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Editorial

Authors, reviewers, and readers of peer-reviewed 
journals, such as the Journal of Prevention of 
Alzheimer ’s Disease, fully understand the 

burden of neurodegenerative disorders. Descriptions 
often note global estimates of dementia incidence, high 
long-term care costs, challenges to detection or diagnosis 
outside of specialty clinic populations, an inadequate 
healthcare workforce, fragmented healthcare services, 
and the prolonged, uncompensated, and variable nature 
of caring for cognitive, behavioral, and functional 
impairments imposed on people living with dementia. 
Since the late 20th century, the mission of the global 
dementia research enterprise has been to keep everyone 
functionally independent and autonomous for as long as 
possible before requiring expensive and often long-lasting 
personal care. Yet despite this focus, a question remains: 
does the current research environment have the capacity 
and resources to deliver effective, timely, and accurate 
interventions to individuals living with the specter of 
dementia?.   

Intensive research still seeks effective treatments to 
slow the progression of dementing disorders (1, 2).  Over 
the last decade, 95 Phase II and III Alzheimer’s disease 
(AD) clinical trials (3) have been unsuccessful. The total 
cost of these trials was estimated to be approximately 
42.5 billion USD. The most significant costs (up to 57%) 
were incurred during Phase III of clinical development 
(4). The cost of AD drug development is comparatively 
higher than that in other fields (5). The average drug 
development cost in the dementia field is 5.6 billion 
USD, and the process takes approximately 13 years 
from preclinical studies to approval by the FDA (6). This 
compares unfavorably with an estimated cost of cancer 
treatment development of 793.6 million USD per agent (7) 
or 2.8 billion USD per agent among all other therapeutic 
areas in the pharmaceutical industry (8).

Aduhelm (aducanumab), approved by the FDA in 
June 2021 and not by the European Medicines Agency 

in December 2021, faced significant post-approval 
challenges. In addition to concerns stemming from its 
accelerated approval pathway, which raised questions 
about the sufficiency of the clinical evidence supporting 
its efficacy and safety, limited adoption in clinical care 
was due to high costs and risks like amyloid-related 
imaging abnormalities (ARIA). Medicare’s restricted 
coverage to clinical trials further limited its use, 
ultimately leading to its commercial failure (9, 10). 
Leqembi (lecanemab) is more accepted, but its efficacy, 
cost, and additional monitoring costs for serious side 
effects have slowed initial access (11). The recently FDA-
approved Kisunla (donanemab, July 2024) might offer 
more benefits. Still, with uncertain future coverage 
decisions and healthcare system preparedness, it may 
need to overcome similar access challenges (12) (13).

Except for these three recent approvals, there are many 
other reasons why many new dementia interventions 
fail to gain market access. Among these are the long 
preclinical stage and progressive nature of the disease, 
inadequate drug dosing or penetration through the 
blood-brain barrier, insufficient target engagement, 
inadequate patient stratification and trial enrollment, 
suboptimal trial design, the choice of suboptimal clinical 
outcome measures, long trial duration increasing the 
risk of losing patients, the need for extensive enrollments 
involving multiple sites and tightly coordinated project 
management, or erroneous treatment targets (14-16).

The multifactorial nature of Alzheimer’s disease (AD) 
and Alzheimer ’s disease-related dementias (ADRD) 
presents significant challenges, particularly in capturing 
the complexity of heterogeneity in AD/ADRD, selective 
neuronal vulnerability, and specificity of affected brain 
regions (17-19). The use of the word—multifactorial—is 
often a rhetorical concept, context-specific and variably 
related to “complex” or “lots of things”.

Neurobiologically, the multifactorial concept may 
describe how AD/ADRD impacts different molecular 
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components, cells, and/or brain regions, with certain 
hierarchical levels exhibiting differential susceptibility to 
degeneration (20, 21). Meanwhile, the balance and timing 
between risk (modifiable or non-modifiable), protective 
or resilience factors—across the lifespan—that define 
the delicate boundaries between biologically defined 
and clinically defined disease is poorly understood 
(22).  Clinically, the concept may translate to describe 
diverse symptom presentations, risk factors, and patient 
progression patterns (23-25). On a social and public policy 
level, the concept may characterize the complexity of 
creating effective public health strategies or equitable care 
practices for a disease that manifests differently across 
populations and environments.

Regardless of research context—basic/translational, 
clinical/population, or social/public policy—the 
multiple “factors” in AD/ADRD comprise admixtures 
of relevant constructs and parameters. The reader is 
asked to stipulate, to some degree, that these “factors” 
are sometimes challenging to define, replicate, or 
validate, and these “factors” sometimes lack a broad 
consensus gold standard. The inherent complexity of 
using these “factors” in global research collaborations 
contributes to systematic and random errors in brain 
research. Unsurprisingly, these errors influence the high 
variance directly impacting AD/ADRD clinical trials and 
observational study results.

A Potential for Reducing Variance Using 
Proteomics and Transcriptomics?

The A-T-N framework, along with advances in 
genomics and the use of biomarkers—spanning imaging, 
fluid-based, and digital modalities—has significantly 
enhanced the ability to predict individual treatment 
responses in Alzheimer ’s Disease and Alzheimer ’s 
Disease-Related Dementias (AD/ADRD) randomized 
controlled trials (RCTs)(26, 27). Various strategies have 
been employed to address the high variance in these 
measures, such as increasing research volunteer sample 
sizes and extending follow-up periods to improve the 
internal and external validity of results. Additionally, 
study sample stratification based on genetic or 
phenotypic characteristics of risk and resilience factors 
has become a key design feature to enhance data accuracy 
further. Yet, integrating proteomics and transcriptomics 
holds the promise of refining RCT design and conduct 
by offering deeper insights into disease mechanisms and 
treatment effects at a molecular level.

Proteomics and transcriptomics are emerging as 
transformative tools in developing clinical interventions 
for AD/ADRD. These advanced methodologies allow 
for the comprehensive analysis of proteins and gene 
expression profiles, providing far more precise, cost-
effective, and efficient insights than traditional 
approaches. Initially employed in basic research, 
proteomics and transcriptomics are now finding 

applications in clinical settings, enhancing the capacity to 
design personalized treatments. By examining the entire 
protein and RNA landscapes of patients, these techniques 
offer highly accurate data and predictive insights for 
individual patient profiles.

Adopting proteomics and transcriptomics in AD/
ADRD drug development faces significant challenges, 
primarily from data sparsity and insufficient sample 
sizes. The complexity of dementing disorders requires 
extensive, well-characterized datasets to identify and 
validate potential biomarkers and therapeutic targets 
accurately. However, obtaining sufficiently powered 
genetic data is difficult, particularly when focusing on 
specific disease manifestations. Additionally, the lack of 
diversity in available datasets further complicates the 
development of effective treatments, as most studies 
have historically relied on European ancestry data. Such 
information is unlikely to apply globally because the 
forecasted most significant dementia burden is mainly 
in nations not of European origin. Also, there is also a 
critical need for standardized methods to ensure data 
harmonization and interoperability, which is essential for 
collaborative research efforts and maximizing the utility 
of available data. Addressing these challenges is vital 
for advancing precision medicine approaches in AD and 
improving the success rates of new drug development.

Advanced computational technologies may present 
transformative and unknown opportunities for advancing 
analytical methods in proteomics and transcriptomics 
in AD/ADRD drug discovery that should be explored 
further. High-performance computing (HPC) maximizes 
computational capabilities to tackle complex, large-scale 
problems across basic science, clinical research, and 
industry. Quantum computing leverages the principles 
of quantum mechanics that could be used to analyze and 
model rapidly the complex interactions of proteins and 
gene expressions and aid in identifying biomarkers and 
predicting biological pathways. Artificial intelligence and 
machine learning (AI/ML) driven analytics could analyze 
large-scale proteomics and transcriptomics datasets, 
identifying patterns and predicting disease-related 
biomarkers. Additionally, model-based approaches 
representing the A-T-N framework’s pathophysiological 
mechanisms may contribute to this effort (28).

Establishing a Pathway for Consensus

The editors of The Journal of Prevention of Alzheimer’s 
Disease, Vitality, Medicine & Engineering, Frontiers in 
Molecular Medicine, and the Scientific Advisory Board 
of the International Neurodegenerative Disease Research 
Center are interested in convening a workgroup to 
explore these topics more thoroughly and invite readers 
and potential collaborators to comment on this work.  
This effort seeks to understand additional opportunities 
and challenges in using proteomic and transcriptomics for 
1)	the discovery, qualification, and validation of novel 
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technologies to diagnose, assess, monitor or treat AD/
ADRD

2)	the deployment, implementation, and adoption of 
regulatory-approved technologies to diagnose, assess, 
monitor or treat AD/ADRD

The work group aims to survey and review those 
methods and processing protocols that can ultimately 
identify better intervention-responder patterns, 
establish a network of researchers and laboratories 
with the required expertise, and foster non-competitive 
collaborations with sponsors and developers of AD/
ADRD interventions and diagnostic technologies.
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