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Abstract

This paper investigates the reasons why clinical trials for treatments of Alzheimer's disease (AD)
have failed and makes recommendations for improvement. The intricate AD pathophysiology,
poor patient selection, inadequate dosage, and inappropriate trial design are a few of the factors
contributing to clinical trials' low success rates. The research examines the use of imaging
biomarkers, Aβ, and tau proteins, and other biomarkers in patient selection and diagnosis. It
also talks about the ε4 allele and APP gene mutations as genetic risk factors for AD. The article
highlights the requirement for a greater understanding of the underlying mechanisms causing
AD and the creation of specialized treatment procedures that address various parts of the
illness.

Introduction

Alzheimer's disease (AD) is a progressive neurological condition marked by memory loss
and cognitive deterioration. Biological indicators for AD include accumulating amyloid (Aβ)
plaques and neurofibrillary tangles (NFTs) in the brain (DeTure, 2019). Despite substantial
studies, clinical studies for potential AD therapies have routinely failed in recent years. We'll
examine the factors that led to AD clinical trial failures and suggest potential improvements.

Multiple factors contribute to trial failures, including the complicated nature of AD
pathogenesis, poor patient selection, insufficient dosage, and ineffective trial design
(Yiannopoulou, 2019). The majority of current therapeutic trials use single-target strategies that
do not address the complex pathology of AD. Therefore, clinical trials have had a low success
rate (Cummings, 2020). An in-depth knowledge of AD pathogenesis and its heterogeneity is
needed to improve the success of AD trials. This includes the discovery of biomarkers to
improve patient selection, the creation of individualized therapy plans, and the addition of
several therapeutic targets.

Identifying AD

Biomarkers have recently come to light as crucial tools for the identification and diagnosis
of AD. The measurement of Aβ in the cerebrospinal fluid (CSF) is one of the most
well-established biomarkers for AD (Nojima, 2022). According to studies, people with AD had
reduced amounts of Aβ in their CSF. Additionally, it has been demonstrated that the ratio of
Aβ42 to Aβ40 in the CSF is a good indicator of AD, with lower ratios indicating a higher chance
of contracting the condition (Hansson, 2019). Aβ is an aggregation-prone and toxic polypeptide;
the difference between Aβ42 and Aβ40 being two amino acid residues (Qiu, 2015). Another
protein that is used as a biomarker would be tau, a protein found mainly in neurons, and is
responsible for many healthy functions within the brain cells (Ellison, 2022). Measuring the
amount of tau protein in the CSF is a crucial diagnostic for AD. A crucial part of the stability of
microtubules in neurons is played by the protein tau. NFTs develop in the brain as a result of
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hyperphosphorylation of tau protein in AD. According to studies, people with AD had greater tau
levels in their CSF, which may be a result of the buildup of NFTs in their brains (Fagan, 2010).
Imaging biomarkers for AD have also been developed as a result of recent developments in
neuroimaging. Amyloid PET imaging is one such biomarker, which makes use of radiotracers to
show the buildup of Aβ plaques in the brain. Amyloid PET imaging can identify Aβ accumulation
in AD patients and distinguish AD from other types of dementia (Suppiah, 2019). Structural MRI
is another imaging biomarker for AD and can recognize changes in brain size in areas where
AD disease is present.

The likelihood of AD can be influenced by hereditary factors. The ε4 allele is one of the
most well-known genetic risk factors for Alzheimer's disease. An important indicator of AD is the
accumulation of beta amyloid protein in the brain, which is caused by the ε4 allele function in the
transport and metabolism of lipids. A person is more likely to develop AD if they have one or
two copies of the ε4 allele (Raulin, 2022). Another gene connected to Alzheimer's disease is the
amyloid precursor protein (APP) gene, which codes for a protein implicated in the formation of
beta-amyloid plaques (Chen, 2017). Mutations in the APP gene are responsible for both the
overproduction of beta-amyloid protein and early-onset Alzheimer's disease.

History of Clinical Trials

Clinical trials have been overwhelmed by a high rate of failure, despite attempts to create
effective treatments for AD. This highlights the complexity of the disease and the demand for a
deeper comprehension of its underlying mechanisms. As a result, focusing on a single element
of AD pathology might not be enough to have a significant therapeutic impact.

Another biological aspect that contributes to the failure of AD clinical trials is poor patient
selection. While the degenerative changes in the brain may have already taken place decades
before the onset of clinical symptoms, patients with mild to moderate AD disease were
frequently enrolled in past clinical trials for the condition (Wenk, 2003). It is more difficult to
appropriately assess the effectiveness of possible treatments in patients with late illness stages
since they frequently have higher cognitive impairment. Determining the precise benefits of the
trial is difficult since patients with numerous health disorders could not respond to treatment in
the same manner as people without these conditions (Fogel, 2018). Additionally, it is difficult to
design treatments that are efficient for all individuals due to the variability of AD, which has a
variety of subtypes and underlying causes. Research demonstrates that those who have
preclinical AD biomarkers are more likely to develop AD (Cummings, 2020). In order to stop or
delay the advancement of the disease, it may be more effective to treat individuals when they
are at an earlier stage of the condition.

Inadequate dosage of supposed therapies is another biological aspect that has
contributed to the failure of clinical studies for AD. Numerous prior AD clinical trials employed
doses that may not have been adequate to produce therapeutic results, according to studies.
An anti- Aβ antibody clinical trial, for instance, used doses that were lower than those necessary
to produce efficient Aβ clearance in preclinical models (Lemere, 2010).

In addition, given the complexity of AD pathophysiology, current trial designs might not be
ideal. Traditional randomized controlled trial designs, which were frequently employed in earlier
AD clinical studies, might not be the most effective way to assess AD therapies. For instance,
RCTs frequently have predetermined study lengths that might not be sufficient to assess the
long-term effects of AD therapies. Furthermore, RCTs frequently rely on goals related to
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cognition and functionality, which cannot fully reflect the molecular changes causing AD
(DeTure, 2019).

Expedition 3: A Failure

The Expedition 3 experiment, a phase III clinical trial of solanezumab, a monoclonal
antibody that targets brain amyloid plaques, is one instance of a particular AD clinical trial that
has failed in recent years (Doody, 2014). The Alzheimer's Disease Assessment ScaleCognitive
Subscale (ADAS-Cog) score change from baseline at 80 weeks was the trial's primary outcome,
which included 2,129 patients with moderate AD dementia (Doody, 2014). The ADAS-Cog
score difference between the solanezumab and placebo groups was not statistically significant
(p=0.095), so the experiment did not achieve its primary aim. The Expedition 3 trial may have
failed for a number of reasons (Doody, 2014). Solanezumab's failure to effectively target
brain-amyloid plaques is one possibility that could apply, given that the treatment's impact size
was less distinct than anticipated. Another reason is that the experiment may have been
underpowered, ,meaning the sample size was not big enough to successfully determine the
effectives of the drug. Additionally, because patients with moderate AD dementia may have had
less severe -amyloid pathology than those with more advanced stages of the illness, the
inclusion of these patients may have lessened the impact of the treatment. The Expedition 3
trial's findings are in line with other recent clinical trials of -amyloid-targeted treatments, which
have likewise been unable to show any discernible cognitive advantages in patients with AD
dementia
(Honig, 2018).

Figure 1. Panel A displays the findings of the main
outcome, which is the average change from baseline
(represented by a dashed line) in the score on the
14-item cognitive subscale of the Alzheimer's Disease
Assessment Scale. Higher scores indicating more
significant cognitive impairment Meanwhile, Panel B
shows the outcomes of the secondary functional
outcome of the average change from baseline
(represented by a dashed line) in the instrumental
subscale of the Alzheimer's Disease Cooperative Study
Activities of Daily Living Inventory. Lower scores
indicate greater functional loss. There was no notable
discrepancy observed between the groups at week 80
regarding the alteration in their score compared to their
baseline (Honig, 2018).
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Future Implications

Future clinical studies of -amyloid-targeted treatments, like the Expedition 3 study, could
be enhanced in a number of ways. In order to ensure that the patient group has a more uniform
amount of -amyloid pathology, the inclusion criteria could first be improved (Srivastava, 2021).
Since these individuals may have had less severe -amyloid pathology than patients with more
advanced stages of the disease, adding patients with moderate AD dementia in Expedition 3
may have lessened the treatment's impact. Future studies might select patients with higher
levels of amyloid pathology using biomarkers, which can improve the chance of therapeutic
benefit.

Second, the trial's duration could be lengthened for patient follow-up over a longer period
of time. The experiment in Expedition 3 lasted 80 weeks, which might not have been long
enough to notice a therapeutic impact (Cummings, 2020). Longer treatment periods may be
considered in subsequent trials in order to delay or stop the disease's progression.

Thirdly, it may be possible to investigate combination therapy that takes aim at various
pathways involved in the etiology of AD. Medicines that target other components of the disease,
like neuroinflammation or tau pathology, may be more effective when combined with medicines
that target -amyloid. Overall, the Expedition 3 trial's failure serves as a reminder of the
difficulties in creating AD treatments and the pressing need for more investigation into the
disease's fundamental causes. Future studies might examine the use of combination medicines
to boost healing effectiveness.

Aducanumab: The Future

Aducanumab, another monoclonal antibody that targets -amyloid plaques, was being
tested in the ENGAGE and EMERGE trials (Cambridge, 2019). It has been approved by the
Food and Drug Administration (FDA) as acceptable treatment for AD. The medication
specifically targets beta-amyloid protein, which is thought to cause plaques in the brain and
contribute to the onset of Alzheimer's disease (Beshir, 2022). In clinical studies, the
anti-beta-amyloid drug aducanumab was found to halt cognitive loss in people with early-stage
Alzheimer's disease. It has been demonstrated to decrease the brain's beta-amyloid levels
(Beshir, 2022).
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Table 1. Met the primary and secondary objectives. Positive result on tertiary endpoint- 87% less
decline v. Placebo. Low does for primary endpoint and two secondary endpoints display
numerically favorable results (FDA, 2019).

However, due to inconsistent findings from clinical trials, Aducanumab's effectiveness has
been a subject of discussion, and further study is required to properly comprehend its long-term
consequences and advantages (Vaz, 2022). In addition to being costly and requiring monthly
infusions, the medication might be extremely burdensome for both patients and the healthcare
system. Therefore, it is important that researchers continue to change clinical trials designs in
order to find more effective treatments regarding AD. In the future, clinical trials should reflect
the effective strategies observed in previous trials, but change those aspects that have been
proven to lead to a growing failure rate.
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