in AD treatment [172]. 

Although these findings appear promising, research on retinoids remains in its early stages, and limited 

experimental clinical data have been published [172]. Insufficient attention has been devoted to the effects of 

RA on brain function, despite the substantial regulatory potential of retinoids over numerous neuronal 

processes in the adult human brain [172]. Their application appears highly promising in AD and potentially in 

other neurodegenerative diseases; however, further elucidation of the molecular pathways and neuronal genes 

regulated by retinoids is required before clinical implementation [172]. 

6.5.2 The missing element in the fight against Alzheimer's – copper 

Another potential diagnostic and therapeutic pathway involves copper. The beta-amyloid precursor 

protein (APP) is a copper-binding glycoprotein necessary for beta-amyloid production within cells. Studies in 

transgenic mice have shown that APP overexpression leads to significantly reduced copper concentrations in 

the brain, whereas animals with knockout of genes such as APP or APLP2 exhibit increased copper levels in 

the liver and cerebral cortex [183–187]. In vitro studies indicate that APP and APLP2 may function as copper 

efflux proteins [183]. 

Using a yeast model, the copper-chelating agent clioquinol (CQ) was evaluated [183]. Increased 

intracellular copper levels were observed, suggesting that its therapeutic potential may be related to 

redistribution of copper or facilitation of cellular uptake rather than reduction of total copper levels [183]. 

Animal model studies confirmed that APP plays a role in regulating copper homeostasis in vivo [183]. 

Although the significance of ionic dyshomeostasis in AD is not yet fully understood, studies in transgenic mice 
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strongly suggest that increasing copper ion concentration may reduce soluble beta-amyloid peptide levels and 

plaque burden [183,188–190]. Elevated intracellular copper reduced APP conversion into beta-amyloid and 

modulated APP levels [183,184,191]. 

Interestingly, during oral treatment with CQ - despite being classified as a copper and zinc chelator - 

brain concentrations of copper (by 19%) and zinc (by 13%) paradoxically increased [183]. A 50% increase in 

soluble brain beta-amyloid was observed, while plaque deposition was inhibited [183,192]. This suggests that 

CQ does not alter total systemic copper levels but rather redistributes them [183]. Its CNS effects are likely 

related to its hydrophobic properties, enabling penetration across the BBB and facilitating formation and 

uptake of CQ–copper complexes in the brain (which may also form in the gastrointestinal tract in mammals) 

[183,193]. In a phase II clinical trial, CQ administration was associated with stabilization of cognitive decline 

and reduction of plasma beta-amyloid 42 levels in patients with moderate to severe AD [183,193]. Moreover, 

transgenic mice treated with copper exhibited prolonged survival compared with untreated animals, suggesting 

potential clinical relevance [183,184]. Collectively, current evidence indicates that modulation of copper 

homeostasis may represent an alternative therapeutic strategy in AD [183]. 

6.5.3 Passive immunization 

Passive immunotherapy involves administration of mono- or polyclonal antibodies directed against beta-

amyloid. Its advantage over active immunotherapy lies in the reduced pro-inflammatory response associated 
with T-lymphocyte activation [154]. Animal studies demonstrated that despite unchanged plaque counts, 

passive immunotherapy improved cognitive function and reduced cerebral beta-amyloid burden [154]. This 

effect is attributed to neutralization of soluble amyloid oligomers, which constitute a key pathogenic 

component of AD [154]. 

6.5.3.1 Bapinezumab/solanezumab 

Two humanized monoclonal antibodies advanced into late-stage clinical development; however, in 2012 

two phase III trials were terminated due to lack of efficacy in patients with mild to moderate AD [154,194]. 

These antibodies targeted beta-amyloid fragments 1–6 and 12–28, respectively [154,195,196]. Bapineuzumab 

reduced amyloid plaque burden and cerebrospinal fluid phosphorylated tau levels but failed to improve 

cognitive outcomes [154]. 

In studies administering 400 mg monthly infusions of solanezumab for 80 weeks in patients with mild 

to moderate AD, results suggested possible cognitive benefit in mild AD; however, the findings were not 

statistically significant [154,196]. Subsequent phase III trials were conducted in patients with AD 

(NCT01127633, NCT01900665) and in cognitively normal individuals at high risk of developing AD 

(NCT02008357) [154,197–199]. 

6.5.3.2 Gantenerumab 

A fully human IgG1 monoclonal antibody has been investigated in trial NCT01760005 in individuals at 

risk of early-onset AD due to autosomal dominant mutations [154,200–203]. Concurrent phase III 

(NCT02051608) and prodromal AD (NCT01224106) trials are also ongoing [154,204,205]. In transgenic 

mouse studies, gantenerumab was shown to recruit microglia to phagocytose amyloid plaques, leading to 

plaque degradation [154]. 

6.5.3.3 Krenezumab 

Another humanized IgG4 monoclonal antibody completed a phase II clinical trial in 2014 

(NCT01343966) evaluating efficacy and safety in mild to moderate AD [154,206,207]. In 2013, an additional 

phase II study (NCT01998841) was initiated in asymptomatic carriers of the autosomal dominant PSEN1 

E280A mutation [154,208]. 

6.5.3.4 Gammagard 

A further human antibody with a previously established safety profile in autoimmune diseases was 

evaluated in trial NCT00818662 in a small cohort of patients with AD [154,209]. This agent also exhibits 

immunomodulatory properties, potentially enhancing microglial phagocytosis [154,210–212]. 

6.5.3.5 ALZ-801 (tramiprosate prodrug) 

An orally administered agent capable of effectively crossing the BBB selectively targets beta-amyloid 

monomers, thereby inhibiting pathological misfolding and preventing formation of neurotoxic soluble 

oligomers [80,129,213–215]. It demonstrates improved absorption, gastrointestinal tolerability, and enhanced 

brain penetration [80,216]. Clinical data from over 2,000 patients treated for 18 months indicate a favorable 

safety profile [80,217,218]. Its clinical dose has been optimized to effectively block beta-amyloid oligomer 

formation in the brain (phase III and in vitro studies) [80,129,216]. The oral formulation ALZ-801 offers 
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convenient administration for elderly patients and may serve as a preventive therapy in asymptomatic 

individuals at high risk for AD [80]. 

6.5.4 Tau protein 

Tau protein is a soluble neuronal protein abundantly present in neurons, where it plays a key role in 

stabilizing microtubules, particularly within axons [154,219–221]. Pathophysiological changes in tau involve 

hyperphosphorylation, leading to formation of insoluble paired helical filaments (PHFs) [154,220]. This 

disrupts microtubule binding, destabilizes the cytoskeleton, and ultimately results in neuronal degeneration 

and death [154,220]. Therapeutic strategies targeting tau focus on inhibiting phosphorylation and/or 

aggregation and may complement existing AD therapies [154,221]. 

6.5.4.1 Tau protein hyperphosphorylation inhibitors 

Phosphorylation is one of the most important mechanisms regulating the binding of microtubules to tau 

proteins [154]. Pathophysiological reactions occurring in people affected by Alzheimer's disease cause 

hyperphosphorylation, which prevents the dissolution of tau proteins [154,222,223]. 

Hyperphosphorylation results from imbalance between kinase and phosphatase activity, with kinase 

predominance in AD [154]. Relevant kinases include CDK5, GSK3-beta, Fyn, JNK, p38, and ERK1/2 

[154,224]. These contribute to pathological tau hyperphosphorylation within neurofibrillary tangles 

[118,154,225–231]. 
SP600125, a pan-JNK inhibitor, reduced neurodegeneration and improved cognitive function in 

APP/PS1 transgenic mice [154,230]. Inhibition of JNK3 may produce similar beneficial effects [154,228–231]. 

In human studies, elevated JNK3 levels correlated positively with beta-amyloid (1–42) and cerebrospinal fluid 

JNK3 concentrations were associated with memory impairment [49,227,231]. 

CDK5, a serine/threonine cyclin-dependent kinase, plays essential physiological roles in CNS 

development, including axonal growth and neurite extension [154,232]. In AD, pathological conversion of its 

cofactor p35 to p25 due to increased intracellular calcium leads to tau hyperphosphorylation and neuronal 

degeneration [154,233,234]. CDK5 inhibitors such as roscovitine and flavopiridol have demonstrated 

neuroprotective effects in vitro and in vivo by reducing ischemia-induced and neurodegenerative damage 

[154,234,235]. 

GSK3-beta inhibitors have reached more advanced stages of clinical development. Tideglusib, an 

irreversible GSK3-beta inhibitor administered for 26 weeks in mild to moderate AD (NCT01350362), failed 

to demonstrate efficacy and was discontinued [154,236]. Another study (NCT00948259) evaluating NP031112 

aimed to assess safety and tolerability over 20 weeks; however, further details were not reported [154,237]. 

An alternative strategy involves enhancing phosphatase activity. Sodium selenate, a protein phosphatase 

2A (PP2A) agonist (ACTRN12611001200976), reduced tau phosphorylation in cellular and murine AD 

models [154,238–242]. 

6.5.4.2 Tau protein aggregation inhibitors 

Inhibition of tau aggregation represents another therapeutic approach. Methylene blue derivatives have 

shown potential in this context [154]. Methylene blue inhibits aggregation, improves mitochondrial electron 

transport chain function, reduces oxidative stress, limits organelle damage, and modulates autophagy 

[154,224,242]. The first-generation derivative Rember demonstrated potential stabilization of AD progression 

over 50 weeks in clinical trials [154]. This led to development of the second-generation purified derivative 

TRx0237, which not only inhibits aggregation but also dissolves existing tau aggregates; its therapeutic 

potential is under investigation in multiple trials (NCT01626391, NCT01689233, NCT01689246, 

NCT01626378) [154,224,243–246]. 

6.5.4.3 Microtubule stabilization 

Another approach involves stabilization of microtubules to counteract tau pathology. Paclitaxel, widely 

used in oncology (e.g., breast and lung cancer), stabilizes microtubules but does not cross the BBB and carries 

significant long-term adverse effects, limiting its utility in AD [154,247,248]. TPI-287, a taxane derivative, is 

being evaluated for safety, tolerability, and pharmacokinetics in mild to moderate AD (NCT01966666) 

[154,249]. 

Epothilone D improved axonal transport, reduced axonal dystrophy and tau pathology, and decreased 

hippocampal neuronal loss; however, its development was discontinued due to unfavorable results [154,248]. 

Current research focuses on identifying the most toxic tau species, particularly soluble and oligomeric forms, 

which represent critical targets for future therapeutic development [154,248,250]. 
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6.5.4.4 Anti-tau immunotherapy 

Both active and passive immunotherapies are also being directed against tau [154]. These approaches 

enhance anti-aggregation mechanisms and promote clearance of oligomeric and insoluble aggregates 

[154,251]. In murine studies, monoclonal antibodies targeting hyperphosphorylated tau improved cognitive 

function without significant adverse effects [154,251]. A 2013 study by Axon Neuroscience (NCT01850238, 

NCT02031198) evaluated the safety and tolerability of the AADvac-1 vaccine, though detailed results were 

not disclosed [154,252,253]. In 2014, favorable safety profiles over six months were reported in animal models 

(rats, dogs, rabbits), leaving open the question of comparable efficacy and safety in humans [154]. 

6.5.5 Cholinergic hypothesis 

Memory consolidation and persistence occur within the hippocampus under cholinergic modulation 

[154,254]. AD involves degeneration of cholinergic neurons in the nucleus basalis of Meynert and loss of 

cholinergic projections to the hippocampus and neocortex [154]. Beyond approved acetylcholinesterase 

inhibitors (AChEIs), new agents aim not only to slow but potentially halt disease progression [154,255]. 

Ladostigil (TV3326) is a reversible acetylcholinesterase inhibitor and selective, irreversible monoamine 

oxidase A and B inhibitor, potentially alleviating extrapyramidal symptoms and exerting antidepressant effects 

[154,256,257]. Ongoing studies (NCT01429623, NCT01354691) aim to evaluate its anti-apoptotic, 

antioxidant, neuroprotective, and anti-inflammatory properties [154,258,259]. 
6.5.6 Dendritic hypothesis 

AD pathophysiology also involves neurite degeneration and synaptic loss, prompting investigation of 

molecular changes in postsynaptic regions [154,260–262]. Overexpression of Fyn kinase - elevated in AD 

brains - accelerates synaptic degeneration and cognitive impairment in J9 (APPswe/Ind) transgenic mice 

[154,260]. This provides a therapeutic rationale for Fyn kinase inhibition. Trials (NCT01864655, 

NCT02167256, NCT00976118, NCT01872598) have evaluated saracatinib (AZD0530) and masitinib 

(AB1010) due to their nanomolar-range Fyn inhibitory activity [154,263–269]. 

In study NCT00976118, oral masitinib was administered for 24 weeks in combination with 

acetylcholinesterase inhibitors (galantamine, rivastigmine, or donepezil) and/or memantine [154,265]. 

Assessment using the ADAS-Cog scale yielded encouraging results; however, patient groups were too small 

to draw definitive conclusions regarding efficacy [154]. 

 

Conclusions 

Alzheimer’s disease is a chronic, progressive neurodegenerative disorder and the most common cause 

of dementia worldwide, representing a major and growing global health burden. Its prevalence is increasing 

rapidly, particularly in aging populations, with substantial underdiagnosis contributing to delayed intervention. 

The disease is characterized by a prolonged preclinical phase marked by amyloid beta accumulation, tau 

pathology, neuroinflammation, and progressive neurodegeneration, which precede clinical symptoms by many 

years. Clinically, Alzheimer’s disease manifests initially as episodic memory impairment, followed by 

progressive cognitive, functional, and neuropsychiatric decline. Advances in biomarker-based diagnostics, 

including neuroimaging and cerebrospinal fluid analyses, have significantly improved the accuracy of early 

detection and disease staging. The integration of biological and clinical staging frameworks provides a more 

comprehensive understanding of disease progression and supports earlier, more precise diagnosis. 

The current pharmacological management of Alzheimer’s disease relies primarily on symptomatic 

therapies, including acetylcholinesterase inhibitors and memantine. Acetylcholinesterase inhibitors are 

indicated for mild-to-moderate stages, whereas memantine, in moderate-to-severe stages. Although both 

classes provide modest cognitive and functional benefits-particularly when used in combination-their effects 

remain symptomatic and do not alter the underlying neurodegenerative process. Adverse events, including 

gastrointestinal, cardiovascular, and neuropsychiatric effects, may limit tolerability, and therapeutic efficacy 

is further constrained by factors such as limited blood–brain barrier permeability and delayed treatment 

initiation. Increasing evidence supports the role of lifestyle-based interventions as complementary strategies 

in prevention and management. Dietary patterns, supplementation, and regular physical activity may enhance 

neuronal resilience through modulation of oxidative stress, mitochondrial function, metabolic homeostasis, 

and neuroinflammation. Although these interventions do not directly modify core neuropathological hallmarks, 

they represent accessible and cost-effective approaches to risk reduction and supportive care. 

Lecanemab (BAN2401) is a recombinant humanized immunoglobulin gamma 1 (IgG1) that belongs to 

the second generation of anti-Aβ monoclonal antibodies, which are characterized by their selectivity for 

soluble Aβ oligomers versus insoluble fibrils or plaques. What distinguishes lecanemab from other anti-
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amyloid mAbs is its ability to selectively bind to large, soluble protofibrils while still targeting insoluble fibrils, 

which creates amyloid plaques. Lecanemab reduces brain amyloid and slows loss of cognition. Lecanemab 

can also significantly decrease markers of amyloid, tau, neurodegeneration, and neuroinflammation. 

Lecanemab should be administered as an intravenous infusion over about 1 hour, once every 2 weeks, at a 

dose of 10 mg/kg. Indications include mild cognitive impairment due to Alzheimer’s disease or mild 

Alzheimer’s disease–related dementia with a confirmed Aβ pathology. Currently, there are no known 

contraindications of lecanemab, however, it is suggested to avoid using it in patients with a history of seizures, 

APOE4 carriers, or pregnant or lactating women. Lecanemab is generally a well-tolerated and safe drug. Main 

adverse effects include infusion reactions, headache, and ARIA (amyloid-related imaging abnormalities). 

Many clinical trials assessed lecanemab’s efficacy and safety, however, more data is still needed, especially 

from long-term studies. Lecanemab differs from memantine and cholinesterase inhibitors in both mechanisms 

of action and therapeutic goals. While memantine and ChEIs mainly provide symptomatic relief and are 

standard treatments in Alzheimer’s disease management, they do not affect the underlying pathological process. 

In contrast, lecanemab, as a disease-modifying therapy, reduces amyloid-β burden and has been shown to slow 

cognitive and functional decline in early stages of AD. However, lecanemab does not replace symptomatic 

therapies but may be used with them. The therapeutic strategies discussed in this work reflect the evolving 

understanding of AD pathophysiology and increasingly target specific molecular mechanisms underlying 
disease progression, particularly beta-amyloid and tau pathology. 

Anti-amyloid approaches - including passive immunotherapy with monoclonal antibodies such as 

aducanumab and lecanemab, active immunization strategies, aggregation inhibitors (e.g., tramiprosate, scyllo-

inositol), and modulators of beta-amyloid transport - demonstrate that substantial reduction of amyloid burden 

is biologically achievable. However, clinical efficacy in terms of consistent and clinically meaningful cognitive 

improvement remains limited or variable. Safety concerns, including amyloid-related imaging abnormalities 

and autoimmune reactions observed in early vaccine trials, further underscore the need for careful therapeutic 

optimization and long-term evaluation. 

Similarly, tau-directed strategies - targeting hyperphosphorylation, aggregation, or microtubule 

destabilization - represent a rational extension of disease-modifying efforts, particularly given the strong 

correlation between tau pathology and cognitive decline. Although several kinase inhibitors, phosphatase 

modulators, aggregation inhibitors, and tau immunotherapies have shown promising preclinical results, 

translation into consistent clinical benefit has thus far been inconclusive. 

Beyond amyloid and tau, alternative pathways such as retinoid signaling modulation, copper 

homeostasis regulation, cholinergic enhancement, and Fyn kinase inhibition illustrate the growing recognition 

that AD involves broader disturbances in synaptic plasticity, neuroinflammation, metal ion balance, and 

neuronal signaling. These approaches may not function as standalone curative therapies but could serve as 

adjunctive or combination strategies, potentially enhancing the efficacy of existing treatments. 

Collectively, current evidence suggests that monotherapeutic interventions targeting a single 

pathological mechanism may be insufficient to halt or reverse disease progression. Future therapeutic 

development will likely require earlier intervention - possibly at preclinical or prodromal stages - as well as 

multimodal strategies addressing amyloid accumulation, tau pathology, synaptic dysfunction, and 

neuroinflammation simultaneously. Large-scale, well-designed clinical trials with extended follow-up periods 

remain essential to determine long-term safety, clinical relevance, and optimal patient selection. 

In conclusion, while significant advances have been made in elucidating the molecular underpinnings 

of AD and in developing targeted therapies, the translation of these advances into robust clinical outcomes 

remains a major challenge. Continued integration of molecular research, biomarker development, and 

precision-medicine approaches will be critical in shaping the next generation of effective disease-modifying 

therapies for Alzheimer’s disease. 
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