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Abstract: In the current context, breast cancer survivors are characterized by an increased life 
expectancy through the introduction of screening methods but also of the multidisciplinary 
therapeutic approach. Thus, the appearance and persistence of adverse effects associated with 
cancer and its treatment, including cognitive dysfunction, can influence the quality of life in these 
patients. It is imperative to define the ideas that are incorporated in the vast concept of “cognitive 
dysfunction associated with cancer” or “oncobrain,” alongside to describe the processes that lead to 
it. Therefore, certain physiological, but also pathological, values of the patient’s profile influence the 
appearance and progression of chemobrain. Among the most frequently cited factors in the 
literature are age, disorders such as anxiety and depression, and educational level. Furthermore, 
based on the etiology of neurodegenerative diseases, researchers have developed multiple theories 
about the causes of chemobrain, many of which rely on data from clinical practice. Given the wide 
range of changes involved, it’s crucial to identify the tests that can both subjectively and objectively 
demonstrate the cognitive dysfunction associated with the various targeted cognitive impairments. 
These observations will pave the way for progress in the therapy of these adverse effects. 
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1. Introduction 

Breast cancer survival has substantially increased in the last several years due to improved 
treatment  approaches, development of targeted agents and a focus on personalized cancer care. 
However, the increasing exposure to various systemic therapies is frequently followed by long-term 
side effects and survivorship issues with significant impact on quality of life need to be addressed. 

Early breast carcinoma management consists in a multi-modal approach that includes 
chemotherapy, endocrine therapy, radiation therapy and surgery. Depending on tumor stage and 
biology, escalation and de-escalation strategies have been proposed to decrease long term side-effects 
without compromising survival in these patients. 

With the increasing incidence of cancer and systemic treatment use, cancer-related cognitive 
impairment (CRCI) is regularly expressed by between 15% and 75% of patients receiving 
chemotherapy, endocrine and targeted therapy for breast cancer [1,2], being an important concern 
for cancer survivors. The variability of CRCI incidence and patient-reported symptoms is related to 
a selection of attributes such as their age, intellectual ability, reproductive state, academic 
achievement, and differences in measurement tools or treatments [3,4]. Mental alterations may 
manifest either before or following the detection and management of cancer, and some studies show 
that they can be transient or long-lasting side effects [5,6] The causes of CRCI are still unclear, and 
some data suggest metabolic disorders, aging, vascular injuries, or alterations in gray matter as 
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possible mechanisms explaining CRCI in cancer patients [7]. Effective diagnosis and management of 
these side effects are an important goal for both doctors and patients. 

Systemic conditions that raise the potential of objective cancer-related cognitive impairment 
(CRCI) include healthcare conditions involving the circulatory system, advanced chronological age, 
and impaired mental capacity. On the other hand, risk variables associated with subjective CRCI 
incorporate emotional distress, elevated basal ratings for anxiety and depression, a younger lifespan, 
and modulation of physiological sleep characteristics [8]. 

Furthermore, there are certain additional factors that may influence CRCI, principally during 
active cancer treatment. As an example, thyroid disorders are common during cancer chemotherapy 
cycles, and they may lead to cognitive decline in oncologic patients. Anemia, frequently observed in 
this category of patients, generally associated with chemotherapy and radiation treatments, can also 
induce cognitive dysfunction. Most prescribed antiemetic treatments for side effects such as nausea 
and vomiting can also induce drowsiness. Along with the widely recognized negative implications 
of corticotherapy, such as sleeplessness and restlessness, it was shown that such therapy might have 
a minor but considerable negative influence on memory and executive functioning [9–11]. 

An analysis of the connection between psychological indicators such as depression, anxiety, 
stress, and worry revealed that distress plays a predictor function in the evolution of chemobrain as 
time passes, even though almost all of the research conducted used a cross-sectional design, limiting 
the perspective [12]. Examining the effect of psychological variables on subjective as well as objective 
CRCI is of special significance in the setting of greater incidences of depression and anxiety among 
cancer patients compared to everyone else. Regarding older breast carcinoma survivors, the elevated 
risk of CIRC appears to be a result of multiple processes, including the detrimental effects of aging 
on cognition, pre-morbid limited cognitive reserve, and the accumulation of effects of systemic 
therapy on the neurological system. 

2. Mechanisms Involved in CRCI 

2.1. Influencing the Permeability of the Blood-Brain Barrier and the Vascularization of the Brain 

The treatment of metastatic breast cancer involves mainly agents that do not cross the blood-
brain barrier; nevertheless, they have the potential to cause non-physiological changes in the brain 
tissue. As a result, they may be responsible for reducing the therapeutic doses used and altering the 
quality of life of the patients during the treatment and after its completion [13]. 

The blood – brain barrier represents an interface that continuously adapts to the nervous 
system’s needs and goes through variations in physiological and pathological situations [14]. Being 
involved in central nervous system homeostasis, it can be compromised by altering its permeability 
through different mechanisms [15]. Chemotherapy, the pro-inflammatory cytokines released by the 
tumor may alter blood-brain barrier. 

Cancer treatments compromise the blood-brain barrier’s capacity to function by producing 
reactive oxygen species, which allow pro-inflammatory molecules, toxins, and the brain parenchyma 
to interact. Preclinical data show that IL-1 and TNF [16] and metalloproteinases play a role in this 
process. Environmental elements including ischemia and oxidative stress modulate the enzymatic 
activity of metalloproteinases like MMP 2/9, increasing the barrier’s permeability and leading to 
edema [17]. As part of the inflammatory response, the neuropeptide substance P and alterations in 
NK 1 receptor can cause early alterations in the endothelial cells of the cerebral vascular network, 
triggering neuronal death [18]. 

Proteins that play certain roles in transport and are expressed in brain tissue are among the 
molecules that are being targeted, such as multidrug resistance-associated protein 1 (MRP1). 
Although there is no correlation between the expression of the protein and the patient’s response to 
therapy, it did correlate with the protein’s sensitivity to certain agents as determined by the resistance 
genes’ polymorphism. In connection to oxidative stress, this protein is overexpressed following 
doxorubicin treatment [19]. 

In the affected areas of the brain of experimental animals, there is a tendency towards an 
increased rate of apoptosis and a lower rate of cell proliferation after exposure to cancer treatments. 
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The impact persists even after the therapy is ceased. The toxicity of various cytotoxic, such as 
cisplatin, at relevant doses differs between neoplastic cell lines and cells of the central nervous system 
[20]. Research shows that delivering anthracyclines and taxanes to rodents allows a small amount of 
cytostatic to pass through the blood-brain barrier, which alters it’s permeability and activity [21]. 

Besides altering the brain-blood barrier, tumors also cause changes in cerebral vascularization 
such as decreased blood flow, altered cerebral glycemia, and changes in blood vessel density that 
result in an impairment of hippocampus cell neurogenesis [22]. 

2.2. The Role of Oxidative Stress and Proinflammatory Cytokines 

Although oxidative stress is linked to CRCI, it is frequently present in some patients before the 
start of cancer treatment [23]. The severity of oxidative stress coincides with responses from immune 
activated cells as a boost in pro-inflammatory cytokine generation and discharge [24]. 

Reactive oxygen species and mediators have a central part in cell alteration, and in vascular 
alterations, potentially having a cumulative effect on how oncological therapy and cognitive decline 
interact [25]. 

Following oncological treatment, pro-inflammatory cytokines have higher titers and are actively 
involved in the configuration and function of the neural network. Accordingly, research indicates 
that IL1 and TNF alpha expression influence neuroplasticity and synapse-level processes, whereas 
IL6 affects executive function and patients’ perceptions of their cognitive decline [26]. 

Research shows that oxidative damage to plastic proteins leads to a spike in peripheral TNF 
alpha levels, which subsequently influences the central nervous system through increased protein 
degradation and the release of proinflammatory cytokines [27]. Plasma concentration of IL-1, IL-10, 
and TNF and pro-inflammatory cytokines decrease immediately after doxorubicin administration, 
suggesting the agent’s direct interference with their degradation [28]. The administration of 
paclitaxel, in contrast to doxorubicin, is associated with a high level of IL10 and a plasma lipid 
peroxidation condition [29]. 

Even though TNF-alpha-mediated oxidative stress plays a part, additional factors such as 
cerebral phospholipase expression, mitochondrial respiratory metabolism, and altered choline-
containing components from the hippocampus additionally play an integral part in the functional 
degradation of neurons and their death [30]. 

Given its high demand for oxygen and lipid-rich structure, the brain’s normal function is 
negatively impacted by oxidative stress. Apolipoprotein A1, a compound involved in lipid 
metabolism and inflammation, plays a role in the onset of cognitive impairments linked to cancer 
and cancer treatment, as it regulates the generation of the cytokines IL-1 and TF-alpha by 
macrophages. (Figure 1) 
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Figure 1. ApoA1 controls the signaling pathways associated with the ABCA1 protein, which regulates 
macrophage production of pro-inflammatory cytokines and reduces acetylcholine synthesis in 
hippocampus neurons (Biorender.com). 

Following chemotherapy administration, inflammation in the central nervous system is 
triggered via the pathway of arachidonic acid conversion into prostaglandins, which requires COX 
enzymes. After contact with doxorubicin, elevated levels of the COX2 isoform and PGE2 
demonstrated the significant activity of immune system effectors in the brain. Alkylating agents, 
platinum salts, and anthracyclines are also capable of influencing the hippocampus microglia, cells 
crucial to synaptic transmission and other processes that affect the body’s cognitive function, leading 
to memory loss [31]. 

Preclinical data suggest the beneficial effect of certain drugs in reducing the impact on cytotoxics 
on cognition. Gamma-glutamyl cysteine ethyl ester administration, a precursor of glutathione, might 
be able to reduce oxidative alterations in proteins or lipids to a level equivalent to that of the control 
group unexposed to doxorubicin [32]. MESNA has been shown to possess antioxidant effects, 
minimize protein oxidation, and counteract the anthracycline-induced change in TNF alpha levels. 
Thus, the administration of MESNA might diminish the effects of doxorubicin on cognition and 
locomotion, which are regulated by changes in the ratios of neurochemical substances and 
phospholipases in the hippocampus [33]. 

2.3. Affecting the DNA Material and Limiting Its Repair 

Cognitive dysfunction due to physiological aging process, the pathways of neurodegenerative 
diseases, or cancer and its treatment, is linked to oxidative stress and failures in DNA repair. DNA 
repair deficiencies increase a person’s likelihood of developing cognitive impairments correlated 
with cancers and neurodegenerative illnesses [34]. 

The OGG1 and APEX1 genes play an important role in neural preserving neural function and 
limit the negative effects of oxidative stress. The reduced activity of the OGG1 and APEX1 genes may 
contribute to the onset of cognitive impairments triggered by oncological treatment through 
disturbances in neuronal function, as these genes serve to preserve cellular genetic information 
against the negative consequences of oxidative stress. Their variety and poor functionality make 
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cognitive impairment more severe [35]. Individuals exposed to prior therapy are more likely to 
experience this type of condition [36]. 

One of the crucial endonucleases identified in human cells, a protein generated by the APEX1 
gene, undertakes a wide range of functions, including controlling the way the cell adapts to oxidative 
stress. Its roles include DNA repair and redox-mediated modulation of transcriptional factors like 
p53, AP-1, or HIF-1 [37]. 

8-oxoguanine can often be generated when reactive species interact with DNA, and it is found 
in parts of the genome where transcription is tightly controlled. OGG1 associates with this molecule 
through its enzymatic activity and can operate as a transcription regulator [36]. These shifts, which 
mainly impact the cortex and amygdala, are further linked to perfusion adaptations, senescence, and 
the neurodegenerative alterations associated with Alzheimer’s disease [38]. 

2.4. Telomere Length 

Telomere alterations have observed in cancer patients [39].The process that illustrates how 
telomere length helps facilitate the progression of cognitive impairment is still not entirely known, 
but it has been suggested that modified telomere structure and function induced by cancer or 
chemotherapy produce chromosomal instability. Although the mechanisms that describe how 
chemotherapy shapes telomere length remain under study, the concept that the therapy directly 
impacts these regions’ DNA because of oxidative stress and inefficient repair actions in the 
terminating areas of chromosomes has been launched. Anthracyclines, which are frequently 
prescribed for the management of carcinoma of the breast and are also shown to cause cognitive 
impairment, interfere with the length of telomeres by directly altering DNA because of the synthesis 
of reactive compounds as well as limiting DNA repair enzymes like Topoisomerase II, resulting in 
the accumulation of DNA lesions [40]. 

Moreover, over 85% of cells that have undergone malignant transformation express telomerase, 
a ribonucleoprotein that extends the 3’ end of telomeres with repeated sequences and its activity 
helps promote the onset of the malignant phenotype in cells [41]. Currently, new medications are 
being explored that specifically interfere with this enzyme’s activity [42]. 

2.5. Genetic Predisposition 

The ongoing monitoring of cancer patients who underwent oncological treatment suggests that 
several of them endured cognitive deficits for a longer period than others in the group. For that 
reason, the role of their genetic neurological vulnerability is being explored, as is the component that 
both serotonin and dopamine disturbance serve in the cognitive dysfunction gained due to taking 
any kind of oncological pharmaceutical [43]. 

In this context, variation in the apolipoprotein E, brain-derived neurotrophic factor (BDNF), and 
COMT genes may determine the way the neurological system operates [44]. The APOE E4 allele 
variant is one of the key variables in the onset of dementia since it plays an essential role in 
physiological cognitive decline and the natural aging process of humans [45]. Hippocampal volume 
shifts are linked to a greater limitation in the functioning of memory in breast cancer patients whose 
APOE E4 allele status has been determined and these individuals also experience psychomotor 
deficiencies, which contribute to spatial synchronization and visual memory difficulties [46]. 

The catechol-O-methyltransferase (COMT) enzyme has a restricted capacity for degrading the 
neurotransmitters tied to both the onset and sustained persistence of cognitive deficits linked to 
chemotherapy. Dopamine belongs to the category of these neurotransmitters that may shape 
executive and memory abilities, and its level is modified, particularly in the frontal cortex, which 
serves as an essential component in the successful execution of these CNS functions [47]. Also, 
neuronal transmission undergoes modification through COMT gene polymorphism. As a result, 
there are more functional and structural flaws in the hippocampus among people with more 
aggressive breast neoplasms, like those who present a high Ki67 proliferation index. Additionally, 
research links the COMT rs165599 and rs737865 polymorphisms to a higher risk of cognitive changes 
triggered by chemotherapy treatments in triple-negative and HER2-positive subtypes [48]. 
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Proteins referred to as BDNF exert an integral part in cerebral cellular differentiation, their 
survival, and the growth of dendrites and axons of neurons [49]. They are prominently expressed in 
the cortex and hippocampus, and differences in the volumes of the brain and diminished memory 
with aging are both associated with the way they function [50]. The BDNF gene variation reflects 
how frequently patients with oncologic disease suffer from depression. Therefore, compared to 
carriers of the Val allele, patients with breast cancer who possess the Met allele have a lower degree 
of objective cognitive dysfunction in relation to the level of BDNF throughout treatment [51]. 

2.6. Hormonal Changes and the Influence of CDK Inhibitors 

Sexual hormones can influence cognition both positively and negatively by safeguarding its 
function and ability to counteract oxidative stress [52]. The preferential distribution of hormone 
receptors and aromatase, the enzyme involved in the generation of estrogen from testosterone, in the 
regions of the hypothalamus, hippocampus, and prefrontal cortex compromises executive, learning, 
and memory abilities across the brain parenchyma [53]. The hormonal levels present within those 
structures have the potential to influence synaptic activity through regulating axonal and dendritic 
expansion as well as the expression of neurotransmitters such as norepinephrine, dopamine, and 
acetylcholine [53]. Comparable with the detrimental impact of psychological menopause on 
cognition, chemotherapy-induced menopause limits the attention and processing speed of 
Individuals with breast-localised malignancies [54]. Furthermore, the administration of specific 
treatments in hormone-sensitive cancers, such as selective estrogen receptor modulators and 
aromatase inhibitors, alters the physiological hormonal level, contributing to the appearance, 
maintenance, and accentuation of cognitive dysfunction to varying degrees depending on the chosen 
treatment [55]. Additionally, the negative consequences suffered by these patients, such as fatigue, 
sleeplessness, and mood disturbances, may exacerbate the cognitive symptoms [56]. 

Although both varieties of hormone therapy pharmaceuticals have access to neural tissue due 
to their ability to break through the blood-brain barrier, the effects on cognition can be distinguished 
based on the manner of action [57]. Thus, aromatase inhibitors have a universally detrimental impact 
on estrogen levels regardless of tissue, but tamoxifen attempts to disable the receptor in the breast 
and can have a stimulating effect depending on the tissue targeted. Furthermore, a different density 
of estrogen receptor types can be observed in the cerebral cortex, with the majority being beta-type 
receptors at the temporal cortex and hippocampus and alpha-type receptors at the amygdala and 
hippocampal levels, with implications for the mechanisms of cognitive dysfunction [58]. 

Multiple investigations have highlighted the significance of low-level sex hormone exposure in 
the rate of cognitive dysfunction related to oncological treatment with aromatase inhibitors and 
tamoxifen, even in disagreement with results in this direction. Furthermore, research results indicate 
that tamoxifen has a more potent and harmful effect on cognition if administered to individuals who 
have undergone previous chemotherapy [59]. The effect on cognition in chemo- and hormone-treated 
women is transient and fades away following therapy [60]. Thus, the effect of combining the two 
therapies is regarded as cumulative and more significant than in the context of monotherapy with 
hormone therapy in the first 6 months, with this effect dropping 12 months after chemotherapy 
without statistically significant variations. Furthermore, each of the kinds of aromatase inhibitors 
used has been linked with various levels and types of cognitive impairment. As a result, patients 
treated with tamoxifen exhibit a larger deficit in performing executive functions compared to those 
treated with exemestane, with no statistically significant discrepancies between the results of the 
exemestane group and the observing group [61]. In the instance of anastrozole treatment, it seems 
like cognitive impairment occurs in a manner like chemotherapy, with memory, focus, and executive 
function being acutely affected, with the possible exception that in the case of this aromatase 
inhibitor, a second decline in mental functioning is noted in patients who just underwent hormone 
therapy [62]. 

CDK4/6 inhibitors, which have been successfully used in the metastatic and adjuvant therapy of 
selected patients with Luminal and HER2-negative breast cancer, play a crucial role in improving 
PFS and OS [63–65]. The repression of cell division induced by CDK4/6 inhibitors contributes to an 
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extended release of pro-inflammatory cytokines, which is related to cognitive decline [66). 
Furthermore, CDK4/6 inhibitors participate in the development and differentiation of newly created 
neural cells and thus influence the memorizing processes via their own mechanism of action that 
targets cells with a high reproducibility [67]. 

2.7. Direct Neurological Toxicity and the Influence on the Genesis of Neural Structures 

Oncological pharmaceutical damage to the brain parenchyma has been established as an 
essential contributing factor to the onset and persistence of deficits in cognition in cancer patients. 
This injury can appear throughout the central nervous system by causing disruption with 
neurotransmitter levels and myelin in the neural network, as well as changing the function of cells 
vital to neural network preservation and repair. Even ordinary amounts of platinum derivatives and 
fluoropyrimidines may lead to damage in these entities, resulting in a rise in cell death rate that is 
inversely associated with cell division rate [68]. Animal studies demonstrate a substantial reduction 
in neurogenesis in the hippocampus in mice treated with cyclophosphamide and doxorubicin, which 
corresponds to a decline in cognitive functions specific to this structure. A closer examination of CNS 
cells treated with these cytostatics exposes disturbances in neuronal and glial differentiation, which 
establish the architecture of the neural extensions responsible for nerve impulse transmission and the 
density of the spinal cord. Furthermore, the hippocampus is the structural component most affected 
by this phenomenon [69). However, these outcomes do not fully support the influence of the 
alteration of the neuronal structure and physiology in hippocampus on cognitive functions such as 
learning ability and memory [70]. 

2.8. White Matter Integrity 

Patients treated with cytotoxic agents exhibit progressive lesions of the central and peripheral 
nerve systems compared to those who are chemotherapy-naive. [71].   

These lesions, which can be identified months to years after therapeutic intervention, might 
impact the development of cognitive deterioration associated with cancer and its treatment [72]. As 
a result, the studies show that anthracycline administration in conventional doses influences the 
integrity of the white matter as measured by fractional anisotropy in the corpus callosum of 
chemotherapy-treated patients, and a decrease in reaction speed can be clinically detected. On 
oligodendrocytes, the detrimental consequences of fluoropyrimidines on white matter integrity have 
been revealed, with incomplete or total demyelination of axons and punctual changes in the axonal 
cytoskeleton and microtubules [73]. The balance between elements that may inhibit cell apoptosis 
after exposure to cytostatic drugs and those that can promote it affects neurocognitive performance. 
A fluctuation in the titer of some of these proteins and enzymes, including p53, Bax, cytochrome c, 
and caspase 3, was seen after exposure to cytostatic drugs [74]. 

2.9. Interference with Long-Term Potentiation 

Cognitive alterations reported by cancer patients undergoing treatment could be attributed to 
the drugs’ influence on some targets of the long-term potentiation pathway. Long-term potentiation 
is a key mechanism responsible for learning and memorization, in which interneural connections in 
the neocortex and hippocampus are potentiated through repetitive activation. Thus, their long-term 
effectiveness is enhanced through systematic and substantial participation in synaptic stimulation. 
Some receptors in this route play a role in its initiation and management. Through erroneous 
neuronal activation, ionotropic glutamate receptors can induce glutamate excitotoxicity, a lethal form 
of toxicity on neuronal tissue, and these receptors are one of the targets of medication used in 
psychiatric disorders to improve learning and memory in these patients [75]. 

Protein kinase A (PKA), Ca2+/calmodulin-dependent protein kinase II (CaMKII), and 
extracellular signal-regulated kinase (ERK) are all modulatory enzymes identified in this pathway. 
Moreover, some receptors, including NMDA and AMPA, have an excitatory role that is regulated by 
sodium and calcium and is involved in improving synaptic activity and neuroplasticity [76). They 
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have a defining role in embryogenesis, causing neural tube abnormalities, but they also represent 
potential therapeutic targets in conditions as depression, Alzheimer’s disease, and epilepsy [77]. 

It is demonstrated that the interaction between these potential targets from the long-term 
potentiation pathway and some cytostatics can be correlated with changes in the neuro-cognitive 
process without being able to specify their degree or if there is the possibility of presenting a 
protective Influence on mental processes, or the reverse. In the therapy of breast cancer, the 
interactions between taxanes and NMDA, AMPA, and PKA receptors, as well as everolimus and 
NMDA and PKA receptors, are noteworthy [78]. 

2.10. Tumor Biology 

A selected number of individuals diagnosed with breast cancer may exhibit shifts in cognition 
after receiving the diagnosis but before starting therapy, suggesting the influence of the tumor’s own 
biology [79]. Aside from the stressful effect of discovering the oncological diagnosis, the presence of 
one of the malignant phenotype’s hallmarks, chronic inflammation, has been suspected as a promoter 
of the development of pre-treatment cognitive deficits. This may impact not only the persistence of 
inflammation at the neuronal level but also the origins of neoplastic developments [80]. 

Anemia, probably one the most prevalent adverse complication of oncological treatments, can 
also be attributed to the tumor, and the symptomatology caused by the decrease in oxygen 
concentration in the brain is like cognitive dysfunction [81]. However, treating it with erythropoietin 
alpha fails to deliver consistent results in studies, with no clear and statistically significant correlation 
between its administration and, as a result, the correction of anemia and the significant improvement 
of cognition in the patients involved in these studies [82]. 

2.11. Tau Protein 

Data from the literature describe the presence of a desirable amount of the tau microtubule-
associated protein that corresponds with the microtubule organizing and constancy capacities. This 
is ubiquitous in nervous system neurons, and alterations to its structure create microtubular 
instability and axonal transport issues [83]. Because this protein participates in the etiology of 
neurodegenerative illnesses, its level in cerebrospinal fluid can be employed as an indicator of 
cerebral injury when paired with abnormal outcomes in neurocognitive testing [84]. Preclinical 
investigations indicate that cytostatics may accelerate the rate of tubulin deacetylation and the 
accumulation of hyperphosphorylated tau protein, potentially affecting the stability of microtubules 
in neuronal extensions. Thus, it is known that the administration of cytostatics such as cisplatin or 
methotrexate determines the limitation of cell proliferation in the hippocampus, an increase in tau 
protein in the cerebrospinal fluid, and late cognitive disorders, which persist for approximately 3 
months after treatment stops [85]. 

Although studies involving patients with neoplasia continue to be performed to examine the 
relationship between tau protein levels and preclinical study outcomes, we cannot yet assume that 
the level of this protein in serum or CSF is a biomarker of cognitive dysfunction. Currently, studies 
in chemo-treated breast cancer patients display an interdependence between tau protein and beta 
amyloid levels, as well as neurodegeneration markers and pro-inflammatory cytokines, with the 
results explaining some of the treatment-related changes in cognitive function [86]. 

2.12. Psychological Factors 

When referring to the expression of cognitive dysfunction in individuals diagnosed and treated 
for breast cancer, psychological factors may contribute to adjustments in attention and memory in 
this limited group of patients. As as a consequence, some of these patients develop the typical 
symptoms prior to starting oncological treatment. Furthermore, related mental health issues such as 
anxiety and depression, as well as the presence of stress or fatigue, can alter the patient’s clinical 
course [80]. The mechanisms of cognitive impairment in relation to the presence of pre-existing 
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stressful conditions associate changes encountered in the onset of anxiety-depressive disorders and 
malignant diseases with induced changes in the level of pro-inflammatory cytokines [87]. 

3. Defining and Diagnosing Cancer-Related Cognitive Impairment (CRCI) 

Current challenges remain in clearly defining and diagnosing CRCI. Research and clinical trials 
have failed to clearly establish tests that can identify minor alterations that define cognitive 
impairment associated with cancer and its treatments [88]. Also, cognition requires being perceived 
from both an objective and a subjective perspective, which are both interconnected and associated 
with the quality of life of the individuals. The potential drawback of integrating these subjective 
measures is represented by the impact of comorbidities such as anxiety and depression, as well as 
social elements related to cultural heritage and area of residence [8]. The main differences seen in 
trials may be attributed to the wide diversity of tests conducted and to the possibility that these tests 
are intended to measure either general or specific operations of the person’s cognition [89]. 

A neurophysiological evaluation is important in determining the presence of cognitive 
impairment and its severity, especially considering the discrepancies between symptom severity and 
results of objective tests. Additional pre-existing factors unrelated to chemotherapy should be 
documented, such as psychiatric conditions (e.g., anxiety, depression), sleep-related problems or 
other treatment-related effects (e.g., drug interactions, chronic inflammation, effects of radiation or 
hormonal treatment). 

When discussing cognitive decline, we refer to the nervous tissue’s compromised capacity to 
perform its essential function of collecting, analyzing, and using data related to at least one of the 
fields of interest that define cognitive ability objectively via a substantial reduction in the statistical 
data obtained through an unbiased examination [90]. To accurately evaluate the influences of this 
condition, it is critical to choose resources that can assess not less than one of the following: memory, 
focus, attention, the cognitive aspect of the language domain, and the spatial and psychomotor 
orientation domain [91]. 

The International Cognition and Cancer Task Force provides in broad terms the main areas 
affected by cancer treatments and preferable tools. The certification of these tests, as they advise, 
necessitates the analysis of data derived through periodic interrogation at an established follow-up 
time interval, the use of studies contrasting the outcomes with the results obtained from a control 
arm formed of healthy individuals, and the detection of structural alterations through imaging of the 
central nervous system components [92]. (Table 1). 

Table 1. Recommended resources for different cognitive areas. 

Attention 
High-level 
cognitive 
function 

Intellectual 
function 

Language Memory 
Psychomotor 

function 

- Digit 
Span Test 

- Digit 
symbol 

substitution test 
- TMT 

- The 
Stroop 

Color and 
word test 

- Wisco
nsin Card 

Sorting Test 
- COW

A 
- Verbal 
Fluency test 
- TMT 

- CANTA
B 

- National 
Adult Reading 

Test 
- MMSE 

- COWA 
- Verbal 
Fluency test 

- Rey 
Auditory 

Verbal 
Learning Test 
- Californi

a Verbal 
Learning Test 

- Digit 
symbol 

substitution test 
- TMT 

The TMT test, it permits evaluating not only the executive function but also the respondents’ 
attention [93]. It has various benefits, among them being that it is a brief examination that does not 
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require an excess of resources. However, the outcomes might be altered by the participant’s age, 
which does not constitute a component of the criteria included in obtaining the score but impacts 
overall performance. Another test that targets the same areas of cognition is the Digit Symbol 
Substitution Test. It involves ordering some symbols according to the numbers that correspond to 
them through a predetermined legend in a given time interval [94]. 

The Verbal Fluency test is used for testing both language-related mental abilities and executive 
function, employing a design that reveals the person’s capacity to quickly but spontaneously respond 
with a variety of distinct words as feasible belonging to a particular category or beginning with an 
identical given letter, COWA being a well-known example of this type of test [95]. 

The Digit Span test, which consists of retaining the sequence of numbers and reproducing them 
in precisely the same order, also targets attention [96]. In addition, to examine the same cognition 
span of the individual with the Paced Auditory Serial Addition test, the participant is instructed to 
add the prior two numbers that are said loudly with a few seconds gap [97]. 

Several assessments with different designs are employed for determining higher-level cognitive 
processes like attention, perseverance, the capacity to learn, conceptualization, and set shifting. 
Therefore, since it is a set-shifting test, the Wisconsin Card Sorting Test necessitates a certain level of 
adaptability. The test, which includes matching specific cards without guidance provided before the 
activity begins but only from remarks derived after the subject’s decisions, has been applied 
satisfactorily in the actual situation of patients with neuropsychiatric illnesses [98]. 

The Stroop Color and Word Test assess flexibility and suppression for triggers to be able to name 
the color of a term, even though the words themselves are colored in identical shades or not [5]. Thus, 
it is proven that defining colors that are not in accordance with the specified word takes longer than 
defining colors that are the same as those specified in the word [99]. 

There are several tests with an extensive background in neuropsychiatric pathology that might 
be used such as the Montreal Cognitive Assessment and the Mini-Mental State Examination [93]. 
These are two of the most well-established and extensively used cognition tests. Also, other tests such 
as the National Adult Reading Test can be used for the initial assessment of premorbid mental status. 
When an exhaustive investigation is required, CANTAB and The California Verbal Learning Test, 
could potentially be chosen [100]. The Hopkins Verbal Learning Test measures both short-term and 
long-term recall and is notable for its detailed sensitivity170. To facilitate the selection of a suitable test 
simpler, its effectiveness was compared to that of the Rey Auditory Verbal Learning Test152. The focus 
was on similar cognition characteristics, and it was recognized there could possibly be inconsistent 
indicators due to the interpretation, which could lead to distinctive descriptions of cognitive 
impairment in each comparable population. 

Subjective evaluations such as FACT COG [93], is a test used in descriptive and interventional 
research aimed at studying the cognition-related issues of adult cancer patients. It is simple to use 
and it scores the patient’s responses, which are divided into four main groups: perceived cognitive 
dysfunction and its impact on quality of life; perceived cognitive abilities; and, last but not least, 
remarks made by individuals with whom the person in question interacts [101]. 

Compared to the FACT COG, the Patient Assessment of Own Functioning Inventory (PAOFI) 
offers an alternative framework for neuro-psychological evaluation of patients, analyzing memory, 
the ability to use language and express oneself properly, performing manual tasks, but also the 
impairment of subjective perception of sensation, and, in addition to this, the performance of more 
complex intellectual functions [102]. Furthermore, this questionnaire focuses on the participant’s 
cognitive decline in connection with his capacity to fulfill daily duties. This questionnaire has been 
used in patients with oncological, mental, and nephrological conditions. 

The Prospective and Retrospective Memory Questionnaire (PRMQ) examines the influence of 
memory on the malfunctions reported by patients throughout normal daily activities. Using an equal 
number of inquiries related to the two types of researched memories—the consequences of oneself, 
the external environment, and the long-lasting and immediate memories—on the triggering of these 
phenomena, this survey adds an unexpected dimension to the cognitive assessments that are 
employed [103]. 
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The Measurement of Everyday Cognition (ECog) exhibits an in-depth approach to the 
disturbance of mental operations in everyday tasks. It evaluates memory, language-related ability, 
visual, and spatial abilities; however, it draws attention to certain complex functions by reviewing 
the ability to organize and schedule routine tasks alongside divided focus [104]. 

4. Conclusions 

Due to improvements in cancer diagnosis and treatment with both curative and palliative intent, 
the number of cancer survivors is increasing, and survivorship challenges need to be better 
addressed. Effective patient management includes besides optimal cancer treatment, a better 
evaluation and management of various comorbid conditions impacting patient’s long-term quality 
of life, such as psychological distress, sleep disturbances, fatigue, pain. The prevalence and impact of 
cognitive dysfunction following cancer treatments is frequently clinically significant, as it extends 
beyond the cancer treatment period. The lack of a proper diagnosis and awareness among physicians 
leads to an insufficient support available for cancer survivors. The impact on quality of life extends 
from daily activities, family interactions and work, to an economic impact for both the patient and 
the society. 

A better understanding of the underlying mechanisms and improvements in diagnosis is crucial. 
Various assessments are needed to objectively measure the cognitive function in addition to self-
report, due to the discrepancies between the perceived symptoms and how they can be objectively 
assessed. Moreover, there is a current lack of clear recommendations on how to better manage 
patients with CRCI, although various strategies have showed improvements, such as cognitive 
rehabilitation, mindfulness, neuroprotective medications or exercise. 

Although many tests have been evaluated in various trials, inconsistencies between the test 
findings and the patient’s personal perceptions are likely, either due to the accuracy of the testing in 
detecting slight changes or to the consistency with which the evaluation was completed. 

Although the etiology of CRCI is not completely understood, a combination of both host features 
and biological variables plays a role in its development. Continuous efforts are being made in better 
diagnosing and management of CRCI, due to its increased prevalence and impact on patient’s quality 
of life. Behavioral and pharmacological interventions are being developed and tested to prevent and 
treat CRCI and further research focusing on diagnosis and treatment is needed, especially with more 
diverse populations in terms of race, age, cancer type and treatment. 
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