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Abstract 

Alzheimer’s disease (AD) is the leading cause of dementia worldwide. Amyloid-beta (Aβ) deposition, is one of the 
processes involved in the pathophysiology of AD, has inspired interest in targeted therapies, including monoclonal 
antibodies. Aducanumab acts as a fully human IgG1 monoclonal antibody against Aβ by binding to amyloid plaques 
and was approved by the Food and Drug Administration (FDA) as the first disease-modifying drug for mild cognitive 
impairment and mild stages of AD. This accelerated approval, albeit the termination of the two phase III clinical trials 
of aducanumab due to results of futility analysis, has provoked controversy among the key opinion leaders in the 
field of cognitive neurology. Aducanumab poses significant financial constraints on patients and healthcare systems. 
Furthermore, the precise diagnosis of AD stages for appropriate aducanumab initiation remains a formidable chal-
lenge. The drug’s administration necessitates specialized infrastructure and medical equipment, and it may induce 
amyloid-related imaging abnormalities (ARIA), potentially resulting in cerebral edema or hemorrhage. These disad-
vantages might outweigh the potential benefits of the medication, especially considering the uncertainties regarding 
its efficacy. This commentary is intended to briefly evaluate the application of aducanumab in developing countries, 
considering the associated diagnostic challenges, clinical efficacy, cost, and potential adverse effects.
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Introduction
Alzheimer’s disease (AD), as a disabling neurodegen-
erative disease, is the most common cause of dementia 
worldwide. The progressive decline of cognitive functions 
is the primary clinical manifestation of AD [1].

The pathogenesis of AD, although not fully understood, 
is believed to have a multifactorial nature. Genetics and 
family history, environmental factors, some infections, 

nutritional status, and the patient’s lifestyle have been 
discussed to play a role in the progression of neurodegen-
erative diseases, such as AD [2].

Several hypotheses have been suggested to better 
understand the pathophysiology of AD, such as neuro-
inflammation, oxidative stress, tau pathology, microbi-
ota–gut–brain axis, mitochondrial cascade hypothesis, 
calcium homeostasis and NMDA hypotheses, metal ion 
hypothesis, lymphatic system hypothesis, and last but not 
least the amyloid hypothesis [3–5].

There are several possible mechanisms by which 
amyloid-beta (Aβ) deposition contributes to AD 
pathogenesis:

Aβ aggregation: Aβ peptides have the potential to 
accumulate into oligomers, fibrils, and, in the end, form 
amyloid plaques. The formation of these aggregates is 
detrimental to neurons, resulting in synaptic dysfunction 
and causing neurodegeneration [6].
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Neuroinflammation: Aβ accumulation can stimulate 
and activate microglia, which are the immune cells of the 
brain, leading to chronic inflammation. This inflamma-
tory response contributes to neuronal damage and neu-
ronal loss [7, 8].

Oxidative stress: Aβ has the potential to provoke oxi-
dative stress through the production of reactive oxygen 
species (ROS), which can subsequently impair cellular 
constituents, including lipids, proteins, and DNA. This 
impairment ultimately results in neuronal malfunction 
and neuronal death [9].

Synaptic dysfunction and neuroplasticity: Aβ oligomers 
can interfere with synaptic function, signal mechanism, 
and long-term potentiation (LTP), a cellular process 
underlying learning and memory [10].

Tau pathology: Aβ accumulation may also promote the 
hyperphosphorylation of tau protein, leading to the for-
mation of neurofibrillary tangles (NFTs). Tau pathology 
contributes to neuronal dysfunction and neurodegenera-
tion in AD [11].

Having these in mind, the amyloid hypothesis has 
grabbed a significant amount of attention in the recent 
years for the development of targeted therapy as mon-
oclonal antibodies for the modification of AD [12]. 
Although the amyloid hypothesis, which suggests that 
the accumulation of Aβ plaques in the brain is a primary 
cause of AD, has been widely debated in the scientific 
community [13, 14]. While aducanumab targets these 
plaques, it is still unclear whether reducing them will 
improve cognitive function in patients with AD [15].

AD involves two key molecular features: amyloid pep-
tide production and tau protein aggregation, both con-
tributing to neuronal death. Aβ peptides are produced 
when beta and gamma secretases cleave the amyloid 
precursor protein (APP). In pathological conditions, 
these peptides form toxic oligomers, protofibrils, fibrils, 
and eventually amyloid plaques. Tau proteins are associ-
ated with microtubules, providing structural support for 
neurons. During AD progression, tau proteins become 
hyperphosphorylated, detaching from microtubules, and 
leading to microtubule disassembly. Hyperphosphoryl-
ated tau forms oligomers, which contribute to the forma-
tion of paired helical filaments and NFTs. A vicious cycle 
occurs between tau and Aβ. Aβ oligomers increase intra-
neuronal calcium levels, causing inflammation, microglia 
recruitment, and further tau aggregation. Meanwhile, 
hyperphosphorylated tau disrupts microtubules and 
aggregates. Tau aggregates impair the proteasome sys-
tem, reducing Aβ peptide degradation. Collectively, these 
processes culminate in neuronal death, a hallmark of AD 
[16].

Neurodegenerative diseases exhibit shared charac-
teristics. Approximately 30% of AD patients develop 

parkinsonism, while over 30% of Parkinson’s disease 
(PD) patients experience dementia. Approximately 50% 
of PD with dementia cases are attributed to comorbid-
ity with AD. Up to 50% of AD patients exhibit TDP-43 
proteinopathy, typically associated with amyotrophic 
lateral sclerosis (ALS). Amyloid deposition occurs 
in roughly 10% of Creutzfeldt–Jakob disease (CJD) 
patients. Notably, diffuse intracellular amyloid plaques 
are linked to aging and HIV-associated neurocognitive 
disorders (HAND), while secondary neurodegenera-
tion from stroke shares similarities with AD, including 
abnormal amyloid deposition [17]. Therefore, reduc-
ing Aβ accumulation, if demonstrated to exhibit ade-
quate efficacy, could be a potential effective therapeutic 
approach not only for AD, but also for other neurode-
generative disorders in future research.

Aducanumab (under the brand name of Aduhelm™), 
a new therapy for AD after 18  years, acts as a fully 
human IgG1 monoclonal antibody against Aβ by bind-
ing to amyloid plaques. Aβ plaques are fragmentized by 
aducanumab to smaller oligopeptides or soluble amino 
acids [18]. By clearing Aβ aggregates, aducanumab may 
help reduce the activation of microglia and the result-
ing neuroinflammation, which contributes to neuronal 
damage in AD, and by reducing Aβ levels, aducanumab 
may help preserve synaptic function and neuroplas-
ticity, which are critical for cognitive processes such 
as learning and memory [19, 20]. Indeed, lecanemab 
has recently been granted FDA approval, signifying its 
introduction as the second medication within the anti-
amyloid classification; however, our focus remains on 
aducanumab, given the abundance of available informa-
tion [21].

The accelerated approval of aducanumab as the first 
disease-modifying drug for AD in 2021 by the Food and 
Drug Administration (FDA) is considered controversial 
by several cognitive neurologists [22].

Two phase III clinical trials of aducanumab, EMERGE 
(NCT02484547) and ENGAGE (NCT02477800), were 
terminated due to the results of futility analyses in March 
2019. EMERGE demonstrated a modest benefit in slow-
ing cognitive decline, while ENGAGE failed to show any 
statistically significant difference between aducanumab 
and placebo groups [23]. However, Biogen presented the 
new drug application (NDA) of aducanumab to the FDA 
after conducting a post hoc analysis that claimed this 
medication to be efficacious [24]. In this commentary, we 
aim to discuss the different aspects of this questionable 
approval and whether aducanumab would be a suitable 
medication for the treatment of AD in the developing 
countries like the Middle East.
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Discussion
To the best of our knowledge, this is the first article to 
address the possible utility of aducanumab in the devel-
oping countries considering different aspects including 
its clinical efficacy, diagnostic challenges, affordability, 
and harms in order to evaluate if the benefits of aduca-
numab outweigh its potential risks while demanding a 
highly developed medical infrastructure.

Clinical efficacy and utility
When assessing the controversial approval of aduca-
numab, there are some points that come to mind:

Aducanumab is approved by the FDA for mild cogni-
tive impairment (MCI) and mild stages of AD (Mini-
Mental State Examination [MMSE] > 24 and Clinical 
Dementia Rating [CDR] score of 0.5) and should not be 
administered in the moderate or severe stages of AD, 
as well as other types of dementia such as Lewy body 
dementia and vascular dementia [25].

There are no generally accepted and specified mini-
mum clinically important differences (MCID) in the 
design and interpretation of the outcomes for AD trials, 
leading to the use of arbitrary criteria to interpret the 
results [26, 27]. MCID is defined as the smallest change 
in the score of a scale of interest for the patient or their 
caregiver to notice an improvement in the patient’s clini-
cal symptoms and disease management [28]. As a mat-
ter of fact, the accelerated approval of aducanumab was 
based on the drug’s ability to reduce Aβ plaques in the 
brain, a surrogate endpoint, rather than on its ability to 
improve cognitive function or slow the progression of 
AD. In evaluating the effectiveness of medications in 
many diseases, specific biomarkers related to therapeutic 
efficiency are used. No such specific biomarker has been 
found in AD. Although Aβ plaques and NFTs are patho-
logical hallmarks of AD, their correlation with cognitive 
decline is not perfect. The lack of definitive biomarkers 
makes it difficult to accurately measure disease progres-
sion and evaluate the efficacy of potential treatments [29, 
30].

According to various criteria for evaluating the effec-
tiveness, many researchers consider this medication to 
have no clinical effect. Examples of the exclusion crite-
ria are the following: patients with significant vascular 
lesions, unstable cardiovascular or metabolic disorders, 
history of stroke, myocardial infarction, and patients 
with concomitant anticoagulants or antiplatelet medica-
tions (other than aspirin 81 mg daily) [31]. The majority 
of patients with AD have at least one of the exclusion cri-
teria above.

On the other hand, based on a study in Asia, less than 
7% of patients are diagnosed with AD, and this num-
ber accounts for the moderate and severe stages [32]. 

Therefore, given the present circumstances, only a lim-
ited number of patients might benefit from this targeted 
therapy in developing countries.

In general, the majority of clinical trials for aduca-
numab are conducted in Western countries with a pre-
dominantly Caucasian population. It remains uncertain 
whether the effectiveness and safety of the medication 
will be consistent for the diverse ethnic populations liv-
ing in developing countries. To evaluate the therapeutic 
effectiveness and potential adverse reactions of aduca-
numab among distinct global populations, it might be 
necessary to conduct regionally tailored clinical studies 
[33].

Diagnostic challenges
For accurate diagnosis and differentiation among sub-
jective cognitive impairment (SCI), MCI, and AD, it 
is essential to define precise and practical criteria for 
patient selection. Based on a consensus, amyloid neuro-
imaging is not considered appropriate in the diagnosis 
of AD [34], although the presence of amyloid plaques 
is a requirement for the initiation of aducanumab (low 
cerebrospinal fluid (CSF) Aβ42 (or Aβ42:Aβ40 ratio) or 
positive amyloid positron emission tomography (PET) 
imaging using one of the amyloid PET tracers) [35]. 
According to the estimates, between 37 and 68% of MCI 
or mild AD patients have the appropriate amyloid status 
to start treatment with aducanumab [36]. In developing 
countries, including Iran, advanced fluorodeoxyglucose-
positron emission tomography (FDG-PET) and tau-PET 
scans are not easily accessible and require considerable 
costs. The use of specific assessment tools like the Mon-
treal Cognitive Assessment (MoCA) for MCI diagnosis 
may result in a substantial number of false positives due 
to its dependence on education and the high illiteracy 
rates among elderly populations in many developing 
countries such as the Middle East, particularly among 
women, who exhibit a greater prevalence of illiteracy and 
susceptibility to AD. In such contexts, functional evalua-
tion instruments that are not reliant on extensive educa-
tion, such as the Functional Assessment Staging (FAST) 
tool, may be more advantageous. Nevertheless, the FAST 
may not accurately identify MCI cases. The application 
of age-matched volumetric magnetic resonance imaging 
(MRI) techniques may provide valuable information.

Affordability
The cost of this medication is $56,000 per year in the 
United States of America (which was later reduced to 
$28,200 per year), without considering the physician’s fee 
and routine imaging. Drug pricing negotiations between 
the manufacturer and each country can have a signifi-
cant impact on the cost of aducanumab. However, this 
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expenditure is rather high not only for the  developing 
countries but also for developed Western European and 
Northern American countries. For example among the 
sixteen countries in the Middle East with a population of 
more than 400 million, only three countries with approxi-
mately 17 million people have a gross domestic product 
per capita (GDP per capita) above $56,000. Even with 
half the price, aducanumab is too expensive for insurance 
companies, considering the high number of patients with 
AD. According to the Dementia Forecasting Collabora-
tors, by the year 2050, the Middle East and North Africa 
will have the highest increase in the number of patients 
with AD [37].

There are several countries in the Middle East, such 
as Iran, that have underdeveloped healthcare systems, 
which may be unable to provide the necessary infrastruc-
ture for administering aducanumab via the intravenous 
route, including specialized infusion centers and medi-
cal equipment [38]. Further cost–utility studies should be 
conducted for decision-making.

In Table  1, the factors contributing to the estimation 
of aducanumab’s cost–effectiveness are displayed. These 
factors are computed individually for each nation.

Harms
Researchers have known from the past that amyloid-
related imaging abnormalities (ARIA) are caused by anti 
Aβ monoclonal antibodies [42]. The initial occurrence of 
ARIA in association with aducanumab was documented 
during the second phase of the PRIME clinical trial. A 
dose-dependent relationship was observed, with a higher 

prevalence of ARIA primarily among APOE ε4 allele car-
riers [43].

MRI can detect two types of ARIA: ARIA-E (edema) 
and ARIA-H (hemorrhage). ARIA-E is characterized by 
the presence of vasogenic edema, a form of brain swelling 
resulting from the leakage of fluid from blood vessels into 
brain tissue. Symptoms of ARIA-E may include head-
ache, confusion, dizziness, nausea, and, in severe cases, 
seizures or focal neurological manifestations, depending 
on the affected brain region. ARIA-H, on the other hand, 
is identified by the presence of small areas of bleeding 
within the brain. Depending on the location and sever-
ity, ARIA-H can either be asymptomatic or induce mild 
to moderate symptoms [42].

It is argued by many critics that these side effects may 
outweigh the potential benefits of the drug, particularly 
since it is unclear whether or not it is effective [26].

As mentioned above, the likelihood of developing 
ARIA is elevated in the patients possessing a particular 
genetic variant, the APOE ε4 allele. This might mean that 
genetic testing might be necessary before initiating this 
medication to adjust the dosing for APOE ε4 carriers in 
case of adverse events.

During clinical trials, the majority of ARIA incidents 
were of mild to moderate severity and resolved with-
out persistent consequences [42]. Nonetheless, severe 
cases may lead to significant complications. Therefore, 
it is essential to closely monitor patients receiving adu-
canumab through routine brain MRIs to detect the most 
concerning potential adverse effects throughout the 
treatment period [31, 32, 44].

Table 1  Factors to consider in evaluating the cost–effectiveness of aducanumab [39–41]

Factor Description

Drug cost The cost of aducanumab treatment per patient. This should consider the price of the drug, dosing fre-
quency, and duration of therapy

Administration costs Costs associated with the administration of the drug, including healthcare professional fees and facility fees

Monitoring costs Costs related to routine monitoring, including MRI and PET scans, during aducanumab treatment, as well 
as any supplementary tests or medical consultations needed

Cost of adverse events Costs associated with managing ARIA-E and ARIA-H or other side effects of aducanumab, including the 
potential need for hospitalization, additional medications, or other interventions

Cost of genetic testing Costs related to genetic testing for the APOE ε4 allele, which may be necessary to adjust dosing for carriers 
and predict the risk of developing ARIA

Healthcare resource utilization The impact of aducanumab on healthcare resource utilization, including potential reductions in the need 
for long-term care or other supportive services for patients with AD. This should take into account any 
potential improvements in patients’ cognitive function, functional abilities, and quality of life that may 
result from aducanumab treatment

Quality-adjusted life years (QALYs) The number of QALYs gained as a result of aducanumab treatment. QALYs are a measure of the effective-
ness of a treatment, combining both the quantity and quality of life

Incremental cost–effectiveness ratio (ICER) A measure that compares the difference in costs and effectiveness (measured in QALYs) between aduca-
numab treatment and an alternative treatment or standard of care. Lower ICERs indicate a more cost-
effective treatment
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The need for routine monitoring that should be inter-
preted by trained cognitive neurologists, alongside the 
high cost of this medication, mandates careful consid-
eration of healthcare policy makers in the developing 
countries, in order to keep the healthcare system from 
exhaustion.

Although not an  original research, this article might 
help facilitate future research by attracting the attention 
of researchers in these countries to conduct cost–utility 
and cost–effectiveness studies on aducanumab.

Further investigations and cautious contemplation are 
required before administering this medication to individ-
uals with AD in developing countries.

Conclusions
In conclusion, aducanumab offers potential hope for 
the patients with AD  and their caregivers, but diagnos-
tic challenges and controversies remain among cognitive 
neurology scholars. Accurately distinguishing SCI, MCI, 
and AD is critical for patient selection when consider-
ing aducanumab treatment. Although PET neuroimag-
ing is not typically recommended for AD diagnosis, it is 
required for initiating aducanumab. In developing coun-
tries, limited access to advanced PET neuroimaging tech-
nologies, such as tau-PET and FDG-PET scans, and the 
high costs associated with them pose significant barriers. 
The use of neuropsychological scales alone is insufficient; 
instead, multiple clinical criteria, neuroimaging proce-
dures, and genetic tests should be employed. Region-
specific challenges, such as high illiteracy rates, may 
necessitate alternative assessment tools like FAST. Addi-
tional clinical trials are required to resolve uncertainties 
regarding aducanumab’s effectiveness, while cost–utility 
and cost–effectiveness analyses can aid in evaluating its 
potential advantages and disadvantages across various 
populations.
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