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ABSTRACT:

Cancer and its treatments often come with a myriad of challenges that extend beyond the physical
manifestations of the disease itself. Among these challenges is the phenomenon colloquially
referred to as "chemo fog" or "chemo brain,” which encompasses a range of cognitive
impairments experienced by cancer patients undergoing chemotherapy. Concurrently, emerging
research has brought attention to the intricate interplay between mitochondria, the blood-brain
barrier (BBB), and the gut-brain axis in the context of cancer and cognitive function. In this
review, we embark on an exploration of the complex relationship between chemo fog,
mitochondrial dysfunction, BBB integrity and the gut-brain axis in the setting of cancer. By
unravelling the underlying mechanisms and elucidating their interconnectedness, we aim to
provide a comprehensive understanding of the cognitive complications associated with cancer

factors. and its treatment modalities.

Introduction

In the past century, three major developments have
resulted in establishment of cancer treatment: the
discovery of X-rays by Wilhelm Konrad Roentgen; the
utilization of transplantable animal tumor models for
cancer research; and the development of the radical
mastectomy, the first surgical procedure, by Halsted. The
word “chemotherapy” is credited to the German chemist
Paul Ehrlich, who explored the usage of medications to
cure infectious illnesses. Historical accounts indicate that
the use of arsenical dates to the 1900s. [1] Radiotherapy
as well as surgery had been the mainstays of cancer
treatment sincel1960s. When it became apparent that
cancer might recur after radiation therapy as well as
surgery and develop micro metastases, chemotherapy &
combination chemotherapy began to take on importance.

[2]

Chemotherapy brings on cognitive alterations, according
to research done in 1980 by Dr. Peter Silberfarb et al.
Surprisingly, individuals who were not getting
chemotherapy targeted at the central nervous system also
show signs of cognitive loss. [3] This was unexpected
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because most of the medications used in this study are
known to not deface the blood-brain barrier. The foggy
mental condition that certain cancer victims suffer
following treatment has been dubbed as "chemo brain"
or "chemo fog." Lack of focus, forgetfulness, vertigo,
and trouble recalling events are frequently reported
symptoms of chemotherapy, although long-term memory
loss has not been reported.[4] Reports of chemo fog
symptoms have varied because of inconsistent
neuropsychological testing as well as statistical concerns
as chemo brain symptoms can last anywhere from a few
months to several years [5] approximately one-third of
subject’s report side effects continuing for months or
even up to five or ten years after treatment ends. [6]
therefore, possible biological processes that underlie the
chemobrain include inflammation allied with oxidative
damage brought on by chemotherapy, and dysfunctional
mitochondria.

RECENT RESEARCH FINDINGS ON CHEMO
BRAIN

A growing body of research has reported that patients
undergoing cancer treatment often experience some
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degree of cognitive decline and varies widely, ranging
from 16% to 75% of patients. Downie et al [7] noted
short-term memory deficits, an elongation of the
information retrieval time as well as challenges with
concentration, verbal fluency, word research, processing
speed and spatial orientation.

The Oncology Nursing Society guidelines state that
cognitive training is a more highly recommended
intervention than other clinical approaches due to its
effectiveness. [8] According to recent reviews, brain
training as well as cognitive behavioral therapy appear
more promising than other interventions. It is helpful to
comprehend the mechanisms behind the impacts of
interventions to increase their effectiveness through a
variety of intricate mechanisms.[9] Moreover, insulin-
like growth factor-1 is elevated by cognitive training that
combined exercise and cognitive games, that might
account for its impacts. Efficacy of pharmacological
therapies are still debatable, but as their mechanisms of
action are understood, they might aid in the creation of
both nonpharmacological as well as pharmacological
strategies.

It is important to emphasize that a cognitive deficit may
be identified following a cancer diagnosis but prior to
initiating medication as well as during or following
chemotherapy treatment. Therefore, the possibility that
cancer itself might be good enough reason for the
emergence of cognitive manifestations cannot be ruled
out. The way that people react psychologically to a
cancer diagnosis might also affect how well they think.
When a cancer diagnosis is made, anxiety and sadness
are common and can either cause or contribute to
chemobrain. Hurria et al [11] point out that forty-one
percent of older cancer sufferers experience severe
difficulty in this regard, indicating that anxiety as well as
sadness may be risk indicators for cognitive impairment
among cancer sufferers.

From a neurological perspective, chemotherapy as well
as cancer may modify white and grey matter, changing
the structure and function of the brain and shrinking the
frontal and temporal cortex. [12] The chemotherapeutic
drugs may be detrimental to brain cells and blood vessels
directly or indirectly. Hormonal alterations remain to be
investigated as one of the potential causes and processes
of chemo fog. It has been observed that women receiving
hormone therapy in addition to chemotherapy really have
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an impact to decline the cognitive abilities. Additionally,
many chemotherapeutic agents often do not pass the
blood-brain barrier. [13] Nonetheless, certain animal
trials have demonstrated that extremely low dosages of
chemotherapy agents also can result in cell necrosis as
well as decrease in brain cell division those are crucial to
cognition.[14]

Studies on how different cancer treatments affect the
brain are beginning to pick up steam in research.
Specifically, with that certain immunotherapeutic agent,
particularly when used in combination, may raise the risk
of severe toxicity and are linked to higher treatment-
related mortality when used in conjunction with
biological therapy or chemotherapy as opposed to when
used alone. [15] Furthermore, there appears to be a link
between immunotherapy and cognitive alterations in
cancer sufferers. [16] immunotherapy appears to be a
cause of several disorders affecting every part of the
central as well as peripheral nervous systems.
Immunotherapy targets the patient's immune system
rather than the tumor directly, enhancing its ability to
fight cancer by increasing tumor-responsive T cells and
providing external signals for immune activation while
countering regulatory mechanisms.[17] It also has been
reported that though combination of immunotherapy is
beneficial during oncological treatments, it is critical to
note their adversative influence on normal cells,
especially on neuronal cells. [18]

However, some studies report no significant cognitive
changes  from  chemotherapy, though  most
chemotherapeutic agents cause neurotoxicity. [19]
Despite evidence of both acute and long-term neurotoxic
effects, the molecular mechanisms remain unclear.
Chemotherapy’s dose-dependent neurotoxicity impacts
brain regions like the hippocampus, basal ganglia, and
cortex. [20] Thiotepa and methotrexate have been shown
to inhibit hippocampal cell proliferation, with
methotrexate also reducing cognitive function. [21] In a
study by Ahamad H A has been reported that observed
cognitive changes are due to increased expression
AMPAR and NMDAR, are the roots of the neuronal
changes, inflammation and apoptosis along with
oxidative stress. [22]
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MICROBIOTA-GUT-BRAIN AXIS CHANGES

Changes in the microbiota-gut-brain axis is one of the
major causes of chemotherapy-induced cognitive
impairment [CICI]. It is agreed that chemotherapy
disrupts the GIT microbiota, the extensive linkages
amongst the microbiota, its impact on gastrointestinal
tract and the consequences developed can influence the
brain altogether referred to as the microbiota-gut-brain
axis and is a is a complex two-way communication.
Evidence also supports the genetic basis for the
gastrointestinal as well as neurological adverse effects
observed in chemotherapy subjects. [23] The close
relationship between the CNS as well as the gut
microbiota mechanism that allows the microbiota to have
a significant impact on the CNS, affecting the
behavioural, emotional, and cognitive domains.
Numerous possible channels of communication between
the microbiota as well as the brain have been identified
by experimental evidence. Study reports says that drugs
alter the microbial components [24] and the microbial
population can also modify the effect of therapeutic
agents by altering their metabolism.[25] These include
metabolites derived from microbes and their effects on
the neurological, hormonal, as well as immune-related
signalling pathways that were formerly known as the gut-
brain axis.

Chemotherapy led GIT dysbiosis, can exacerbate
mucositis by reducing mucosal regeneration, activating
toll-like receptor (TLR) signaling pathways and in
inflammatory mediators. [26,27] This dysbiosis modifies
the alterations in the production of microbial-derived or
host derived compounds, including neurotoxic
substances, which may contribute to the disruption of
blood brain barrier, and also enter the central nervous
system directly. The microbiome-gut-brain axis is
thought to be important in a few neurocognitive diseases,
it has just recently come to light as a possible target for
CICI treatment and supportive cancer care due to its
possible role in the underlying pathophysiology of the
condition. It has been reported that disturbances in the
gut microbiome cause anxiety-like behavior and
cognitive decline in animals. [28] On the other hand,
altering their gut flora reduced these actions
Furthermore, translational research shows that
chemotherapy modifies fecal bacterial populations, a
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finding supported by human clinical research indicates a
close association between gut microbiota and
chemobrain and more studies have shown a close
relationship between gut microbiota alterations and a
variety of neurologic illnesses. [29]

Anxiety, depression, and stress play a significant role in
exacerbating chemotherapy-induced cognitive
impairment (CICI). These factors if not taken care at
right time, can intensify cognitive difficulties including
memory loss, attention deficits, and reduced processing
speed, by affecting brain function and contributing to
neuroinflammation and further intensification of
oxidative stress. [30]

Following treatment, many survivors of chemotherapy-
induced brain damage report feeling less perceptive and
longing for more mental effort to accomplish daily
chores. When one returns to the workforce, these
challenges become much more significant. While
cognitive deficits are commonly observed by therapy,
several studies have demonstrated that problems arise
primarily when people attempt to return to their usual
activities. [31] The majority of research on chemobrain
follows patients from the time of diagnosis for up to 18
months following treatment. The self-regulatory model
of illness postulates that individuals utilize their
conceptions of illness as a scheme to understand their
state and manage both immediate and long-term health
risks. These are assessed from a range of perspectives
including the type, cause, progression, consequences,
and severity of cancer as well as dose and extent of
therapy. [32] A recent meta-analysis found that
perceptions of chronology as chronic, feelings of identity
and repercussions, perceived controllability, and
reported coherence of the illness were associated with
higher levels of distress. [32,33] Furthermore, the
research by de Ridder et al found that patients as well as
healthcare providers were often unwilling to discuss
iliness perceptions that went against established
assumptions about medicine. On the other hand,
consultations that concentrated on how patients saw their
ilinesses more directly addressed patient concerns and
tended to initiate conversations about action planning
and their reign in understanding the need to reduce the
damage caused by cancer therapy. [34]
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OXIDATIVE STRESS

Another key component involved in CICI is oxidative
stress, a process marked by the imbalance between free
radicals and antioxidants in the body. When reactive
oxygen species (ROS) production and antioxidant
availability go out of balance, there will be development
of oxidative stress. Central nervous system, because of
the higher requirements of oxygen, along with its high
lipid contents, is more vulnerable to oxidative stress
Lipid peroxidation mechanisms and structural damage to
proteins and DNA are triggered by the escape of reactive
oxygen species (ROS) from the defensive mechanisms
which leads to their gradual accumulation.

In animal models, anthracyclines effects on oxidative
stress seem to be mediated by the generation of
inflammatory cytokines. Anthracycline administration,
for instance, raises blood TNF-alpha concentrations,
which then pass through the blood-brain barrier and
cause changes in the brain. This is supported by the fact
that anthracyclines have less of an impact on the brains
of mice lacking TNF alpha. [35] In another study,
Bagnall-Moreau et al. assessed the mRNA expression of
the antioxidant as well as oxidative-stress sensitive areas
of the hippocampus.[36]

Under normal conditions, Reactive oxygen species are
mostly produced in mitochondria, which are important in
the production of oxidative stress. Enzymes like catalase,
glutathione peroxidase, and superoxide dismutase are
part of the mitochondrial antioxidant system, which
regulates the homeostasis of reactive oxygen species
(ROS) in the mitochondria. Under normal physiological
circumstances, mitochondria must effectively modify
their morphology in a process known as "mitochondrial
dynamics” to continue their roles as well as react to
cellular stress. Mitochondrial Fusion and fission are two
processes that need to be balanced for dynamics. By
permitting the interchange of intact mitochondrial
components into damaged mitochondria during stressful
situations as a compensatory mechanism, mitochondrial
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fusion can buffer moderate mitochondrial abnormalities.
Conversely, fission has an important role in the
segregation as well as removal of damaged
mitochondrial components via autophagy and mitophagy
which acts like a check to the organelle and maintains its
subcellular morphology and integrity. [34,35]

Cancer chemotherapy produces free superoxide radicals
in the plasma, which have the potential to oxidize
Apolipoprotein A1(ApoAl). In turn, oxidized ApoAl
stimulates the production of TNF alpha, which crosses
the blood-brain barrier and causes apoptosis and
neuronal death in the brain. [36]

In a prior rat investigation, Dias-Carvalho et al after
administering a biweekly injection of 6mg/kg of
Mitoxantrone (MTX) to adult male CD-1 mice for three
weeks, evaluated the underlying neurotoxic pathways.
Oxidative stress, neuronal damage, apoptosis, and
autophagy were assessed throughout the brain. Coronal
brain sections were used to investigate the hippocampal
formation (HF) and the prefrontal cortex (PFC) in greater
detail, as these areas have been found to be most affected
by "chemobrain." MTX-induced redox imbalance was
indicated by increased endothelial nitric oxide synthase,
decreased manganese superoxide dismutase production,
and a tendency towards a decline in glutathione levels.
Moreover, MTX raised the autophagic protein LC3 I,
decreased the level of ATP synthase B, and tended to
lower the expression of p62. The overall brain showed a
decrease in the expression of postsynaptic density protein
95, although the PFC showed hyperphosphorylation of
Tau. [37,38] and an increase in the apoptotic marker Bax
rose in the PFC as well as the CA3 region. Adult CD-1
mice's brains are harmed by MTX at a cumulative dose
that is clinically significant in regions related to memory
and cognition. [39] According to some recent trials on
cancer patients with  paclitaxel,  N-acetylcysteine
appeared to mitigate oxidative stress and reduced the
incidence of peripheral neuropathy. [40,41]
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Mechanisms underlying CICI: Involvement of free radicals, BBB and brain changes

Previous research demonstrated that Dox treatment
altered the activity of hippocampal Drp-1 and is a sign of
increased mitochondrial fission and reflects the
disruption of brain mitochondrial dynamics.[42]
Additionally, it has been demonstrated that after Dox
therapy, the fusion process was enhanced in rats as a
compensatory strategy. However, this insufficient
protective capacity against the excessive fission process
led to brain mitochondrial malfunction as well as
cognitive impairment. In the context of several
neurodegenerative illnesses, mitochondrial dynamic
control has been recognized as a potential therapeutic
target. [43] Nevertheless, it is still unclear how
mitochondrial dynamic regulation affects chemobrain.

ROLE OF INFLAMMATION

Chemotherapy, via enhanced production/activity of
TNF-a, IL-1B, NF-kB, IL-6 and other cytokines along
with modulation of several signaling pathways could be
the major cause for the development of chemobrain. [44]
Patients with cancer have elevated levels of pro-
inflammatory cytokines following therapy, which can
penetrate the blood-brain barrier, stimulate astrocytes
and/or microglia, and enhance the permeability of
cytotoxic drugs. [45]

Positron emission tomography (PET) using radiolabeled
ligands is specific for the 18kDa translocator protein
(TSPO), which is overexpressed in response to
neuroinflammation, and it is thought to be a functional
marker. [46] In addition to indirect toxicity, cytostatic
property of chemotherapeutic agents may also cause
direct neuronal damage, decreased neurogenesis and
enhanced apoptosis. Neurofilaments, because of their
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excellent predictive and diagnostic accuracy for diseases
like Alzheimer's disease as well as amyotrophic lateral
sclerosis, even in their early stages, are promising
indicators to study neurotoxicity in humans. [47]
Additionally, in patients with breast cancer,
neurofilaments rise in a manner that is dependent on the
dosage of chemotherapy, indicating that they may be a
sign of neuronal damage following chemotherapy. [48]
In-vivo studies on lymphoplasmacytic lymphoma
showed an increase in neurotoxicity and neuroplasticity
markers and decreased cognitive performance. [49]
Further research is required to demark the underlying
neuro-restorative and neuro-protective mechanisms of
the brain's elevated production of inflammatory cells.

MICROGLIAL CHANGES & NEURONAL
PLASTICITY

Microglia are crucial for learning and memory regulation
as well as brain homeostasis. Microglia occur to be
crucial for experience-driven memory encoding as well
as communication with neurons via many signalling
pathways, like brain-derived neurotrophic factor.
Depletion of brain-derived neurotrophic factor (BDNF)
reduces memory capacity. Activated microglia can draw
peripheral immune cells to the brain and produce more
cytokines, which can impair cognitive function following
chemotherapy. Structural examinations following
chemotherapy showed reduced gray matter density in
brain regions, including the right thalamus, the
cerebellum, and the frontal and temporal cortices. [50,
51]
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Chemotherapy may cause a reduction in dendrites and
cortical spines, which impairs cortical-based task
performance. Lowered focus and processing speed
during chemobrain may result from less white matter
owing to decreased gliogenesis and changes in
neurotransmitter balance, which can be prolongs years
after treatment. [52]

Grant, C. V. et al. postulated that chemotherapy activates
microglia, which in turn causes cognitive deficits linked
to chemotherapy. [53] To confirm this theory, they cured
female C57BL/6 mice using a clinically relevant regimen
of the popular chemotherapeutic medication paclitaxel.
By measuring memory of an unpleasant experience using
the contextual fear conditioning (CFC) paradigm,
paclitaxel is known to have this effect. When paclitaxel
was applied, the percentage area of IBA1 staining in the
dentate gyrus of the hippocampal tissue increased
therefore, microglia may be crucial to the establishment
of chemotherapy-induced neuroinflammation as well as
cognitive deficits since PLX5622 markedly decreased
hippocampus gene expression of proinflammatory
cytokines caused by paclitaxel and improved memory.
[54, 55]

Mass spectrometry-based in vitro investigations on PC12
cells have demonstrated that cisplatin may alter the lipids
in cell membranes, resulting in aberrant neurotransmitter
exocytotic release. The behavioral impairment that has
been reported in rats after mithramycin (MTR), may be
caused by changes in the dynamics of gene expression. It
was discovered that the molecular impacts of MTR were
negligible at first and were attributed to many unrelated
trajectories. However, after three months, it was revealed
the changes in the expression of more than thousand
genes changed and were involved in distinct molecular
pathways [56]. Whereas, in a rat brain endothelial cell
line [RBE4] study, Oxaliplatin caused the breakdown of
the tight junctions, which are essential for maintaining
the integrity of the blood brain barrier. [57]

By using fast-scan cyclic voltammetry on acute coronal
brain slices obtained after death and whole brain
preparations from zebrafish, carboplatin inhibits
dopamine release and uptake in rats, which may be a
cause of mood disorders. Utilizing innovative glutamate-
selective microelectrode arrays, doxorubicin acute
therapy alters glutamate neurotransmission in the mouse
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frontal cortex as well as hippocampus. Notably, the
dentate gyrus and frontal brain had a 50% delay in
glutamate clearance. While molecular processes are not
examined, mood alterations were noted in a case-control
study including patients with breast cancer. [58]

GENETIC AND EPIGENETIC FACTORS

Research suggests that the control of gene expression
through epigenetic mechanisms plays a role in several
brain-related illnesses that genetics alone cannot fully
account for, including addiction, depression and stress.
In addition to the above observations, several researchers
have suggested that chemaobrain occurs due to epigenetic
reasons also. There is a vital role of epigenetics
specifically, DNA methylation as well as histone
acetylation plays a vital role in neuronal growth and
memory. [59]

Epigenetic modifications could be due to environmental
stimuli, both internal and external factors along with
chemotherapy could be another reason for the
development of chemobrain. These changes have the
capacity to modify subjective perception and
homeostatic function.[60] It can be hypothesized that the
common mechanism leading to persistent dyscognition
could be epigenetic reprogramming triggered by
chemotherapy. [61,62] The role of epigenetic
modification in chemobrain appears to be supported by
some preliminary data. In an animal model, it was
discovered that learning and memory issues were
associated with increased histone H3 acetylation and
decreased DHAC activity in the hippocampus after CMF
therapy. [63,64] The reversal of cytokine-induced DNA
methylation occurs two weeks after cytokines are
eliminated from the environment, suggesting that
chromatin remodeling in the hippocampus could be a
possible explanation for the dyscognition during chemo
brain. [65-67]

After chemotherapy, each of the components, either
separate or in combination, causes alterations in gene
expression as well as cell proliferation in the brain,
especially in the hippocampus and prefrontal cortical
regions. This could ultimately result in the establishment
of chronic cognitive impairment. T cells taken from
people under psychosocial stress have also been shown
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to have acquired changes in their methylation pattern.
Recent research in breast cancer patients has
demonstrated a link between the emergence and
maintenance of cognitive impairments brought on by
chemotherapy and epigenetic modifications made after
the treatment. In that study, patients who experienced
persistent cognitive symptoms were the only ones whose
transitory methylation for a selection of genes following
treatment persisted. [68,69]

The research outcomes suggest that the infusion of
chemotherapeutic medicines starts a chain reaction of
biological variations, in cytokines milieu producing
enduring epigenetic changes. The subjective experience
of cognition is produced by modifications in metabolic
activity as well as neuronal transmission that results from
these epigenetic variations in gene expression.[70] The
discrepancies in neuroimaging results seen among
subjects having mild to moderate self-reported cognitive
impairment may also be explained by this suggested
mechanism. These observations may clarify why chronic
cognitive deterioration is a nuanced process. [71,72]
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CONCLUSION

Chemobrain, the chemotherapy induced cognitive
changes is one of the common and disturbing effects of
cancer treatment, affecting a considerable fraction of
cancer survivors. It is observed that chemobrain is a
result of a several factors comprising of direct neurotoxic
effects, inflammation, modification of signal pathway,
altered BBB, hormonal changes and genetic inclinations.
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Cognitive deficits

FUTURE MANAGEMENT OF CHEMOBRAIN:

A multi-dimensional approach to chemobrain, may
include lifestyle changes, cognitive rehabilitation,
psychiatric therapies, and developing medicinal
treatments. Therefore, future therapeutic interventions
for psychoneurological symptoms brought on by
chemotherapy exposure may include acupuncture to tip
the balance of pro- as well as anti-inflammatory
cytokines, SAM and betaine to alter DNA methylation,
sirtuins to alter histone acetylation, or increased brain
levels of neurotrophic factors. [73] Memory aides and
organizing tools may assist CICI patients to manage
daily cognitive issues. [74,75] Research shows that
multi-pronged strategy that includes behavioural
methods, cognitive training, lifestyle modifications, and
novel agents may be helpful for effective chemobrain
therapy. Addressing psychological and physiological
cognitive impairment may improve quality of life and
cognitive outcomes for cancer survivors.[76]
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Consequently, multiple brain regions involved in
memory, attention and executive functions are affected.
Hence chemobrain can markedly affect daily
functioning, work performance, overall quality of life
and can endure from months to years. A comprehensive
evaluation is essential for better therapy and efficiency.
Both objective actions and self-reports are crucial for
accurately identifying and managing the chemobrain.
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Cognitive restoration, behavioral therapy and focused

interventions are crucial

in mitigating chemobrain

symptoms. Several therapeutics are being explored but
they require more evidence.
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