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Abstract

Cognitive impairment following chemotherapy, also called chemobrain, is reducing the life quality
of millions of cancer patients. It is urgent to discover therapeutic methods against chemobrain. In
fact, neither measurements nor mechanisms are yet to be defined. To discover efficient treatment on
chemobrain, in this review, we firstly focus on applications of objective and accurate methods to study
the measurement of chemobrain, such as Functional magnetic resonance imaging (fMRI) and positron
emission tomography (PET). Furthermore, we highlight the potential mechanism of chemobrain
including neuroinflammation, cell apoptosis and synaptic degeneration. Chemotherapy can induce
neuroinflammation and cell apoptosis in brain. Synaptic plasticity also decreased in chemo-agent treated
mice. Based on other cognitive impairment diseased, we also engaged in looking for effective treatment
on cognitive impairment after chemotherapy in cancer patients. Synaptic repair, stem cell transplantation,
Chinese medicine and psychological rehabilitation are all powerful candidates for treating chemobrain.

Why this study?

With the development of medical
technology, the survivor rate of cancer patients
is dramatically increasing nowadays [1].
Cancer survivorship is an emerging field in
research. Better chemo-therapeutic regimens
are discovered to contribute to human beings.
However, there are many side-effects of
adjuvant chemotherapy. Studies have suggested
that cognitive function degeneration following
chemotherapy such as amnesia, attention and
learning difficulties, problems with visual and
verbal memory influence the quality of cancer
patients’ lives greatly [2,3]. Animal studies
also have shown that frequently using chemo-
agents can induce cognitive impairment
(chemobrain). CMF  (cyclophosphamide,
methothrexate, and 5-Fluorouracil) treated
on rats reduced the rat’s ability of learning
and memory [3]. Cyclophosphamide- and
doxorubicin-treated rats showed significantly
impaired performance on the novel place
recognition task and the contextual fear
conditioning task compared with untreated
controls [4]. An increasing number of reports
on cancer patients treated with chemotherapy
have been published in the last decade [5].
More and more patients endure the effects
of cognitive dysfunction. However, there are

still no accurate and common methods to
measure chemobrain and no effective drugs
or methods to alleviate this disease. The
objective of this review article is to elucidate
the advanced and objective neuroimaging
using on chemobrain measurement and to find
the potential methods treating on cognitive
impairment caused by chemotherapy in cancer
patients, such as synaptic repair therapy, stem
cell transplantation, active traditional Chinese

medicine, acupuncture and psychological
rehabilitation.
In what follows, we first provide

existing measurement methodologies about
chemobrain and other cognitive impairment
diseases. Advanced neuroimaging  was
introduced majorly, for that it'’s more objective
and accurate than questionnaire assessment.
Among all neuroimaging technologies,
functional MRI and PET has been used
commonly in neuroscience. Then several
candidate therapies are listed in this review.

Synaptic repair therapy is based on the
hypothesis that synapses is degenerated after
chemotherapy. Once drugs being used to
improve the synaptic transmission, synaptic
plasticity or synaptic growth, cognitive
functions might be ameliorated [6]. Stem cells
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transplantation is a novel methodology for treating cognitive
impairment following chemotherapy. Neural stem cells will
migrate towards the injured areas and engraft to the targeted
place. What’s more, its capacity of self-renewal and differentiation
could contribute to replacing damaged tissues and repairing the
injured cells and tissues [7-10]. Therefore, stem cell engrafted
may be a useful therapy for treating chemobrain. Herb medicine,
such as Ginkgo biloba, Ginseng, or Melissa officinalis, have
been commonly used as memory or cognition enhancers. The
effects of these enhancers have been demonstrated scientifically
[11]. The standardized Ginkgo biloba extract is one of the
most widely used herbal remedies for dementia and cognitive
impairment [12]. Studies shows that Warm-supplementing
kidney yang (WSKY), an herbal prescription used in Traditional
Chinese Medicine has potential therapeutic implications for
cognitive impairment of schizophrenia [13]. Acori graminei
rhizoma (AGR) have a protective effect against ischemia-
induced neuronal loss and learning and memory damage [14].
Radix Polygalae (RP) extract has some repairing effects on
the memory and behavioral disorders in rats [15], has neuro-
protective effects and memory-enhancing effects [16], could
enhance some cognitive functions including memory [17].
Radix Rehmanniae could improve the ability of memory [18].
With the development of medicine and technique, nowadays the
concept of acupuncture becomes broader, which is a therapeutic
technique in which sharp, thin needles are inserted into specific
points on the body with mechanical, electrical, or other physical
stimulation [19]. Increasing clinical observations and studies
show that acupuncture plays an important role in treating
neuropsychiatric disorders. There are randomized clinical trials
showing that compared to drug therapy, acupuncture exert a
better effect on mild cognitive impairment [20]. Even though
many traditional Chinese herbs and acupuncture have the
ability to enhance the memory or have protective effect against
cognitive impairment, no exact herbs or acupoint are proved
to protect cancer patients from the cognitive impairment of
chemo-agents. The mechanism of chemobrain has, however, yet
to be investigated, which enhanced the difficulties of protecting
patients from chemobrain.

Methodology to measure chemobrain

Chemobrain is difficulty to study, one reason is the lack of
accurate and uniform methodology to measure it. In clinical,
neuropsychological assessments will be first used for cancer
patients. The design of assessments should be involved a large
number of cognitive domains and followed the standard of the
International Cognition and Cancer Task Force (ICCTF) [21].
Besides, participants should complete questionnaires about
their quality of lives [22]. These messages all obtained from
cancer patients themselves, which are subjective and unfaithful.
More objective diagnoses are need to measure the performance
of chemobrain.

With the development of technologies in neuroimaging,
it is possible for researchers finding an objective and exact
methodology to measure cognitive impairment following
chemotherapy in cancer patients. Nowadays, functional
magnetic resonance imaging (fMRI) has been used in brain
tumors, mild traumatic brain injury, prostate cancer, bilateral
Meniere's disease, insomnia, Alzheimer's disease and so on
[23-27]. Functional MRI measures the cerebral blood flow via
the blood oxygen level-dependent contrast (BOLD contrast)
due to the presence of deoxyhemoglobin in the blood [28]. It
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is said that the cerebral blood flow was linked with the neural
activity directly, which means increasing blood flows would be
detected about the area of the brain responsible for the specific
neural activity [29]. If less blood flows in the specific regions in
the brain is detected, it can be speculated that chemo-agents has
damaged the areas. According to this assumption, chembrain
can be measured using fMRI. And fMRI will also contribute
to the study of mechanism of chemobrain, for which regions
being injured by chemo-agents will be observed based on the
technique of fMRL

Positron Emission Tomography (PET) is a nuclear medicine;
a positron-emitting radionuclide will be introduced into the
body of human or animal and then detected by the system
[29]. Fluorodeoxyglucose (FDG), an analogue of glucose, is a
commonly used radionuclide. Once FDG injected into bodies,
the higher concentrations of it means that the tissue metabolic
activity is more active, for it related to the regional glucose
uptake. It can be concluded that FDG injected into the cancer
patients who have been receiving chemotherapy, regions in
the brain which are responsible for the cognitive activities will
be detected less imaging than other regions. If the difference
is found in the PET scan, chembrain can be confirmed and
damaged areas of brain also be discovered. Besides, both fMRI
and FDG-PET can be used either in resting state or active state.
Studies showed that both fMRI and FDG-PET should be used in
confirming a disease, for they reflected the different process of
neurodegeneration [30].

Advanced neuroimaging techniques may lead to the early
detection of cognitive impairment of chemotherapy, as well
as to an improvement in our understanding of the underlying
mechanisms of chemobrain.

Understanding the pathophysiology of chemobrain

The quality of life of cancer survivors who experience
chemotherapy seriously affected [31]. No evidence-based
treatment or preventative intervention for chemobrain exists,
since the underlying mechanisms have not been understood
[32]. Many researchers engaged to study the mechanisms of
chemobrain in order to find the useful anti-drug to prevent
cognitive impairment. It is demonstrated that majority chemical
agents could not cross the blood-brain barrier (BBB), but can
modulate endogenous levels of cytokines such as tumor necrosis
factor (TNF) alpha for example adriamycin could improve
TNF-a dramatically [33,34]. It is known that TNF-a will be
induced the neuronal damage through affect the function
of mitochondria [35]. Studies showed that TNF-a induced
mitochondrial dysfunction leading to further increases in
oxidative stress in the brain. This process might be responsible
for the cognitive dysfunction [36]. Reports also suggested that
nitric oxide (NO) plays an important role in the cognition
dysfunction [37]. For breast cancer cells in vitro, Adriamycin
treatment can induce an increase of NO, which is cytotoxic to
the cells in vivo [38,39]. NO can inhibit the electron transport of
mitochondria and inactive the iron-sulfur-containing enzymes
[40,41], which indicate that nitric oxide is a mediator coupling
the effect of Adriamycin with cytokine production in the brain
[37]. The level of protein oxidation and lipid peroxidation in
brain tissues were significantly increases since i.p. injection of
Adriamycin [42]. It is hypothesized that TNF-a accumulated
after Adriamycin administration, which induce mitochondria
damaged and cell apoptosis in brain. The sequence as below:[32]

The mainly pathway it causing apoptosis shows in figurel.
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Figure 1. TNF-o considered one of major contributes for cell
apoptosis.

There are studies to demonstrate that DNA damage induce
cognition impairment. Neurotoxicity is associated with
increased free radical damage to nuclear DNA. Nuclear DNA
codes for many cellular and mitochondria proteins, oxidative
damage to nuclear DNA, which could result in formation of
dysfunction cytosolic or mitochondria proteins [43]. It is known
that mitochondria dysfunction could lead to severe failure of
energy metabolism and cell apoptosis [35].

Tanimukai et al reported that Paclitaxel (Px) directly causes
neuronal apoptosis through endoplasmic reticulum (ER) stress
responses [44]. Study shows that endoplasmic reticulum (ER)
stress is involved in various human neurological diseases and
cause cognitive dysfunctions [45]. When ER stress is very
severe, cells induce and/or activate C/EBP homologous protein
(CHOP), the c-Jun NH2-terminal kinase (JNK) pathway, and
caspase 4, thus leading to apoptosis. Animal studies also have
revealed that chemotherapy-induced cognitive impairment
is associated with decreased cell proliferation in hippocampal
neural progenitor cells which play a crucial role in short-term
learning and memory process [3].

Since both clinical and animal studies have found that
memory, learning and thinking abilities of patients and
animals receiving chemotherapy be destroyed, brain-derived
neurotrophic factor (BDNF) might play critical role in
chemobrain. BNDF is indispensable for the survival of existing
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neurons and the growth and differentiation of new neurons
[46]. The functions of BDNF include that enhance synaptic
transmission, facilitate synaptic plasticity and promote synaptic
growth [6], which confirmed the importance of BDNF for
cognitive functions. Besides, BDNF actives in the brain areas,
such as cortex, hippocampus and basal forebrain which are
responsible for the cognitive functions [47]. Researchers have
confirmed that the number of neural cells were decreased after
treating with chemotherapy. It is calculated that chemo-agents
reduced the expression of BDNE then affected the synaptic
transmission, facilitate synaptic plasticity. With the lower brain-
derived neurotrophic factor, BDNF/TRKB signaling cannot
work as normal, which would affect the survival of existing
neural cells and differentiation/producing of novel neural cells
in the brain areas especially in the hippocampus, cortex and
basal forebrain.

Besides, researchers also discovered that neuroinflammation
plays a critical role in chemobrain. The dysfunction of anti-
inflammatory and pro-inflammatory cytokines in blood and
brain tissues were found in mice treated with chemotherapy.
And astrocyte and microglia were activated by chemo-agent
treatment. What's more, it is showed that there was a positive
relationship between pro-inflammatory cytokine, such as IL-6
and TNF-qa, and cognitive impairment performance. While, a
negative correlation between anti-inflammatory and cognitive
decline in mice [48].

Thus, a therapy which have neurotrophic, anti-inflammation
and/or anti-apoptosis effects may prevent cognitive impairment
from chemotherapy.

Potential therapies about chemobrain

Synaptic repair therapy

Evidence shows that the progression of mild cognitive
impairment is associated with synapse degeneration [6].
Synapse is an essential part of neuronal connections and
stabilized neuronal connections are the basis on cognitive
functions, especially memory [49]. It is said that synapse
dysfunction and synapse loss are reversible, so that synapse
loss can be repaired and new synapse can be established [6].
According to the synaptic characteristics, improving synaptic
transmission and synaptic growth are benefit for the modulation
of synapses. Cholinesterase inhibitors such as donepezil and
rivastigmine block the metabolism of choline, which increase
the transmission of cholinergic synapses [50]. Synaptic growth,
including strengthen existing dendritic spines and promote
new synaptic terminals, can rescue the synaptic connections
causing by cognitive impairment. Studies describe brain-derived
neurotrophic factor (BDNF) is a candidate for promoting
synaptic growth [6]. Synaptic repair therapy might be powerful
ways to achieve our goals.

Stem cells transplantation

Neural stem cells (NSCs), which play an indispensable
role in neural cell differentiation and growth, are inevitable
for the functions of memory and learning. Both cognitive
and motor functions can be improved dramatically by NSCs
transplantation through a BDNF-dependent mechanism in a
transgenic model of dementia [51]. NSCs having the ability to
improve the memory and learning functions mostly contributes
to the neurotrophic support. The enormous increase of activated
microglia cells were observed in the chemotherapy group,
however, activated microglia cells were decreased dramatically
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in the stem cell grafted group, which means stem cell grafting
could reduce neuro-inflammation in hippocampus significantly.
Morphological experiment showed that arborization of
the apical and basal dendritic trees of CAl pyramidal cells
improved substantially in the group of stem cells transplantation
after chemotherapy [52]. All the results show that NSCs
transplantation can alleviate the neurotoxicity of chemotherapy;,
however the mechanisms of it stills indistinct.

The mesenchymal stem cells (MSCs) also be used in
preventing the deleterious effects of chemobrain associated with
Doxorubicin in albino rat [53]. MSCs, low immunogenicity,
fewer immune cells, high proliferative rate, and could be
differentiate into neuron-like cells [54,55], has the potential to
be one kind of therapies for the chemobrain. It is said that MSCs
administration could ameliorate brain injuries including stroke
and other neurodegenerative disorders and improve metabolic
viability and neuronal cell densities [56,57]. MSCs could activate
endogenous stem cells, release growth factors and enhance
immunoregulation capability, which contribute to the ability of
neuroprotection [58].

Potential Traditional Chinese Medicine treated on

chemobrain

A host of products from plant species and derivatives
have neuro-protective effects in vitro and in vivo. Besides
neuroprotection, natural products also demonstrate biological
effects that target biochemical pathways underlying associated
symptoms of neurodegenerative disorders that include cognitive
impairments, energy/fatigue, mood, and anxiety [59].

Chinese herbs
Polygala tenuifolia Willd

The roots of Polygala tenuifolia Willd, which is known as
“yuanzhi” in China, has been prescribed for hundreds of years
to treat psychotic illnesses such as dementia and cognitive
dysfunctions [60-62]. Polygala tenuifolia Willd extract has some
repairing effects on the memory and behavioral disorders [15].
Studies shows that BT11, which is the extract of the root of
Polygala tenuifolia Willd, plays an important role in enhancing
the memory of human beings [16]. Its memory improvement has
also been reported in various animal models. In morrion water
maze tests (MWM), the impaired spatial memory of the mice
was partly reversed by the crud extract of the roots of Polygala
tenuifolia as compared with the control mice. It is shown that it
also generated antioxidant effect via the endogenous enzymatic
system [16,17,63].

Gardenia jasminoides

Gardenia jasminoides, as a traditional Chinese medicine, has
been recorded in Chinese Pharmacopoeia and used for treating
diuretic, cholagogue, anti-inflammatory and antipyretic effects
[64]. Since in eastern countries it has been used for hundreds
of years, the safety and efficacy of this herbal medicine has been
reviewed.

Geniposide, an iridoid glucoside isolated from gardenia (the
fruit of Gardenia jasminoides) and also a major component of
Huang-Lian-Jie-Du Decoction, has been proven to have good
therapeutic effects on cognition impairment both in clinical
practice and pharmacological experiments. It is indicated that
geniposide treatment could suppress the production of tumor
mecrosis factor-a (TNF-a) [65]. Besides, geniposide has been
demonstrated can cross the BBB [66]. Geniposide Rgl is a major
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component existing in various ginseng products which have
been widely used in the treatment of chemotherapy-induced
side effects in cancer patients [67], including breast cancer
patients [68], a study using Rgl treated chemobrain provides
compelling evidence in support of the use of ginseng products
as chemopreventive agents. An effective dose of 10 mg/kg/day of
Rgl used in mice of this study was equivalent to 6 mg/day used
for humans. Ginseng is safe and tolerable at the recommended
dose of 1-2 g of dry ginseng root or 200-600 mg of standardized
ginseng extracts per day [69].

Ginkgo Biloba

It is reported that the extract of Ginkgo Biloba has neuro-
protective effects against various neurological disorders, such
as Alzhemer’s disease, depression and ischemia [70,71]. Many
studies shows that the effective constituent of Ginkgo Biloba is
Bilobalide (BB) [72]. The result of Water Maze Test demonstrated
that BB significantly protected rats against cognitive deficits
through alleviating neuronal apoptosis and to reduce the
expression of tumor necrosis factors-a (ITNF-a) in the brain
cortex and the hippocampal [73]. These effects might be related
to the antioxidant and antiapoptotic activities of BB.

Rehmannia glutinosa

Researches have been demonstrated that Rehmannia
glutinosa could use to treat amnesia or dementia and memory
impairment in mice [74]. Catalpol is an iridoid glycoside
isolated from the Rehmannia glutinosa. Once injected with
catapol, the mice treated with D-galactose showed greatly
improved learning and memory ability in Morris water maze
test comparted with control (treated with D-galactose) [75].
As catalpol administration could elevate memory function,
these results implied that catalpol may be used in the therapy of
cognitive impairment like AD or chemobrain [76].

Acupuncture

Increasing evidence confirms that acupuncture plays an
important role in reducing anti-cancer treatment caused side
effects, such as anxiety, fatigue, depression, sleep disturbance,
pain and so on. Numerous studies also indicate that acupuncture
exerts greatly effects in treating mild cognitive impairment [77-
83].

The mechanism of mild cognitive impairment caused by
chemo-therapy is complex, but apoptosis has been suggested
to be one of the key elements in brain injury following chemo-
agents [32,36,37,84,85]. Therefore, suppressing the apoptosis
pathway may be a promising approach to prevent mild cognitive
impairment induced by chemo-therapy. Apoptosis is highly
regulated by complex factors. Research shows that the levels of
pro-apoptotic proteins p53 and Bax and Bcl-xl increased, which
induced the apoptosis of cells in brain. Electro-acupuncture at
the Baihui and Shenting acupoints ameliorate wild cognitive
impairment in cerebral I/R injured rats for electro-acupuncture
significantly reduce the Bax expression [81]. This may be a
potential therapy for the treatment of chemobrain.

It is said that Baihui is one of the most important acupoints to
treat the neuro-degenerative disorders and cognitive impairment
in acupuncture treatment. Study shows that acupuncture
stimulation at Baihui significantly ameliorated memory deficits,
which may be due to the recovery of the Ach system and the
alleviation of BDNF and CREB expression [86]. The results may
be another potential therapy for the treatment of chemobrain.

Neuropsychological rehabilitationy
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It is reported that psychological stress such as depression,
anxiety, sleep disturbances and self-body image perception
may be aggregated after chemotherapy in cancer patients [87].
Cognitive performance can be affected by psychological distress
directly and indirectly [88]. It is implicated that anxiety and
depression may be aggravate cognitive impairment following
chemotherapy. Increasing evidence has been indicated that
psychological stress be related with the function of attention
and memory [89-91]. Psychological stress can affected the
system of immune, kinds of cytokines such as IL-6 and TNEF-
alpha be related with the cognitive pathway. According to these
studies, it can be calculated that neuropsychological care and
rehabilitation may be one of effective approaches for cognitive
impairment after chemotherapy.

Based on the application of neuropsychological care and
rehabilitation strategies from other cognitive impairment such
as traumatic brain injury and schizophrenia, the approaches
about cognitive improvement could be cognitive enhancement
therapy (CET), compensatory training, environment change,
meditation and physical exercise [92]. Persisting complaints,
training in use of a memory notebook and training the abilities
of problem solving could increase coping behaviors and reduce
stress [93]. Nowadays, the specific computer software to enhance
the corresponding cognitive functions has been developed
[94]. It is reported that meditation can ameliorate cognitive
impairment caused by chemotherapy in cancer patients [95].
Meditation is associated with reducing depression, anxiety and
improving sleep quality, besides, it can stimulate the immune
system response [95,96]. It is well known that physical exercise
can improve the blood flow and oxygen to the brain, which may
help the cell proliferation associated with cognitive functions
in the brain. Qigong also be used to ameliorate cognitive
impairment in cancer patients, positive effects were observed in
this study [97], which may contribute to its reducing anxiety and
improving immune response. Additionally, the application of
yoga between cancer patients also plays an active influence [98].

Overview

It is known that cognitive impairment caused by
chemotherapy affected the life quality dramatically. In order
to find effective approaches ameliorate cognitive impairment
after chemotherapy in cancer patients, objective and accurate
measurement methodologies should be applied. Compare
with the traditional questionnaire assessment and self-report
method, neuroimaging is more acceptable and precise. The
difference of brain structure and area can be seen directly in the
imaging using functional MRI and regions in the brain having
lower metabolism also be detected combined with PET, which
contribute to the mechanism study of chemobrain.

About the mechanism of chemobrain, the mainly
statements are, neuroinflammation, cell apoptosis and synapses
degeneration. A large number of factors can cause apoptosis,
thus further studies should be done to define it. BDNF reduction
might be one explain for synapses degeneration. Potential
therapies were listed in this review. Synaptic repair therapy
is based on the assumption synapses and dendritic spines
degeneration. Stem cells transplantation promote the neural
cells and repair existing neural cells. Thanks to the broad and
profound of Chinese medicine, it can be a powerful treatment in
treating chemobrain. Besides, neuropsychological rehabilitation
is convenient and safe for patients. In essence, a great deal
of collaboration and methodologies will need to promote
chemobrain therapies.
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