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Dear Editor

The remarkable improvement in cancer survival 
over the past two decades has transformed the focus of 
oncology from merely prolonging survival to preserving 
long-term health and quality of life. Among the chronic 
toxicities affecting cancer survivors, chemotherapy-related 
cognitive impairment (CRCI), commonly known as 
“chemo brain,” has emerged as one of the most clinically 
significant yet under-recognized complications. Although 
CRCI has long been recognized, it continues to receive 
considerably less clinical attention than cardiotoxicity, 
peripheral neuropathy, or hematologic toxicities, despite 
its substantial impact on occupational performance, 
treatment adherence, social functioning, and overall 
quality of life [1, 2–7].

Our understanding of CRCI has evolved substantially. 
Once regarded largely as a subjective complaint, CRCI is 
now increasingly recognized as a biologically mediated 
syndrome supported by converging evidence from 
neuroimaging, molecular, and translational research. These 
studies demonstrate persistent structural and functional 
brain alterations associated with neuroinflammation, 
oxidative stress, mitochondrial dysfunction, impaired 
neurogenesis, disrupted neurotransmission, and 
abnormalities in neural connectivity [3, 8, 9].

Importantly, CRCI does not arise from a single 
pathological process but rather from the complex 
interaction of multiple interconnected biological 
mechanisms. Oxidative stress amplifies inflammatory 
signaling, inflammatory cytokines compromise 
blood–brain barrier integrity, while neuroglial dysfunction 
further impairs neuronal repair, synaptic plasticity, and 
myelin maintenance. This intricate biological network 
provides a plausible explanation for why therapeutic 
approaches targeting a single molecular pathway have 
generally yielded only modest and inconsistent clinical 
benefits.
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This biological heterogeneity also exposes a 
fundamental limitation of current clinical research. 
Most intervention trials continue to evaluate individual 
pharmacological agents in clinically and biologically 
diverse patient populations, an approach that may 
partly explain the inconsistent efficacy observed 
with psychostimulants, cholinesterase inhibitors, 
antidepressants, NMDA receptor antagonists, and 
anti-inflammatory therapies. Rather than continuing 
a “one-size-fits-all” strategy, future research should 
adopt biologically informed patient stratification and 
mechanism-based intervention, thereby advancing 
CRCI management toward the principles of precision 
survivorship care.

Precision oncology has transformed cancer treatment 
through molecular characterization of tumors; survivorship 
care should now adopt an equally individualized approach 
based on the principles of precision supportive care. 
Growing evidence indicates that genetic polymorphisms 
involving APOE, COMT, BDNF, and oxidative 
stress–related genes, together with demographic 
characteristics, cognitive reserve, menopausal status, and 
cumulative treatment exposure, substantially influence 
individual susceptibility to CRCI [9-29]. Integrating these 
variables into clinically applicable risk prediction models 
could enable identification of vulnerable patients before 
chemotherapy is initiated.

Such an approach would shift CRCI management 
from reactive treatment to proactive prevention. Patients 
identified as being at high risk could undergo baseline 
neurocognitive assessment followed by individualized 
surveillance and early implementation of preventive 
strategies, including cognitive rehabilitation, structured 
exercise, nutritional optimization, sleep management, 
and psychosocial support throughout the treatment 
trajectory. Given that established CRCI is often difficult 
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to reverse completely, early identification of susceptible 
individuals may offer substantially greater clinical benefit 
than attempting to treat cognitive dysfunction after neural 
injury has already occurred.

Another emerging concept deserving greater attention 
is the striking overlap between CRCI and biological 
aging. Neuroimaging studies have identified similarities 
between chemotherapy-associated cerebral alterations 
and accelerated brain aging, including reductions in gray 
matter volume, white matter disruption, hippocampal 
dysfunction, and impaired functional connectivity [10-15]. 
Although it remains uncertain whether chemotherapy 
directly accelerates biological aging, this hypothesis 
provides a promising framework for future biomarker 
discovery and the development of mechanism-based 
preventive strategies.

Equally encouraging is the growing body of evidence 
supporting multimodal non-pharmacological interventions. 
Exercise, mindfulness-based interventions, cognitive 
rehabilitation, dietary optimization, and acupuncture 
have demonstrated the potential to improve cognitive 
function while simultaneously modulating neuroplasticity, 
neurogenesis, inflammatory signaling, oxidative stress, 
and mitochondrial function. Rather than being viewed 
as complementary therapies, these interventions should 
increasingly be incorporated into comprehensive 
survivorship care for appropriately selected patients.

Despite substantial advances, several important 
challenges remain. Standardized diagnostic criteria for 
CRCI are still lacking, neuropsychological assessment 
methods remain heterogeneous, and large prospective 
longitudinal studies integrating neuroimaging, molecular 
biomarkers, and clinical outcomes are limited. Furthermore, 
much of the current evidence has been generated in breast 
cancer populations, whereas survivors of gastrointestinal, 
gynecologic, hematologic, and other malignancies remain 
considerably underrepresented.

Emerging technologies including advanced 
neuroimaging, multi-omics profiling, circulating 
biomarkers, wearable digital monitoring, and predictive 
analytics powered by artificial intelligence offer 
unprecedented opportunities to improve objective risk 
assessment, facilitate earlier diagnosis, and support 
individualized intervention strategies.

Ultimately, CRCI should no longer be regarded as an 
unavoidable consequence of effective chemotherapy but 
as a potentially preventable and modifiable survivorship 
outcome. Future survivorship care should therefore 
shift from reactive management of cognitive symptoms 
toward proactive risk prediction, early prevention, and 
personalized intervention. Such a transition would 
align supportive oncology with the broader principles 
of precision medicine and may ultimately improve both 
cognitive outcomes and long-term quality of life for 
cancer survivors.
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