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Abstract

Objective: To examine the effect of interventions used to enhance cognitive func-
tion in patients experiencing cancer-related cognitive impairment.

Methods: Studies including adults with a non-metastatic cancer who have received
chemotherapy as part of their treatment and who have undergone interventions
targeting cancer-related cognitive impairment were included. Studies involving
patients with metastatic cancer and pre-existing cognitive deficits were excluded.
Academic Search Complete, CINAHL Plus with full text, MEDLINE, Education Full
Text, PsycARTICLES, PsycINFO, and ERIC were searched for studies published
between January 2011 and September 2022. Data extraction and quality appraisal
were conducted by two authors and cross-checked by the review team. Quality
appraisal was conducted using 12 items from the Mixed Methods Appraisal Tool.
Findings were presented narratively without meta-analysis.

Results: Thirty-one studies were included. Interventions were categorised as inte-
grative/complementary, cognitive behavioural therapy and compensatory strate-
gies, exercise, psychoeducational/psychosocial, brain-training, and pharmacological.
Over 100 instruments were identified, including the Functional Assessment of
Cancer Therapy-Cognitive, Trail Making Tests-A and B, and instruments measuring
secondary outcomes, including depression. Instruments often measured attention
and concentration, language, memory, executive function, and/or patient-reported
outcomes. Improvements were reported, with most studies measuring some or
various aspects of cognitive functioning and very few studies measuring all domains
of cognitive functioning, making it difficult to draw definitive conclusions about
effectiveness.

Conclusions: Various interventions are available to treat cancer-related cognitive
impairment. Outcome measurement was inconsistent and future research should

prioritise using standardised measures. Current evidence, whilst not being

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Psycho-Oncology published by John Wiley & Sons Ltd.

214 Psycho-Oncology. 2023;32:214-228.

wileyonlinelibrary.com/journal/pon


https://doi.org/10.1002/pon.6073
https://orcid.org/0000-0001-5559-0800
https://orcid.org/0000-0002-1663-4820
https://orcid.org/0000-0003-4431-0396
https://orcid.org/0000-0002-7277-6268
https://orcid.org/0000-0001-5559-0800
https://orcid.org/0000-0002-1663-4820
https://orcid.org/0000-0003-4431-0396
https://orcid.org/0000-0002-7277-6268
http://wileyonlinelibrary.com/journal/pon

OLDACRES ET AL

WILEY__|_#®

KEYWORDS

1 | INTRODUCTION

An estimated 19.2 m new cases of cancer were diagnosed in 2020
globally.? Screening, early detection, treatment advancement, and
ongoing surveillance contribute to improved survivorship rates.?™*
Prediction models report an estimated 28 m people will be diag-
nosed with cancer in the year 2040.° In Western Europe, five-year
survival rates for breast cancer are between 80% and 90%, and be-
tween 70% and 90% for prostate cancer.® Increased survival dem-
onstrates a need for aftercare prioritising health-related quality of
life. Many cancer survivors report after effects following treatment
including fatigue (50%-90%), neuropathy (50%), gastric symptoms
(50%) as well as cancer-related cognitive impairment (CRCI).”-? This
demonstrates the continued unmet needs of cancer survivors and a
necessity to address these needs by providing long-term support and
intervention. CRCI commonly termed ‘chemo-brain’ or ‘chemo-fog’
affects general cognitive processes such as memory, attention and
concentration, language, executive functioning often articulated as
poor working memory, problems remembering, poor concentration,
attention difficulties and reduced processing speed.’® Between 12%
and 75% of cancer survivors experience CRCI, with some experi-
encing CRCI up to 20 years following completion of treatment.**12 A
range of reported incidence of CRCI may vary due to patient de-
mographics, cancer type, chemotherapeutics type, and methods for
measuring CRCI.

Chemotherapeutic agents including taxanes (e.g., paclitaxel),
anthracyclines (e.g., daunorubicin), antimetabolites (e.g., metho-
trexate), and nitrosureas (e.g., fotemustine) are known neurotoxins
associated with CRCI.?>%* Although previously thought to be pro-
tected by the blood-brain barrier, some chemotherapeutic agents
have been shown to pass into cerebral tissue or contribute to
neurotoxicity through the action of their metabolites.'® The effect of
cytotoxic agents in the development of CRCI is compounded by
factors including adjunct therapies (e.g., radiotherapy, immuno-
therapy, endocrine therapy, and surgery); patient demographics (e.g.,
age, gender, body mass index, type of cancer, and underlying co-
morbidity); and patient response to cancer diagnosis and treatment
(e.g., pain, fatigue, depression, and anxiety).'®” Previous research
highlights this complication and the need for further studies isolating
the cognitive impact of chemotherapy.’® Despite prevalence and
ongoing investigation, inconsistencies also remain between subjec-
tive experience of CRCI and objective neurophysiological measure-
ments.?” Neuroimaging evidence shows that cancer survivors treated

with chemotherapy and who suffer from CRCI display structural

definitive, suggests that certain interventions show greater promise than others,

including cognitive behavioural therapy and brain training.

antineoplastic agents, cancer, chemotherapy-related cognitive impairment, cognitive
dysfunction, memory, oncology, survivorship, systematic review

2021 ltered cerebral blood flow,??

changes in grey matter volume,
and disrupted dopamine activity.?® Subjective experiences of CRCI
vary amongst survivors'® and are often associated with stress,
loneliness,?* and poor sleep quality.?> These combined factors make
quantifying the aetiology of CRCI, its standard progression, and
developing appropriate interventions a complex undertaking.1%26-28

Most up to date systematic reviews are often limited by
cancer type such as breast cancer?® or by intervention type such
as non-pharmacological,®® or exercise-based interventions.*°
Moreover, a current review in this area was limited to synthesising
evidence from randomised controlled trials (RCTs) exclusively.3!
The present systematic review has broader inclusion criteria,
encompassing a range of interventions used in various cancer
types. Therefore, the aim of this systematic review was to examine
the effect of interventions used to enhance cognitive function in
patients with cancer who experience CRCI. This review aims to

answer the following questions:

1. What patient-focused interventions are available to reduce the
effect of CRCI in patients with cancer?

2. What instruments are used to measure the impact of these in-
terventions on cognitive function?

3. What is the effect of these interventions on cognitive function in

patients with cancer?

2 | METHODS

The formulation of the systematic review questions, inclusion and
exclusion criteria, database searching, study selection process, and
data extraction was guided by the Cochrane Handbook for System-
atic Reviews of Interventions,®? and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) checklist.%®

The protocol for this systematic review was not registered a priori.

2.1 | Eligibility criteria

Eligibility was determined according to the population, intervention,
comparison, and outcome (PICO) framework (Table 1).3* Studies
were eligible for inclusion if they included: Population: adult patients
(>18 vyears) with a non-metastatic cancer diagnosis who have
received chemotherapy as part of their treatment; Intervention: any

intervention targeting CRCI; Comparison: control group or baseline
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TABLE 1 Review eligibility criteria

PICO framework

Eligibility criteria

Population e Adults (>18 years) with a non-metastatic cancer, who have previously received or are
receiving chemotherapy as part of their treatment.
e Studies were excluded if they included patients with:
o Metastatic cancer(s) or receiving chemotherapeutic agents palliatively.
o Dementia (preceding cancer diagnosis).
o Any mental health diagnosis (preceding cancer diagnosis).
o Primary central nervous system cancer(s).

Intervention

Any intervention targeted at improving chemotherapy-related cognitive impairment.

Comparison e Studies with baseline measure of cognitive function.
e Studies with a control group for comparison.

Outcome e Studies empirically measuring cognitive function.
e Studies reporting patient-reported objective and subjective cognitive function

measures.

comparison(s); Outcome: objective and/or subjective measures of
cognitive functioning.

Studies were excluded if patients had metastatic cancer, pre-
existing cognitive deficits, or were paediatric patients (<18 years).
Studies without baseline measures of cognitive function, control
group/comparison, or outcome measure of cognitive function were
excluded. Secondary research publications (e.g., narrative reviews,
systematic reviews, or meta-analyses), non-empirical studies, opinion
pieces, animal studies, case series/studies, editorials, abstracts, dis-
sertations, and thesis were also excluded. Feasibility and pilot studies
were excluded since they are not sufficiently powered to detect

changes in outcomes.>~48

2.2 | Search strategy
Studies were identified through an electronic database search of
Academic Search Complete, CINAHL Plus with full text, MEDLINE,
Education Full Text, PsycARTICLES, PsycINFO, and ERIC. The search
strategy was guided by the PICO framework.3* A single search
strategy was agreed by all authors and was used across the seven
electronic databases. This search strategy was based on a review of
subject headings (e.g., MeSH terms and CINAHL headings) in the
seven databases as well as a review of existing protocols investi-
gating cognitive function and chemotherapy available through the
Cochrane Database of Systematic Reviews.*%%°

Truncation was used and terms were combined using Boolean
operators ‘OR’ and ‘AND’ and the proximity indicator for EBSCO ‘N’
as follows: (oncolog* OR cancer* OR tumo* OR neoplas* OR carcino*
OR malignan*) AND (chemotherap* OR antineoplas*) AND (chemo-
brain OR chemofog OR ‘cognit* function’ OR ‘cognit* impair® OR
‘cognit® dysfunction’ OR ‘cognit* decline’ OR ‘cognit* deterioration’
OR ‘cognit* deficit’ OR ‘problem solving’ OR processing N3 speed OR
‘reaction time’ OR ‘executive functioning’ OR reasoning OR attention
N3 span OR memory OR language). Searches were conducted of ti-
tles or abstracts of studies published in English from January 2011 to

September 2022 to access current relevant data. Although there is
no gold standard relating to selecting publications by date, the
recency of scientific articles that are more than 10 years old is often
questionable.®! The search was last updated on the 16 September
2022.

2.3 | Study selection

Database search results were uploaded to Covidence online soft-
ware, a tool used to mainstream the production of systematic re-
views. Duplicates were removed automatically, and titles and
abstracts were screened. Full texts of potentially eligible studies
were sourced and screened further. Two independent reviewers
screened title, abstract, and full texts at random to determine eligi-
bility. A third reviewer resolved screening conflicts. Studies not
meeting the eligibility criteria were excluded. The reference lists of
systematic and narrative reviews identified from the search were

screened for relevant studies.

2.4 | Data extraction

Independent reviewers (LO, NMC) extracted data using a pre-
designed extraction table.®® Extracted data included: author(s),
year, country, setting, study design, aim, participants (number, types
of cancer and stage of treatment), intervention type, duration and
format, method of data collection, outcomes measured, measurement
instruments, and findings (see Table S1). Data extracted were cross-

checked by a third reviewer (MMS, PO'R, JH) to ensure accuracy.

2.5 | Quality appraisal

The methodological quality of the included studies was appraised
using the Mixed Methods Appraisal Tool (MMAT)*? which
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includes questions tailored to different study designs. In this re-
view, studies were categorised by design (i.e, RCTs and non-
RCTs) and their quality was appraised using the MMAT. ltems
were voted on a ‘yes’, ‘no’, or ‘can't tell' basis. RCTs and non-
RCTs were assessed for sample representativeness, appropriate
randomisation (for RCTs), group similarities at baseline, outcome
data completeness, blinding of outcome assessors, accounting for
confounders, and implementation of interventions as intended.
According to MMAT guidance, ‘it is discouraged to calculate an
overall score from the ratings of each criterion’ (p. 1). It is
also discouraged to exclude studies based on methodological
quality.>?

Quality appraisal was completed by one reviewer (LO) and ac-
curacy was checked by a second reviewer (MMS, PO'R, JH). Studies
were included in this review regardless of their quality to reduce

study selection and reporting bias.*2

2.6 | Data synthesis

Patients in the included studies had various cancer diagnoses and
treatments received, with many studies having small sample sizes.
Moreover, study designs, methodologies, statistical analyses, and
outcome measures were heterogeneous. Therefore, a meta-analysis
was not completed. Instead, studies were grouped, and findings
were synthesised narratively according to intervention type. This
involved presenting statistical data from the included studies in
tabular format as well as adopting a textual approach in the
reporting of findings,>® which were grouped and presented by
intervention type as follows: (i) pharmacological, (ii) cognitive
behavioural therapy (CBT) and compensatory strategies, (iii) inte-
grative/complementary, (iv) exercise, (v) brain-training and (vi)
psychoeducational/psychosocial. Intervention categories were
agreed by two reviewers (LO, PO’R). Outcome measures were
assessed, and instruments were grouped according to the primary
cognitive domain measured. Within these intervention categories
and cognitive domain outcomes, p-values were extracted and
presented in a purposely designed table identifying categories of
statistically significant results and the instrument used. Non-
statistically significant and non-reported items were detailed,

including studies reporting no p-values.

3 | RESULTS

The final search yielded 4809 records. Duplicates were removed
and 2844 records were title and abstract screened. A total of
1964 irrelevant citations were excluded, and 438 studies were full
text screened. Of those, 30 studies were included in the current
review. An additional study was identified from hand searching.
Therefore, a total of 31 studies were included in this systematic

review (Figure 1).

3.1 | Quality appraisal

All 31 studies had clear research questions. Analysis of reviewed
RCTs (n = 27) revealed appropriate randomisation (n = 23) and
comparability of groups at baseline (n = 24) in the majority of RCTs.
Where groups were non-comparable at baseline,>* this was statisti-
cally accounted for retrospectively. One study did not report com-
plete outcome data®® and most RCTs (n = 18) noted appropriately
blinding assessors to intervention allocation status of participants.
Participants adhered to intervention as intended in most RCTs
(n = 21) (See Table S2a).

Quality appraisal of non-RCTs (n = 4) revealed that three re-
ported a sample representative of the target population and all non-
RCTs implemented measures appropriate to outcomes and in-
terventions assessed. Complete outcome data were reported in three
non-RCTs, however no non-RCTs reported accounting for con-
founders (see Table S2b).

3.2 | Study characteristics

Most of the included studies were RCTs (n = 27), conducted in China
(n = 11) and the United States of America (n = 7), and focussing on
breast cancer (n = 25). FACT-Cog was the most used instrument
(n = 12). Sample size varied from 26 to 242°%7>8 participants. The full
study characteristics are presented in Table 2. Included studies were
grouped into five intervention types as follows: psychosocial and
psychoeducational (n = 7), CBT and compensatory strategies (n = 6),
integrative and complementary (n = 6), brain-training (n = 5), exer-
cise (n = 4), and pharmacological (n = 3) (Table 3).

3.3 | Synthesis of results

3.3.1 | Psychoeducational and psychosocial

Seven interventions were broadly categorised as psychoeducational
and psychosocial, with interventions including collaborative care>’
and self-affirmation.®? Unique psychoeducational programs encour-
aged practicing acceptance, educated on stress management skills
and strategies to improve function, muscle relaxation and self-
care.>>%% This intervention category has been mainly investigated
since 2019 with interventions being highly heterogeneous making
comparison difficult. Six studies found statistically significant
improvement in patient-reported experience of CRCI as measured by
FACT-Cog, European Organisation for Research and Treatment of
Cancer-Quality of Life Questionnaire-C30 (EORTC-QLQ-C30),
Cognitive Problem Reporting, Prospective and Retrospective Mem-
ory Questionnaire (PRMQ) and Patient Reported Outcomes Mea-
surement Information System (PROMIS). Akechi et al.>? found no
statistically significant impact of a collaborative care intervention.

However, Jacobs et al.%? found self-affirmation provided statistically
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FIGURE 1 PRISMA flow diagram illustrating record identification, screening, and selection process.>®

significant protection of memory function (p = 0.006 [recall] &
p = 0.001 [recognition]) when information was provided to partici-
pants relating to CRCI, as measured by the Groningen 15 words test.
Ding et al.%C trialled the Managing Cancer And Living Meaningfully
(CALM) program over 3-6 months and demonstrated improved lan-
guage and executive function (p < 0.05 [MMSE]), memory (p < 0.05
[PRMQ)]), and patient-reported outcomes (p < 0.05 [FACT-Cog]).
More recently, Gjerset et al.>® found that an outpatient rehabilitation
program focussing on patient education and group discussion resul-
ted in significant improvement of subjective cognitive function
(p = 0.003 [EORTC-QLQ-C30]). Similarly, a nursing care intervention
implemented during administration of chemotherapy using advanced
pain care, nutritional advice and health education led to improved
subjective cognitive function (p < 0.001 [EORTC-QLQ-C30]).%?
Overall, six of the seven psychoeducational and psychosocial in-
terventions were found to have a statistically significant impact on
patient-reported cognitive function.

3.3.2 | Cognitive behavioural therapies and
compensatory strategies

The use of CBT or a compensatory strategy was reported in six
studies. All interventions were delivered face to face and ranged in
duration from 8 weeks®#7%¢ to 6 months.®® Only one study reported
no statistically significant findings.” Ferguson et al.%® developed a
Memory and Attention Adaptation Training (MAAT) intervention
tool, identifying the intervention as grounded in CBT. MAAT edu-
cates participants about normal cognitive and attention complaints

after chemotherapy, self-awareness and self-regulation training,

stress management and compensation strategies. Participants
showed improvement in verbal memory (p = 0.05 [California Verbal
Learning Test]). Ferguson et al®® further developed a video-
conference version of MAAT, conducted via eight 30-45-min
weekly sessions. The intervention was compared with physician
provided reflective listening and summarisation aimed at developing
awareness of and empathy for cognitive problems. The video-
conference intervention had a statistically significant impact on
perceived cognitive impairment (p = 0.02 [FACT-Cog]). Improvement
was seen in language skills measured by Delis-Kaplan Executive
Function System (DKEFS) (p < 0.05), executive function measured by
the Dysexecutive Questionnaire (DEX) (p < 0.05) and cognitive fail-
ures measured by the CFQ (p < 0.05). One study®* included an
element of mindfulness-based stress reduction in addition to CBT
and found no statistically significant improvement in cognitive func-

tion. Lin et al.®®

implemented a CBT-based program combined with
gentle Baduanjin exercise and found significantly improved subjec-
tive cognitive function amongst colorectal cancer patients currently
undergoing chemotherapy (p < 0.001 [FACT-Cog]). Finally, Tack
et al.%? trained breast cancer survivors in emotional freedom tech-
niques to address worries and distress over a course of 16 weeks and
found that the intervention significantly improved self-reported

cognitive function (p < 0.005 [CFQ)]).

3.3.3 | Integrative and complementary
Music, acupuncture, ginkgo biloba, and traditional Chinese medicine
were all deemed integrative and complementary interventions.

Acupuncture interventions were all implemented in China by
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TABLE 2 Characteristics of the included studies (n = 31)

Country

Design

Frequently used neuropsychological tools

Frequently used self-report tools

Sample size

Cancer types?®

Intervention type

China (n = 11)

United Stated of America (n = 7)
Canada (h = 2)
Netherlands (n = 2)
Australia (n = 1)
Belgium (n = 1)

Brazil (n = 1)

France (n = 1)

Japan (n = 1)

Malaysia (n = 1)
Norway (n = 1)

Taiwan (n = 1)

United Kingdom (n = 1)

Randomised controlled trial (n = 27)
Non-randomised controlled trial (n = 4)

Trail Making Test-A&B (n = 12)
Weschler Adult Intelligence Scale (n = 5)

Functional Assessment of Cancer Therapy-Cognitive (n = 12)

The European Organisation for the Research and Treatment of cancer QLQ-C30 (n

2799 participants over 31 studies (range = 26-242 participants)

Breast (n = 25)
Gastrointestinal (n = 4)
Colorectal (n = 2)
Gynaecological (n = 2)
Lung (n = 2)

Ovarian (n = 2)

Others (n = 2)

Psychoeducational/psychosocial (n = 7)

Cognitive behavioural therapy/compensatory strategies (n = 6)
Integrative/complementary (n = 6)

Brain-training (n = 5)

Exercise (n = 4)

Pharmacological (n = 3)

219

=9

3Some of the reviewed studies included more than one cancer type.

experienced practitioners. Tong et al.”® found acupuncture improved
memory function (p = 0.002 [Auditory Verbal Learning Test (AVLT)])
and (p = 0.002 [Clock Drawing Test (CDT)]). Cui et al.”? found im-
provements in attention, language and memory (p < 0.05 [Montreal
Cognitive Assessment (MoCA)]) and (p = 0.026 [Mini Mental State
Examination (MMSE)]). Later studies by Zhang et al.”* found im-
provements in attention and concentration measured using the Digit
Span Test, both over time (p = 0.009) and between groups
(b = 0.045). A recent RCT>® comparing classical music listening
(control group) to mantra meditation (intervention group) found
significant improvements in attention and concentration in both
groups over time (p = 0.002 [TMT-A]), executive functioning
(p < 0.001 [COWAI]), memory (p < 0.001 [HVLT]), and subjective
functioning (p < 0.001 [FACT-Cog]). However, no significant group by

time effects were found. Barton et al.”®

investigated the Chinese herb
Ginkgo Biloba and reported no statistically significant outcomes and
Chan et al.”? investigated traditional Chinese medicine and reported
statistically significant decline in patient-reported function following

treatment (p = 0.025 [EORTC-QLQ-C30]).

3.3.4 | Brain-training

Five studies explored brain-training interventions ranging in duration
from six”® to 16 weeks.”” Five programs had a computerised or on-
line element, one was home-based, and one provided real-time

1.57 implemented

neurofeedback during training exercises. Bray et a
the ‘Insight’ program, a CD-based program for use at home. Partici-
pants reported improved perceived cognitive impairment and abili-
ties (p < 0.001 [FACT-Cog]) following the intervention, however no
statistically significant improvement was found in objective neuro-
psychological measures (Cogstate). Von Ah et al.”® also implemented
the computerised ‘Insight’ program to compare effect of memory
training, speed of processing training, and wait-list control group.
Statistically significant improvement over time was noted in imme-
diate (p = 0.036) and delayed memory (p = 0.013) measured using the
RAVLT for the memory training group compared to the control
group. Improvement was also reported in attention and concentra-
tion (p = 0.04 [post intervention] and p = 0.016 [2-month follow up])
measured using the Useful Field Of View test (UFOV) for the speed
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of processing training group compared to the control group. More-
over, in comparison to the control group, significant improvement
was noted in self-reported cognitive function in the memory training
group (p = 0.021 [FACT-Cog] and p = 0.003 [Squire Subjective
Memory Questionnaire]) as well as the speed of processing group
(p = 0.042 [FACT-Cog] and p = 0.065 [Squire Subjective Memory
Questionnaire]). Dos Santos et al.”® tested a computer-based home
program and reported improved perceived cognitive impairment
(p = 0.02 [FACT-Cog]). Similarly, Kesler et al.”® tested a computer-
based program with improvement in executive function (p = 0.008
[Wisconsin Card Sorting Test]), language (p = 0.003 [Delis Kaplan
Executive Function System]), and memory (p = 0.009 [WAIS] and
p = 0.07 [Hopkins Verbal Learning Test-Revised (HVLT-R)]). Im-
provements in executive function (p < 0.001 [Behavioural Assess-
ment of the Dysexecutive Syndrome]) and memory (p < 0.01
[Rivermead Behavioural Memory Test]) were reported by Li et al.””
following olfactory and tactile stimulation in combination with a brain

training program.

3.3.5 | Exercise

Four studies investigated exercise interventions including a group-
based community exercise program,®! walking,’® breathing with
light exercise®? and aerobic exercise with Nordic power walking.2° A
community-based exercise program found no statistically significant
improvements in subjectively measured cognitive function.®* How-
ever, Gokal et al.”? found that a home-based self-implemented
walking intervention over 12 weeks improved memory capacity
(p = 0.03) as measured by the Welschler Adult Intelligence Scale
(WAIS). Koevoets et al.8® conducted an RCT investigating the impact
of aerobic exercise with Nordic power walking. Only borderline
improvement in the cognitive functioning scale of the EORTC QLQ C-
30 was noted (p-value not reported). Wei et al®? reported im-
provements in subjective cognitive function (p < 0.001 [FACT-Cog])
following an exercise intervention incorporating breathing and
stretching exercises and mindfulness practice.

3.3.6 | Pharmacological interventions

Three studies investigated pharmacological interventions for CRCI.
All studies were placebo controlled RCTs investigating donepezil 2
melatonin,>* and probiotic supplementation.8® Lawrence et al.8*
administered 5 mg of Donepezil daily for 6 weeks, then 10 mg daily
for 18 weeks. Significant improvement was reported in recall
(p = 0.033) and discrimination (p = 0.036), measured using the HVLT-
R and improvement of executive function (p = 0.007), measured with
TMT-B. Sub-group analysis revealed greater improvements amongst
breast cancer survivors with greater cognitive impairment at base-
line.84 Palmer et al.>* hypothesised melatonin would prove neuro-
protective for patients undergoing an initial cycle of adjuvant

chemotherapy for breast cancer. A dose of 20 mg of melatonin was

administered 1 h before bedtime for 10 days, starting 3 days prior to
the first chemotherapy cycle. Participants demonstrated improve-
ment in attention (p = 0.02 [TMT-A]), executive function (p < 0.001
[TMT-B]), auditory learning (p < 0.001 [RAVLT]), as well as ortho-
graphic verbal fluency (p = 0.001 [Controlled Oral Word Association
test (COWA)]). Juan et al.2® tested the effect of probiotic supple-
mentation administered twice daily during chemotherapy. Executive
function was found to be significantly improved (p < 0.001 [Verbal
Fluency Test]), as were immediate recall (p = 0.003 [HVLT-R] and
p = 0.001 [Brief Visuospatial Memory Test-Revised (BVMT-R)]) and
delayed recall (p = 0.001 [HVLT-R] and p = 0.003 [BVMT-R]).

4 | DISCUSSION

This systematic review examined the effect of interventions used to
enhance cognitive function in patients with cancer. Previous reviews
of interventions are becoming increasingly dated® or tend to focus
on pharmacologic or non-pharmacologic interventions, but seldom
both.8487 To the best of the authors' knowledge, the current sys-
tematic review is the first recent review to synthesize evidence
regardless of intervention, cancer type, and experimental study

design. Findings from previous systematic reviews??*°

were broadly
in agreement with findings from the present review. Heterogeneity in
outcome measurement instruments was encountered, presenting
difficulty in carrying out a meta-analysis. However, further investi-
gation of these instruments was carried out and comprehensive
documentation and assessment of the range and variety of tools used
was conducted (See Table S3). Of note, multiple pilot and feasibility
studies were excluded from this review. Following up on these
studies is worthwhile once at trial/full-scale stage.®> 8

Studies varied in design, participant demographics, interventions,
and measurement instruments utilised. Therefore, studies were
grouped according to intervention type and categories subsequently
emerged. Many of the psychoeducational and psychosocial, and CBT
and compensatory strategy interventions were complex, specifically
designed as multifaceted to target the experience of CRCI from
multiple angles. For example, Lin et al.® combined a CBT-based
intervention with specific Baduanjin exercises supported by video
material. The unique nature of many interventions underscores the
importance of investigating their components in primary research to
isolate effective content and modes of delivery.

Analysis of findings identified over 100 measurement tools and
instruments; these are reported in detail in Table S3. Almost half the
tools (n = 50) targeted secondary outcomes including anxiety (n = 6),
depression (n = 5), and fatigue (n = 5). Some were utilised across many
studies (e.g., FACT-Cog [n = 12]) although instrument reliability and
validity were not reported uniformly across studies. Some tools
focused on measurement of one area of cognitive function (e.g., TMT-B
to measure executive function) while others had broad criteria (e.g.,
CogState battery). Studies also differed in identifying which cognitive
domains were addressed by each instrument. It is worth noting that

some studies have used instruments in a non-conventional capacity.
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For example, the MMSE which is traditionally used in dementia
screening was identified as measuring memory, orientation, recall and

executive function,®®”2

as well as measuring generalised cognitive
decline, without specificity.”® Therefore, instrument test results are
reported according to their identification within the primary studies.

Studies reporting on CBT and compensatory strategies used
multiple instruments to measure various cognitive domains. Only
Duval et al.®* carried out cognitive measurement across objective
domains, using multiple separate tools. Some studies®” used a full
range of appropriate tests, such as those encompassed in the Cog-
state battery assessing attention, memory, language, emotional, and
social cognition. Of note, Cogstate batteries utilise up to 14 sub-tests
including the ‘one-back test’ and ‘identification test’®® These sub-
tests may be used or omitted depending on researcher prefer-
ence.®® Although the Cogstate battery in its entirety is comprehen-
sive, comparison of Cogstate results should be informed by a
thorough understanding of the sub-scales implemented. Studies
herein mainly give extensive detail of sub-scales used”’; however,
these vary, and close attention should be paid to ensure accurate
comparison of results. Other testing methods offer flexibility in de-
livery such as the Stroop test”® which can be tested both in writing
and in computerised format. Many studies incorporated compu-
terised testing which can address the risk of the Hawthorne effect, a
potential confounder during in person testing. Understanding an in-
tervention's impact requires knowledge of the outcome measures
used and broadly the cognitive domains that are being assessed. For
this review, measurement instruments were grouped into the
broader domains of attention and concentration, executive function,
language, memory, and subjective measures. The categorisation
process was complex as the name of an instrument may not fully
reflect all domains measured or the sub-scales used. Table S3 details
all instruments and domains assigned, to support accurate interpre-
tation of Table 3. Some tools measured cognitive function across
multiple domains (i.e., WAIS) and statistically significant results were
reported in multiple domains accordingly.”®

Included exercise-based studies (n = 4) involved only patients
with breast cancer, with some recruiting participants already
reporting cognitive dysfunction post-treatment®® and others
including women prior to beginning chemotherapy.”?®2 Various types
of exercise were investigated in these studies including a group-
based community exercise program, walking, breathing with light
exercise, and aerobic exercise with Nordic power walking. Results
varied whereby a Baduanjin strength training intervention®? led to
statistically significant improvements in subjectively measured
cognitive function, whilst aerobic exercise and Nordic walking led to
borderline improvement in subjectively measured cognitive function
and a community-based exercise program was not associated with a
statistically significant improvement in subjectively measured cogni-
tive function. Findings here contrast with a previous review®C which
included human and animal studies and concluded that exercise was
a promising intervention in treating CRCIl. These findings also
contrast with previous reviews of exercise interventions which

highlighted the benefits of exercise in ameliorating other post-

chemotherapy symptoms like fatigue.8%9° Variation of exercise
type may warrant further investigation to determine the most
beneficial type(s) of exercise as well as significance in other variables
not reported in the present review such as the effect of group-based
exercise or indoor versus outdoor exercise.

Traditional”* and herbal”® interventions reported no statistically
significant impact, and reduced function was observed following use
of traditional herbal medicine.”* Recent investigation of acupuncture
therapies found statistically significant improvements in objective
and subjective cognitive function. Tong et al.,”® revealed improve-
ment in memory, attention, concentration, and subjective cognitive
function. These findings significantly positively correlated with Brain
Derived Neurotrophic Factor (BDNF) levels which is an important
molecule in memory, learning, and neuroplasticity. Due to the unclear
nature of underpinning physiological mechanisms of CRCI, further
investigation into acupuncture and the role of BDNF across a range
of cancer survivors is warranted.

Most psychoeducational and psychosocial studies (n = 7)
measured cognitive function utilising either FACT-Cog,>>°
EORTC-QLQ-C30,°841¢% demonstrating some development in

cohesiveness of measurement. These recent studies also reported

or

improvement in memory function; however, only one study employed
objective neuropsychological testing not focused on memory.>8:0:61
These most recent effective interventions may be limited in their
application due to a failure to measure objective cognitive outcomes,
focussing on subjective measures like FACT-Cog. Therefore, there is
an ongoing need for further research to determine the effect of
consistently using commonly approved instruments with broad
measurement criteria. Only two psychoeducational/psychosocial in-
terventions measured memory as an objective outcome and reported
statistically significant improvement in this domain, demonstrating a
need for cohesive standardisation of objective measurement in-

struments.60¢2

Standardisation of measurement is becoming
apparent in subjective domains; however, variations in tools and
failure to measure objective outcomes is worth addressing in future
research. Despite failure of most psychoeducational and psychosocial
studies (n = 6) to measure outcomes beyond subjective cognitive
function and memory, psychoeducational/psychosocial interventions
have shown to be effective in improving subjective cognitive func-
tioning and thereby improving the quality of life of cancer survivors.

Brain-training interventions comprised extensive outcome mea-

57,7576

surement, with three studies measuring all domains of cognitive

function. Studies investigating brain-training were heterogenous, with

t>”77 and others

some including patients with cognitive impairmen
not.”® In addition, brain-training interventions were administered
either during chemotherapy,’” once chemotherapy is completed,”® or
up to 5 years following treatment.>” This variability makes it difficult to
draw definitive conclusions regarding the effectiveness of such in-
terventions. This requires further consideration in future research.
Recent pharmacological interventions, as well as CBT and
compensatory strategy interventions provided a range of measure-
ment across all cognitive domains, with FACT-Cog tool and TMT-A&B
used most often.>*#4 Pharmacological studies showed a trend towards
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consistent measurement of objective cognitive function. Notably,
Palmer et al.>* investigated synthetic melatonin and was the only
intervention reporting improvement in all four cognitive domains.
Recent clinical trials also demonstrated improvements using melatonin
to treat cancer-related fatigue.” Furthermore, a recent systematic
review and meta-analysis found that melatonin supplementation
significantly improved sleep quality.”? Of note, Palmer et al.'s>* trial
included just 35 participants, melatonin was administered for only
10 days, and consecutive assessments were 10 days apart. Therefore,
the use of melatonin in the treatment of CRCI necessitates further
investigation to clarify any negative effects, especially considering the
present results, small sample size, and short follow-up.**** Juan
et al.'s®® recent investigation of probiotic supplementation also
demonstrated improved objectively measured cognitive function in a
relatively large number of participants (n = 159). This finding is

promising and warrants investigation outside the breast cancer cohort.

4.1 | Limitations

This review sought to be rigorous; however, some limitations were
identified. All records reviewed were in English as resources were not
available to translate papers into English. Studies included in this
review were heterogeneous and the review questions and eligibility
criteria were broad. Therefore, a meta-analysis was precluded.
Consequently, findings from this review might not be generalisable.
This review focused exclusively on studies identified through elec-
tronic database searching, which could have led to omitting poten-
tially relevant studies published in the grey literature. Participants in
the included studies had different types of primary cancers, received
different chemotherapeutic agents with varying doses and durations,
and were recruited at varying stages of treatment, both with and
without pre-existing CRCI. Our findings are therefore limited by the
heterogeneous nature of studies included. Accounting for potential
confounding variables is important within experimental studies. This
was not always addressed in the included studies. For example, Oh
et al.?® found that patients receiving chemotherapy with moderate-
to-high perceived social support experience less severe symptoms,
including memory loss, compared with patients with low perceived

social support.

4.2 | Clinical implications

While guidelines to assessing and treating CRCI exist,”*"%¢ such
guidelines are not yet based on robust evidence, nor are they specific to
assessing and managing CRCI, thus limiting the ability of healthcare
professionals to address this issue in routine clinical practice. These
findings highlight the need for a comprehensive assessment tool for
diagnosing CRCI within the clinical environment. Findings also
demonstrate the variety of treatment options for patients with cancer
experiencing CRCI allowing healthcare professionals to recommend

the most suitable intervention for each patient. As further research is

carried out, informed by these findings, the development of stand-
ardised clinical care pathways and interventions is warranted.

5 | CONCLUSION

To the authors' knowledge this is the first in-depth review exploring
interventions used to manage CRCI at differing stages of cancer
treatment. The variety of interventions reviewed highlights a
continued lack of clarity around the complex mechanisms of CRCI
and problems in assessment and treatment. In this review, although
several of the interventions were found to be effective, there appears
to be no clear pattern in the consistent testing and evidence of
effectiveness of interventions for CRCI. Thus, there is a need for
more RCTs testing interventions for CRCI.

Carers can, however, help cancer survivors navigate their expe-
rience by stressing the individuality of CRCI and recommending an
individualised approach to assessment and treatment. Studies
reviewed, whilst not providing conclusive evidence, suggest that
certain types of interventions show greater promise than others, for
example, CBT and brain training. Psychoeducational approaches like
‘CALM™®® and brain-training using models like ‘Insight’®” have
demonstrated improvements in subjective functioning, executive
function, and memory. Pharmacological interventions also offer po-
tential in addressing CRCI. There is a need for patients to be assessed
by multidisciplinary teams specialising in survivorship care. Such
teams can remain appraised of available treatments and develop
capacity in delivering community-based interventions, holistically
tailored to the needs of patients experiencing CRCI.
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