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ABSTRACT

INTRODUCTION: Cancer-related cognitive impairment (CRCI) is prevalent in cancer survivors, and impairments affect daily living tasks and
overall wellbeing. This review aimed to identify and evaluate published randomized controlled trials (RCTs) of interventions to manage CRCI
in adult populations, to analyze their effectiveness and to investigate the quality of the studies.

EVIDENCE ACQUISITION: Seven databases were searched (Medline, Scopus, CINAHL, AMED, PsychINFO, OTseeker, and the Cochrane
Database of Systematic Reviews), including years 2005-2020, for randomized controlled trials (RCTs) investigating interventions to address
cognition for adults with cancer. The final search was conducted in February 2021. The quality of studies was assessed using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for RCTs. Meta-analysis used comprehensive meta-analysis software. The study protocol was regis-
tered with PROSPERO (registration N. CRD42017076868).

EVIDENCE SYNTHESIS: A total of 45 studies involving 4727 participants examined interventions for CRCI and met selection criteria. Catego-
ries of interventions included cognitive training-based intervention (N.=15), cognitive behavior therapy (CBT) (N.=4), physical activity (N.=16)
and other supportive therapies (N.=10). Meta-analysis indicated beneficial overall effects for all categories of interventions: cognitive training
(standardized mean difference [SMD]=0.41, 95% CI: 0.28-0.53, /2=88.87%); CBT (SMD=0.30, 95% CI: 0.14-0.46, /?=44.86%); physical activ-
ity (SMD=0.27, 95% CI: 0.20-0.35, I>=37.67%); and supportive therapies (SMD=0.27, 95% CI: 0.16-0.39, I’=64.94%). Studies used self-report
cognitive outcome measures and neurocognitive testing, or a mixture.

CONCLUSIONS: Findings suggest that effective intervention for CRCI exist, and cognitive training is consistently supported as an effective
intervention; however, a high level of heterogeneity was found. CRCI research is currently dominated by breast cancer survivors, and quality
research is also needed to address the broader population of cancer survivors who experience CRCI.

(Cite this article as: Mackenzie L, Marshall K. Effective non-pharmacological interventions for cancer related cognitive impairment in adults (exclud-
ing central nervous system or head and neck cancer): systematic review and meta-analysis. Eur J Phys Rehabil Med 2022;58:258-70. DOI: 10.23736/
S1973-9087.21.06898-2)
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Introduction

Up to 75% of cancer survivors face cancer-related cog-
nitive impairment (CRCI).! CRCI refers to impair-
ments in cognitive functioning that are the direct result
of cancer, or cancer treatment. Currently, there is a lack
of consensus about the definition, assessment, and impact
of CRCI,2 and the condition present in various ways, and
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there are differences in how cognition is measured.3 Allied
health professional have an important role to play in sup-
porting adults with cancer* and have much to offer cancer
survivors experiencing CRCI.5-# However, allied health
practice for cancer survivors with CRCI is not well de-
veloped. This review used the Occupational Performance
Model of Australia (OPMA) definition of cognition to un-
derstand CRCI. The OPMA reports cognitive performance
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to be “the operations and interactions of mental processes
used during task performance.” Therefore, cancer-related
cognitive change can affect many of these mental process-
es, including language, learning and memory, complex at-
tention (e.g. sustained attention, divided attention, selec-
tive attention, processing speed), and executive function.

CRCI affects areas of daily life including self-care,
social activity, work, and productivity.!0 However, the
impacts vary between individuals. Previous studies have
demonstrated that impaired cognitive functioning can in-
crease job stress, cause anxiety in seeking employment,!0
and can impact job performance and work output.!! It has
also been reported that feelings of embarrassment and low
self-esteem can influence the way in which cancer survi-
vors experiencing CRCI participate in social activities, and
interact within social relationships.!2 Developing effective
and accessible interventions for CRCI is therefore essen-
tial in allowing cancer survivors to return to every-day life
and the best possible quality of life. However, health pro-
fessionals do not have clear evidence upon which to base
decisions when selecting an intervention to assist cancer
survivors with CRCI or designing a comprehensive reha-
bilitation program.

The development of interventions to address CRCI is
based on the premise that cognitive functioning can be
improved, by practicing components of cognitive skills
to improve occupational performance. Cognitive training
has been found to improve performance on the specific
tasks involved in the training (and those skills that are as-
sessed), but there is less support that this can extend to
improving performance on related tasks or everyday ac-
tivities.!3. 14 Neuroplasticity, or the capacity of neural net-
works to change and reorganize, is the theoretical basis of
such interventions where participants engage in intensive
targeted cognitive activities.!* Fatigue, anxiety, depres-
sion and sleep difficulties are also common cancer-related
symptoms which may impact on cognitive functioning,
making interventions such as cognitive behavioral therapy,
exercise and meditation effective in improving cognition
alongside improving self-efficacy and compensatory strat-
egies.!5

Many interventions have been considered for the man-
agement and prevention of CRCI. These can be grouped
into four main areas.!¢ These include: 1) cognitive training
or rehabilitation, where cognitive skills are retrained and
graded through practice, using computerized and func-
tional activities;!7 2) cognitive Behavior Therapy (CBT)
that uses behaviorally oriented programs to retrain, and
compensate for lost cognitive abilities;!7 3) exercise and
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physical activity may be used as a means of reducing the
effects of CRCI, and improving cognition in cancer survi-
vors as a primary, or secondary outcome;!® and 4) inter-
ventions including yoga, tai chi, meditative, or mindful-
ness programs, which are often evaluated in breast cancer
survivors.!9 Prescription medications may be used to im-
prove cognition and to increase alertness, and supplements
including various herbal medicines, are also used.20

However, the prevention and management of CRCI is
not always discussed with cancer survivors and referral to
services for management or support for cognitive concerns
is limited.2 To develop an effective cancer rehabilitation
program to support survivors with CRCI through short-
term, and long-term recovery, a comprehensive analysis
of available cognitive interventions and their effectiveness
is needed.? Previous reviews have included people with
brain cancers which could have a more direct impact on
cognitive functioning,?! have only included self-reported
outcome measures of cognitive functioning,!” or must
have completed systemic treatment such as chemotherapy
or hormone therapy.!6 The year range of studies identified
in these reviews included 2007-2014,2! 2012-2014,'6 or
2012-2019.17 Therefore, this review aimed to consolidate
the current evidence that examined non-pharmacological
interventions such as cognitive training and supportive
therapists to address CRCI in adult populations at any time
in the treatment process, to identify the outcome measures
used (whether self-reported or performance based evalua-
tions of cognitive functioning) and to investigate the qual-
ity of the studies included.

Evidence acquisition

This study was a systematic review of randomized control
trials (RCTs) that meet the criteria listed below. The study
protocol is registered with PROSPERO (registration N.
CRD42017076868).

Study criteria

Studies were included regardless of the type or stage of
systemic medical cancer treatment, and studies were not
excluded based on the type or stage of cancer treatment
participants were undergoing at the time of the study. Us-
ing the PICO format, the population for the review was
cancer survivors with cognitive impairment following can-
cer treatment, interventions were any interventions aimed
at improving cognitive functioning, comparison was either
wait-list or control, and outcomes were self-reported, or
performance based cognitive measures.
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Inclusion criteria

Inclusion criteria were:

* participants within the RCT who had a primary can-
cer diagnosis and were at any stage of treatment;

* a RCT that included the effect of a single interven-
tion used to optimize cognitive functioning where a cog-
nitive impairment was of concern. Quasi-randomization
included;

* cancer survivors defined as anyone post-cancer diag-
nosis;

* adult participants within the RCT (18 years and over)
of any gender;

* any non-pharmacological intervention provided by a
health professional with the aim to reduce cognitive im-
pairment;

» Use of any type of cognitive outcome measure;

* cognitive function measured as a primary or second-
ary outcome,

* control comparisons that could be usual care or an al-
ternative or sham intervention;

* pilot studies and studies conducted from 2005-2020,
in English.

Exclusion criteria

Among the exclusion criteria:

» cancer diagnosis of participants occurred prior to
adulthood. The relationship between cognitive function
and illness in childhood is fundamentally different to that
of adulthood as the developing brain is particularly vulner-
able to change.22 Primary diagnosis of participants with
cancers of the brain and spinal cord (including head and
neck cancer). Cancers of this kind are likely to have a di-
rect or indirect effect on the brain and therefore cognitive
functioning has the potential to be impacted via a different
mechanism to CRCI;23

* study participants had undergone, or were undergo-
ing, treatment that directly targets the brain or spinal cord
(e.g. cranial radiation or chemotherapy directly delivered
to the brain or spine);

» pharmacological interventions and other supplements
available over the counter;

» combined interventions where data on the outcomes
could not be identified separately for each intervention;

» functional MRI studies as these are diagnostic meth-
ods rather than interventions;

* studies where participants were their own controls;

* studies in languages other than English;

* study protocols, reviews, and feasibility studies.

[}
(=N}
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Outcome measures and interventions

Outcome measures included either performance-based
cognitive functioning via valid neuropsychological test-
ing, or self-reported measures completed by participants,
or a mixture of these. Studies using a quality of life (QoL)
measure were included if they provided a score for the cog-
nitive domain separately to overall QoL. Studies included
in this review examined interventions where cognitive
function was a primary or secondary outcome measure.
Interventions were defined as any treatment, distinct from
systemic cancer treatment, that could improve cognitive
functioning and did not involve the medical prescription
of medications or use of herbal supplements.

Search methods

An electronic search of seven databases was completed
in consultation with an academic liaison librarian at the
University of Sydney to identify relevant articles in the
literature published between 2005 and 2020. Limiting
this search to the last 15 years allowed for the most up-
to-date interventions and technologies to be included in
the study, while capturing most studies in previous re-
views.2 Databases included in this search were Medline,
Scopus, CINAHL, AMED, PsychINFO, OTseeker, and
the Cochrane Database of Systematic Reviews, accessed
via the University of XXX library. Search strategies varied
by database; however, search terms included “cancer” OR
“neoplasms,” “cognitive” OR “cognitive dysfunction,”
“cogniti*,” “neurocognition,” ‘“neurocognitive,” “cogni-
tive rehabilitation,” “chemobrain,” “chemo brain,” “che-
mofog,” “chemo fog.” Searches were limited to the Eng-
lish language and randomized control trials. In databases
where restriction by study type was not possible, key terms
“RCT” and “trial” were added to search terms. The stud-
ies included in the previous reviews identified above were
also cross referenced to determine if they met the criteria
for this review.

LT3

Study selection

Articles identified were exported to Endnote for screen-
ing and removal of duplicates. Individual studies from
any reviews were included if relevant. One researcher
(KM) completed the initial title screen of articles and
relevant studies were entered into a Microsoft Excel
(Windows; Redmond, WA, USA) spreadsheet for fur-
ther screening. Two researchers (KM and LM) then
independently screened abstracts of the remaining ar-
ticles against the inclusion and exclusion criteria. Any
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disagreements were resolved via discussion. Reasons
for exclusion were recorded and documented in a PRIS-
MA flow chart. Following this, full-text articles were
screened independently for inclusion by the two re-
searchers.

Data extraction and quality analysis

Eligible studies were grouped based on their consideration
of cognition as a primary or secondary outcome. Only
outcome measures providing information about cognitive
functioning were included in the analysis of effective-
ness. Data were then extracted from all studies using an
adaption of the Cochrane Data Extraction and Assessment
Template.24 Information was extracted regarding the char-
acteristics of the study, the intervention being trialed, and
the results of the study. The intervention was categorized
according to the label used by the study authors. For in-
stance, if a study identified CBT as the intervention, the
study was allocated to the CBT group. Identified interven-
tions were evaluated using an Excel spreadsheet devel-
oped by the researchers. The spreadsheet was populated
according to the level of training of those administering
the intervention, intensity, duration, follow-up, cognitive
outcome measures used, and accessibility to cancer sur-
vivors was defined as high if it was freely available in the
community, did not need a referral or training. Accessibil-
ity was rated as moderate if some access to a health profes-
sional was needed, or low if there were specific eligibility
criteria or a prescribed program from a healthcare profes-
sional was required.

Quality assessments were completed on each of the
studies using the Joanna Briggs Institute (JBI) Critical Ap-
praisal Checklist for RCTs.25 This tool consists of 13 items
assessing risk of bias within RCTs on which the assessor
checked “yes,” “no,” or “unclear.” Where no reference
was made in the article to methods indicated by the ap-
praisal instrument an “unclear” rating was given. Again,
KM and LM independently rated the studies against these
criteria and any differences were resolved via discussion.
A quality score for each of the studies was calculated as
the percentage of “yes” marks received out of the total ap-
plicable items.

Data synthesis
Interventions were categorized into two main groups by
the authors based on the characteristics of the interven-

tions. The mean outcome scores of both control and in-
tervention groups for each study were entered into the
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Comprehensive Meta-Analysis software (https://www.
meta-analysis.com/) for analysis of effect size, both for
individual studies and for the group of interventions.
Meta-analysis data analysis included the standardized
mean difference, Hedges g, 95% confidence intervals, P
value and /7 statistics.26 To determine long term gains,
for RCTs where outcomes were assessed at numerous
timepoints, mean scores were only entered for the final
timepoint to demonstrate the overall effect of the inter-
vention at completion of the study. As this review was
focused on published data, authors were not contacted to
provide further data that was unpublished. Where studies
used multiple cognitive outcome measures and published
these scores, results were pooled for each study to obtain
summary effect size data for each study. To determine if
the results for studies with low risk of bias differed from
the results of studies with a high risk of bias, a separate
analysis was done to compare studies with a quality score
of greater than 70% with those with a quality score of less
than 70%.

Evidence synthesis
Study selection

The total number of studies identified via electronic search
was 2253 (Figure 1). Of the 294 studies included follow-
ing the abstract screen, 15 abstracts needed to be discussed
by the researchers to reach consensus. A total of 45 studies
met the inclusion criteria following the screening process.
Of the included studies, 35 examined cognitions as a pri-
mary outcome, while the remaining 10 included cognitive
function as a secondary measure. The PRISMA flow dia-
gram (Figure 1) outlines the full selection process, includ-
ing reasons for exclusion of studies.

Study characteristics

A total of 4727 participants from 15 countries were includ-
ed across the 45 studies. Most studies (22) were completed
in the USA, and middle-aged populations represented a
high proportion of participants. Of the population groups,
31 studies (67.4%) were specific to breast cancer survivors
only. The remaining studies either looked at a select group
of cancers (including breast cancer) or were open to all
cancer types. Finally, 29 (63%) of included articles had
been published in the five years prior to the search (2015
and later). Full characteristics of each study are presented
in Supplementary Digital Material 1: Supplementary Ta-
ble L.
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Total records identified from
Medline, Scopus, CINAHL,
AMED, PsychINFO, OT
seeker and Cochrane library
(N.=2253)

!

Records after duplicates
removed
(N.=951)

\
Title screening (N.=951)

Records excluded as
. |irrelevant to the study
objectives
(N.=657)

Abstracts excluded
(N.=238)
- No cognitive
outcome measure
(N=111) Y

- NOtRCT (N-=60) || Apygtract screening (N.=294)
- No cancer diagnosis

(N.=24) < Full-text articles
- No intervention excluded (N.=11)
(N.=23) ) v - Not a completed
- Pharmacological Full-text articles assessed RCT (N.=5)
only (N.=9) for eligibility - No cognitive
- Head and neck (N.=56) outcome measure
cancer (N.=7) (N=1)
- Diagnosis <18 years - No outcome
(N.=4) > intervention (N.=4)
¥ - Intervention
. participants were
Studies included their own controls
in the review (N.=45) (N.=1)

Figure 1.—PRISMA flow diagram.

Intervention characteristics

Of the included studies, a wide range of interventions
were identified, with different time schedules. Dos San-
tos,2” Freeman et al.28 and Von Ah et al.2% included two
intervention groups with controls, and Peterson et al.30
included three intervention groups with an alternative in-
tervention control. Ferguson et al.,3! Johns et al.,32 Lar-
key et al.,33 May et al.,3* McDougall et al.;35> Myers et
al. 36 Schmidt et al.,37 Steindorf et al.38 and Vadiraja et
al3% also compared their intervention group with an al-
ternative intervention (or a sham intervention), without a
no-intervention control. The interventions within studies
included various forms of physical activity (N.=16), sup-
portive therapies (N.=10), cognitive retraining or rehabili-
tation (N.=15), and interventions identified as cognitive
behavior therapy by authors (N.=4). Physical activity and
supportive therapies included aerobic and resistance exer-
cise, interval training, walking, use of a treadmill, exercise
bikes and speed-feedback therapy, conducted individually
or in a group, yoga and Tai Chi based practices, support
group, psychosocial, and behavioral interventions, mind-
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fulness or meditation interventions and acupuncture (Sup-
plementary Table I).

Of the interventions where the level of training required
for administration was classified as “low” (no specific train-
ing in cognition), all studies were within the supportive
therapies category. These included trained yoga instructors,
meditation specialists, and acupuncturists. However, this cat-
egory also scored the highest regarding accessibility of the
intervention to the general population. Most studies (60.8%)
obtained high scores for duration of intervention (over six
weeks in duration). However, the duration and intensity of
interventions varied considerably from four to 24 weeks.

Common outcome measures

A total of 51 outcome measures were used across the stud-
ies. Supplementary Digital Material 2: Supplementary
Table Il summarizes the tools that were used.

The most commonly used tools were the Functional
Assessment of Cancer Therapy- Cognition (FACT-Cog)40
and the European Organization for Research and Treat-
ment of Cancer- Quality of Life C30 (EORTCQoL C30).4!
There was more variation in performance-based objec-
tive measures. Of the 35 studies that included objective
or performance-based assessment, 29 used a combination
of multiple measures or a test battery, with the most com-
monly used objective measurement tools used being the
trail making test, components of the Wechsler Adult In-
telligence Scale (WAIS),#2 and the Controlled Oral Word
Association test (COWA).43 Studies within the cognitive
training category tended to favor the use of neuropsycho-
logical testing. Across these 15 studies, three studies did
not use a self-report measure. CBT based studies used a
relatively equal combination of both subjective and objec-
tive measures, with six tests of each completed across the
four studies. Finally, studies within the physical activity
and supportive therapies group were the most likely to use
self-report measures alone, with 10 of the 27 not including
any performance measure of cognition.

Risk of bias within studies

Within the critical appraisal of the included studies (Sup-
plementary Digital Material 3: Supplementary Table III),
the studies with the highest percentage scores reported on
methods allowing for blinding of participants and research-
ers or alternative interventions where participants may not
be able to determine if they were in the intervention group
or not. Key issues relating to the appraisal of the studies
was a lack of reported concealed allocation of participants,
and lack of information related to blinding of participants

April 2022



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically

or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2022 EDIZIONI MINERVA MEDICA

INTERVENTIONS FOR CRCI MACKENZIE
Study name Outcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower  Upper
in means error Variance limit limit ~ Zvalue P value

Bellens 202022 Mxed 14.460 2.334 5.445 9.886  19.034 6.197 0.000 h
Bray 201745 Mxed 0.111 0.020 0.000 0.072 0.150 5.536 0.000
Chemer 201346 Mxed 1.383 0.238 0.057 0.916 1.850 5.803 0.000 —i—
Dambholdt 201647 Mxed 1.383 0.238 0.057 0.916 1.850 5.803 0.000 | |
Dos Santos 202027 Mxed 0.239 0.048 0.002 0.145 0.333 5.008 0.000 [ |
Ercoli 201548 Mxed 0.739 0.219 0.048 0.310 1.168 3.375 0.001 —
Kesler 201349 Performance 0.543 0.127 0.016 0.295 0.791 4.287 0.000 E 3
King 201550 Mxed 0.250 0.118 0.014 0.019 0.481 2121 0.034 Hl-
McDougall 201135 Mxed 0.331 0.150 0.022 0.038  0.624 2213 0.027 -l
Meneses 201851 Performance 0.242 0.117 0.014 0.014 0.470 2.076 0.038 Hil-
Mhuta 201852 Mxed 0.415 0.145 0.021 0132 0698 2871 0.004 . =
Park 201753 Mxed 0.373 0.072 0.005 0.232 0.514 5.177 0.000 ||
Peterson 201830 Mxed 0.603 0.133 0.018 0.343 0.863 4.543 0.000 -
Von Ah 2012 Memory training2? Mxed 0.396 0.092 0.008 0.215 0.577 4.298 0.000 =
Von Ah 2012 Speed processing2? Mxed 0.396 0.092 0.008 0.215 0.577 4.298 0.000 [ ]
Wu 201854 Mxed 0.233 0.095 0.009 0.046 0.420 2.447 0.014 L 3

0.407 0.063 0.004 0.283 0.531 6.451 0.000 ¢

-2.00 -1.00 0.00 1.00 2.00
Favors control Favors intervention
Q value 134.79, df 15, P=0.001, 12 88.87%

Figure 2.—Meta-analysis of effect sizes for studies of cognitive training.22. 27.29, 30, 35, 44-53

and outcome assessors. In studies such as these most par-
ticipants would have known they were receiving an inter-
vention or not (in the case of usual care), and researchers
providing interventions would have been aware of who
was receiving the intervention. Some outcomes were mea-
sured using online assessments that would be free of in-
terference from study staff. No obvious relationships were
observed between critical appraisal scores and study re-
sults. Studies may have incorporated these items in their
studies but failed to report them in the article.

Meta-analysis

Of the included studies, 49 interventions were described
within the 46 studies that provided sufficient data to be
included in the meta-analyses. Meta-analyses were con-
ducted for studies within the categories of intervention
identified above using a random effects model. Figures
indicate if mixed, or self-report or performance-based out-
comes were used to calculate the effect size for each study.

Cognitive training interventions

A summary of the study outcomes related to cognitive train-
ing interventions is provided in Figure 2.22. 27,29, 30, 35, 44-53
All the studies of cognitive training (N.=16) had a P value
<0.05 for their effect sizes in relation to cognitive perfor-
mance which favored the interventions.

The summary effect sizes for all 16 studies indicated
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a standardized mean difference of 0.407 (95% CI: 0.283-
0.531), P=0.001. Between-study heterogeneity in the
cognitive training analysis indicated that the studies did
not share a common effect size (Q=134.79, P=0.001,
12=88.87%).26 Seven of the studies were focused on breast
cancer survivors. When analyzed separately, these stud-
ies had a standardized mean difference of 0.455 (95%
CI: 0.244-0.665) and between-study heterogeneity of
Q=54.995, P=0.0001, /2=87.271%.

Cognitive behavioral therapy

Of the four studies using cognitive behavioral therapy
(CBT) interventions there was a mixed effect on cogni-
tive performance (Figure 3).31.34.54.55 Only the Ferguson
et al3! and Goedendorp et al.>5 studies had a positive
mean effect size on cognition (P<0.05) which favored the
intervention. The summary effect sizes for all four studies
indicated a standardized mean difference of 0.297 (95%
CI: 0.137-0.456), P=0.001. Between-study heterogeneity
in the cognitive training analysis indicated that the stud-
ies had a high level of heterogeneity (Q=5.44, P=0.142,
12=44.86%).26 Two studies were focused on breast can-
cer survivors.3l: 34 When analyzed separately these stud-
ies had a standardized mean difference of 0.338 (95% CI:
0.061-0.616), P=0.17, and between study heterogeneity of
Q=2.665, P=0.103, 12=62.483%.
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Study name Outcome Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower  Upper
in means error Variance limit limit Zvalue P value
Ferguson 201255 Mxed 0.194 0.126 0.016  -0.053  0.441 1.542 0.123
Ferguson 201631 Mxed 0.477 0.119 0014 0243 0711 4.001 0.000 B
Goedendorp 201456 Mxed 0.356 0.090 0.008  0.179  0.533 3.947 0.000 .
May 201934 Self-report 0.058 0.164 0.027 -0.263 0379 0.354 0.723
0.297 0.081 0.007  0.137  0.456 3.644 0.000 ‘
-2.00 1.00 0.00 1.00 2.00
Favors control Favors intervention
Q value 5.44, df 3, P=0.142, 12 4.86%
Figure 3.—Meta-analysis of effect sizes for studies of cognitive behavioral therapy.3!. 34.54.55
Study name Subgroup Outcome Statistics for each study Std diff in means and 95% CI
within study Std diff Standard Lower Upper
inmeans error Variance limit limit  Zvalue Pvalue
Campbell 201858  Aerobic exercise Mxed 0.499 0.148  0.022 0209 0789 3376  0.001
Carayol 2018% Aerobic and resistance exercise Mxed 0.105 0.074  0.006 -0.041 0251 1412  0.158
Derry 201560 Yoga Self-report  0.216 ~ 0.071  0.005 0.077 0355 3.042  0.002
Gokal 201862 Moderate intensity walking Mxed 0.200 0.104  0.011 -0.003 0403 1.928  0.054
Hartman 201863 Physical activity Mxed 0.197  0.064 0.004 0072 0322 3.084  0.002
Larkey 201633 Qigong/Tai Chi easy Mxed 0.211 0.106  0.011  0.002 0420 1.983  0.047
Mki 201466 Speed feedback bicycle ergometer Performance  0.343 0.269 0.072 -0.185 0.871 1274  0.203
Myers 201936 Qigong vs. gentile exercise Mxed 0.428 0.112 0.013  0.209 0.647 3.825 0.000
Myers 201936 Qigong vs. support Mxed 0.597 0.132 0.017 0339 0.855 4.531 0.000
Northey 201968 High intensity interval training Performance 0.627 0.264  0.070 0.110 1.144 2375 0.018
Northey 201968 Moderate int. continuous training Performance 0.414 0271 0.073 -0.117 0.945 1528  0.126
Oh 201269 Qigong Self-report  0.417 ~ 0.111  0.012 0199 0.635 3755  0.000
Pasyar 201970 Yoga Self-report  0.161 0370  0.137 -0.564 0.886 0435  0.663
Rogers 200973 Physical activity Self-report  0.305 0.140  0.020 0.031 0579 2178  0.029
Schmidt 201437 Group resistance exercise Mxed 0.162 0.144  0.021 -0.120 0444 1.128 0.259
Steindorf 201438 Group progressive resist. training ~ Self-Mxed ~ 0.102 0.091 0.008 -0.076 0.280 1.125  0.260
Vadiraja 20093  Yoga Self-report 0354 ~ 0.209  0.044 -0.055 0763 1.697  0.090
0272 0.038 0.001 0199 0346 7.251  0.000
-2.00 -1.00 0.00 1.00 2.00
Favors control Favors intervention
Q value 134.79, df 15, P=0.001, 12 88.87%

Figure 4.—Meta-analysis of effect sizes for studies of physical activity.33, 36-39. 56-65

Physical activity

A summary of the study outcomes related to studies speci-
fying physical activity is shown in Figure 4.33, 36-39, 56-65
Across all 16 studies included there were some incon-
sistencies in effect size results. Eight studies demonstrated
a P value of >0.05 indicating an insignificant difference in
the intervention and control groups. These were Carayol57
for aerobic and resistance exercise, Gokal3® for moder-
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ate intensity walking, Miki¢! for speed feedback ergom-
eter, Northey®? for moderate intensity continuous training,
Schmidt37 for group resistance exercise, Steindorf38 for
group progressive resistance training and Vadiraja et al.3°
for yoga.

However, similar interventions had more positive effect
sizes such as Campbell3¢ and Peterson3? for aerobic exer-
cise, Derry et al.58 for yoga, Hartman® and Rogers¢s for
physical activity, and Northey¢2 for high intensity interval

April 2022



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically

or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2022 EDIZIONI MINERVA MEDICA

INTERVENTIONS FOR CRCI

training had more positive results. Despite inconsistencies,
the summary effect size for the 16 studies indicated a stan-
dardized mean difterence of 0.272 (95% CI: 0.199-0.346),
P=0.001, favoring the interventions overall. Consistent
with the range of results and interventions, between-study
heterogeneity was also high in this analysis (Q=25.67,
P=0.059, 1>=37.67%).

Thirteen of these studies focused on breast cancer sur-
vivors and when analyzed separately the standard differ-
ence in means was 0.260 (95% CI: 0.183-0.337), P=0.001,
and between study heterogeneity of Q=23.029, P=0.06,
12=39.206%.

Supportive therapies

A summary of the study outcomes related to studies about
supportive therapies is provided in Figure 5.28, 32, 66-74

Eleven studies were included using a wide range of sup-
portive therapies with some inconsistencies in effect size
results. Those demonstrating a P value of >0.05 indicating
an insignificant difference in the intervention and control
groups included Ding¢? for a support group, Hartman et
al.o8 for weight loss, Johnston et al.%® for acupuncture,
Reich et al.”? for mindfulness-based stress reduction, and
Rottman et al.73 for psychosocial rehabilitation.

However, other interventions had more positive effect
sizes such as Bjorneklettt® for a support group, Freeman?8
for an imagery based behavioral intervention, Johns et
al.32 and Rahmani ez al.7! for mindfulness-based stress re-

MACKENZIE

duction, Milbury?0 for Tibetan sound meditation, and Tong
et al.7 for acupuncture, had more positive results.

Despite inconsistencies, the overall summary effect size
for the 11 studies indicated a standardized mean difference
of 0.274 (95% CI: 0.161-0.387), P=0.001, favoring the
interventions overall. Consistent with the range of results
and interventions, between-study heterogeneity was also
high in this analysis (Q=28.52, P=0.001, /?=64.94%).

Seven of these studies were focused on breast cancer
survivors and when analysed separately, the standard
difference in means was 0.284 (95% CI: 0.120-0.447),
P=0.001, and between study heterogeneity of Q=20.493,
P=0.002, 12=70.721%.

Sensitivity analysis

All 29 (65%) studies had quality scores under 70% and
16 (35%) had quality scores over 70%. The lower quality
studies were analyzed together and had a standard mean
difference of 0.313 (95% CI: 0.237-0.389), P=0.001 and
between study heterogeneity of Q=156.923, P=0.001,
12=80.882. Eight studies in this group had p values of
>0.05 indicating an insignificant difference in the inter-
vention and control groups. The high-quality studies had
an overall standard mean difference of 0.330 (95% CI:
0.245-0.416, P=0.001 and between study heterogeneity of
Q=33.25, P=0.004, ’=54.907%. Five studies in this group
had p values of >0.05 indicating an insignificant difference
in the intervention and control groups.

Study name Intervention Outcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower  Upper
inmeans  error  Variance limit limit  Zvalue Pvalue
Bjérneklett 201357 Support group Self-report  0.290 0.100 0.010  0.094 0486 2902  0.004 L
Ding 202061 Support group Mxed 0.594 0.352 0.124  -0.097  1.285 1.686  0.092 —
Freeman 201528 Imagery-based behavioural int. Self-report ~ 0.747 0.163 0.027 0427 1.067 4.573  0.000 -
Hatman 201964 Weight loss Performance 0.076 0.051 0.003 -0.025 0.177 1480  0.139 [ |
Johns 201632 Mindfulness-based stress red. Mxed 0.458 0.113 0.113 0236  0.680 4.042  0.000 L
Johnston 201165 Acupuncture Self-report  1.419 1.004 1.008 -0.549  3.387 1413 0.158 i
Moury 201367 Tibetan sound meditation Mxed 0.215 0.081 0.007  0.055 0.375 2,640  0.008 | ]
Rahamani 201471 Mindfulness-based stress red. Self-report ~ 0.790 0.402 0.161  0.003  1.577 1.967  0.049 —l—
Reich 201772 Mindfulness-based stress red. Performance 0.175 0.099 0.010 -0.020 0.370 1762 0.078
Rottman 201274 Psychosocial cancer rehabilit. ~ Self-report ~ 0.133 0.094  0.009 -0.052 0.318 1413 0.158
Tong 201875 Acupuncture Mxed 0.207 0.067 0.004 0.076  0.338 3.098  0.002 | |
0.274 0.058 0.003 0.161 0387 4759  0.000 ¢
-2.00 -1.00 0.00 1.00 2.00
Favors control Favors intervention
Q value 28.52, df 10, P=0.001, 12 64.94%

Figure 5.—Meta-analysis of effect sizes for studies of supportive therapies.28. 32, 66-74
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Discussion

This systematic review set out to identify and evaluate pub-
lished RCTs examining interventions to manage CRCI in
adult populations, to analyze their effectiveness via the out-
come measures used, the impact of these interventions, and
to investigate the quality of the studies. Whilst summary ef-
fect sizes indicated overall effectiveness in each category of
interventions, the results were not unequivocal for individual
studies. A total of 32 studies demonstrated a significant dif-
ference in cognitive outcomes (depending on the outcome
measure used) such as changes in language, learning and
memory, complex attention (e.g. sustained attention, divided
attention, selective attention, processing speed), and execu-
tive function, between intervention and control groups, with
14 studies individually failing to demonstrate effectiveness.

Identified CRCI interventions

The key categories of cognitive interventions that were
identified in this review were cognitive training, cogni-
tive behavioral therapy, physical activity and supportive
interventions. Cognitive training appeared to be the most
consistently effective category of intervention. CBT is a
widely used therapy that has origins in psychology and is
commonly used in mental health settings. However, the
results for CBT interventions in this review were mixed
in relation to cognitive functioning for CRCI. Various
methods of delivery were used for interventions included
in this review including group and individual training and
rehabilitation, in-person training, and online interventions.
They also included the use of compensatory strategies that
aim to maintain functionality in daily life, despite subtle
cognitive impairment.’S Findings of the meta-analysis in
this study suggest that directly addressing cognitive defi-
cits through cognitive training is an effective method of
improving cognition in cancer survivors.

The physical activity and supportive therapies catego-
ries encompassed a range of interventions. Key inclusions
within this category are mind-body interventions (e.g.
yoga, Tai Chi, Qigong) and meditation-based interven-
tions. Although the usefulness and legitimacy of comple-
mentary therapies is often questioned, findings from this
review demonstrated that a number of these interventions
significantly improved cognition. One concern relating
to studies in these categories is difficulties with adher-
ence to, or standardization of the intervention. As these
interventions are often self-managed by participants and
completed at home, monitoring adherence to the interven-
tion protocol can be difficult. Physical activity interven-
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tions included a range of types contributing to improved
cognition. Some physical activity interventions aimed to
address cancer-related fatigue, with cognitive function-
ing as a secondary outcome.3$ Due to the link between
fatigue and cognition it is important to consider interven-
tions where cognition may not be the primary outcome. A
high proportion of physical activity related studies were
published in 2018-2020, suggesting a recent interest in
linking exercise and physical activity with CRCI. Obesity
and diabetes are related to cognitive decline in the general
population and have also been linked to cognitive chal-
lenges experienced by breast cancer survivors by Hart-
man et al.%8 As physical activity can help control these
issues, this may have an effect on cognition for cancer
survivors. Another hypothesis for the effectiveness of
physical activity on improving cognition suggests that
exercise leads to the production of brain derived neuro-
trophic factor, increased oxygenation via blood flow to
the brain or decreases in inflammatory cytokines’? that
can lead to improved cognitive function. Issues relating
to home-based independently applied interventions and
supervised individual and group interventions may affect
adherence to an exercise program.

The studies included in this review were dominated
by those targeted on breast cancer (BC) (31 studies) with
BC also included in studies targeting any cancer types.
This means that results cannot be generalized to all cancer
survivors. When analyzed separately, the studies involv-
ing only BC survivors did not perform differently to the
analysis of the studies together, indicating that the domi-
nance of BC in the studies did not influence the results
of which interventions were the most effective. There
are many reasons why there are more studies involving
BC survivors. There are large numbers of breast cancer
diagnoses annually amounting to 14% of all cancers di-
agnosed, and survivorship rates are high.®5 Cognitive im-
pairments are frequently reported by breast cancer survi-
vors, and these can be linked to chemotherapy treatments
and the resulting induced menopause. Estrogen-reduction
strategies postactive treatment such as ongoing endocrine
treatments may also be associated with cognitive impair-
ments.”3 Anxiety and distress are also common symptoms
reported by breast cancer survivors that may contribute to
cognitive impairments.’* However, this does not negate
the need to address CRCI in other types of cancer.

The review did not identify a relationship between study
effectiveness and the duration of the intervention. There-
fore, it is difficult to determine the minimum dose of an
intervention that is required to be effective. Recommenda-
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tions on intervention dosage have not been made in other
reviews of CRCI management? 15 and the gold standard of
treatment and timing is yet to be determined.”®

Comparison with other reviews

The current review intended to explore a comprehensive
range of interventions for CRCI using cognitive outcomes
and located 46 RCTs for review. Treanor et al.!¢ differed
from this review as their selection criteria required cancer
survivors to have completed their treatment and reviewed
five RCTs. All the studies involved BC survivors and sup-
ported cognitive training as beneficial as well as compen-
satory strategy training. Zeng et al.!7 conducted a review
using a selection criterion of self-reported cognitive func-
tion only as a primary outcome measure and reviewed
29 RCTs. They also reported that the most effective in-
terventions were meditation, cognitive training, cognitive
rehabilitation, and exercise interventions. The current re-
view included both self-reported and performance-based
outcome measures of cognitive functioning and included
studies at any point of the cancer treatment continuum. The
selection criteria for the current review, resulted in a broad-
er range of 14 countries represented within the review, in-
cluding studies from Asian and Middle Eastern countries
compared to other reviews. All the RCTs included in the
Treanor et al.'o review and 27 of the 29 RCTs in the Zeng
et al.'7 review met the selection criteria for this review.

Outcome measurement

Studies included in this review used 16 self-reported cog-
nitive outcome measures and 35 performance-based cogni-
tive outcome measures (Supplementary Table II). Some of
the performance-based measures were originally designed
for a different treatment group which may limit their ap-
plication to the CRCI group where impairments may be
much more subtle and difficult to assess. The capacity of
performance-based test results to translate into functional
activity is questionable.

There may be a lack of agreement between scores on
self-reported and performance-based cognitive outcome
measures. This may be attributed to people needing to
work harder to perform a neuropsychological performance
test following chemotherapy, as evidenced by functional
MRI data.”? This may then mask the level of cognitive
impairment present as scores will remain high. However,
there appears to be no consistent difference in effect sizes
for studies using only self-reported outcome measures,
only performance-based outcome measures or a mix of
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both types in this review. As so many outcome measures
were used by studies included in this review, a consensus
is needed to select the most appropriate measures so that
real comparisons can be made. The International Cogni-
tion and Cancer Task Force has published their recom-
mendations for outcome measures used for CRCIL.”8 They
recommended the use of the Hopkins Verbal Learning
Test-Revised (HVLT-R), Trail Making Test (TMT), and
the Controlled Oral Word Association (COWA) test, to
measure learning and memory, processing speed, and ex-
ecutive function. These tests were used in only two studies
in this review.

Quality of research and risk of bias

The quality of studies included in systematic reviews is
important to prevent an exaggeration of the overall treat-
ment effect. Quality analysis of the studies identified poor
concealment of allocation and blinding of participants and
researchers, leading to potential selection bias. However,
there may be methodological barriers to blinding partici-
pants participating in groups and undertaking certain ac-
tivities related to improving cognitive functioning. Quality
ratings for the studies that were common to this review and
the Zeng et al.l7 reviews were consistent. Of the studies
included in this review, most received scores of over 50%
for total quality. The comparison of studies deemed as
high quality (score of over 70%) and low quality (score of
under 70%) indicated that the studies did not demonstrate
differences in effect sizes. The interventions in this review
were compared with both usual care or waitlist populations
as well as alternative interventions or sham interventions.
Therefore, interpretation of effect size results for studies
should take this into account.

Implications for clinicians and cancer survivors

This study provides insight into current options for the
management of CRCI, which may improve the lives of
those who experience it. For health professionals devel-
oping a rehabilitation program for people with CRCI, the
choice of interventions and outcome measures to use is
complex. The findings of this review can help inform clini-
cal practice and assist practitioners in recommending and
developing interventions and deciding how to evaluate
them. A multidisciplinary approach to managing CRCI is
important.”® Awareness of limitations in the scope of the
research, and the financial and time burdens associated
with interventions will allow practitioners to make in-
formed decisions around implementing any interventions.
There is need for further, high-quality research in this area
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to determine the best duration and intensity of an interven-
tion to achieve the best gains in cognitive improvement,
and to identify clinically significant effect sizes.

Limitations of the study

One limitation of this review is the restriction to studies
written in English, as there was no opportunity for trans-
lation of studies in other languages, and there may have
been other studies conducted in other languages. Whilst
the exclusion of head and neck cancers was important for
excluding cognitive dysfunction caused by the location of
the cancer, this may have excluded other relevant stud-
ies of effective cognitive interventions. The review con-
clusions may also be affected by the variety of cognitive
outcomes used across the studies, and whether they were
used as primary or secondary cognitive outcomes. Fur-
thermore, the time points when cognition was measured
were varied. There were methodological limitations in the
included studies as there was no consistency in reporting.
The sample sizes of individual studies varied consider-
ably which would contribute to the effect size reported.
The applicability of interventions to different individuals
at different stages of their cancer recovery may also have
affected results as interventions that are effective at one
stage may not be relevant for another stage.”-83 Included
studies also provided interventions at different stages of
the survivorship phase making comparison difficult.

Conclusions

The findings of this review are important in clinical deci-
sion making for practitioners involved in cancer care and
survivorship for people with cognitive concerns. Health
professionals are faced with a large choice of interventions
for CRCI, some with inconsistent evidence about their ef-
fectiveness. The results suggest that, of the current interven-
tions, best practice for improving cancer-related cognitive
functioning includes cognitive training or some supportive
therapies. As each of the meta-analyses indicated overall
efficacy for different categories of interventions, there is
insufficient evidence to reject any of the types of cognitive
interventions. Clinicians need to consider the dominance of
breast cancer populations in this review. To date, there are
no guidelines about which cognitive interventions should
be offered, and in this review several studies demonstrated
high potential for selection bias. Clinicians also need to
consider the time and financial burden of the interventions
recommended to patients. The review has not identified the
optimal dosage required for the interventions to be most
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effective. In some cases, this may mean longer (and more
costly) interventions than those included in the review.
CRCI can disrupt everyday activities for cancer survivors
and interventions to address impairments are needed as
part of a rehabilitation program. This comprehensive re-
view has outlined potential interventions for CRCI, some
of which require a multidisciplinary approach. Outcome
measures commonly used for CRCI interventions are iden-
tified that can assist health professionals to address CRCI.
The findings of this review provide preliminary evidence
supporting the need for services beyond medical interven-
tions for individuals experiencing CRCI. However, there
is also a lack of consensus about which outcome measures
reliably measure CRCI. The findings also suggest the need
for further high-quality RCTs including a broader spec-
trum of cancer survivor populations.
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