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INTRODUCTION

Chemotherapy-induced neurotoxicity is a global health concern in the 21st century. According
to the National Cancer Institute, by 2026, the US alone will have close to 20 million cancer
survivors, with the majority of them having undergone chemotherapy, alone or in combination
with surgery/radiotherapy (Miller et al., 2016). Neurotoxic side-effects of chemotherapy are
common and may sometimes be severe. These side-effects include chemotherapy-induced
peripheral neuropathy (CIPN) and chemotherapy-induced cognitive impairment (CICI).
Acute CIPN and CICI may occur during treatment, but in many patients the symptoms of
CICI and CIPN persist even after treatment is complete. Studies show that up to 75% of patients
who are treated for cancer experience some form of CIPN or CICI (Taillibert et al., 2016). The
symptoms of CIPN comprise numbness, tingling, burning pain, and hypersensitivity to
temperature in the hands and feet. Mechanistically, CIPN is related to loss of intra-
epidermal nerve (IENF) fibers, morphological and functional changes in mitochondria in
dorsal root ganglia (DRG) and peripheral nerves (Maj et al., 2017; Ma et al., 2019). CICI is
the result of long-lasting changes in the brain, where chemotherapeutics decrease brain
connectivity, processing speed, impair attention, learning and memory, visual-spatial skills,
multitasking, goal-directed behavior and disrupt fine motor functions (Tchen et al., 2003; Jim
et al., 2012; Singh et al., 2022).

There is an unmet need to identify actionable targets to combat these severe neurotoxicities.
Thus, the goal of this Research Topic is to collect cutting-edge studies exploring the molecular
mechanisms of chemotherapy-induced neurotoxicities. This Research Topic of Frontiers in
Molecular. Biosciences covers this important subject, with insightful reviews and original
research articles.
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A BIBLIOMETRIC APPROACH TO
IITERATURE ANALYSIS REVEALS BOTH
FOCUSED AND PREVIOUSLY
UNEXPLORED AREAS OF SCIENTIFIC
INTEREST

In this systematic review, Corley and Allen used a bibliometric
approach to mine and depict relevant information regarding
cyclophosphamide, methotrexate, and fluorouracil (CMF)-
induced cognitive dysfunction in breast cancer patients. The
authors created term maps that demonstrate that the
accumulation of knowledge in the initial decade (1990–1999)
is characterized by poor differentiation of main terms and a high
overlap of clusters. In contrast, in the following 2 decades, distinct
term clusters formed and terms such as “inflammation” emerged.
This is accompanied by periodic clustering of terms such as
“apoptosis”, “oxidative stress” and “NF-kappa-b”. This type of
research methodology can be applied to analyze continuous
developments of a particular research area by gauging the
terminology used in the publications based on journal output.

The Brain Plays a Central Role in
Chemotherapy-Induced Cognitive
Impairments and in Peripheral Neuropathy
In this review, Orszaghova et al. have summarized the current
literature on CICI, focusing on neurotoxic chemotherapy side
effects in non-CNS cancer, including possible mechanisms and
biomarkers. Factors contributing to the development of CICI
include age, genetic predisposition, and psychological and
sociodemographic background (Ahles and Root 2018). Animal
model data suggest that the mechanisms of CICI include inhibition
of hippocampal neurogenesis, myelin damage, excessive free
radical production, inflammation and decreased vascularization
and blood flow (Seigers et al., 2013). Additionally, in cancer
patients who report cognitive dysfunction, inflammatory
pathways (e.g., cytokine-cytokine receptor interaction, tumor
necrosis factor signaling) are perturbed compared to patients
that show no cognitive-related symptoms (Oppegaard et al.,
2021). Dysregulation of the gut-microbiome by chemotherapy
treatment may also contribute to CICI (Ciernikova et al., 2021).

The review by Omran et al. goes beyond peripheral nerves to
understand the role of the brain in the pathophysiology of CIPN.
This interesting review summarizes several studies that examined
the interventions to the brain and spinal cord that caused or
reduced CIPN. Some of the key features revealed by these studies
are the hyperexcitability of the neurons in periaqueductal gray,
thalamus, anterior cingulate cortex (ACC) and insular cortex
during CIPN (Kleckner et al., 2017). The hyperexcitability in the
brain is related to reduced GABAergic inhibition and alteration in
the excitatory/inhibitory balance. Paclitaxel-induced CIPN is
characterized by activation of astrocytes in the ACC following
inflammation and neuronal 66 excitability (Leung and Cahill
2010; Masocha 2015). When key inflammatory pathways are
blocked, GABA levels are restored, neuronal excitability is
reduced, and consequently CIPN isresolved. Additionally,

manipulating GPCR pathways to reduce PKC or MAPK
phosphorylation in the brain reduces CIPN symptoms.
Overall, these studies collectively show that CIPN is not
exclusively a peripheral phenomenon and suggests that
research should focus on the brain as the origin of CIPN.

INCREASED UNDERSTANDING OF HOW
CHEMOTHERAPY AFFECTS CEREBRAL
BLOOD FLOW AND BLOOD FLOW
CONNECTIVITYMAY SHED NEW LIGHT ON
THE MECHANISMS OF CICI

As previously mentioned, CICI is often observed as a
consequence of treatment of non-CNS tumors. The two
original research papers published in this issue focus on the
effect chemotherapy has on blood vessels and blood flow and how
it may affect cognitive function in both experimental models and
cancer patients.

In the article by Groves et al., the authors used mouse models
to study the effect of the common colon cancer therapeutics, 5-
Fluorouracil (5-Fu)/leucovorin (LV), on cognitive function.
Using a series of behavioral tests, the authors demonstrated
that 5-FU/LV increases anxiety and reduces spatial memory
retention in mice. While no microglial activation was
observed, 5-Fu/LV-treated mice had a significant decrease in
blood vessel length in the dorsal DGwhen compared with healthy
controls. Blood vessel changes and disrupted blood flow are
related to cognitive impairment (Zlokovic, 2008; Zlokovic, 2010).

In the second article, Zhang et al. used a novel approach in a
first-of-its-kind study—arterial spin labeling perfusion magnetic
resonance imaging to study cerebral blood flow changes in patients
with non-small cell lung carcinoma. This is an especially important
topic, as lung cancer accounts for approximately 11% of all cancer
cases worldwide. Additionally, platinum compounds, which are
highly correlated with CICI, are the first line of therapy in lung
cancer (Siegers et al., 2013, Singh et al., 2020). Their results show
that cerebral blood flow (CBF) and CBF connectivity are especially
affected in the areas related to attention, including the superior
temporal gyrus (STG), right middle frontal gyrus (MFG) and
insula. Previously published data show a strong correlation
between CBF changes in corresponding areas of the brain with
reduced performance in the alerting and executive control
attention networks in breast cancer patients (Tchen et al., 2003).

AUTHOR CONTRIBUTIONS

Both BM and AS wrote the paper.

FUNDING

This work was supported by The Broach Foundation for Brain
Cancer Research, the Elias Family. Fund, the Jim and Pam
Harris Fund.

Frontiers in Molecular Biosciences | www.frontiersin.org July 2022 | Volume 9 | Article 9628892

Milutinovic and Singh Editorial: Chemotherapy-Related Cognitive Impairment and Pain

https://www.frontiersin.org/articles/10.3389/fmolb.2021.770413/full
https://www.frontiersin.org/articles/10.3389/fmolb.2021.693133/full
https://www.frontiersin.org/articles/10.3389/fmolb.2021.762116/full
https://www.frontiersin.org/articles/10.3389/fmolb.2022.761272/full
https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles


REFERENCES

Ahles, T. A., and Root, J. C. (2018). Cognitive Effects of Cancer and Cancer
Treatments. Annu. Rev. Clin. Psychol. 14, 425–451. doi:10.1146/annurev-
clinpsy-050817-084903

Ciernikova, S., Mego, M., and Chovanec, M. (2021). Exploring the Potential
Role of the Gut Microbiome in Chemotherapy-Induced Neurocognitive
Disorders and Cardiovascular Toxicity. Cancers (Basel) 13, 13. doi:10.3390/
cancers13040782

Conaco, C., Otto, S., Han, J.-J., and Mandel, G. (2006). Reciprocal Actions of REST
and a microRNA Promote Neuronal Identity. Proc. Natl. Acad. Sci. U.S.A. 103,
2422–2427. doi:10.1073/pnas.0511041103

Jim, H. S. L., Phillips, K. M., Chait, S., Faul, L. A., Popa, M. A., Lee, Y. H., et al.
(2012). Meta-analysis of Cognitive Functioning in Breast Cancer Survivors
Previously Treated with Standard-Dose Chemotherapy. J. Clin. Oncol. 30,
3578–3587. doi:10.1200/JCO.2011.39.5640

Kleckner, I. R., Zhang, J., Touroutoglou, A., Chanes, L., Xia, C., Simmons, W. K.,
et al. (2017). Evidence for a Large-Scale Brain System Supporting Allostasis and
Interoception in Humans. Nat. Hum. Behav. 1, 0069. doi:10.1038/s41562-017-
0069

Lang, F. M., Hossain, A., Gumin, J., Momin, E. N., Shimizu, Y., Ledbetter, D., et al.
(2018). Mesenchymal Stem Cells as Natural Biofactories for Exosomes Carrying
miR-124a in the Treatment of Gliomas.Neuro Oncol. 20, 380–390. doi:10.1093/
neuonc/nox152

Leung, L., and Cahill, C. M. (2010). TNF-A and Neuropathic Pain - a Review.
J. Neuro. 7, 27. doi:10.1186/1742-2094-7-27

Lim, L. P., Lau, N. C., Garrett-Engele, P., Grimson, A., Schelter, J. M., Castle, J., et al.
(2005). Microarray Analysis Shows that Some microRNAs Downregulate Large
Numbers of Target mRNAs. Nature 433, 769–773. doi:10.1038/nature03315

Ma, J., Trinh, R. T., Mahant, I. D., Peng, B., Matthias, P., Heijnen, C. J., et al. (2019).
Cell-specific Role of Histone Deacetylase 6 in Chemotherapy-Induced
Mechanical Allodynia and Loss of Intraepidermal Nerve Fibers. Pain 160,
2877–2890. doi:10.1097/j.pain.0000000000001667

Maj, M. A., Ma, J., Krukowski, K. N., Kavelaars, A., and Heijnen, C. J. (2017).
Inhibition of Mitochondrial P53 Accumulation by PFT-μ Prevents Cisplatin-
Induced Peripheral Neuropathy. Front. Mol. Neurosci. 10, 108. doi:10.3389/
fnmol.2017.00108

Masocha, W. (2015). Astrocyte Activation in the Anterior Cingulate Cortex and
Altered Glutamatergic Gene Expression during Paclitaxel-Induced
Neuropathic Pain in Mice. PeerJ 3, e1350. doi:10.7717/peerj.1350

Meyers, C. A., Smith, J. A., Bezjak, A., Mehta, M. P., Liebmann, J., Illidge, T., et al.
(2004). ’Neurocognitive Function and Progression in Patientswith Brain
Metastases Treated with Whole-Brain Radiation and Motexafin Gadolinium:
Results of a Randomized Phase III Trial. J. Clin. Oncol. 22, 157–165. doi:10.
1200/JCO.2004.05.128

Miller, K. D., Siegel, R. L., Lin, C. C., Mariotto, A. B., Kramer, J. L., Rowland, J. H.,
et al. (2016). ’Cancer Treatment and Survivorship Statistics. CA Cancer J. Clin.
139 66, 271–289. doi:10.3322/caac.21349

Oppegaard, K., Harris, C. S., Shin, J., Paul, S. M., Cooper, B. A., Chan, A., et al.
(2021). ’Cancer-related Cognitive Impairment Is Associated with Perturbations
in Inflammatory Pathways. Cytokine 148, 155653. doi:10.1016/j.cyto.2021.
155653

Pendergrass, J. C., Targum, S. D., and Harrison, J. E. (2018). Cognitive Impairment
Associated with Cancer: A Brief Review. Innov. Clin. Neurosci. 15, 36–44.

Seigers, R., Schagen, S. B., Van Tellingen, O., and Dietrich, J. (2013).
Chemotherapy-related Cognitive Dysfunction: Current Animal Studies and
Future Directions. Brain Imaging Behav. 7, 453–459. doi:10.1007/s11682-013-
9250-3

Singh, A. K., Mahalingam, R., Squillace, S., Jacobson, S. A., Tosh, D. K., and
Dharmaraj, S. (2022). ’Targeting the A3 Adenosine Receptor to Prevent and
Reverse Chemotherapy-Induced Neurotoxicities in Mice. Acta Neuropathol.
Commun. 10, 11. doi:10.1186/s40478-022-01315-w

Taillibert, S., Le Rhun, E., and Chamberlain, M. C. (2016). Chemotherapy-Related
Neurotoxicity. Curr. Neurol. Neurosci. Rep. 16, 81. doi:10.1007/s11910-016-
0686-x

Tchen, N., Juffs, H. G., Downie, F. P., Yi, Q. L., Hu, H., Chemerynsky, I., et al.
(2003). Cognitive Function, Fatigue, and Menopausal Symptoms in Women
Receiving Adjuvant Chemotherapy for Breast Cancer. J. Clin. Oncol. 21,
4175–4183. doi:10.1200/JCO.2003.01.119

Zlokovic, B. (2008). The Blood-Brain Barrier in Health and Chronic
Neurodegenerative Disorders. Neuron 57 (2), 178–201. doi:10.1016/j.neuron.
2008.01.003

Zlokovic, B. (2010). Neurodegeneration and the Neurovascular Unit. Nat. Med. 16
(12), 1370–1371. doi:10.1038/nm1210-1370

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Milutinovic and Singh. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Molecular Biosciences | www.frontiersin.org July 2022 | Volume 9 | Article 9628893

Milutinovic and Singh Editorial: Chemotherapy-Related Cognitive Impairment and Pain

https://doi.org/10.1146/annurev-clinpsy-050817-084903
https://doi.org/10.1146/annurev-clinpsy-050817-084903
https://doi.org/10.3390/cancers13040782
https://doi.org/10.3390/cancers13040782
https://doi.org/10.1073/pnas.0511041103
https://doi.org/10.1200/JCO.2011.39.5640
https://doi.org/10.1038/s41562-017-0069
https://doi.org/10.1038/s41562-017-0069
https://doi.org/10.1093/neuonc/nox152
https://doi.org/10.1093/neuonc/nox152
https://doi.org/10.1186/1742-2094-7-27
https://doi.org/10.1038/nature03315
https://doi.org/10.1097/j.pain.0000000000001667
https://doi.org/10.3389/fnmol.2017.00108
https://doi.org/10.3389/fnmol.2017.00108
https://doi.org/10.7717/peerj.1350
https://doi.org/10.1200/JCO.2004.05.128
https://doi.org/10.1200/JCO.2004.05.128
https://doi.org/10.3322/caac.21349
https://doi.org/10.1016/j.cyto.2021.155653
https://doi.org/10.1016/j.cyto.2021.155653
https://doi.org/10.1007/s11682-013-9250-3
https://doi.org/10.1007/s11682-013-9250-3
https://doi.org/10.1186/s40478-022-01315-w
https://doi.org/10.1007/s11910-016-0686-x
https://doi.org/10.1007/s11910-016-0686-x
https://doi.org/10.1200/JCO.2003.01.119
https://doi.org/10.1016/j.neuron.2008.01.003
https://doi.org/10.1016/j.neuron.2008.01.003
https://doi.org/10.1038/nm1210-1370
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

	Editorial: Cognitive Impairment and Peripheral Neuropathy From Chemotherapy: Molecular Mechanisms and Therapeutic Approaches
	Introduction
	A bibliometric Approach to Iiterature Analysis Reveals Both Focused and Previously Unexplored Areas of Scientific Interest
	The Brain Plays a Central Role in Chemotherapy-Induced Cognitive Impairments and in Peripheral Neuropathy

	Increased Understanding of how Chemotherapy Affects Cerebral Blood Flow and Blood Flow Connectivity may Shed new Light on t ...
	Author Contributions
	Funding
	References


