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The Expanding Gap Between Discovery and Therapy
Neuroscience is the field of biomedical science that has
yielded the most mechanistic knowledge and the least
therapeutic success [1]. The last 30 years have seen a
revolution in scientific understanding of the brain, thanks
to new technologies in molecular neurobiology,
neuroimaging,  genomics, connectomics, artificial
intelligence, and neuroimmunology. The number of
pathological pathways identified is countless, including
those related to Alzheimer's disease, Parkinson's disease,
amyotrophic  lateral  sclerosis, epilepsy, stroke,
schizophrenia, autism spectrum disorders, and major
depression. However, despite these advances in
knowledge, effective disease-modifying therapeutics are
still not available for the majority of neurological and
psychiatric diseases. It is an intrinsic paradox of
translational neuroscience that, despite all the exciting
mechanisms, the promise of a successful therapy is rarely
realised clinically [2].

The Limitations of Experimental Models

A major reason for this translational failure lies in the
disconnect between experimental neuroscience and human
disease biology. Often, preclinical models mimic single
pathological features and not genuine human diseases.
Rodent models can, however, show deposition of amyloid,
loss of dopaminergic neurons, neuroinflammation, or
dysfunction of synapses, but fall short of the biological

unless otherwise stated in a credit line to the data.

complexity, temporal evolution, and environmental factors
that characterize human neurological disease [3,4].

For instance, Alzheimer's disease is not just a disease of
amyloid accumulation. It encompasses vascular
malfunction, immune system dysfunction, metabolic
impairments, damage to mitochondria, ageing-related
degeneration, and the complex interplay between genetic
and environmental factors. Experimental systems that
investigate one pathway will always be too limited in
scope and oversimplify the disease process. Therapies that
show promise in carefully controlled laboratory studies
have not worked in diverse patient populations [5].
Representing the unit as a reduction: systems-level
organ.

In recent years, modern neuroscience has taken a
reductionist approach towards understanding disorders that
result from a failure of complex systems-level function,
with the aim of finding a single molecular explanation for
each disorder. The brain is a complex network of highly
interconnected neuronal, glial, vascular, immune, and
metabolic networks. Therapeutic manipulation of one
pathway may activate compensatory  biological
mechanisms elsewhere, limiting efficacy or generating
unexpected toxicity [6,7].

Single molecular changes are the cause of neurological
disorders infrequently. Rather, they result from multiple
pathological processes that occur over years or decades of
time and interact with each other. Single-target approaches
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Bridging Mechanistic Discovery and Clinical Reality

to multifactorial neurodegeneration have consequently
yielded a series of failures. The continued pursuit of
“magic bullet” therapies is a conceptual model that is not
adequate for the complexity of central nervous system
disease [8,9].

Biological Heterogeneity and
Oversimplification

One of the other challenges is the inherent heterogeneity of
neurological and psychiatric diagnoses. Depression, autism
spectrum disorder, epilepsy, and Alzheimer's disease are
probably groups of biologically different syndromes rather
than single disease entities. Patients classified under
identical clinical labels may possess profoundly different
genetic architectures, inflammatory signatures, metabolic
disturbances, and neurophysiological abnormalities
[10,11].

But the vast majority of clinical trials are still conducted
based on symptom criteria, not biologically stratified. This
methodological limitation makes the therapeutic signal
weaker and leads to a higher risk of negative trial results. A
therapy that shows good effect in a biologically defined
subpopulation may not seem effective when applied to a
broadly heterogeneous population [12].

The Blood—Brain Barrier and Therapeutic Delivery
The central nervous system has unique translational
barriers, which are not encountered in many medical
specialties. Small molecules used for therapeutic purposes
in the CNS have not been able to penetrate the blood—brain
barrier effectively, thereby increasing the risks of systemic
toxicity. Although good penetration is reached, the highly
sensitive neurochemical environment of the brain makes
targeted intervention difficult [13].

Therapies designed to alter neurotransmission, immune
activation, or synaptic signaling may inadvertently disrupt
physiological neural functions essential for cognition,
behavior, and homeostasis. Therefore, therapeutic
modulation in the brain is more difficult and more
biologically constrained than in peripheral organ systems,
which means that many promising compounds are failures
[14].

Clinical Trials and the Timing Problem.

The design of neuroscience clinical trials also contributes
to translational inefficiency. Many neurological conditions
are asymptomatic for a long time, and the symptoms only
appear after they have been present for a long time.
Therapeutic trials may be carried out after significant and
potentially irreversible damage has been done to the
neurons. Interventions at later stages of the disease are less
likely to result in significant recovery, accordingly [11].
Traditional outcome measures also remain problematic.
Even modest neurobiological enhancements may not be
manifested as measurable clinical outcomes, especially in
brief trials. Placebo effects are still particularly strong in
psychiatric research, making the evaluation of efficacy
signals more difficult. Negative trials might thus not

Diagnostic

necessarily indicate biological failure, but methodological
limitations [14].

Institutional and Economic Pressures

The broader scientific ecosystem has also contributed to
the crisis of translational neuroscience. Academic culture
values novelty, publication numbers, and mechanistic
complexity over the important values of reproducibility
and time-proven validation. Positive results are given more
attention than negative or inconclusive studies, which are
often never published. This phenomenon of publication
bias creates therapeutic optimism too early and contributes
to the progression to expensive clinical trials without
adequate mechanisms for validation [5-9].

Pharmaceutical companies have, at the same time, become
less enthusiastic about investing in neuroscience. The
development of neurological drugs can be a very long
process, costly, with difficult-to-measure endpoints, and
will have very high failure rates. Consequently, several
companies have curtailed neuroscience programs in the
face of the vast burden of neurological disease worldwide
[1,10].

A new framework for translation.

The future of translational neuroscience will need to be a
step-change from reductionist to integrative systems-based
approaches.  New  technologies like  single-cell
transcriptomics, patient-derived organoids, multi-omics
integration, digital biomarkers, and application of artificial
intelligence for prediction modeling provide the
opportunity to revolutionize disease classification and
targeting [12,13].

Precision neuroscience can be more efficient than generic
methods of treatment. Future treatment will probably rely
on the identification of different groups of patients with
distinct biological characteristics and the development of
targeted treatments, rather than universal treatments for
broad diagnostic categories. Significant advances in
translation may be achieved by earlier intervention during
preclinical stages of disease, adaptive clinical trial designs,
and multimodal therapeutic strategies [9,11].

Scientific Humility and the Future of Neuroscience

The fact that there have been many failures of potential
mechanisms to be turned into therapy shouldn't be taken as
a lack of scientific progress. Instead, it is indicative of the
enormous complexity of the human brain and limitations
of current translational frameworks. We are now at a
turning point in neuroscience where more scientific
modesty, scientific rigor, and scientific collaboration are
necessary [14].

New molecular targets will not be the only hallmark of the
next wave of neuroscience. It will be characterised by the
discipline's capacity to explain why change failed to
happen despite previous discoveries. Translational
neuroscience has yet to deliver its therapeutic promise to
patients with devastating neurological disorders, and only
with biologically realistic models, precision-based
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therapeutics, reproducible science, and systems-level
integration will this ever be achieved [15].
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