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C
ognitive changes associated with 

cancer and its treatments, known as 

cancer-related cognitive impairment 

(CRCI), are reported by about 45% 

of survivors and patients receiving 

treatments for cancer (Schmidt et al., 2016; Wefel 

et al., 2014). Although chemotherapy is one factor 

(Ren et al., 2019), evidence suggests that the caus-

es and mechanisms of various cognitive changes are 

multifactorial (Bai & Yu, 2021; Mampay et al., 2021; 

Yang & Hendrix, 2018). Because several cognitive 

domains are affected (Ren et al., 2019), CRCI results 

in decrements in activities of daily living (Boykoff et 

al., 2009), personal- (Potrata et al., 2010) and work- 

related responsibilities (Lange, Licaj, et al., 2019), and 

financial (Boykoff et al., 2009), emotional, and social 

well-being (Rust & Davis, 2013).

Despite efforts by the International Cognition and 

Cancer Task Force to harmonize assessment methods 

(Wefel et al., 2011), conceptual and empirical issues 

in CRCI research remain (Horowitz et al., 2018). 

Conceptually, neuropsychological tests may not 

detect the subtle changes and specific cognitive pro-

cesses associated with CRCI (Horowitz et al., 2018). 

Empirical issues include the following absences: a 

universal definition of CRCI, a standard battery of 

subjective and objective measures to diagnose CRCI 

and monitor changes throughout time, and a cor-

relation between neuropsychological test results and 

subjective reports of CRCI (Horowitz et al., 2018).

An equally important issue is the absence of a com-

prehensive conceptual model of CRCI. A conceptual 

model provides a visualization of the relationships 

among a set of concepts (i.e., variables that can be 

empirically observed or measured) that are thought to 

be linked to a phenomenon (Earp & Ennett, 1991). As a 

result, a conceptual model summarizes existing knowl-

edge and provides a way to understand or predict causal 

links and to generate hypotheses (Earp & Ennett, 1991).

PROBLEM IDENTIFICATION: Cancer-related cognitive 

impairment (CRCI) is common and is associated 

with cancer and its treatments. Evidence suggests 

that the causes are multifactorial, but the field is 

lacking a comprehensive conceptual model of CRCI 

to summarize existing knowledge and provide a way 

to understand and predict causal links, as well as to 

generate hypotheses.

LITERATURE SEARCH: PubMed® and Google 

Scholar™ were searched, and 130 articles 

demonstrated several lacking factors needed for a 

more comprehensive CRCI model. 

DATA EVALUATION: The new multifactorial model of 

CRCI includes social determinants of health, patient-

specific factors, co-occurring symptoms, treatment 

factors, and biologic mechanisms.

SYNTHESIS: The multifactorial model of CRCI is based 

on established and emerging evidence. This model is 

inclusive of all cancer types and associated treatments.

IMPLICATIONS FOR NURSING: Although it would be 

ideal to evaluate all the concepts and components in 

this model in a comprehensive fashion, investigators 

with existing datasets could evaluate portions of 

the model to determine directionality for some of 

the proposed relationships. The new model can 

be used to design preclinical and clinical studies 

of CRCI. Knowledge of the occurrence of CRCI and 

factors that contribute to this symptom will allow 

nurses to perform assessments of modifiable and 

nonmodifiable risk factors.

KEYWORDS biobehavioral model; cancer-related 

cognitive impairment; conceptual model
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Hess and Insel (2007) published a conceptual model 

of CRCI that was specific to chemotherapy. It proposed 

that changes in cognitive function may occur along 

two different but interacting pathways (i.e., psychoso-

cial effects of a cancer diagnosis and direct physiologic 

effects of the cancer treatment). Antecedents (e.g., 

cancer treatment) and consequences (e.g., decreased 

quality of life) of CRCI were identified, as well as var-

ious mediators and moderators. Although informative, 

this model is limited because it focused on cognitive 

changes only in patients who received chemotherapy.

This model was updated by Myers (2009) to 

include integration of the Theory of Unpleasant 

Symptoms. Because patients with cancer experience 

multiple co-occurring symptoms (Miaskowski et al., 

2014), the blending of the initial conceptual model 

with this middle-range theory allowed for an evalu-

ation of CRCI within the context of potential effects 

from other symptoms. However, since these two 

models were published, research focused on CRCI has 

expanded exponentially.

Ahles and Hurria (2018) published a conceptual 

model that focused on predictors of CRCI in cancer 

survivors. This model highlighted the need to consider 

stress as a potential risk factor for CRCI. However, 

the model’s exclusive focus on survivors limits its 

application to patients actively receiving treatments 

or those with advanced stages of cancer.

Although previous models may be useful for select 

groups of patients, a more comprehensive conceptual 

model of CRCI is needed to guide future research 

throughout the continuum of care. Therefore, the 

purpose of this article is to present the multifactorial 

model of CRCI (MMCRCI), a conceptual model based 

on established and emerging evidence.

Development of the MMCRCI

Literature Review

The first step in the development of the MMCRCI 

was a comprehensive review of the literature that 

identified factors (i.e., risk, protective, and mechanis-

tic) associated with CRCI. The search was inclusive 

of all types of cancer and associated treatments. 

Pediatric studies were excluded because the factors 

associated with CRCI may differ in this age group. 

In addition, cognitive changes associated with onco-

logic emergencies (e.g., hypercalcemia of malignancy) 

were excluded because effective management of an 

oncologic emergency generally resolves associated 

cognitive changes (Klemencic & Perkins, 2019).

The following keywords and phrases were 

searched using PubMed® and Google Scholar™: 

cancer-related cognitive impairment; chemotherapy- 

related cognitive impairment; cancer-associated cogni-

tive dysfunction; cancer AND cognition OR cognitive. In 

PubMed, search terms were mapped to their respec-

tive MeSH (Medical Subject Headings) for expanded 

results when possible. Keyword searches were sup-

plemented by hand searches in the reference lists of 

relevant articles. More than 130 state-of-the-science 

or systematic review articles published between 2017 

and 2021 were identified. These reviews were the pri-

mary sources of evidence for the development of the 

MMCRCI. In addition, some of the emerging evidence 

in the model is supported by studies of other types 

of cognitive impairment that warrant evaluation in 

patients with cancer.

Conceptual Organization of the MMCRCI

Once the factors associated with CRCI were identi-

fied, they were organized into broader concepts. As 

illustrated in Figure 1, the specific concepts in the 

MMCRCI are social determinants of health (SDOH), 

patient-specific factors, co-occurring symptoms, 

treatment factors, and biologic mechanisms. The 

directionality of many of these associations between 

the concepts and CRCI is not well established, 

although the various concepts interact through-

out the continuum of care. The time points when 

assessments of CRCI are done are likely to affect the 

relationships between the various concepts in the 

MMCRCI because these concepts and their inter- 

relationships are dynamic in nature. 

Assumptions of the MMCRCI

The underlying assumptions of the MMCRCI are as 

follows: (a) The causes and consequences of cognitive 

changes associated with cancer and its treatments are 

multifactorial; (b) these cognitive changes need to 

be evaluated in the context of multiple contributing 

factors; and (c) knowledge of the underlying mech-

anisms of CRCI, as well as effective interventions to 

prevent and treat this symptom, will be identified 

based on research that uses this model. Although it is 

well documented that CRCI has a negative effect on 

a variety of patient outcomes (Hess & Insel, 2007), 

because these outcomes are distant from the under-

lying concepts that contribute to this symptom, they 

are not included in this model.

Operational Definition of CRCI

An operational definition is an essential component 

of any conceptual model because it serves to repre-

sent a concept as a variable that can be measured 
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empirically (Chinn & Kramer, 2011). There are chal-

lenges defining CRCI because multiple cognitive 

domains are affected and a large amount of interin-

dividual variability exists (Dijkshoorn et al., 2021; 

Janelsins et al., 2014). Often included in the defini-

tion of CRCI are the cognitive domains that are most 

affected (e.g., attention, concentration, memory, 

processing speed, executive function) (Mayo et al., 

2021; Ren et al., 2019). Alternatively, symptoms asso-

ciated with various cognitive changes are described 

(e.g., slow processing speed, inability to concentrate) 

(El-Agamy et al., 2019). Based on a synthesis of defini-

tions from several articles (Ahles & Hurria, 2018; Hess 

& Insel, 2007; Janelsins et al., 2014; Kanaskie, 2012; 

Myers, 2009), the definition of CRCI for the MMCRCI 

is as follows: a temporary or persistent subjective or 

objective change in higher-order mental processes 

that occurs with cancer or its treatments.

Model Components

SDOH

According to the Office of Disease Prevention and 

Health Promotion (n.d.), SDOH are “the condi-

tions in the environments where people are born, 

live, learn, work, play, worship, and age that affect a 

wide range of health, functioning, and quality-of-life 

outcomes and risks” (para. 1). Studies evaluat-

ing the role of SDOH in the occurrence or severity 

of CRCI are limited. As noted in two systematic 

reviews (Coughlin, 2019, 2020), multiple SDOH 

FIGURE 1. The MMCRCI

Social Determinants of Health

Patient-Specific Factors

Co-Occurring Symptoms

Treatment Factors

Biologic  

Mechanisms

Cancer-Related 

Cognitive Impairment 

Time Point Along 

the Cancer Care  

Continuum

Demographic and 

clinical character-

istics, comorbid 

conditions, concom-

itant medications, 

personality traits, 

coping ability, stress, 

resilience, loneliness, 

social isolation

Inflammatory or immune 

processes, genetic 

variations, anemia, 

blood–brain barrier dis-

ruption, oxidative stress, 

hypothalamic-pituitary- 

adrenal axis activation, 

axonal damage, accel-

erated biologic aging, 

epigenetic variations, 

autoimmune responses, 

extracellular vesicle- 

mediated responses, 

altered microbiota 

composition
Occurrence, severity, 

duration, frequency, 

distress

Type, dose, duration, 

timing, toxicities, 

adverse effects, 

combinations of 

treatments

Neighborhood 

and built envi-

ronment, social 

and community 

context, education 

access and quality, 

economic stability, 

healthcare access 

and quality

MMCRCI—multifactorial model of cancer-related cognitive impairment 
Note. The MMCRCI is composed of concentric circles that layer to represent the overlapping and interacting concepts that are known or are hypoth-
esized to be associated with cancer-related cognitive impairment. Adjacent breakout boxes list specific factors included in each of these concepts. 
As illustrated by the oval at the bottom of the model, the model encompasses the entire continuum of cancer care (i.e., prior to cancer diagnosis 
and into survivorship). It should be noted that depending on the time point(s) when cancer-related cognitive impairment is assessed, the relation-
ships between the various concepts in the MMCRCI are likely to be affected because these concepts are dynamic in nature.
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(e.g., neighborhood disadvantage, lower socioeco-

nomic status, access to health care, lower levels of 

education) contribute to undesired outcomes asso-

ciated with cancer. Therefore, SDOH inclusion in 

the MMCRCI is warranted. In addition, associations 

are documented between multiple SDOH (e.g., food 

insecurity, neighborhood economic disadvantage) 

and an increased risk of cognitive decline (Majoka & 

Schimming, 2021).

As noted by Ahles and Root (2018), the effects 

of cultural differences in cognitive styles or socio-

economic status on CRCI are examples of valuable 

information that is missing from CRCI research to 

date. Future studies need to include more diverse 

samples of patients to allow for an increased under-

standing of the relationships between SDOH and 

CRCI. One innovative approach to evaluate SDOH 

is the development and use of a polysocial risk score 

(Figueroa et al., 2020). This score would allow for the 

aggregation of multiple SDOH and an evaluation of 

their effects on CRCI.

Patient-Specific Factors

The next concept in the MMCRCI is patient- 

specific factors. These factors can affect the occur-

rence or persistence of CRCI throughout the 

cancer care continuum. Although age is the most 

common demographic characteristic evaluated, 

results are inconsistent in terms of its associa-

tion with CRCI (Kim et al., 2020). Given that the 

majority of CRCI research has focused on women 

with breast cancer (Bernstein et al., 2017; García-

Sánchez et al., 2020; Kim et al., 2020; Sousa et al., 

2020; Yang & Hendrix, 2018), the occurrence and 

effects of CRCI in other genders warrants evalu-

ation. Other demographic characteristics that are 

potential risk factors for CRCI include a decreased 

cognitive reserve and lower level of education 

(Lange, Joly, et al., 2019). Additional research is 

needed to assess for associations between pre- 

existing or developing comorbid conditions and 

CRCI. In terms of concomitant medications, 

although the use of medications for pain and depres-

sion is associated with CRCI (Hess & Insel, 2007), 

other types of medications (e.g., anxiolytics) war-

rant evaluation.

Decrements in physical activity may be an 

important risk factor for CRCI. Exercise increases 

the expression of neurotrophic and neuroprotec-

tive factors that have anti-inflammatory effects and 

contribute to hippocampal neurogenesis (Zimmer 

et al., 2016). Of note, exercise as an intervention for 

CRCI is an area of intense investigation (Campbell 

et al., 2020; Farahani et al., 2022; Myers et al., 2018; 

Schaffrath et al., 2017; Shahid & Kim, 2020). However, 

additional information is needed on the underlying 

mechanisms of this association, as well as the type, 

dose, and timing of exercise interventions.

Only one study evaluated for associations between 

personality traits and CRCI. In this study of patients 

with breast cancer (Hermelink et al., 2010), nega-

tive affectivity was associated with an increase in 

self-reported problems with cognition and attention. 

Although research focusing on personality traits in 

oncology is limited, in one review of associations 

between personality traits and cognitive abilities 

in older adults (Curtis et al., 2015), higher levels of 

openness were associated with better general cogni-

tive ability, fluid ability, episodic memory, and verbal 

ability. These findings support the inclusion of per-

sonality traits in the MMCRCI.

Only one study evaluated the relationship 

between coping and CRCI in patients with cancer 

(Reid-Arndt & Cox, 2012). Findings suggest that 

avoidant coping styles mediate the relationships 

between stress and a worsened performance on 

neuropsychological tests in the domains of memory 

and verbal fluency. Although research in oncology is 

limited, previous research in patients with Parkinson 

disease found that a decrease in task-oriented coping 

was associated with cognitive impairment and that 

those with reduced task-oriented coping were at 

increased risk for depression, anxiety, and decre-

ments in quality of life (Hurt et al., 2012). Additional 

investigations are needed on the effects of different 

coping styles on CRCI.

In terms of acute stress, a review of the potential 

role for self-regulation in the development of CRCI 

highlights preclinical research that suggests a bidi-

rectional relationship between self-regulation and 

executive function (Arndt et al., 2013). The authors 

hypothesized that coping with cancer and its treat-

ments creates demands on self-regulatory capacities. 

Energy spent on cancer-related stress and coping con-

sumes and diverts mental energy from other cognitive 

functions and, subsequently, contributes to CRCI.

Andreotti et al. (2015) described potential asso-

ciations between chronic stress and CRCI, and 

hypothesized that individuals with a history of 

chronic stress may have an increased allostatic load 

that results in physiologic changes in the prefrontal 

brain. These brain changes may lead to hypothalamic- 

pituitary-adrenal axis disruption that impairs one’s 

ability to adaptively cope with stress. In turn, 
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the psychobiologic effects of cancer and associ-

ated treatments are amplified, placing patients at 

increased risk for CRCI.

Although definitions vary, psychological resil-

ience generally refers to an exposure to adversity and 

a subsequent positive adaptation (Fletcher & Sarkar, 

2013). However, sociocultural factors may influence 

how resilience is defined in different populations 

(Fletcher & Sarkar, 2013). Resilience may influence 

the risk for CRCI because of its association with 

other contributing factors (e.g., coping style, per-

sonality, stress perception) (Southwick et al., 2005), 

which warrant consideration in future studies.

Although research specific to CRCI is limited, in 

a study of the general population (Lara et al., 2019), 

loneliness and social isolation were associated with 

decrements in objectively measured cognitive func-

tion. In another study of older adults (Evans et al., 

2018), social isolation was associated with poorer 

cognitive function, moderated by cognitive reserve. 

Equally important, COVID-19 mitigation efforts 

increased social isolation, leaving those with cog-

nitive impairments at increased risk of a higher 

symptom burden (Alonso-Lana et al., 2020). These 

findings support the evaluation of loneliness and 

social isolation in the MMCRCI.

Co-Occurring Symptoms

The next concept in the MMCRCI is co-occurring 

symptoms. Critical components of this concept 

include the occurrence, severity, duration, frequency, 

and distress of each symptom. Co-occurring symp-

toms may preexist, develop because of the cancer and 

its treatments, or occur because of comorbid condi-

tions. A large amount of interindividual variability 

exists in symptom experiences. Equally important, 

symptoms are dynamic within and across each of the 

concepts included in the MMCRCI. In a systematic 

review of longitudinal studies that evaluated self- 

reported CRCI (Kim et al., 2020), the most fre-

quent moderators of CRCI were depressive 

symptoms and fatigue. Another review aimed 

to synthesize the research on a number of psy-

chological symptoms associated with CRCI in 

patients with breast cancer (Yang & Hendrix, 

2018). Depression was the symptom most fre-

quently associated with CRCI, followed by anxiety, 

anxiety and depression, worry, undefined psycho-

logical distress, and mental fatigue. Psychological 

distress stimulates the hypothalamic-pituitary- 

adrenal axis and sympathetic nervous system (Cui 

et al., 2021), which triggers increased production of 

neuroendocrine substances (e.g., cortisol, dopamine) 

that may contribute to CRCI. Ongoing research is 

needed to understand how other co-occurring symp-

toms may affect CRCI (Janelsins et al., 2014).

Treatment Factors

The components in the treatment factors concept 

include the type of treatment as well as its dose, 

duration, timing (e.g., chronotherapy), associated 

toxicities or adverse effects, or combinations of 

other treatments. Several reviews have highlighted 

the potential mechanisms that may contribute to 

CRCI based on types of treatment (Chia et al., 2021; 

Du et al., 2021; Eide & Feng, 2020; García-Sánchez 

et al., 2020; Harrison et al., 2021; Joly et al., 2019; 

Mayo et al., 2021; Morgans et al., 2021; Turnquist et 

al., 2020).

Given that many types of cancer require com-

binations of treatments (Dijkshoorn et al., 2021; 

Hwang et al., 2021), the potential additive or syner-

gistic effects of multiple sequential or concurrent 

treatments warrant consideration in a model of 

CRCI. In a meta-analysis of patients with colorec-

tal cancer (Hwang et al., 2021), individuals who 

received a higher number of treatment modalities 

were more likely to self-report CRCI. Additional 

research is needed to understand the mechanisms 

by which cancer therapies affect cognition (Monje et 

al., 2020).

Biologic Mechanisms

The final concept in the model is biologic mechanisms. 

Given that the etiology of CRCI is multifactorial 

(Janelsins et al., 2014), numerous mechanisms may 

contribute to its occurrence, severity, and persistence. 

A number of inflammatory mechanisms (e.g., sig-

naling molecules carried by extracellular vesicles) 

are implicated as potential causes of pretreatment 

CRCI because the cancer induces the activation or 

production of cytokines (Mampay et al., 2021; Olson 

& Marks, 2019). These inflammatory responses may 

affect the central nervous system and contribute to 

neuroinflammation (Olson & Marks, 2019). One 

review noted that, throughout the cancer care con-

tinuum, the most frequently measured biomarkers 

of CRCI were inflammatory substances in plasma 

(Castel et al., 2017). Overall, findings from these stud-

ies suggest that the administration of chemotherapy 

dysregulates cytokine levels and has a negative effect 

on brain function that results in CRCI. In addition, 

higher levels of circulating proinflammatory cyto-

kines may cross the blood–brain barrier and result in 
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TABLE 1. Directions for Future Research on CRCI

Research Topics Questions to Consider

General research 

questions

 ɐ Determine which subjective and objective measures of CRCI have the highest positive predictive value to diagnose 

CRCI, which measures are sensitive enough to assess for changes in CRCI throughout time, and which measures can 

determine the efficacy of interventions for CRCI.

 ɐ What are the normative ranges and clinically meaningful change scores for subjective and objective measures of CRCI? 

 ɐ How can subjective and objective measures of CRCI be analyzed to allow for a comprehensive understanding of 

objective and perceived changes in cognitive function?

 ɐ What are the best approaches to evaluate the clinical relevance of CRCI?

 ɐ What are the critical characteristics to include in a comprehensive model to diagnose CRCI and to evaluate for 

instances of CRCI improving or worsening?

Social determinants  

of health

 ɐ What roles do social determinants of health (e.g., food insecurity, neighborhood economic disadvantage, sex, gen-

der, race, ethnicity) play in the occurrence, severity, and persistence of CRCI and its underlying mechanisms? 

 ɐ What are the relative contributions of individual social determinants of health versus a polysocial risk score to the 

occurrence, severity, and persistence of CRCI and its underlying mechanisms? 

Patient-specific factors  ɐ Does premature aging or frailty associated with cancer or its treatments influence the occurrence, severity, or distress 

associated with CRCI?

 ɐ What types of associations exist between pretreatment comorbidities and associated treatments, as well as the 

occurrence, severity, or distress of CRCI?

 ɐ What modifiable patient-specific factors are associated with the occurrence, severity, or distress of CRCI?

 ɐ What types of associations exist between cognitive reserve and CRCI?

 ɐ Are specific coping behaviors and levels of resilience protective factors that mitigate the occurrence, severity, or 

distress of CRCI?

 ɐ Do specific personality traits contribute to or mitigate the occurrence, severity, or distress of CRCI?

Co-occurring symptoms  ɐ What are the most common co-occurring symptoms with CRCI?

 ɐ Does the occurrence, severity, duration, frequency, and distress of co-occurring symptoms mediate or moderate the 

experience of CRCI?

 ɐ Do treatments for common co-occurring symptoms increase or decrease the occurrence, severity, or distress associ-

ated with CRCI?

Treatment factors  ɐ What are the occurrence rates and severity of CRCI or persistent CRCI within each type of cancer treatment?

 ɐ Does the addition of cancer treatments result in additive or synergistic effects on the occurrence, severity, or 

distress of CRCI?

Biologic mechanisms  ɐ Does the pretreatment occurrence of CRCI differ based on the type of cancer?

 ɐ How do cancers affect neuronal functioning?

 ɐ Do chemicals or signals secreted by tumors contribute to the occurrence, severity, or distress associated with 

CRCI?

 ɐ Do chemical substances, produced in response to the psychological stress of a cancer diagnosis, associated treat-

ments, or related consequences, influence the occurrence, severity, or distress of CRCI?

 ɐ What genetic variations are associated with susceptibility to early and late CRCI?

 ɐ Do common and distinct mechanisms underlie the development of CRCI associated with various types of cancer  

or cancer treatments?

 ɐ Are different mechanisms associated with subjective versus objective measures of CRCI?

 ɐ Which biomarkers need to be included in a biosignature to predict the occurrence, worsening, or improvement of 

CRCI?

 ɐ Do the biomarkers for CRCI change over time?

 ɐ Does a multistaged data–integrated omics analysis (e.g., genomics, transcriptomics) identify molecular mechanisms 

for the occurrence of CRCI?

CRCI—cancer-related cognitive impairment 
Note. This list is not all inclusive. The proposed areas for additional research represent the collective thinking of the authors on research priorities to 
move the science of CRCI forward in the next 5 years.
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neurotoxic damage and associated behavioral symp-

toms (e.g., depression, fatigue) (Henneghan, 2016).

Genetic variations associated with increased sus-

ceptibility for CRCI include genetic loci involved in 

a variety of biologic processes (e.g., inflammation, 

DNA damage and repair) as well as genes associated 

with neuronal degeneration, repair, and transmission 

(Buskbjerg et al., 2019). As noted in one systematic 

review (Buskbjerg et al., 2019), although some evi-

dence suggests that the apolipoprotein E4 allele is 

associated with increased risk of CRCI, other stud-

ies found no association. Studies evaluating other 

candidate genes are limited and yielded inconclusive 

results (Buskbjerg et al., 2019).

Anemia was one of the earliest mechanisms 

that was evaluated for its associations with CRCI 

(Hess & Insel, 2007). In some studies, increases in 

hemoglobin levels were associated with improve-

ments in cognitive function (Jacobsen et al., 2004; 

Vearncombe et al., 2009); however, no associations 

were found in other studies (Hedayati et al., 2012; 

Vardy et al., 2014).

In terms of structural brain changes, findings from 

one systematic review of longitudinal neuroimaging 

studies in patients with breast cancer suggest that dis-

tinct patterns associated with structural, perfusion, 

and functional changes may begin shortly after the 

initiation of chemotherapy and persist beyond treat-

ment (Sousa et al., 2020). These data suggest specific 

vulnerability in the frontal lobes. The authors of this 

review suggested that neuroimaging techniques may 

be more sensitive than neuropsychological tests to 

detect CRCI. Another systematic review summarized 

the findings from cross-sectional and longitudinal 

studies that examined structural neuroimaging out-

comes in individuals with non–central nervous system 

cancers who received various types of treatments 

(Amidi & Wu, 2019). Throughout most of the stud-

ies, structural brain changes were identified following 

cancer treatments that included evidence of reduced 

global and local gray matter volumes, impairments in 

white matter microstructural integrity, and brain net-

work alterations.

Oxidative stress occurs because of an imbalance 

between reactive oxygen species and antioxidants, 

and is implicated as a mechanism for CRCI. One 

review focused on an examination of the effects of 

oxidative stress on CRCI in preclinical and clinical 

studies of chemotherapy administration (Cauli, 2021). 

Findings suggest that oxidative stress contributes to 

CRCI by causing changes in the expression and activ-

ity of pro- and antioxidant enzymes, changes to signal 

transduction pathways, DNA and RNA damage, and 

regulation of gene expression (Cauli, 2021). As noted 

by Sordillo and Sordillo (2020), chemotherapy can 

lead to the production of reactive oxygen species in 

the brain, which results in increased emissions of bio-

photons that may contribute to neuronal pathology.

Three studies evaluated for associations between 

neurofilament proteins (i.e., biomarkers of axonal 

damage) and CRCI (Argyriou et al., 2021; Liu et al., 

2020; Natori et al., 2015). In a study of women with 

breast cancer receiving chemotherapy (Natori et al., 

2015), serum high molecular weight neurofilament 

subunit was evaluated as a predictive marker of CRCI. 

Although high molecular weight neurofilament sub-

unit levels increased in a dose-dependent manner, 

no associations were found with changes in cognitive 

measures. In studies of patients with gastric (Liu et 

al., 2020) and breast cancers (Argyriou et al., 2021), 

no associations were found between neurofilament 

light chain levels and objective measures of CRCI.

Accelerated brain aging caused by cancer treat-

ments is another potential mechanism for CRCI. In 

a longitudinal study of women with breast cancer 

(Henneghan, Rao, et al., 2020), a neuroimaging- 

based machine learning algorithm was used to 

predict brain age. Compared to healthy controls, 

findings suggest positive correlations between brain 

aging metrics and cognitive impairment (i.e., verbal 

memory interference), as well as acute decreases in 

cortical thickness.

Two studies evaluated for associations between 

biomarkers that may be reflective of accelerated 

biologic aging and CRCI. In a study of breast cancer 

survivors (Henneghan, Haley, & Kesler, 2020), 

prediction models were created and evaluated to 

predict objective cognitive performance using mea-

sures of amyloid beta 42, amyloid beta 40, tau, and 

13 cytokines. Results suggest that neurodegenerative 

biomarkers interact with cytokines to influence the 

KNOWLEDGE TRANSLATION

 ɐ Cancer-related cognitive impairment (CRCI) is a common and 

complex symptom for survivors and patients receiving treatments 

for cancer.

 ɐ Without increased knowledge of the contributors to CRCI, progress 

will not be made in the development of effective interventions.

 ɐ The multifactorial model of CRCI will assist researchers to design 

more comprehensive studies of CRCI and to analyze existing data 

from new perspectives.
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persistence of CRCI into survivorship. In another 

study of breast cancer survivors (Carroll et al., 

2018), high leukocyte DNA damage and low telomer-

ase activity were associated with worse executive 

function. In addition, high leukocyte DNA damage 

was associated with worse memory, and low telo-

merase activity was associated with worse attention 

and motor speed. Additional research is needed to 

understand how accelerated biologic aging may con-

tribute to CRCI.

An emerging area of research is the evaluation of 

associations between DNA methylation and CRCI. For 

example, in a longitudinal study of patients with breast 

cancer (Yao et al., 2019), increased methylation at one 

cytosine-phosphate-guanine site (i.e., cg16936953) was 

associated with decrements in self-reported cognitive 

function. In another longitudinal study of patients with 

early-stage breast cancer (Yang et al., 2019), 56 differ-

entially methylated positions were associated with 

decreases in objectively measured memory.

Gene expression studies provide information 

about cellular responses to environmental changes 

(Singh et al., 2018). Although studies of associations 

between CRCI and changes in gene expression are 

limited, they can be used to identify perturbed bio-

logic pathways associated with CRCI. For example, in 

a study that evaluated differentially expressed genes 

and perturbed pathways between patients with cancer 

who did or did not report CRCI (Oppegaard et al., 

2021), perturbations in cytokine-specific pathways, as 

well as pathways involved in cytokine production and 

cytokine activation, were identified.

In terms of autoimmune responses, one study 

evaluated neuronal autoantibodies associated with 

objective reports of CRCI in patients with melanoma 

(Bartels et al., 2019). Compared to patients who 

were antibody-negative, patients who were antibody- 

positive (i.e., immunoglobulin A, immunoglobulin M, 

and anti-N-methyl-D-aspartate receptor antibodies) 

were at increased risk for CRCI throughout multiple 

cognitive domains. Although research in oncology is 

limited, N-methyl-D-aspartate receptor antibodies are 

associated with other types of cognitive impairment 

(e.g., encephalitis, dementia) (Bartels et al., 2019).

Another emerging hypothesized mechanism for 

CRCI is alterations in the neuroprotective effects of 

a type of extracellular vesicle called exosomes. One 

review suggested that exosomes play a role in neu-

ronal cell communication, have the ability to cross 

the blood–brain barrier, and have roles in neurode-

generation and neuroprotection (Koh et al., 2020). 

Future research focused on total or cell-type–specific 

exosomes may identify novel mechanisms for CRCI. 

Equally important, stem cell–derived exosomes may 

be useful as a therapeutic intervention for CRCI 

(Srivastava & Singh, 2020).

Disruptions of the microbiota-gut-brain (MGB) 

axis may be another mechanism for CRCI (Ciernikova 

et al., 2021; Jordan et al., 2018; Song & Bai, 2021; 

Subramaniam et al., 2020). The MGB axis represents 

a bidirectional communication pathway between the 

gastrointestinal tract and the brain (Davidson et al., 

2018). Microbiota–brain communication is facilitated 

through microbial metabolites (e.g., neurotransmit-

ters, short-chain fatty acids) (Subramaniam et al., 

2020). Chemotherapy-induced nausea was associated 

with memory problems as well as other symptoms 

(e.g., fatigue, mood swings) that may be linked to 

alterations in the MGB axis (Song & Bai, 2021).

Taken together, many plausible biologic mecha-

nisms for CRCI exist. In addition, as noted in Table 

1, many important mechanistic-based questions 

warrant investigation. Importantly, future studies 

can use the MMCRCI to ensure that mechanism- 

focused studies include evaluations of other import-

ant factors.

Implications for Nursing

The MMCRCI has numerous implications for nurs-

ing practice and research. Nurses are the clinicians 

who interact most with patients throughout the 

cancer care continuum. Nurses can assess patients 

for cognitive changes and provide education, sup-

port, and referrals. Knowledge of the occurrence of 

CRCI and factors that contribute to this symptom 

will allow for better assessments of modifiable and 

nonmodifiable risk factors. Using the MMCRCI, 

nurses can identify patients who may want to partic-

ipate in research studies.

Importantly, the MMCRCI highlights the need for 

studies that evaluate CRCI in the context of its mul-

tiple contributing factors. Nurse scientists can use 

this model to design future studies that take a more 

comprehensive approach to understanding CRCI. In 

doing so, effective interventions to prevent and treat 

this symptom will be identified.

Conclusion

Based on several decades of research, CRCI knowl-

edge has increased substantially. However, in 

addition to the conceptual and empirical issues, a 

comprehensive conceptual model of CRCI is lacking. 

Therefore, the MMCRCI was developed to summa-

rize existing knowledge and provide a framework 

D
ow

nl
oa

de
d 

on
 0

7-
17

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



MARCH 2023, VOL. 50, NO. 2 ONCOLOGY NURSING FORUM 143WWW.ONS.ORG/ONF

to guide additional research. As with other symp-

toms (e.g., fatigue), the National Cancer Institute, 

in collaboration with professional organizations 

(e.g., Oncology Nursing Society, American Society 

of Clinical Oncology, Multinational Association of 

Supportive Care in Cancer, International Cognition 

and Cancer Task Force), needs to convene a state-

of-the-science conference to develop a consensus on 

the definition of CRCI, preferred methods to assess 

CRCI, and directions for additional research.

Given the effects of CRCI on patients receiving 

treatments for cancer and survivors, other omics 

approaches (e.g., genomics, transcriptomics) as well 

as electroencephalographic measurements of brain 

activity (e.g., frontal-midline theta), will be explored 

as potential CRCI indicators or used to evaluate the 

efficacy of CRCI interventions. Although it would be 

ideal to evaluate all the concepts and components 

of the MMCRCI in a comprehensive fashion, this 

approach may be cost prohibitive. However, inves-

tigators with existing datasets can evaluate portions 

of the model to determine directionality for some 

of the proposed relationships. In addition, the 

MMCRCI can be used to design preclinical and clin-

ical studies of CRCI. As more research is conducted, 

the MMCRCI will need to be updated or refined.
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QUESTION GUIDE FOR A JOURNAL CLUB

Journal clubs can help to increase and translate findings to clinical practice, education, administration, and research. Use the following 

questions to start discussion at your next journal club meeting. Then, take time to recap the discussion and make plans to proceed with 

suggested strategies.

1. Describe three putative biologic mechanisms related to cancer-related cognitive impairment (CRCI).

2. Discuss social and psychological factors that may contribute to or mitigate CRCI.

3. Discuss CRCI in your clinical or research focus. Are there other issues that you have observed that may be associated with CRCI that have 

not been included in the proposed model?

Visit https://bit.ly/1vUqbVj for details on creating and participating in a journal club. Contact pubONF@ons.org for assistance or feedback. 

Photocopying of the article for discussion purposes is permitted.
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