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Abstract
Purpose  A significant number of cancer survivors experience cancer-related cognitive impairment (CRCI), which can impact 
their ability to think, reason, make decisions, and perform daily actions. In recent years, non-pharmacological interventions 
for CRCI have gained significant attention. These interventions include exercise, cognitive behavioural therapy, cognitive 
training/remediation, dietary, mind–body, and multi-modal/complex interventions. This umbrella review provides a criti-
cal overview to inform guidelines and current practice, identify the most promising interventions, and uncover gaps in the 
research literature.
Methods  This umbrella review of systematic reviews was pre-registered on Open Science Framework and PROSPERO. Six 
databases were searched. Systematic reviews (SR) assessing any non-pharmacological interventions to improve cognition in 
cancer (any type) were included. The overview followed gold-standard guidelines and recommendations. The results were 
narratively synthesised, and descriptive statistics and effect size ranges were calculated.
Results  Sixty-four (n = 64) SRs were included. Results were synthesised into four non-pharmacological domains. Cognitive 
training/rehabilitation had the strongest evidence for efficacy. Physical activity/exercise showed promising efficacy; however, 
the variability of findings was considerable. Mind–body and psychological/behavioural therapy interventions were limited, 
but there was evidence for short-term effectiveness. Multi-modal/complex interventions showed potential for improving 
cognition in cancer but were poorly defined.
Conclusions  Overall, non-pharmacological interventions demonstrated efficacy for improving cognition in cancer. There 
were limited intervention characteristics within domains which were consistently related to efficacy. Three key recommenda-
tions are provided for future research: (1) adopt harmonisation and reporting guidelines; (2) develop definitional guidelines 
of cognitive domains for CRCI research; and (3) assess intervention and participant characteristics associated with positive 
versus null/negative findings.

Keywords  Cancer · Cognition · Cancer-related cognitive impairment · Non-pharmacological · Intervention · Exercise · 
Cognitive rehabilitation

Introduction

Up to 75% of cancer survivors (i.e. any individual living 
with, or beyond, a cancer diagnosis), report experiencing 
cognitive impairments that can impact their ability to think 
clearly, make decisions, and perform daily activities [1, 2]. 

This is commonly referred to as cancer-related cognitive 
impairment (CRCI) [1, 2]. CRCI is related to a range of 
notable negative outcomes for cancer survivors [1], and can 
significantly impact daily activities, occupational function-
ing, mental health, and social functioning [3–7].

CRCI can present prior to the commencement of cancer 
therapies, suggesting the cancer itself may directly contrib-
ute toward CRCI [2, 8]. Neuroimaging has shown reduced 
white matter volume in breast cancer survivors prior to treat-
ment [9], and some have suggested peripheral inflammatory 
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cytokines, commonly elevated as a result of cancer, may 
stimulate inflammation in the brain and impact cognitive 
functioning [2]. Furthermore, cancer treatments have long 
been understood to contribute toward CRCI. Chemotherapy, 
radiation therapy, targeted therapies, haematopoietic stem 
cell transplantation, endocrine therapy, and surgery have all 
been found to be related to CRCI [2, 10, 11]. Cancer thera-
pies may be causal in the development and maintenance of 
CRCI through pathways such as neurotoxicity, inflamma-
tion, brain-derived neurotrophic factor changes, estrogen and 
androgen depletion, and immune system dysregulation [2, 
12, 13]. Psychosocial challenges have also been proposed 
to be a bidirectional causal factor in the development and 
maintenance of CRCI [2, 3]. Cognitive impairment is a key 
domain of mental health challenges, including depression 
and anxiety, which are particularly common in cancer sur-
vivorship [3, 14, 15].

Beyond cancer and cancer treatment risk factors for 
CRCI, modifiable biological and psychosocial correlates of 
CRCI have also been identified in the literature (i.e. fac-
tors that can be targeted and manipulated through interven-
tions) [16]. To reduce the severity of CRCI and minimise 
its impact, pharmacological and non-pharmacological 
interventions have been trialled in animal models and with 
human cancer survivors. Pharmacological interventions have 
resulted in mixed outcomes with CNS stimulants (e.g. meth-
ylphenidate), medications used for memory impairments 
(e.g. donepezil), and bone marrow supporting substances 
(e.g. erythropoietin) showing some promise, but highly vari-
able efficacy in improving cognition in cancer [17]. Mixed 
outcomes of pharmacological interventions for CRCI may 
largely result from the uncertainty regarding the mechanisms 
of CRCI, and its variable efficacy has provided the impetus 
for strengthening a focus on non-pharmacological interven-
tions, which have gained significant attention in recent years 
[17]. These include exercise, cognitive behavioural therapy, 
cognitive training and remediation, dietary, mindfulness, and 
mind–body interventions, and multi-modal/complex inter-
ventions [1, 2, 18]. Non-pharmacological interventions for 
CRCI are built on the premise of cognitive malleability and 
claimed to function across a variety of direct (e.g. neuroplas-
ticity, cognitive compensation) and indirect (e.g. improved 
sleep, reduced inflammation, reductions in psychosocial dis-
tress) mechanisms [1, 2, 19–24].

There have been many systematic reviews (SRs) pub-
lished examining the effectiveness of non-pharmacological 
interventions to improve cognition in cancer survivors of 
differing clinical and demographic characteristics. A broad 
understanding of the overall effectiveness of different groups 
of non-pharmacological interventions is essential to inform 
practice and future research. To provide an overall assess-
ment of the effectiveness of non-pharmacological interven-
tions to improve cognition in cancer survivors, an overview 

and synthesis of these SRs is required. This umbrella review 
aims to provide a critical overview to inform guidelines and 
current practice, highlight the most promising non-phar-
macological interventions for use and further research, and 
identify gaps in the literature for future research. Therefore, 
the objective of this umbrella review is to provide a com-
prehensive overview of SRs examining the effectiveness of 
non-pharmacological interventions in improving cognition 
in cancer populations.

Methods

This study was an umbrella review of SRs. This review type 
was chosen due to the large number of published SRs and 
meta-analyses on non-pharmacological interventions for 
cognition in cancer. The review was conducted in accordance 
with Smith et al.’s [25] guidelines for conducting umbrella 
reviews, Cochrane guidelines for SRs [26], and Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) statement recommendations [27]. A prospective 
protocol was published on Open Science Framework [28] 
and registered with the International Prospective Register 
of SRs (PROSPERO ID: CRD42024524653).

Information sources

Publications were identified through searches of six data-
bases, all run on 14 March 2024: Ovid MEDLINE(R) ALL 
1946 to March 12, 2024; Embase 1974 to 2024 March 12 
(Ovid); Ovid Emcare 1995 to 2024 Week 10; APA PsycInfo 
1806 to March Week 2 2024 (Ovid); CINAHL (EBSCOhost) 
and Cochrane Library (Wiley). Searches were not restricted 
by date.

Search strategy

Search strategies were developed by a medical librarian 
(HW) in consultation with DH, a topic expert. Potential 
search terms were initially identified through an extensive 
exploration of subject headings and synonyms related to 
each concept. A set of 20 relevant publications identified 
through scoping searches (Supplementary Materials, Part 1) 
were mined for additional terms using Yale MeSH Analyzer 
[28] and used to validate the final search strategy.

Final search strategies combined the general concepts of 
Cancer AND (Cognition OR Cognitive Dysfunction) AND 
(Systematic Reviews OR Meta-Analyses) using a combina-
tion of subject headings and text words. In accordance with 
inclusion and exclusion criteria, excluded publication types 
were removed where possible in the search process, but no 
language or date limits were applied.
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An initial search was developed for Ovid Medline and 
then adapted for other databases adjusting subject headings 
and syntax as appropriate (see Supplementary Materials, 
Part 1 for the full search strategies). Search syntax used in 
the Ovid databases was adapted for CINAHL (EBSCOhost) 
and Cochrane (Wiley) using the Polyglot Search Translator 
[29].

Eligibility criteria

The eligibility criteria followed the PICOS (Populations, 
Interventions, Comparators, Outcomes, Study Design) 
framework [30]. P: humans or animals of any age, sex, or 
gender who have had a cancer diagnosis, at any stage of the 
cancer continuum, with any type of cancer, while receiv-
ing or having completed any type of cancer treatment. I: 
Non-pharmacological interventions to improve cognition. C: 
Any within or between-group comparison (i.e. to a control 
group, pre-post, alternative intervention, waitlist, etc.). O: 
Cognitive functioning (subjective and/or objective). S: Sys-
tematic Review. To facilitate the synthesis of the wider body 
of literature, it was not required that all participants within 
the primary studies be formally classified as having CRCI.

Types of studies included were SRs defined using the 
PRISMA-P statement definition of a SR [31]: (A) had an 
explicit aim; (B) used a systematic search strategy and selec-
tion of studies; and (C) systematically synthesised data using 
narrative synthesis and/or meta-analysis. Unpublished work, 
abstracts, letters, thesis, and conference proceedings were 
not included.

The inclusion and exclusion criteria are presented in 
Table 1.

The inclusion and exclusion criteria were informed by 
previous SRs [e.g. 31] and developed to ensure inclusion 
of a wide range of SRs, such as those with cognition as one 
outcome domain among many, or SRs encompassing both 
pharmacological and non-pharmacological interventions.

Study selection and data extraction

Study selection and data extraction followed the Overview 
of Reviews in Cochrane Handbook for Systematic Reviews 
of Interventions guidelines [26] and were reported as per 
PRISMA 2020 statement [27]. Search results were exported 
to EndNote bibliographic management software [32] and 
duplicates were removed by HW. In accordance with the 
inclusion and exclusion criteria, records were screened on 
publication type by HW within EndNote, and the follow-
ing publication types were excluded: book or book chapter, 
case report, comment, conference proceeding, consensus 
development conference, editorial, letter, practice guideline, 
thesis, and trial registry record. All remaining records were 
added into Covidence systematic review software [33] for 
title and abstract screening.

Where SRs included a subset of primary studies or find-
ings not relevant to the objective of this review (i.e. phar-
macological interventions, outcomes other than cognition), 
only data from the primary studies that aligned with our 
inclusion/exclusion criteria were extracted.

Each record was independently screened on title and 
abstract in Covidence by two independent reviewers (DH, 

Table 1   Inclusion and exclusion criteria for systematic reviews

Inclusion criteria Exclusion criteria

1. Systematic reviews that examined the effectiveness of any non-pharma-
cological interventions in improving cognition in cancer populations

1. Systematic reviews that only included studies with pharmaco-
logical interventions (including supplements available over the 
counter) aimed at improving cognition

2. Human or animal systematic reviews 2. Systematic reviews that did not report on subjective or objective 
measures of cognition

3. Included population had been diagnosed with any type of cancer (cur-
rent or previous), any stage of cancer encompassing the entire cancer 
continuum

3. Non-systematic reviews

4. All ages, sexes, and genders of participants included 4. Full-text not in the English language
5. Systematic reviews that included subjective and/or objective measures 

of cognition
6. Systematic reviews that included any comparisons to establish interven-

tion effectiveness (i.e. pre-post, control group, etc.)
7. Quality of life (QoL) and other wellbeing systematic reviews in which 

at least 50% of included primary studies had a cognitive outcome meas-
ure

8. Multiple population reviews where cancer was separately analysed/
synthesised and at least 50% of included primary cancer studies have a 
cognitive outcome measure
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ED, OFR, and SV) with conflicts resolved by a third 
reviewer (AMH). Full-text records were assessed for eli-
gibility by two independent reviewers (DH, ED, OFR, 
and SV) with any conflicts resolved by a third investigator 
(NHH).

Data were extracted from each included review by two 
independent investigators (ED, OFR, SV, JM, and MC), 
with inconsistencies solved by a third investigator (DH). 
Data extracted from the included reviews were: (1) review 
characteristics; publication year, title, authors, journal, 
review type, and country; (2) intervention characteristics; 
interventions included, length of intervention(s), human 
or animal, demographic characteristics, cancer types, can-
cer treatments, cancer stage(s), and comparison type(s); 
(3) measures; cognitive measures; and, (4) effectiveness; 
effective on cognition.

Risk of bias (quality) assessment

Two investigators (from ED, OFR, SV, JM, and MC) inde-
pendently conducted a SR quality assessment using the 
Assessment of Multiple SRs (AMSTAR) 2 Checklist [34], 
a 16-question tool that evaluates each item as ‘yes’ or ‘no’ 
and yields a final overall rating of ‘high’, ‘moderate’, ‘low’, 
or ‘critically low’ quality. Study quality disagreements were 
managed by consensus between authors and a third investi-
gator (DH). The AMSTAR 2 Checklist has been widely used 
for overviews of systematic reviews, including for a multi-
tude of overviews of systematic reviews in cancer [35, 36].

Data synthesis

In line with best practice guidelines [37], data synthesis was 
performed using a narrative synthesis approach. Descriptive 
statistics and effect size ranges for meta-analyses were cal-
culated. Standardised Mean Difference (SMD) was used as 
the measure of effect. No additional re-analysis of outcome 
data was conducted beyond overall review characteristics. 
The synthesis was conducted both across intervention types 
and within intervention types.

All relevant primary studies that were included are 
reported in the Supplementary Material, Part 2, including 
an indication of their occurrence in more than one review. 
The degree of overlap of relevant primary studies across the 
included SRs was calculated via the Corrected Covered Area 
(CCA) using the following formula; CCA =

N−r

rc−r
 . N is the 

total number of primary studies, including any instances of 
multiple-counting from overlapping studies; r is the number 
of primary studies without multiple-counting; and c is the 
total number of SRs included in this review. The final CCA 
value is expressed as a percentage of overlap [38].

Results

Characteristics of systematic reviews

Overall, 8910 records were identified through database 
searches and 5171 records excluded before screening. 
After screening, 64 SRs were included in the narrative 
synthesis (see Fig. 1). The primary reasons for exclusion 
of full-texts were no cognition measure in ≥ 50% of pri-
mary studies (61%), not a SR (16%), and not in English 
(12%). The 64 SRs captured 318 individual primary stud-
ies relevant to our objective, totalling 30,847 participants 
(see Supplementary Material, Part 2 for primary studies). 
The number of relevant primary studies in the SRs ranged 
from 2 to 75. A total of 146 relevant primary studies were 
included in at least two of the SRs. The CCA determined 
an overall of 3% of the relevant primary studies, indicating 
a ‘slight overlap’ [39].

The characteristics and quality assessment of the 64 
included SRs are summarised in Table 2.

In total, 44% of SRs included only randomised control 
trials (RCTs; n = 28), with two of the 64 reviews (3.3%) 
not including RCTs, resulting in relevant RCTs being 
included in 97% of SRs (n = 62). Most SRs included mul-
tiple cancer types (n = 36; 56%), with the most common 
cancers being breast (n = 39 reviews; 61%), followed by 
brain (n = 21; 33%), prostate (n = 10; 16%), colorectal 
(n = 6; 9%), and lung (n = 5; 8%). Haematological cancers 
were included in 10 of the 64 reviews (16%). Fourteen 
SRs reported the inclusion of studies whereby participants 
had pre-intervention cognitive impairment (22%), with 9 
only including primary studies that had participants who 
showed pre-intervention cognitive impairment (14.06%).

The number of participants included within each SR 
ranged from 41 to 7895. Of the SRs that reported mean 
participant age ranges across their primary studies (n = 22; 
34.4%), mean ages ranged from 5 to 75 years. Of the reviews 
that reported sex or gender (n = 29; 45.3%), most included 
multiple sexes or genders (n = 21; 32.8%) with only females 
being included in 11 of the 64 reviews (17.3%). Most 
reviews included both subjective and objective cognitive 
assessments (n = 48; 75%), with 9 of 64 reviews only includ-
ing objective cognitive assessments (14.1%), and seven only 
including subjective cognitive assessments (11%). The spe-
cific cognitive measures included within each review can be 
found in the Supplementary Materials, Part 3.

Quality appraisal of systematic reviews

The AMSTART quality ratings found the majority of 
reviews were of ‘low quality’ (n = 39; 60.94%), followed 
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by ‘moderate quality’ (n = 15; 23.4%), ‘critically low qual-
ity’ (n = 8; 12.5%), and ‘high quality’ (n = 2; 3.1%). The 
mean AMSTAR quality rating across all reviews was 1.17 
(SD = 0.68) reflecting an overall ‘low-to-moderate’ qual-
ity. A variety of quality appraisal tools were used in the 
included reviews, most commonly the AMSTAR and the 
Risk of Bias in Systematic Reviews (ROBIS) tool.

Intervention characteristics and effectiveness

The characteristics of interventions and outcomes from the 
SRs are summarised in Table 3 across intervention domains. 
Most SRs included mixed intervention types (n = 24; 37.5%), 
followed by Physical activity/exercise (n = 15; 23.4%), cog-
nitive training/rehabilitation (n = 15; 23.4%), mind–body 

and psychological/behavioural interventions (n = 5; 7.8%), 
and multi-modal/complex interventions (n = 4; 64.5%). See 
Supplementary Material Part 3 for additional details of the 
included reviews (i.e. countries, intervention descriptions, 
cognitive measures.

Cognitive training/rehabilitation

In total, 15 (23%) SRs primarily assessed cognitive train-
ing/rehabilitation interventions, with a further 21 (33%) 
including some cognitive training/rehabilitation interven-
tions. All SRs primarily assessing cognitive training/reha-
bilitation included RCTs (n = 15) with 27% of these only 
including RCTs. Interventions reported included comput-
erised cognitive training (13%), multi-component cognitive 

Fig. 1   PRISMA flow chart
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rehabilitation (13%), strategy training (7%), and a combi-
nation of these interventions subjective measures, such as 
the Functional Assessment of Cognitive Therapy-Cognitive 
Function (FACT-COG) and the Patient Reported Outcomes 
Measurement Information System Cognitive Function 
(PROMIS-COG), and objective measures such as the Wis-
consin Card Sorting Task, Trail Making Test, and the Audi-
tory Verbal Learning Test (see Supplementary Materials, 
Part 3 for a full list of measures in each SR).

Interventions typically resulted in improvements in 
cognition in cancer survivors. Included meta-analyses pri-
marily assessing cognitive training/rehabilitation found 
efficacy in improving subjective cognition (n = 2; SMD 
range = 0.30–0.52), and objective cognition (Memory 
(n = 3); SMD range = 0.18–0.42, median = 0.40. Attention 
(n = 2) SMD range = 0.09–0.81. Executive Functioning; 
SMD range = 0.15–0.81), with primarily medium effects. 
Overall, 87% of the SRs primarily assessing cognitive train-
ing/rehabilitation reported general efficacy (> 50% primary 
studies showing efficacy) in improving > 50% of measured 
domains of subjective and/or objective cognitive function-
ing. For example, Von Ah et al. [89] found cognitive train-
ing and rehabilitation resulted in pre- to post-intervention 
improvements in memory, self-reported cognitive functions, 
attention, verbal fluency, processing speed, letter fluency, 
cognitive flexibility, executive function, and global cognition 
for adult cancer survivors of various tumour types. Yan et al. 
[94] found cognitive training significantly improved pro-
cessing speed, verbal memory, working memory, episodic 
memory, and overall subjective cognition in mid-to-older 
adults across various cancer types and stages. However, 
there was some variability in results with SRs finding some 
cognitive training/rehabilitation interventions to be ineffec-
tive in improving particular domains of cognition in cancer 
survivors. All (n = 34) SRs that assessed cognitive train-
ing/rehabilitation interventions found some interventions 
to be ineffective for one or more cognitive processes. For 
example, while Von Ah et al. [89] typically found improve-
ments in cognition, other studies reported no improvements 
in memory, subjective cognitive function, executive func-
tion, processing speed, psychomotor speed, attention, verbal 
fluency, subjective cognitive function, cognitive flexibility, 
daily function, or global cognition. Similarly, Yan et al. [94], 
while finding general effectiveness in their meta-analysis, 
found no significant improvements from cognitive training 
on the domains of attention, short-term memory, or execu-
tive functioning.

While many of the reviews discussed or attempted to 
identify differentiating interventional, methodological, or 
participant characteristics explaining the variability in effec-
tiveness observed, no clear and consistent components, fac-
tors, or characteristics could explain intervention effective-
ness variation across the SRs. Overall, cognitive training/Ta
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rehabilitation interventions were found to be effective for 
improving cognition in cancer survivors across various 
tumour types, stages, and participant ages, however, there 
was variability in effectiveness across a range of cognitive 
processes with no clear differentiating components, factors, 
or characteristics.

Physical activity/exercise

Overall, 15 (23%) SRs primarily assessed physical activ-
ity/exercise interventions, with a further 20 (31.3%) includ-
ing physical activity/exercise interventions. Fifteen SRs 
included some RCTs on physical activity/exercise, and ten 
focused exclusively on RCTs. The majority of SRs (n = 12; 
80%) included a mix of aerobic, resistance, and combined 
aerobic/resistance interventions. A further three SRs (20%) 
included only aerobic interventions (e.g. walking, cycling, 
jogging). Resistance training included weighted exercise 
programs (see Supplementary Materials, Part 3 for addi-
tional details of interventions). Cognitive measures included 
both subjective measures, such as the European Organisation 
for Research and Treatment of Cancer-Cognitive Function-
ing Scale (EORTC-CFS), PROMIS-COG, and the Cognitive 
Failures Questionnaire, and objective measures such as Cog-
State, Montreal Cognitive Assessment (MOCA), and Trail 
Making Test (see Supplementary Materials, Part 3 for a full 
list of measures in each SR).

The interventions typically resulted in improvements 
in cognition in cancer survivors, although mixed results 
were common. Included meta-analyses primarily assess-
ing physical activity/exercise interventions found slight 
efficacy in improving subjective cognition (n = 7, SMD 
range = 0.01–0.51, median = 0.18); objective cognition 
(memory (n = 1, SMD = 0.03); executive functioning (n = 1, 
SMD = 0.19); processing speed (n = 1, SMD = 0.08 and 
overall (N = 1; paediatric/adolescence, SMD = 0.40) with 
primarily small to medium effects. Overall, 60% of the SRs 
primarily assessing physical activity/exercise interventions 
found general efficacy (> 50% primary studies showing effi-
cacy) in improving > 50% of measured domains of subjective 
and/or objective cognitive functioning. For example, Bernal 
et al. [44] found a small-to-medium effect of an exercise 
intervention on childhood cancer survivors (various types) 
in objective (5 RCTs) and subjective (13 RCTs) cognitive 
functioning. Furthermore, Hiensch et al. [62] found resist-
ance, aerobic, and mixed exercise interventions to have a 
small statistically significant effect on self-reported cogni-
tive functioning in mid-to-older adult survivors of various 
cancers. There was notable variability in results with some 
SRs finding some physical activity/exercise interventions 
to be ineffective in improving cognition in cancer survi-
vors across general cognition or within specific cognitive 
domains. For example, Brunet et al. [46] found that, across Ta
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a wide range of physical activity and exercise interventions, 
the effects were inconclusive in 71% (n = 50) of the included 
primary studies, and null effects were reported for subjective 
cognition.

Across the SRs, there was no clear pattern between 
physical activity and exercise intervention types and dose, 
participant characteristics, and efficacy of the interventions 
on particular or general subjective or objective cognitive 
performance. However, Bernal et al. [44] found studies that 
involved participants with a longer time since cancer diag-
nosis, or end of cancer treatment, more female participants, 
and lower levels of supervision were significantly associated 
with smaller improvements in cognitive function. Addition-
ally, primary study quality may be related to efficacy. For 
example, Baydoun et al.’s [42] SR on the effects of yoga 
on cognition, found studies rated as ‘high quality’ reported 
positive effects while those rated as lower quality found null 
effects.

Overall, the slight majority of physical activity/exercise 
interventions were found to be effective in improving cogni-
tion in cancer survivors across cancer types and stages, and 
across physical activity/exercise types. However, there was 
a significant variability in the findings and the majority of 
positive effects were small to medium.

Mind–body and psychological/behavioural

Four (6%) SRs primarily assessed mind–body and psycho-
logical/behavioural therapy interventions, with a further 
18 (28%) including some mind–body and psychological/
behavioural therapy interventions. Four SRs primarily 
assessing mind–body and psychological/behavioural therapy 
interventions included non-RCTs and 25% (n = 1) included 
exclusively RCTs. These SRs included the interventions of 
mindfulness/stress reduction-based interventions (n = 2; 
50%), and cognitive behavioural therapy (n = 1; 25%) (see 
Supplementary Materials, Part 3 for additional detail of 
interventions). Cognitive measures included both subjective 
measures, such as the Multiple Ability Self-Report Ques-
tionnaire, and the EORTC-CFS, and objective measures 
such as the California Learning Verbal Learning Test, and 
Stroop Task (see Supplementary Materials, Part 3 for a full 
list of measures).

The interventions typically resulted in improvements in 
cognition in cancer survivors. The included meta-analysis 
primarily mind–body and psychological/behavioural ther-
apy found efficacy in improving subjective cognition (n = 1; 
SMD = 0.26), and objective cognition (Overall (n = 1); 
SMD = 0.11) with a small to medium effect. Overall, 80% 
of the SRs specifically assessing mind–body and psycho-
logical/behavioural therapy found general efficacy (> 50% 
primary studies showing efficacy) in improving > 50% of 
measured domains of subjective and/or objective cognitive 

functioning in cancer survivors. For example, Cifu et al. 
[53] found mindfulness-based interventions were typically 
effective at improving objectively and subjectively meas-
ured cognition in mid-to-older age adults with breast cancer 
from pre-intervention to the final 6-month follow-up meas-
ures. Furthermore, Hines et al. [63] in their SR on the effec-
tiveness of CBT in improving cognition in cancer, found 
CBT to be typically effective for improving objective and 
subjectively measured cognition in cancer survivors who 
have had chemotherapy in the short-term post-intervention 
assessments. However, there was some variability in results, 
with all these SRs reporting some null findings. For exam-
ple, while Hines et al. [63] found general efficacy of CBT 
intervention for improving short-term objective and subjec-
tive cognition, the majority of included primary studies did 
not demonstrate longer-lasting effects, finding no significant 
positive impacts of the interventions from 6 to 32 weeks. 
Furthermore, Zhang et al. [98] in their SR assessing mind-
fulness/relaxation-based interventions in adult cancer survi-
vors found significant effects on subjective, but not objective 
measures of cognition.

Overall, mind–body and psychological/behavioural 
therapy interventions were found to be largely effective in 
improving cognition in cancer survivors. However, there was 
significant variability in the improvement of subjective or 
objective cognition across the SRs with no clear methodo-
logical or participant characteristics to explain this variabil-
ity. Furthermore, the efficacy of mind–body and psychologi-
cal/behavioural therapy interventions in improving cognition 
is primarily in the short-to-midterm (i.e. up to 6 months), 
with questionable efficacy longer-term.

Multi‑modal/complex interventions

Four (6.3%) SRs assessed multi-modal/complex interven-
tions. Two SRs only included RCTs (n = 2; 50%). Multi-
modal/complex interventions included model of care 
approaches (n = 3; 75%), and health education (n = 1; 25%) 
(see Supplementary Materials, Part 3 for additional detail 
of interventions). Cognitive measures included both subjec-
tive measures, such as EORTC-CFS, and objective measures 
such as the Cognitive Functional Independence Measure) 
(see Supplementary Materials, Part 3 for a full list of meas-
ures in each SR).

Overall, the interventions typically resulted in improve-
ments in cognition in cancer survivors. Most (75%) of the 
SRs assessing multi-modal/complex interventions found 
general efficacy (> 50% primary studies showing efficacy) 
in improving > 50% of measured domains of subjective and/
or objective cognitive functioning in cancer survivors. For 
example, Zhao et al. [99] in their SR of health education 
RCTs in gastrointestinal cancer survivors found health inter-
ventions were effective in improving subjective cognition 
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(no objective assessments were included) with a modest 
effect. Similarly, Wang et al. [92] in their SR of compre-
hensive nursing care interventions for lung cancer survivors 
found the interventions improved self-reported cognition 
with a medium effect. However, given the broad inclusion 
criteria of these multi-modal/complex intervention SRs, the 
specific efficacious mechanisms of effect are unknown. This 
also leads to challenges in understanding the factors that may 
result in an efficacious model of care intervention versus 
an intervention with null effects. For example, Cheng et al. 
[51] in their SR assessing multiple types of nurse-led inter-
ventions across cancer types found no effect of nurse-led 
interventions on subjective cognition. However, the char-
acteristics of the interventions which may have led to a null 
effect are unclear.

Most (75%) multi-modal/complex interventions were 
found to be effective in improving cognition in cancer 
survivors. However, given the broad inclusion criteria of 
these SRs, it is challenging to understand the mechanisms 
of effect.

Discussion

The aim of this research was to provide a comprehensive 
overview of findings from systematic reviews examining 
the effectiveness of non-pharmacological interventions in 
improving cognition in cancer populations. This review is 
timely, given the inclusion of cognition as a key rehabilita-
tion domain within the WHO Package for Rehabilitation 
from Cancer [102], and the increased recognition of CRCI 
as a condition that has significant and potentially long-term 
impacts on the lives of cancer survivors across multiple 
domains [4]. Our findings show support for the efficacy of 
non-pharmacological interventions for improving cognition 
in cancer survivors. These findings provide support for the 
exciting potential for these non-invasive, non-substance-
based approaches, which have minimal risk for negative 
side effects, to be integrated into supportive care practice.

The majority of the literature focused on cognitive train-
ing/rehabilitation and physical activity/exercise interven-
tions for the improvement of cognition in cancer. There 
were relatively fewer reviews focused on mind–body, psy-
chological/behavioural interventions, and multi-modal/
complex interventions. Cognitive training/rehabilitation 
interventions demonstrate the strongest support for improv-
ing cognition in cancer across SRs. Cognitive training and 
rehabilitation interventions have been the primary focus of 
non-pharmacological interventions in cancer [94] and have 
the most extensive supporting literature across intervention 
types. However, drawing strong conclusions regarding the 
efficacy of particular mechanisms of cognitive training/
rehabilitation for sub-groups of cancer survivors remains a 

challenge [86]. This is due to the variability in how cogni-
tive domains are defined, the approaches used, and compara-
tors selected, as well as small sample sizes which impact 
sub-group analyses and analyses using more sophisticated 
statistical approaches [86, 103]. This heterogeneity means, 
while this review can support the general efficacy of cogni-
tive training/rehabilitation for improving cognition in cancer, 
nuances regarding approaches, dose, frequency, cognitive 
processes, and survivor clinical and personal characteristics 
cannot be determined. Recent findings indicate that strategy 
training and combination cognitive rehabilitation are prom-
ising, and speed of processing may be the most challenging 
cognitive process to improve via these approaches [104]. 
However, nuance beyond these trends cannot be currently 
established. This suggests that cognitive training/remedia-
tion interventions in cancer should adopt harmonisation 
guidelines such as the International Cognition and Cancer 
Task Force recommendations to harmonise studies of cogni-
tive function in patients with cancer [105]. Furthermore, the 
inconsistency in definitions of cognitive domains suggests 
definition guidelines should be developed for CRCI research 
that explicitly define each cognitive domain.

Physical activity/exercise also shows promise for improv-
ing cognition in cancer survivors. We found general sup-
port for physical activity/exercise in improving cognition in 
cancer with some variability. Similar to cognitive training/
rehabilitation, there was no clear pattern between physical 
activity/exercise intervention (e.g. resistance training, aero-
bic, combination, type, dose, frequency) or participant char-
acteristics that differentiated efficacious and non-efficacious 
findings. There was also no clear intervention or participant 
characteristics that could differentiate between effective-
ness on any particular cognitive domain. The challenges of 
understanding the heterogeneity of physical activity/exer-
cise effects on particular health and well-being outcomes are 
widely acknowledged, beyond cancer [106]. In recent years, 
there has been a movement to gain a greater understanding 
of physical activity/exercise response heterogeneity across 
populations using physiological, molecular, and health his-
tory data [107]. Given the notable physical activity/exer-
cise response variation across different outcomes, more 
fine-grained, individual-level assessments of the effects of 
exercise/physical activity on cognition in cancer may be use-
fully explored or examined.

Few SRs primarily assessed mind–body and psycho-
logical/behavioural therapy interventions. However, this 
overview found general efficacy for mind–body and psy-
chological/behavioural therapy interventions in improving 
cognition, which has gained recognition as a potential key 
nonpharmacological intervention for CRCI [108], although, 
the primary literature is still lacking. This overview sug-
gests that non-going (i.e. 12 weeks) mind–body and psy-
chological/behavioural therapy interventions may primarily 
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be effective for the short-term post-intervention (i.e. up to 
6 months). This is perhaps unsurprising as mind–body and 
psychological/behavioural therapy interventions are ide-
ally applied ongoing and/ or long-term, beyond a 12-week 
intervention period (i.e. the longest follow-up found in this 
review). For example, cognitive behavioural therapy often 
demonstrates improved efficacy on psychological outcomes 
over time as practice becomes embedded in routine func-
tioning [109]. Future research should assess the longitudinal 
impacts of ongoing mind–body and psychological/behav-
ioural therapy interventions. Furthermore, due to the lack 
of available literature, the specific effects of mind–body 
and psychological/behavioural therapy intervention type, 
dose, and frequency on particular cognitive domains remain 
unclear.

A small body of literature has assessed the broad efficacy 
of multi-modal/complex interventions on the improvement 
of cognition in cancer. These interventions were typically 
multi-component holistic care approaches aimed at improv-
ing cancer survivor outcomes and quality of life. While the 
results of this overview suggest these interventions may be 
generally effective, the SRs and interventions were broad 
and largely lacked definition and intervention clarity and 
specificity. Multicomponent nurse-led, and multidisciplinary 
rehabilitation interventions were the focus of the reviews, 
with the two nurse-led intervention SRs finding conflicting 
results. The lack of definition and intervention clarity and 
specificity reduces conclusions that can be drawn from the 
multi-modal/complex interventions. As shared, holistic, and 
nurse-led multi-modal/complex interventions have shown 
efficiency in improving cancer survivor outcomes generally 
[35, 110, 111], additional research in multi-modal/complex 
interventions to improve cognition in cancer survivors with 
a greater degree of specificity is required. Finally, there was 
a significant lack of reviews including dietary interventions 
for cognition in cancer. Given the positive impact dietary 
interventions may have on cognition in other populations 
[112], the research community should further explore the 
potential for dietary interventions for cognition in cancer.

Limitations

There are three key limitations of this umbrella review: 
(1) as this review focused on developing a broad picture 
of the effectiveness of non-pharmacological intervention 
to improve cognition in cancer, it was beyond our scope 
to provide an in-depth assessment of intervention proposed 
mechanisms of action or components, nor differentiate in 
detail between different clinical and demographic character-
istics (i.e. adolescents versus adults; non-CNS versus CNS 
cancers). This limits the ability to understand the nuances 
of an intervention's characteristics and rationale, as well 
as potential differential effects. (2) The overall quality of 

included SRs was low-to-moderate. While this is not a meth-
odological limitation of our review, the results should be 
interpreted with caution. (3) Only two mixed intervention 
SRs provided any findings relating to diet and cognition in 
cancer. Thus, we were unable to narratively synthesise and 
provide overall findings on dietary interventions with confi-
dence. Future research should examine dietary interventions 
for cognition in cancer.

Recommendations

Considering the overall findings of this overview, we pro-
vide below key recommendations for future research in non-
pharmacological interventions in cancer survivors.

(1)	 Reporting guidelines for cognition in cancer, such as 
the International Cognition and Cancer Task Force rec-
ommendations should be adopted to harmonise studies 
of cognitive function in patients with cancer [105].

(2)	 Standardised definitions for cognitive domains in CRCI 
research should be developed to increase consistency.

(3)	 Future trials, in addition to trial effects, should investi-
gate if intervention and participant characteristics are 
associated with positive vs. null/negative findings for 
overall cognition and specific cognitive domains.

Conclusion

This umbrella review highlights non-pharmacological inter-
ventions promise in improving CRCI. Cognitive training/
rehabilitation currently has the greatest support for efficacy 
of any non-pharmacological approach. Physical activity/
exercise showed promising efficacy; however, variability was 
significant. The literature on mind–body and psychological/
behavioural therapy interventions was limited, but there is 
support for short-term effectiveness to improve cognition in 
cancer. Multi-modal/complex interventions are promising 
but typically poorly defined. Future research should focus 
on methodological, reporting, and definition consistency, 
and explore the relationship between interventional and 
participant factors and efficacy.
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