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Abstract
Background: A substantial fraction of chemotherapy-treated oncology patients develop measurable cognitive and peripheral neurological decline, increasingly framed as a neuroimmune syndrome driven by oxidative stress, mitochondrial dysfunction, barrier permeability change, and neuroinflammation [5,7].
Objective: This review evaluates the nanotoxicological evidence bearing on nanoparticle-based neuroprotective and monitoring strategies proposed for chemotherapy-associated neurodegeneration in oncology patients.
Methods: We conducted a structured narrative synthesis of recent peer-reviewed literature on chemotherapy-induced neurotoxicity, cancer-related cognitive impairment, and nanoparticle-based neuroprotective agents, extracting mechanism, model system, and reported effect for each study.
Findings: Nanoparticle-delivered antioxidants such as chitosan-selenium-quercetin improve neuroprotection against cisplatin injury relative to free drug in vitro [9], and melatonin, extracellular-vesicle, and plant-antioxidant platforms show comparable preclinical promise [10,19,17], yet carrier-specific safety data in altered-barrier models remain limited relative to the burden documented across breast, lung, and colon cancer cohorts [2,11,13].
Conclusions: Nanoparticle platforms are mechanistically promising for neuroprotection in this population, but an assessment framework built around carrier-specific safety endpoints and durable cognitive outcomes, rather than short-term surrogates, is needed before clinical translation [21,23].
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1. Introduction

Oncology patients who survive their cancer increasingly carry a second, quieter burden into survivorship: measurable decline in memory, processing speed, and executive function that clinicians call chemobrain, cancer-related cognitive impairment (CRCI), or chemotherapy-induced neurotoxicity. Recent reviews converge on a similar estimate, that somewhere between a third and three-quarters of chemotherapy-treated patients report measurable cognitive change during or after treatment, with working memory and processing speed the domains most consistently affected across tumor types [1,2]. Breast cancer survivors remain the most heavily studied population, and functional imaging now documents altered frontoparietal and default-mode connectivity that correlates with subjective complaints months after treatment [3].

Recent reviews organize chemotherapy-induced neurotoxicity around defined biomarkers and candidate neuroprotective targets rather than an undifferentiated side effect [4]. CRCI is increasingly framed as a neuroimmune syndrome layered on direct cytotoxic injury: peripheral inflammatory signaling, barrier permeability change, gut-brain axis disruption, and mitochondrial quality-control failure act as parallel, interacting mechanisms [5,6,7]. Rodent models reproduce hippocampal microglial activation, reduced neurogenesis, and white-matter change tracking with human imaging [8], a convergence that matters for nanomedicine because most nanoparticle-based neuroprotective strategies target exactly these pathways.

Nanotoxicology enters this picture from two directions at once. Nanoparticle platforms are engineered to protect neurons from platinum agents, taxanes, and vinca alkaloids, exploiting the same barrier-crossing and controlled-release properties that make nanomedicine attractive generally [9,10]. But engineered nanomaterials are not inert, and any formulation introduced into a population with compromised barrier integrity and heightened inflammatory tone must be assessed for its own toxicological footprint, since baseline neuroinflammatory and barrier state in this population differs from the healthy volunteers in whom most reference nanotoxicology data were generated.

This review synthesizes the literature on chemotherapy-associated neurodegeneration, its overlap with neurodegenerative disease biology, and the nanotoxicological evidence bearing on nanoparticle-based neuroprotective and monitoring strategies for this population.

2. Methods

We conducted a structured narrative synthesis rather than a formal systematic review, reflecting the heterogeneity of designs in this literature, which spans rodent mechanistic work, in vitro nanotoxicology assays, clinical cognitive-outcome cohorts, and translational reviews. Literature was identified through targeted searches combining chemotherapy-induced neurotoxicity, cancer-related cognitive impairment, chemobrain, nanoparticle neuroprotection, and nanotoxicology, cross-checked against citation chains in recent reviews on each subtopic, prioritizing 2025-2026 publications and peer-reviewed journals; preprints and unverifiable records were excluded. For each agent we extracted, where reported, the chemotherapeutic insult modeled, proposed mechanism, experimental system, and the direction and approximate magnitude of the reported effect. No quantitative meta-analysis was attempted given endpoint heterogeneity; findings are synthesized narratively by mechanism and clinical domain.

3. Results

Burden and mechanisms of chemotherapy-associated neurodegeneration

Cancer-related cognitive impairment emerges as a multisystem process rather than a dose-limited effect confined to the nervous system. Cohorts in breast, lung, colon, and ovarian cancer each report meaningful post-treatment decline, with risk-prediction modeling in lung cancer identifying regimen, cognitive reserve, age, and inflammatory markers as the strongest predictors [11]. Some non-small-cell lung cancer patients already show measurable impairment before chemotherapy begins, tied to psychosocial and disease-related factors, complicating attribution of post-treatment decline to chemotherapy alone [12]. In colon cancer, a prospective cohort found a shift toward a pro-inflammatory, low-neurotrophic biomarker profile over treatment tracking closely with subsequent decline, supporting a neuroinflammatory-neurotrophic imbalance model [13] (Table 1). Working memory and processing speed remain the domains most consistently affected across chemotherapy classes [1].

Table 1: Proposed mechanistic drivers of chemotherapy-associated cognitive and peripheral neurotoxicity and their principal supporting evidence [7,5,14,13].[image: Table 1: Proposed mechanistic drivers of chemotherapy-associated cognitive and peripheral neurotoxicity and their principal supporting evidence [7,5,14,13].]
Mechanistically, four overlapping pathways recur: mitochondrial quality-control failure in neurons and glia from cumulative platinum/taxane oxidative injury [7]; barrier permeability change allowing greater central access to peripheral inflammatory mediators [5]; gut-brain axis disruption feeding neuroinflammatory tone [5]; and microglial activation with reduced hippocampal neurogenesis, shown histologically in rodents [8]. A nanoparticle strategy addressing only oxidative stress is therefore unlikely to fully normalize a process with parallel inflammatory and microbiome-linked drivers [6].

Peripheral neurotoxicity follows related but distinct logic. Cisplatin produces dose-limiting sensory neuropathy through mitochondrial and DNA damage in dorsal root ganglion neurons, with oxidative stress the dominant, most frequently targeted mechanism [14]. Paclitaxel produces a distinct microtubule-stabilization neuropathy, and recent formulation work on its therapeutic index has focused on reducing off-target neural exposure via altered particle size and surface chemistry [15]. A broader review of platinum-based drugs frames neurotoxicity, alongside nephrotoxicity and ototoxicity, as the principal off-target liability constraining dose intensity [16].

Nanoparticle-based neuroprotective strategies and their toxicological profile

The nanoparticle literature clusters around three strategies: antioxidant-loaded nanocarriers, engineered extracellular-vesicle or biologic-delivery platforms, and nanomaterial-based sustained-release systems that reduce systemic exposure spikes driving acute neurotoxicity.

Tween-80-functionalized chitosan-selenium nanoparticles loaded with quercetin, tested against cisplatin-induced neurotoxicity in PC12 cells, showed measurably greater preservation of cell viability and reduction in oxidative stress markers than free quercetin at equivalent dose, attributed to improved uptake and sustained intracellular release [9] (Figure 1). Nutrient-derived antioxidants more broadly show improved efficacy against chemotherapy-induced neurotoxicity in nanoparticle rather than free form, since free-form bioavailability and barrier penetration limit their activity [17]. Functionalized cerium oxide nanoparticles, with intrinsic and regenerable antioxidant catalytic activity independent of any loaded cargo, have been reviewed as a candidate platform on this redox-cycling strength, though supporting data remain

[image: Figure 1: PC12 cell viability after cisplatin challenge with no antioxidant, free quercetin, and quercetin loaded into tween 80-functionalized chitosan-selenium nanoparticles, illustrating the improved neuroprotective efficacy of nanoparticle-delivered]Figure 1: PC12 cell viability after cisplatin challenge with no antioxidant, free quercetin, and quercetin loaded into tween 80-functionalized chitosan-selenium nanoparticles, illustrating the improved neuroprotective efficacy of nanoparticle-delivered
antioxidant relative to the free-drug comparator [9].

Engineered platforms extend beyond small-molecule antioxidants. Spatiotemporally controlled melatonin delivery from engineered nanoscale platforms targets local microenvironment remodeling in peripheral neuropathy, exploiting melatonin's antioxidant and anti-inflammatory activity while overcoming its poor pharmacokinetics [10]. Extracellular-vesicle engineering strategies, developed for chronic pain broadly, combine a favorable safety profile with protein and RNA cargo capacity that liposomal or polymeric particles lack [19]. A broader survey of nanomaterial-based chronic pain strategies notes that sustained local deposition, while reducing systemic exposure, raises biocompatibility and clearance questions distinct from the acute cytotoxicity assays typically used to screen nanoparticle safety [20].

Two toxicological themes recur. First, nearly every reported protective effect is a comparison against free-drug controls in cell culture or short-duration rodent models; the carrier's own dose-response and long-term clearance are rarely characterized to the standard applied to the payload. Second, patients on active chemotherapy already have altered barrier permeability and inflammatory tone, so biodistribution data from healthy animals may not generalize to the intended population.

Cognitive and clinical monitoring in the nanotoxicology context

A nanotoxicological assessment framework for this population must be anchored to clinically meaningful cognitive and neurological endpoints, since biochemical markers are surrogates at best. Clinical practice reviews recommend routine brief cognitive screening at defined intervals paired with patient-reported outcomes, since subjective complaints and objective testing frequently diverge [21,22]. Functional imaging adding network-connectivity measures has begun identifying biomarkers that precede overt decline, offering, if validated prospectively, an earlier endpoint against which to evaluate candidate interventions than symptom onset alone [3].

The neurobiology-of-survivorship framework proposed by Mrugala and Monje situates CRCI within how the nervous system remodels after systemic cancer therapy, linking mechanisms first characterized in pediatric brain tumor survivors to the adult chemotherapy population and to the neurodegenerative framing used here [23]. This argues for evaluating protective agents against durable, longitudinal neurobiological endpoints tracked across years of survivorship rather than short-term surrogates (Figure 2). Translational reviews of chemobrain management reach a complementary conclusion, noting that current behavioral and pharmacological interventions address symptoms without altering the underlying trajectory, precisely the gap a disease-modifying nanoparticle therapy would need to fill [24]. Repurposing imeglimin for chemotherapy-induced cognitive impairment illustrates the same point: it rests on mitochondrial and anti-inflammatory activity, but its evaluation, like the nanoparticle strategies above, has relied on mechanistic and short-term data rather than durable cognitive endpoints [25].

[image: Figure 2: Approximate proportion of chemotherapy-treated patients reporting measurable cancer-related cognitive impairment across tumor types, drawn from cohort and review estimates in breast, lung, colon, and ovarian cancer [2,11,13,1].]Figure 2: Approximate proportion of chemotherapy-treated patients reporting measurable cancer-related cognitive impairment across tumor types, drawn from cohort and review estimates in breast, lung, colon, and ovarian cancer [2,11,13,1].
4. Discussion

The evidence supports a picture in which nanoparticle-based neuroprotective strategies are mechanistically well-motivated but toxicologically under-characterized for the population in which they would be deployed. Oxidative stress, mitochondrial dysfunction, and neuroinflammation are each independently linked to chemotherapy-associated neurotoxicity, and nanoparticle carriers demonstrably improve efficacy of antioxidant and anti-inflammatory cargo relative to free-drug formulations preclinically [9,17,14]. The gap is not in the target biology but in toxicological rigor applied to the delivery vehicle itself, across the altered barrier and inflammatory state of the intended population rather than the healthy animals in which most safety data are generated.

This gap has practical consequences: carrier-only control arms in every efficacy study, so protective signal is attributable to cargo rather than confounded with carrier effect; biodistribution studies in models of chemotherapy-induced barrier disruption rather than exclusively healthy animals; and safety endpoints paired with the durable cognitive outcomes already recommended for efficacy assessment, since short-term biochemical protection with unknown long-term safety is an incomplete answer to a problem defined by long-term consequences [21,23].

The broader CRCI literature also argues against treating any single mechanism, or nanoparticle strategy, as sufficient. Because chemobrain is a neuroimmune syndrome with parallel cytotoxic, inflammatory, barrier, and gut-brain contributions, an antioxidant-only platform is plausible as one component but unlikely alone to normalize the downstream trajectory [6,8], arguing for combination, multi-target platforms and for reporting partial results as carefully as positive ones.

Limitations deserve emphasis. Much nanoparticle-specific work here derives from in vitro or short-duration rodent studies in a single model system, and clinical-stage evidence evaluating these agents in oncology patients with confirmed or emerging neurodegenerative change remains sparse relative to the cognitive-epidemiology literature. Heterogeneity of regimens and outcome measures across cohorts limits direct comparison, and our narrative approach cannot substitute for a systematic review once this literature matures further.

5. Conclusion

Nanotoxicological assessment occupies a genuinely dual position in managing chemotherapy-associated neurodegeneration among oncology patients: nanoparticle platforms are among the most mechanistically promising tools for delivering neuroprotective antioxidant and anti-inflammatory agents across a compromised blood-brain barrier, yet the same altered barrier and inflammatory state that makes this population a plausible beneficiary also makes it one in which carrier safety cannot be assumed from healthy-animal data. The clinical burden is well established, rooted in overlapping oxidative, mitochondrial, and neuroinflammatory mechanisms, and preclinical nanoparticle interventions targeting these mechanisms show real promise against free-drug comparators. Translating that promise into safe clinical use will require an assessment framework built around this population's altered physiology, carrier-specific safety endpoints reported alongside efficacy data, and durable cognitive and neurological outcomes rather than short-term biochemical surrogates as the standard against which candidate therapies are judged.

6. Acknowledgements

The authors thank colleagues in their respective institutions for helpful discussion during the preparation of this review.

7. Funding

This work received no dedicated external funding.

8. Conflict of Interest

The authors declare no conflict of interest.

9. Author Contributions

All authors contributed to the conception, literature synthesis, drafting, and critical revision of this manuscript, and approved the final version for submission.

10. Ethics Statement

This article is a literature review and did not involve new studies with human participants or animals performed by the authors.

11. Data Availability

No new data were generated in the preparation of this review. All sources synthesized are cited in the reference list.

References
	Stojanović, N.M., Marjanović, M., Petković, M.N., et al. (2026) Working Memory Impairment Induced by Chemotherapy - A Narrative Review. Brain Sciences, 16(8): 805. DOI: 10.3390/brainsci16080805

	Andreis, F., Deori, C., Giubileo, V., et al. (2026) Cancer-Related Cognitive Impairment in Breast Cancer: Current State of Knowledge, Mechanisms, Diagnosis, Prevention and Treatment. Cancers, 18(12): 1974. DOI: 10.3390/cancers18121974

	Benelli, A., Reilly, J., Ortega-Márquez, J., et al. (2026) Functional brain network alterations linked to cancer-related cognitive impairment in breast cancer patients. The Oncologist, 31(10): oyag070. DOI: 10.1093/oncolo/oyag070

	Singh, S.A., Godvarthi, R., Wankhade, P., et al. (2026) Chemotherapy-Induced Neurotoxicity: Molecular Mechanisms, Biomarkers and Emerging Neuroprotective Strategies. Biomedicines, 14(8): 1849. DOI: 10.3390/biomedicines14081849

	Llanes-Cervantes, B.A., Cruz-Ramos, J.A., Barón-Cárdenas, M.E., et al. (2026) Cognitive Impairment Associated with Chemotherapy: Neuroimmunological Interactions, Gut-Brain Axis, and Therapeutic Approaches. Brain Sciences, 16(7): 765. DOI: 10.3390/brainsci16070765

	Carnemolla, F., Singh, S.K., Ceccherini, L., et al. (2026) Chemobrain as a Neuroimmune Syndrome: Mechanisms, Modifiers, and Emerging Multi-Target Therapeutic Strategies. Molecules, 31(11): 1796. DOI: 10.3390/molecules31111796

	Chen, J., et al. (2026) Mechanistic insights and therapeutic interventions of mitochondrial quality control in chemotherapy-related cognitive impairment. Neoplasia, 2026: 101291. DOI: 10.1016/j.neo.2026.101291

	Veljković, M., Džopalić, T., Ranđelović, P., et al. (2026) Chemotherapy-Induced Brain Damage: Mechanisms and Insights from Rodent Models. Brain Sciences, 16(7): 750. DOI: 10.3390/brainsci16070750

	Abadi, B., et al. (2025) Protective potential of tween 80-functionalized chitosan-selenium nanoparticles containing quercetin against cisplatin neurotoxicity in PC12 cells. Scientific Reports, 15: 31744. DOI: 10.1038/s41598-025-31744-1

	Sun, M., et al. (2026) Harnessing spatiotemporal melatonin delivery from engineered platforms for targeted microenvironment remodeling in peripheral neuropathy. Materials Today Bio, 2026: 103144. DOI: 10.1016/j.mtbio.2026.103144

	Qiao, M., Luo, L., Zhang, H. (2026) Construction and Validation of a Risk Prediction Model for Cancer-Related Cognitive Impairment in Lung Cancer Patients. International Journal of Nursing Practice, 32(4): e70178. DOI: 10.1111/ijn.70178

	Capetti, B., Conti, L., Luisi, J., et al. (2026) Pre-treatment cognitive impairment in patients with NSCLC: Prevalence and psychosocial factors. IBRO Neuroscience Reports, 21. DOI: 10.1016/j.ibneur.2026.07.007

	Güç, Z.G., Demir, L., Döngelli, H., et al. (2026) Neurotrophic-Inflammatory Imbalance and Cognitive Decline After Adjuvant Chemotherapy in Colon Cancer: A Prospective Cohort Study. Psycho-Oncology, 35(8): e70590. DOI: 10.1002/pon.70590

	Dos Santos, N.A.G., et al. (2026) The role of oxidative stress and antioxidant therapy in cisplatin neurotoxicity. Archives of Toxicology, 2026. DOI: 10.1007/s00204-026-04398-9

	Lee, J., Choi, M.K., Song, I.S. (2026) Recent paclitaxel formulation strategies: expanding the therapeutic index by addressing biopharmaceutical and toxicity limitations. Archives of Pharmaceutical Research, 2026. DOI: 10.1007/s12272-026-01609-w

	Kee, J.X., et al. (2025) Colorectal Cancer at the Crossroads: The Good, the Bad, and the Future of Platinum-Based Drugs. Chemical Reviews, 125: 2025. DOI: 10.1021/acs.chemrev.5c00041

	Li, W., et al. (2025) Plant food-derived antioxidant nutrients in neuroprotection against chemotherapy-induced neurotoxicity. Frontiers in Nutrition, 2025: 1667421. DOI: 10.3389/fnut.2025.1667421

	Chen, S., et al. (2026) Biological Applications of Functionalized Cerium Oxide Nanoparticles. International Journal of Medical Sciences, 2026. DOI: 10.7150/ijms.134122

	Yao, C., et al. (2026) Source-Specific Extracellular Vesicle Functions and Engineering Strategies for Chronic Pain Management. International Journal of Nanomedicine, 2026. DOI: 10.2147/ijn.s598699

	Xue, Z., et al. (2026) Recent advances in nanomaterial-based strategies for chronic pain alleviation. Materials Today Bio, 2026: 103279. DOI: 10.1016/j.mtbio.2026.103279

	Bhinder, J.K., Peera, M., Kennedy, S.K.F., et al. (2026) Cancer-related cognitive impairment in adult cancer survivors: a clinical practice review for healthcare providers. Supportive Care in Cancer, 34(9): 11092. DOI: 10.1007/s00520-026-11092-0

	Wu, S., Li, Y., Wang, X.Y., Ye, H. (2026) Evidence-Based Strategies for Addressing Cancer- and Treatment-Related Cognitive Impairment: A Review. Biomolecules & Therapeutics, 34(4). DOI: 10.4062/biomolther.2026.005

	Mrugala, M.M., Monje, M. (2026) The neurobiology of survivorship: Cognitive consequences of modern oncology. Neuro-Oncology Advances, 8. DOI: 10.1093/noajnl/vdag121

	Szekeres, T., Virág, M., Dank, M., Kovács, P. (2026) Managing chemobrain: Translational insights and evidence-based psychological interventions. CNS Spectrums, 31(1). DOI: 10.1017/s1092852926101096

	Kondaveeti, S.B., et al. (2026) Repurposing Imeglimin for Chemotherapy-Induced Cognitive Impairment. Cellular and Molecular Neurobiology, 2026. DOI: 10.1007/s10571-026-01684-z


Copyright (c) 2026 Fang Wang, et al.. This article is distributed under the CC BY 4.0 licence.
Cite as: Wang F, Chen L, Yang F. nanotoxicological assessment in the Management of neurodegenerative disease among oncology patients. Annals of Nanomedicine and Nanotechnology. 2026;8(01). https://doi.org/10.5281/zenodo.22812146
OEBPS/images/f3.jpg
REPORTED CRCI INCIDENCE BY TUMOR TYPE
45
40

g
g
g
=
g
g
5]
]
2
5
g
&

Ovarian





OEBPS/nav.xhtml
Contents

		nanotoxicological assessment in the Management of neurodegenerative disease among oncology patients





OEBPS/images/f2.jpg
largely preclinical [18].

PC12 VIABILITY AFTER CISPLATIN, BY TREATMENT
82

3
s
3
4

No Free Quercetin
antioxidant quercetin nanoparticle






OEBPS/images/f1.jpg
Mechanism Primary Chemothera | Key supporting
tissue py class evidence
affected implicated
Mitochondrial | Neurons, glia | Platinum Curmlative oxidative
quality-control agents, injury linked to
failure taxanes central cognitive
decline [7]
BBB CNs, Broad-spectr | Peripheral
permeability enteric-CNS | um inflammatory access
change / axis cytotoxics | and dysbiosis raise
gut-brain axis neuroinflammatory
disruption tone [5]
Dorsal root Peripheral | Platinum Oxidative stress as
ganglion sensory agents dominant proximate
oxidative/DNA | neurons (cisplatin) | mechanism [14]
injury
Neurotrophic-inf | Central Adjuvant Prospective cohort
lammatory nervous regimens link to cognitive
imbalance system. (colon decline trajectory
cancer) [13]






