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Abstract: Background: Cancer-related cognitive impairment (CRCI) represents one of the most
common and debilitating effects in patients surviving after cancer treatments. Neurocognitive
deficits are important causes of disability and burden in cancer survivors. The true magnitude of
CRCl is difficult to define due to significant heterogeneity of literature data. At present, there is no
agreement on the gold standard for detection and grading of CRCI in clinical trials, and there is a
lack of clear knowledge of its pathophysiology. Objectives: In this review, we aim to discuss some
perspectives for future research to pursue in order to cover the gaps in knowledge in the CRCI field.
Methods: We focused our literature research on the following relevant issues: neuroradiological
correlates of CRCI; objective neuropsychological evaluation and subjective complaint assessment
and their correlation with objective measures; timing of assessment; and possible treatments. Results:
The correct methodology for evaluating cognitive deficits induced by anti-tumor treatments still
requires a definition based on quality scientific evidence, and literature data are currently scarce.
Conclusions: This review highlights the need for further research to understand the causes and
consequences of cancer-related cognitive impairment using standardized and sensitive measures of
cognitive functions and the long-term effects of chemotherapy on cognitive functions and to develop
effective interventions.

Keywords: cognitive deficit; survivorship; neurotoxicity; chemobrain

1. Introduction

Neurocognitive deficits are important causes of disability and burden in non-central
nervous system (non-CNS) cancer survivors. Cancer-related cognitive impairments (CRClIs)
have been reported in a large percentage of cancer survivors and have become more
concerning to patients and clinicians as well. The real incidence of CRCls in cancer survival
is not known due to significant heterogeneity of literature data, but more than 50% of
cancer survivors complain of cognitive deterioration [1].

Indeed, the studies significantly vary regarding patient populations, intervention
types, settings, and outcome measurements. At present, there is no agreement on the gold
standard for detection and grading of CRCI in clinical trials, and there is a lack of clear
knowledge of its pathophysiology. Several factors have been reported to contribute to
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the pathogenesis of CRCI, including anticancer treatments (mainly chemotherapy), age,
genetic polymorphisms, and psychosocial components as well. However, other unsolved
issues related to CRCls deserving further attention include the long-term impact on cancer
survivors’ quality of life (QoL) and the different perspective and education of the healthcare
specialists. For these reasons, CRCIs remain a very challenging area of research as there are
still several unsolved issues to be addressed in the future [2].

In this narrative review, we aim to discuss some perspectives for future research to
pursue in order to cover the gaps in knowledge of the CRCI in non-CNS cancer survivors.
A key point is represented by cognitive assessment in cancer patients. Moreover, as
cognitive assessment can be carried out through objective or subjective scales, assessment
and interpretation remains challenging. The integration of both approaches can be an
important aspect to investigate if and by how CRClI is perceived differently by patients
and physicians. These observations highlight the need of a core set of outcome measures
for future CRCI trials. Thus, we focused our literature research on the following relevant
issues: neuroradiological correlates of CRCI, objective neuropsychological evaluation and
subjective complaint assessment and their correlation with objective measures, timing of
assessment, and possible treatments.

1.1. Methods

The sources of data included the Cochrane Database of Systematic Reviews, MED-
LINE, Scopus, Web of Science, PubMed, and CINAHL databases, which were searched
from January 2016 to December 2022. The Cochrane database was included to obtain
relevant control trials or clinical studies. MEDLINE, CINAHL, and PubMed were chosen
as comprehensive databases of peer-reviewed studies from the disciplines of medicine,
nursing (particularly community nursing), and allied health professions (e.g., psychology)
that are most commonly associated with neurocognitive deficits in oncology. Studies using
both qualitative and quantitative methods were included in the search criteria.

1.2. Inclusion Criteria
To be eligible for inclusion in this review, the manuscripts identified had to

report primary data;

include patients aged 18 years and older with cancer;

be published in English language;

concern patients with objective or subjective cognitive deficit

The focus of this review is on different aspects of neurocognitive status in patients
with non-central nervous system cancer. For this reason, papers concerning cognitive
assessment, pharmacological or non-pharmacological intervention to reduce or prevent
neuropsychological deficit, and neuroimaging studies about the topic were searched. The
search strategy was deliberately broad to include a wide range of tumors to ensure incorpo-
rating as many studies as possible. If there was uncertainty about whether a manuscript
was relevant or not, it was decided to include it for full-text review.

1.3. Exclusion Criteria
The following search results were excluded from this review:

Review papers, including systematic reviews and narrative reviews

Single-patient case reports (case series or case studies with more than one patient were
included)

Animal studies/experimental studies

Dissertation abstracts

No paper available

Book chapters/books

Studies focusing on late effects of childhood tumors
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1.4. Screening Process

Manuscript titles were initially screened by one author (AT, a neuropsychologist) to
identify potentially relevant papers. Then, abstracts of screened studies were independently
screened by AT and AP (a neurologist with decades of expertise in neuro-oncology) to
identify relevant studies and assign them to the different subsessions (assessment, neu-
roimaging correlates, treatment, and timing). Where ambiguity regarding eligibility and
assignment persisted, the full article was reviewed, and disagreements were resolved
by consensus.

Selected Articles

The search strategy identified 562 articles in the period 2010-2022. After excluding
duplicates, 134 papers met the inclusion criteria and were assigned to the subsessions
according to the topic.

Forty-three articles were included in the “treatment” topic since they focused on
one or more treatment strategies. A total of 39 papers evaluated assessment by using
patient-reported outcome measures, and 34 approached objective assessment by means
of neuropsychological tests. Fourteen studies were included among the “neuroimaging”
subsession because of the comparison between CRCI and neuroradiological data. At last,
4 comprised the “timing of assessment” subgroup because of their more explicit referral to
longitudinal neurocognitive assessment.

2. CRCI Incidence According to Different Evaluation Methods
2.1. Objective Neurophysiological Evaluation

Although CRCI evaluation through the means of objective neuropsychological assessment
tends to yield more reliable data, drawing firm conclusions from the available literature is challeng-
ing due to the heterogeneity of studies and the multitude of variables that can potentially influence
the results. Table 1 summarizes papers selected for objective neurophysiological evaluation.

Jim et al. [3] conducted a meta-analysis focused on breast cancer and standard chemother-
apy, revealing a small effect size decline in verbal and visuospatial abilities. Interestingly,
moderators such as age, education, time since chemotherapy, and endocrine therapy did not
significantly impact the observed effects. In a high-quality meta-analysis by Linder et al. [4]
that specifically examined chemotherapy effects, memory and attention impairments were
found in cross-sectional studies, with progressive improvement observed in longitudinal
investigations. However, moderators such as study quality and patient-related variables had
no significant impact on effect sizes.

Table 1. Papers selected for objective neurophysiological evaluation.

Paper Country Population Study Design Sample Size
[3] USA—Taiwan Breast cancer Meta-analysis 807
[5] USA Ovarian cancer Cross-sectional 48
[6] USA Hematological-control Prospective-longitudinal 158
[7] USA Multiple etiologies Cross-sectional 657
[8] USA—Republic of Korea thylr)(?ipdii?)zcrol Cross-sectional comparative 180
[9] USA Multiple etiologies Latent class growth analysis 403
[10] Brazil Colorectal cancer Observa;ci)onr;ilﬂ}l)égspective 85
[11] Italy Multiple etiologies Cross-sectional 136
[12] USA Oral-digestive cancer Longitudinal 88
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Correa’s study [5] suggested that ovarian cancer survivors may have a higher risk of
developing cognitive dysfunction compared with the general population. Cognitive alter-
ations were significantly higher among ovarian cancer survivors (28% vs. 15%). However,
no differences were observed between the disease-free group and the group with active
disease. Unfortunately, this study’s small sample size prevented a thorough analysis of the
effects of treatments on cognitive impairment.

Syriala’s study [6] evaluated the cognitive functions of subjects over five years after
allogeneic hematopoietic stem cell transplantation (HSCT) compared with matched con-
trols. Transplantation recipients exhibited persistent deficits in motor speech fluency and
dexterity, although these data did not reach sufficient statistical power. Furthermore, the
study highlighted the difficulty of interpreting baseline evaluations due to potential biases
caused by psychological stress related to diagnosis and imminent transplantation. Another
methodological challenge in this study was the progressive reduction in the sample size
during the five-year follow-up.

In Porter’s study [7], the effects of cancer on cognitive impairment were investi-
gated in a large cohort of survivors. The study analyzed data from 9818 cancer patients
from the 2006 Health and Retirement Study (HRS). The results indicated that cognitive
function in the general aged population did not differ from that of cancer survivors. More-
over, the role of chemotherapy, investigated in a subsample of patients, did not reach
statistical significance.

Jung et al. [8] assessed cognitive dysfunction and related risk factors in Korean women
with papillary thyroid cancer compared with controls. The study found that patients with
thyroid cancer performed worse in attention and working memory tasks. Additionally,
patients reported more fatigue, sleep problems, and a worse self-perception of cognitive
function. The study emphasized the importance of considering associated symptoms such
as anxiety, depression, insomnia, and culture-specific factors such as childrearing burden
when evaluating cognitive performance.

Morin’s study [9] analyzed the variation in cognitive functions, especially attention and
working memory, over a six-year period in a large population with various malignancies
and treatment protocols. The study found no correlation between neuropsychological
scores and chemotherapy administration.

Sales et al. [10] conducted an observational prospective controlled study that described
executive function deficits in subjects treated with chemotherapy for early-stage colon rectal
cancer compared with the untreated group. However, the small sample size and short
follow-up period limited the ability to determine whether chemotherapy-induced cognitive
impairments were transient or permanent.

Mugzzatti et al. [11] compared the objective and subjective perception of neuropsycho-
logical function in a group of 136 Italian long-term cancer survivors. The results indicated
that verbal fluency and delayed long-term memory were the most compromised functions.
Interestingly, self-perceived cognitive functioning showed a positive correlation with all
investigated neuropsychological dimensions, except for total, performance, and verbal
IQ estimates, highlighting that cancer survivors perceived their cognitive functions to be
worse compared with individuals without cancer.

Reiger’s observational study [12] focused on veterans with various types of neoplasms.
The study utilized the Montreal Cognitive Assessment (MoCA) at 6 and 18 months from
diagnosis and compared the results with a control group. While the mean cognitive scores
of the patients improved at 18 months compared with 6 months, they were still signifi-
cantly impaired compared with controls. It is important to note that this study used only a
screening measure, which may have limited its ability to detect subtle cognitive impair-
ments. Additionally, the study did not stratify the results based on cancer heterogeneity or
different treatments.

In summary, objective neuropsychological evaluation of CRCI has been investigated
through various studies that have highlighted the cognitive impairments experienced
by different cancer populations. These investigations have examined specific cognitive
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domains, and the assessment methods have included standardized neuropsychological
tests and screening measures. In this regard, two important aspects hinder the possibility
of obtaining shared information. Specifically, the great variety of tools available, often
tailored to different aspects of the main cognitive functions, makes it difficult to compare
large amounts of data. Additionally, appropriate cognitive tests should provide up-to-
date norms corrected for socio-demographic and cultural effects to minimize the risk of
misinterpreting patients’ cognitive performance. Unfortunately, such aspects are not always
fully considered, and not all tests have normative data in all languages, thus limiting the
power of conclusions. Understanding the objective neuropsychological evaluation of CRCI
is crucial for identifying and managing cognitive impairments in cancer survivors.

2.2. Subjective Complaints” Assessment

Several studies have explored the subjective perception of cognitive functioning in
cancer survivors. The assessment by means of patient-reported outcome measures (PROms)
has been increasingly utilized in oncology as important tools to know treatment- and/or
disease-related consequences that are directly experienced by patients themselves, such
as symptoms and health-related QoL. The use of this kind of instrument is due to their
sensitivity in identifying mild and subtle cognitive sequelae. Table 2 summarizes papers
selected for subjective complaints” assessment.

In a large retrospective survey on 2537 breast cancer survivors [1], the prevalence of
self-reported cognitive problems after treatment was 60%. The survey explored problems
with thinking, memory, attention and trouble with concentration, short-term memory, recall,
organizing daily functions, and multitasking by means of a self-assessed questionnaire.
Another study evaluating self-reported perception of cognitive difficulty in a population of
cancer survivors reported an incidence of about 20% without significant differences with
respect to cancer-naive controls [13].

Women often complain deficit in recalling things and people’s names they knew well
before starting treatments, together with facing with well-acquired tasks, especially in case
of multitasking. But, most of all, women complain a significant span reduction, with the
consequence that it becomes hard to follow the plot in a movie or a book and, in general, to
maintain attention focused enough to complete complex tasks [14].

These issues impact women'’s life from an economic point of view since they interfere
with the resumption of work and, from a psychosocial perspective, by reducing the possibil-
ity to face new challenges and increasing the suspect to have psychological disorders [15].

Table 2. Paper selected for Subjective complaints’ assessment.

Paper Country Population Study Design Sample Size
[1] USA Breast cancer Survey 2537
[10] Brazil Colorectal cancer prosg:csteif/‘éacti;r;il)lle d 85
[13] USA Multiple etiologies Cross-sectional 225
[14] Australia Breast cancer Qualitative-descriptive 50
[16] USA Breast cancer Cross-sectional survey 357
[17] USA Prostate cancer Cross-sectional 67
[18] Canada-Australia Colorectal cancer II; fgsﬁlelcdtz; 434
[19] Singapore Breast cancer Cross-sectional 166
[20] USA Multiple etiologies Cross-sectional 63
[21] USA Breast cancer Cross-sectional 476
[22] USA Breast cancer Cross-sectional 363
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Factors Influencing Subjective Perception of Cognitive Impairments

Several studies analyze the interaction between self-reported cognitive deficit and
factors such as anxiety, mood alterations, fatigue, or sleep disturbances that may influ-
ence subjective perception of cognitive performance. The positive correlation between
distress or depression and cognitive deficit perception has been reported in different pop-
ulations of cancer survivors (prostate, breast, colorectal, thyroid cancer) [16-18]. Fatigue
and sleep disturbances have been reported to be associated with self-perception of cog-
nitive alterations [16,19], while menopausal symptoms can contribute to CRCI without
fully accounting to it [20]. Interestingly, other studies underline the impact that social
or physical factors can have on self-perception of cognitive deficits. Indeed, aspects like
loneliness and body mass index have been found to be positively correlated with cognitive
concerns in breast cancer survivors [21,22]. Contrariwise, psychological factors such as
optimism and self-affirmation can reduce the occurrence of cognitive complaints by pro-
moting adaptive coping behaviors, and physical exercise can mitigate self-perception of
cognitive deficits [22].

2.3. Comparison of Objective vs. Subjective Assessment

The correlation between self-reported cognitive problems and neuropsychologically
evaluated cognitive problems can often be weak or absent, and self-report measures may
assess different aspects of cognition than those evaluated by means of standardized neu-
ropsychological tests [23].

Even in a longitudinal cohort study conducted in a colorectal cancer population,
no significant correlation was found between perceived cognitive impairment and neu-
rocognitive status [10], while other factors (fatigue, anxiety, depression) were associ-
ated with self-perceived deficits and worse QoL. Furthermore, contextual factors may
exert an influence on objective—subjective discrepancy. Indeed, while neuropsychologi-
cal assessments take place in a limited period of time, self-reported measures generally
cover longer spans including, unlike formal evaluations, uncontrolled situations and
unstructured environments.

According to these findings, it is important to distinguish CRCI from self-perceived
symptoms and treat them as separate entities [11].

3. Neuroradiological Correlates of CRCI

Different multimodality magnetic resonance imaging (MRI) techniques have been
investigated to evaluate the neural basis of cognitive impairment following antineoplastic
treatments [24]. Table 3 summarizes papers selected for neuroradiological correlates of
CRCI. Gray matter (GM), white matter (WM), cerebral blood flow, and functional connec-
tivity changes are the main alterations that can be found in patients with cancer-induced
cognitive decline. However, the MRI findings do not necessary recapitulate the scores from
neurocognitive assessments and/or self-reported cognitive outcomes.

Based on the graph theory, the toxic effect of antineoplastic treatments results in an
increased segregation of data analysis into the nodes and a reduction in the path length of
WM across different nodal brain networks, resulting in a greater number of steps required
to pass information to the neighboring regions. Lower fractional anisotropy (FA) values
have been demonstrated in multiple brain regions due to a chronic inflammation of WM
and brain network dysconnectivity. This means that long survivors from cancer are able to
accurately complete different cognitive tasks (intact segregation), but they require more
time, increased efforts, and different cognitive strategies to coordinate parallel process
(impaired integration) [25]. Furthermore, a reduced nodal degree and number of hubs in
dorsolateral prefrontal, orbitofrontal, and mesial temporal lobes have been reported in
long survivors with breast cancer, which means impaired executive functions, memory
and learning deficits, and emotional dysregulation. However, no significant associations
between altered network properties and cognitive measures and/or self-reported cognitive
outcome have been demonstrated thus far [26].



Brain Sci. 2024, 14, 1119 70f17
Table 3. Paper selected for Neuroradiological correlates of CRCI.
Paper Country Population Study Design Sample Size
[24] Belgium Breast cancer Longitudinal 34
[25] USA Breast cancer Cross-sectional 77
[26] USA Breast cancer Cross-sectional 61
[27] USA Breast cancer Cross-sectional 34
[28] USA Breast cancer Cross-sectional 47
[29] Belgium Breast cancer Cross-sectional, longitudinal 54
[30] Spain Lung cancer Cross-sectional 22
[31] Australia—Canada Breast cancer Cross-sectional 126
[32] Republic of Korea, USA Breast cancer Prospective, longitudinal 92
[33] USA Breast cancer Cross-sectional 50

3.1. Correlations with Objective Measures

The number of chemotherapy (CT) cycles may impact GM density and WM integrity
with a significant atrophy in different brain regions, leading to impaired verbal fluency and
digit span performance compared with CT-naive patients [34]. Apple et al. found that breast
cancer survivors displayed a significant inward deformation in the right hippocampus, with
increased global cognitive concerns and worse episodic memory performance only, while
other cognitive domains were preserved in comparison with healthy controls [27]. Likewise,
Kesler et al. [25] reported a significant reduction in hippocampal volumes and reduced
verbal memory performance in breast cancer survivors. Interestingly, those with decreased
hippocampal volumes and higher levels of tumor necrosis factor-alpha (TNF«x) and lower
levels of interleukin-6 (IL-6) displayed worse verbal motor functioning, suggesting a
neurotoxic effect of cytokines after the end of antineoplastic treatments [25]. However,
some compensatory mechanisms may be activated after a long period from the end of
CT. In this regard, Conroy et al. [28] reported an increased GM density in the right frontal
lobe in association with better neuropsychological performance in a cohort of breast cancer
survivors after a median time of 6.4 years from the end of CT, suggesting that frontal
GM may recover overtime. Similarly, patients with statistically significant WM alterations
and neurocognitive deficits, which had been reported 3-4 months after the end of CT
compared with baseline [24], saw an improvement of both DTI values and performance
on cognitive tests after 4 years [29]. In this perspective, the reduction in FA corresponds
to a CT-induced demyelination, while the longitudinal recovery of FA may indicate a
neuroplastic mechanism of remyelination that may be trained with evidence-based targeted
interventions to improve the axonal reorganization.

Impairments in GM and WM have been reported in patients with small-cell lung
cancer (SCLC) after prophylactic cranial irradiation as well. Simo et al. [30] investi-
gated the correlation between late cognitive effects and MRI findings in SCLC patients
2 years after prophylactic cranial irradiation. A strong correlation between lower FA
score/WM damage of corpus callosum and lower scores on dementia scale was reported,
while a decreased GM density was associated with impaired planning and modulation of
motor pathways [30].

3.2. Correlations with Patient-Reported Outcome Measures

With regard to self-reported cognitive symptoms from cancer long survivors, Vardy
et al. reported that breast cancer survivors who received CT and self-reported cognitive
impairment had an increased frontal activation on MRI compared with those patients
who received CT but reported no complaints [31]. Early and greater spatial variance of
frontoparietal WM on functional MRI was correlated with executive dysfunctions in long
breast cancer survivors, but not with self-perceived cognitive burden, suggesting that
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neurocognitive decline and self-perception of cognitive functions are two distinct phe-
nomena [32]. In particular, self-perceived neural inefficiency may be due to psychological
distress and worries regarding physical symptoms, toxic effects, changes in appearance
after antineoplastic treatments, and cancer-related negative feelings, and not correlated
with specific alteration of neural pathways [27,33].

Overall, different factors may influence the MRI findings, such as type and duration
of antineoplastic treatments, time after the end of treatments, and the individual ability
of GM/WM recovery. Last, the role of MRI in predicting the risk of development of
neurocognitive impairment needs to be further investigated, as several individual and
environmental factors can influence the neurocognitive recovery of long-survival patients.

4. Timing of Assessment

An essential aspect to consider beyond the diagnostic methods or treatment strategies
in cancer survivors’ cognitive impairments is the optimal timing to assess the patients. The
only data we can indirectly deduce on this question come from observational studies in
which cancer survivors were tested after receiving anti-cancer treatment. A major critical
point is represented by the lack of pre-treatment assessments. Cognitive concerns can
manifest during or shortly after cancer treatments but also years after cancer therapy,
thus suggesting an independent neurodegenerative process [35]. On the other hand,
neurocognitive impairment can be found in patients with different non-CNS cancers (e.g.,
breast, colorectal) before the administration of systemic therapy [36,37].

Another aspect contributing to the complexity of determining the optimal timing for
assessing CRCI in non-CNS cancer patients is the possibility of symptom remission.

Taken together, these factors argue in favor of the need to perform pre-chemotherapy
baseline assessments with the aim to understand individual complaints and objective neu-
rocognitive status. Subsequent evaluations, during treatment administration, are necessary
to detect possible cognitive changes related to the immediate effect of chemotherapy or hor-
monal therapy and to possibly enable the implementation of specific neuropsychological
treatments. Long time-spanning and fixed follow-ups can, instead, help in monitoring the
neurocognitive status in cancer patients after the end of anti-cancer treatments.

Table 4 summarizes paper selected for timing of assessment.

Table 4. Paper selected for timing of assessment.

Paper Country Population Study Design Sample Size
[38] Denmark, USA Testicular cancer Cross-sectional 72
[39] USA Breast cancer Observational-retrospective 62
[40] USA Breast cancer Longitudinal 46

Amidi et al. [38] evaluated seventy-two testicular cancer survivors starting from 2
to 7 years post-treatment. In this time window, the prevalence of cognitive impairment
(verbal learning and memory, visual learning and memory, processing speed, executive
functioning, and attention and working memory) was unexpectedly high, namely 62.5%.
However, another experience revealed that breast cancer survivors who were more than 2
years off therapy, on average, showed lower verbal memory but no difference in executive
function and verbal fluency compared with the control group [39]. Reid-Arndt et al.
investigated neuropsychological functioning and quality of life during the first year after
completing chemotherapy in thirty-nine breast cancer survivors. The analyses showed that
no participants demonstrated subtle or more severe cognitive impairment [40].

From this evidence, it is tough to derive any recommendations: the sample size of the
studies is small, the sample is predominantly based on breast cancer survivors, and the
types of studies differ from each other.
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The optimal timing to assess the patients remains unclear. The scant literature from
which we can draw some suggestions tells us that there is probably a correct time window
and that patients should not be evaluated too early (i.e., within six months a year). There is
a great need to design specific studies focusing on these issues.

Uncertainty characterizes not only the incidence and severity of CRCI but also its
trajectory along the disease course. While many patients report transient symptoms and a
gradual reduction in deficits over time, others complain about persistent, late onset, and
intermittent problems [41].

5. CRCI Treatment

Given that the number of etiological processes so far identified is not small, different
treatments have been experimented with various outcomes.

Physical activities, cognitive rehabilitation, and cognitive-behavioral therapy have
been hypothesized to have positive effects. However, other strategies such as WEB-based
or computer-based training programs and acupuncture have been taken into consideration,
showing promising results. In this setting, the rule of pharmacological intervention needs
to be better investigated.

Table 5 summarizes papers selected for CRCI treatment.

Table 5. Paper selected for CRCI Treatment.

Paper Country Population Study Design Sample Size
[42] USA Breast cancer Cross-sectional 271

43] USA Breast cancer Cross-sectional 317

44] USA Breast cancer Repeated, crossover 27
45] Canada Breast cancer RCT 19
46] UK Breast cancer RCT 50
47] USA Breast cancer RCT 87

48] USA Breast cancer Case series 4

49] USA Breast cancer Randomized single-blind, three arm 50
50] USA Multiple etiologies Longitudinal 23
51] USA Breast cancer Pilot study 27

52] Australia Breast cancer Observational 27

54] Canada Breast cancer Pilot study 12

55] Australia Multiple etiologies Nonrandomized 46

56] USA Multiple etiologies RCT 28
571 USA Breast cancer RCT 48
58] USA Breast cancer RCT 41
59] Australia Breast cancer, leukemia RCT 76
60] USA Breast cancer RCT pilot 60
61] Australia Multiple etiologies RCT 243
62] The Netherlands Multiple etiologies RCT 98
63] USA Breast cancer RCT 47

[
[
[
[
[
[
[
[
[
[
[53] USA Gynecologic cancer Pilot study 12
[
[
[
[
[
[
[
[
[
[
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Table 5. Cont.
Paper Country Population Study Design Sample Size
[64] USA Breast cancer RCT 102
[65] USA Breast cancer RCT 13
[66] China Gynecologic cancer Prospective cohort study 30
[67] USA Breast cancer Prospective 23
[68] USA Breast cancer RCT 47

5.1. Physical Activity

Physical activity includes several types of interventions, which are different in duration
and intensity and are time-consuming, and the outcomes are not all the same. According
to Ehlers et al., moderate-to-vigorous physical activity seems to be associated with a
better performance in cognitive tasks, while light-intensity physical activity performance
is worse than sedentary time [42]. Another recent study has confirmed moderate-to-
vigorous physical activity as a useful intervention to improve depression and its related
cognitive impairment [43].

Focusing on lifestyle interventions, different expressions of physical activities have
been investigated, reporting heterogeneous outcomes.

A randomized crossover trial analyzed the effect of moderate-intensity treadmill
walking or 30 min of seated rest in twenty-seven breast cancer survivors. The results
showed an improvement in reaction time on processing speed and better accuracy on
spatial working memory in pre- and post-rest seated sessions, respectively [44].

A randomized controlled trial (RCT) in postmenopausal breast cancer survivors with
self-reported cognitive dysfunction following chemotherapy treatment investigated aerobic
exercise role and its impact on the quality of life. The intervention group performed better
just in 1 objective neuropsychological test, and no differences were reported between the
two arms in PROMs [45].

Neither moderate walking levels, compared with usual care, in breast cancer pa-
tients treated with chemotherapy seems to produce modest benefits on objective neu-
ropsychological measures, although the positive effect is represented by better psychoso-
cial functioning, and exercise can be useful in protecting against a decline in subjective
cognitive impairments [46].

Nevertheless, the impact of physical exercise on self-reported cognitive complaints is
not confirmed by other reports [47].

Other Types of Physical Exercise

Three different experiences were found in this setting:

The effect of YOGA (lyenger-inspired program twice a week for 12 weeks) was eval-
uated in a case series study, including four early-stage breast cancer patients, to assess
its impact on cognition and life quality. The cognition measures were collected with the
Perceived Cognition Questionnaire (PCQ) and CogState. The patients analyzed showed an
improvement in neuropsychological performances [48].

A significant effect of Qigong (a mindfulness-based form of exercise) compared with
survivorship support was evidenced by PROMs, and a partial improvement was found in
objective tests (Trail Making A and B test) [49].

Twenty-three women with a history of cancer participated in 60 min of Tai Chi. Promis-
ing results on neuropsychological benefits (immediate and delayed memory, verbal flu-
ency, attention, executive functioning, stress levels, and vigor) also derive from practicing
Tai Chi [50].

The impact of these results is very modest, and the strength of the conclusions is
minimal. All these studies have a small sample size with limited power to capture dif-
ferences among the groups analyzed, and the population is hyperselected (most of all
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highly educated breast cancer patients). Moreover, it is unclear if the test battery used is
sufficiently sensitive to detect improvements, and the intervention may not have been long
enough to catch the impact of physical activity on cognition.

5.2. Cognitive Rehabilitation

Several studies have explored the role of cognitive rehabilitation in group sessions.
It was achieved in different manners. Ercoli et al. have demonstrated the feasibility of
a rehabilitation intervention program for breast cancer survivors with cognitive impair-
ment, observing a significant improvement in neurocognitive tests and reducing total
and memory-specific cognitive complaints [51]. Feasibility was investigated by two other
studies as well, showing an improvement effect of group cognitive rehabilitation in the
outcomes analyzed [52,53]. Another similar and more recent study in which a manualized
cognitive rehabilitation program was used showed an improvement trend across time on
most of the neuropsychological measures [54].

The efficacy of group cognitive rehabilitation was shown in different prospective studies.

A 4-week group cognitive rehabilitation treatment focusing on cognition, problem
solving, memory, and attention was evaluated in thirty-two cancer patients. The inter-
vention was associated with improved objective and subjective cognition, psychosocial
distress, social functioning, and perceived understanding of cognition [55].

These results on objective and subjective measures have been confirmed by an RCT
analyzing a 7-week group cognitive rehabilitation intervention in twenty-eight cancer
survivors [56].

A further confirmation of group cognitive rehabilitation efficacy derives from an RCT
of twenty-nine breast cancer survivors. The results showed immediate and sustained
improvements in self-reported cognitive complaints and memory functioning on neurocog-
nitive testing [57].

Sample sizes of these studies are small, limiting the statistical power to detect the
differences among the groups considered. Moreover, the first study reported was not
randomized. In the last trial, there was some imbalance in the baseline characteristics of
the two groups.

5.3. WEB or PC Program Rehabilitation

WEB-based or computer-based programs developed to help this setting of patients in
their mental issues have been tested more and more in the recent past. These programs in-
corporate psychoeducation, skill training, strategy training, and functional activity training
to apply the strategies in everyday life.

Kesler et al. conducted an RCT, testing the feasibility and effectiveness of an online
executive function program in long-term breast cancer survivors and improving cognitive
flexibility, verbal fluency, and processing speed [58].

In another RCT, a WEB-based cognitive rehabilitation intervention produced a signifi-
cant reduction in prospective memory failures and a positive trend on perceived cognitive
impairments and executive function [59].

Meneses et al. enrolled sixty breast cancer survivors in a randomized controlled pilot,
testing a WEB-based program (SOP training), finding an improvement in the intervention
group in the episodic memory, executive function, and four subtests of the useful field-of-
view (UFOV) test [60].

A 15-week home-based intervention based on a computerized neurocognitive learning
program was proposed to 122 cancer survivors. An improvement in perceived cognitive
function, anxiety, fatigue, depression, stress, and quality of life was noted, but no difference
in the objective neuropsychological tests was found [61].

An RCT WEB-based cognitive training program on 46 breast cancer patients (23 early
treated for 6 months and 23 with delayed treatment for 3 months) confirmed the positive
impact of treatment on objective and subjective measures [69].
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In a mixed method study on 25 breast cancer survivors, computer-assisted cognitive
training and computer-assisted cognitive training with music were tested. The addition of
music determined significant improvements in self-perceived cognitive ability [70].

These trials’ results are weak for several reasons: most of them have a small sample
size; often, the experimental group performed the programs at home, and an uncontrolled
environment and performance on tasks were susceptible to unknown influences. Finally,
the validation of the training programs analyzed remains unclear.

5.4. Cognitive-Behavioral Therapy

Data from one RCT showed a positive effect of CBT in reducing concentration problems
and self-reported cognitive disability, even though no difference in neuropsychological test
performance was recorded. The CBT focused on six perpetuating factors for post-cancer
fatigue, measured with specific questionnaires [62].

Two RCTs tested as intervention a videoconference-delivered CBT, in contrast to
computer-based cognitive rehabilitation, characterized by repetitive practice of cognitive
exercises that may not be generalizable to daily life. The first used the Memory and
Attention Adaptation Training (MAAT) program, confirming significant gains in self-
reported cognitive impairments and cognitive processing speed compared with the control
treatment. The second one used telemedicine sessions (in comparison with a session group
in a community center and a waitlist control group). This strategy improved the cognitive
function, fatigue, sleep disturbance, and mental-health-related and breast-cancer-related
quality of life [63,64].

To improve cancer-related fatigue, thirteen breast cancer survivors were enrolled in an
RCT and randomized to four weekly 50-min sessions of CBT (optimizing exercise routines,
improving nutrition, and implementing evidence-based cognitive-behavioral technique)
or a control group. Participants in the intervention group experienced a 66% reduction
in fatigue [64].

5.5. Other Interventions

A recent Chinese experience experimented the manual acupuncture provided by a
single acupuncturist trained in traditional Chinese medicine in fifteen women with gyne-
cological cancer, stage I-1II, ready for adjuvant chemotherapy. Compared with the cancer
control group, the results showed that acupuncture improved neurocognitive performance
over the chemotherapy period [65]. Acupuncture seems to have a positive effect even if
associated with cognitive-behavioral therapy [66].

EEG biofeedback (neurofeedback) is a real-time display of the brain’s electrical activity
fed back as visual or auditory information enabling the user to modify brainwave activity.
Limited evidence related to this strategy still exists. Alvarez et al. demonstrated the
feasibility and effectiveness of neurofeedback in reducing the cognitive impairment of the
sample analyzed [67].

5.6. Psychostimulants

Different agents were tested: donepezil, methylphenidate, modafinil, armodafinil.

Lawrence et al. analyzed sixty-two patients in an RCT to test 5 mg of donepezil /day
vs. placebo for six weeks and, if well tolerated, 10 mg/day for 18 weeks. At the end of the
study, the experimental group performed better just on two parameters of memory. No
significant side-effect-related issues were reported [68].

A recent meta-analysis was conducted to better understand if psychostimulants are
useful in cancer survivors’ cognitive impairments, assuming the primary outcome’s cog-
nitive functions change. However, the authors concluded that the important differences
in methodologies among the studies included made it inappropriate to conduct a meta-
analysis. The evidence is too limited to estimate these agents’ real usefulness on cognitive
function in this setting of population [71].
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Regardless of the specific drugs and physical activity tested, and despite the fact
that their involvement in neurotransmitter pathways has been hypothesized, the exact
mechanisms of action are not completely clear. With regard to cognitive treatments, the
mechanisms rely on the principles of neural plasticity, and two mechanisms of functional re-
organization have been found: (1) recruitment of residual dominant hemisphere structures
and (2) recruitment of nondominant hemisphere areas [72].

5.7. Conclusions

Cognitive deficits are quite common in people undergoing, or who have undergone,
oncological treatment (i.e., chemotherapy and immunotherapy) and can have a deleterious
impact on their quality of life. Multiple factors influence cognitive outcomes in cancer
patients and interact in a complex manner. Studies on this topic differ in methodologies,
sample sizes, tools used, and interventions proposed, thus reducing the possibility to make
comparisons and to draw firm conclusions [4].

Methodological and study population differences, together with treatment and patient-
specific variables, can account, at least in part, for the conflicting results.

Many unanswered questions, for example, cognitive reserve and socioeconomic status,
remain, and their influence on cognition and recovery have not been well studied.

Despite the progress in the field, made utilizing neuropsychological tests, concerns
have been raised about the sensitivity of these tools to detect the subtle neuropsychological
deficits frequently affecting cancer patients and survivors.

Moreover, high-quality evidence on how to help cancer survivors dealing with cog-
nitive complaints is scarce, and no drugs have been approved to reduce or prevent them
since no evidence in support of their use has emerged [73]. On the other hand, studies on
cognitive improvement due to physical exercise show limited results [44], and evidence
from cognitive rehabilitation reports [51,54,560] is promising but still limited. Because
of the association of neurocognitive symptoms with psychological complaints (anxiety,
depression) and with fatigue, and sleep disorder is frequent, it is important to perform
complete and multidisciplinary assessment involving different specialists in the team.
Particular attention should be paid on how these factors interplay especially with self-
reported cognitive complaints. A recent cross-sectional analysis evidenced how fatigue
and anxiety are associated with an increased risk of perceived attention impairment, while
anxiety is one of the most important factors in perceived memory impairment [74]. In
this perspective, a comprehensive evaluation of this complex interaction should com-
prise patients’ self-administered measures but also objective assessment measures and
caregiver contribution [75].

Early detection of cognitive deficit can be particularly important, especially in elderly
patients in order to refer them to an onco-geriatry or neurology services to help manage
cognitive impairment before and during treatment.

The correct methodology for evaluating cognitive deficits induced by anti-tumor
treatments is an aspect that still requires a definition based on quality scientific evidence,
and literature data are currently scarce. Evaluation with longitudinal neuropsychological
tests is considered the most scientifically valid objective method, but measurements based
on patient perception (PROM) that use different self-report assessment tools of specific
symptoms as functional assessment of cancer therapy—cognitive (FACT-Cog), Short Form
Health Survey 36 (SF-36), or their impact on quality of life (EORTC QLQ-C 30)—appear to
have greater sensitivity in identifying the presence of mild /moderate cognitive deficits and
the effectiveness of treatments.

This review highlights the need for further research to understand the causes and
consequences of cancer-related cognitive impairment using standardized and sensitive
measures of cognitive functions and the long-term effects of chemotherapy on cognitive
functions, and to develop effective interventions. Moreover, it highlights the fact that
management of cancer-related cognitive impairment should become part of the clinical
practice for patients with other types of neurological disease.
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6. Several Issues Need to Be Addressed in Future Studies

There is no general agreement on the diagnostic assessment of CRCI. Primarily, litera-
ture reports are heterogeneous since they did not follow common criteria for the disease
course evaluation and the stratification for sex, cancer, and treatments. Moreover, method-
ological limitations, such as the use of qualitative observational, cross-sectional designs
and the large variability of tools, do not allow clear conclusions about the real incidence
and severity of CRCI. The poor prognosis that characterizes most etiologies hinders the
conduction of longitudinal studies on large samples of patients. Another key matter is
that most of the studies concern breast cancer patients, while other cancer patients are
under-represented. At last, baseline assessments (especially in elderly subjects) is almost
always absent, and other systemic or CNS diseases such as metastases or radio-induced
brain damages are rarely considered.

This prevents us to evaluate the impact of possible previous cognitive impairment.
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