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Abstract

Purpose Individuals with non-central nervous system (CNS) cancers can experience cancer-related cognitive dysfunction
(CRCD), negatively impacting daily functioning and quality of life. This systematic review examined cognitive rehabilitation
programs aimed at improving cognitive function.

Methods PsychInfo and PubMed were searched in February 2019. Eligible studies evaluated a cognitive rehabilitation program
for adults with non-CNS cancers and included at least one objective cognitive measure. Across studies, we assessed methodo-
logical quality using relevant criteria based on published intervention-related review guidelines and examined findings from
performance-based and self-reported outcome measures.

Results 19 studies met inclusion criteria, totalling 1124 participants altogether. These studies included randomized controlled
trials (n = 12), partial, quasi or non-randomized controlled trials (n = 3) and single-arm pilot studies (n=4). All studies found
improvements on at least one cognitive measure (performance-based or self-reported). By cognitive domain, objective improve-
ments in memory were most commonly reported, followed by executive functions and processing speed. In terms of method-
ological quality, studies generally provided clear descriptions of participants and interventions. However, limitations included
lack of standardized terminology for interventions, discrepancies in outcome measures, and incomplete statistical reporting.
Conclusions The available evidence supports clinical implementation of cognitive rehabilitation to improve CRCD, with further
work in program development, dissemination, and feasibility recommended. We provide specific recommendations to facilitate
future research and integration in this field.
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Individuals diagnosed with cancer, including cancers outside
the brain, can develop cognitive difficulties throughout the
course of the disease. Cancer-related cognitive dysfunction
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(CRCD) can affect cognitive abilities including attention,
memory, executive functions, language, visuospatial skills
and processing speed [1, 2]. For individuals with primary or
metastatic brain tumours, CRCD reflects tumour location and
treatment [3, 4]. In non-central nervous system (CNS) cancers,
a subset of patients experience cognitive changes primarily
associated with chemotherapy [2, 5] and endocrine therapy
[6, 7], although fatigue, mood and post-traumatic stress may
also contribute [8, 9]. The mechanisms underlying CRCD in
these patients is likely multi-factorial, including effects of ge-
netics, changes to the blood-brain barrier, cytokine deregula-
tion and inflammation, DNA damage, hormonal alterations
and psychosocial factors [10, 11].

CRCD research initially focused on breast cancer but
now includes lung, gastrointestinal, haematological, pros-
tate, testicular and head-and-neck cancers [12—17]. The
incidence of CRCD in non-CNS cancers varies. The liter-
ature suggests that 15-50% of non-CNS cancer patients
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have objective cognitive impairments as measured on stan-
dardized neurocognitive performance tests following che-
motherapy, although rates of patient-reported cognitive
dysfunction are often higher on questionnaires [11, 18].
This discrepancy may be due at least in part to emotional
distress, pain, fatigue or other factors that exacerbate cog-
nitive concerns [19]. The course of CRCD varies; some
individuals improve, whereas others have shown cognitive
difficulties months to decades post-treatment [2, 20].
Persistent CRCD adversely affects daily functioning and
quality of life (QOL). Survivors may avoid social situa-
tions due to problems with word-finding or following con-
versations, hindering social interactions and relationships
[21]. Occupational functioning may be affected, with some
survivors taking extended leaves of absence, retiring early
and having increased financial concerns [22]. CRCD also
associates with diminished self-confidence and role-
fulfilment and greater cognitive effort required to complete
daily tasks [23].

Given these far-reaching, potentially long-term adverse
effects, CRCD has become an important survivorship is-
sue, yet there are no standard treatments. One possibility is
cognitive rehabilitation, broadly categorized into two ap-
proaches: computer-based training (CT) and strategy train-
ing (ST). CT programs, often referred to as “cognitive
(re)training” or “brain training”, focus on retraining a cog-
nitive skill through practice, using computerized tasks. ST,
also called “cognitive behavioural training” or “cognitive
behavioural therapy” (CBT) in this literature, refers to
behaviourally oriented programs that include retraining of
lost cognitive abilities and compensatory strategies and
may also include psychoeducation, stress reduction or peer
support. Currently, there are no standardized terms for
these different approaches. Importantly, the term
“cognitive behaviour(al) therapy (CBT)” is widely used
to describe an established form of psychotherapy focused
on modifying maladaptive thinking and behaviour patterns
to improve psychological functioning [24], which is dis-
tinct from rehabilitation of cognitive deficits.

The first pilot cognitive rehabilitation study targeting
CRCD [25] showed gains in executive functions, process-
ing speed and memory, stimulating interest in this ap-
proach. However, publications remain limited, with vari-
able methods and findings. In this systematic review of
cognitive rehabilitation for CRCD, we aim to provide a
current, comprehensive integration of available evidence,
evaluate methodological quality (risk of bias) and compare
consistencies and discrepancies (e.g. study designs and
outcomes). We evaluate neuropsychological results by
cognitive domain to identify potential targeted benefit(s)
of cognitive rehabilitation. Finally, we address limitations
in the literature, and provide recommendations for clinical
implementation and future research.

@ Springer

Methodology
Search strategy

Articles were searched via PubMed and Psychlnfo (final
search completed in February 2019). Key search terms used
to identify cognitive rehabilitation studies for non-CNS cancer
survivors were as follows: cancer AND cognitive training OR
cognitive rehabilitation OR neuropsychological intervention
OR cognitive-behavioural/behavioural (refer to
Supplemental Table 1 for full search strategies).

Study selection

Additional inclusion criteria were as follows: published in an
English-language peer-reviewed scientific journal (no ab-
stracts, conference proceedings, editorials) intervention
targeting cognitive functioning (i.e. cognitive rehabilitation)
for adults with non-CNS cancer (primary brain tumours or
brain metastases excluded) and included at least one objective
cognitive outcome measure.

Titles and abstracts were screened by the first author (HF),
and potentially appropriate articles were screened at full-text
level by all authors. Discrepancies or uncertainties about arti-
cle inclusion were resolved by consensus of the 3 authors.

Data collection and analysis

Data from selected articles were abstracted into three tables:
(1) study design, (2) study findings and (3) quality assessment.
To systematically review study designs and findings, we (HF,
NR, KE) abstracted study data including participant informa-
tion, intervention content and format, outcome measures, and
results in the study design and findings tables. Study authors
were contacted for additional information as needed (see
Table 2). Studies varied in the p value used for statistical
significance. For consistency, we considered findings with
p <0.05 as significant and reported effect sizes for those find-
ings when available.

Quality assessment criteria relevant to intervention studies
were derived from published sources [44-47] based on appli-
cability to cognitive rehabilitation studies. These criteria in-
cluded the following: level of evidence, participant eligibility
criteria specification, outcome assessor and participant
blinding, adequate intervention description, appropriate neu-
ropsychological test use, considering effects of baseline group
differences on outcomes, considering missing data, appropri-
ate statistical reporting, considering other factors that may
affect cognition and acknowledging study limitations.
Criteria that were not relevant to cognitive rehabilitation were
excluded (e.g. concealed allocation).
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Results

From an initial 1166 articles, removal of duplicates (n=181)
and studies not meeting inclusion criteria (n = 966) yielded 19
articles (see Fig. 1 for full details on study selection). Most
articles were excluded because the term “cognitive-
behavioural” referred to psychotherapy CBT (i.e. studies ex-
amining psychotherapy for other cancer-related difficulties
such as pain, fatigue, and sexual functioning), not a cognitive
rehabilitation intervention targeting cognitive dysfunction.

Study design and findings
Study design and intervention description

Study design and findings are summarized in Tables 1 and 2,
respectively. Twelve studies were randomized control trials
(RCTs) (i.e. class I), one study was a quasi-randomised control
trial (i.e. class Ia), two studies were a partially randomized or
non-randomised control trial (i.e. class II) and four were
single-arm pilot studies (i.e. class III) [45].

The 19 studies evaluated 13 intervention programs. Four
studies examined different home-based CT interventions
targeting various cognitive domains, in which participants
completed 4-5 weekly 20—60 min sessions, with 15-40 h rec-
ommended total training time; two also offered telephone and/
or email contact.

Five ST interventions were assessed across 10 studies.
These programs focused on learning internal and external
compensatory strategies to improve daily functioning (e.g.
use of calendars and lists, verbal rehearsal, imagery). Some
programs also provided psychoeducation about cognition or
psychosocial functioning (e.g. managing stress). These inter-
ventions were delivered individually or in groups and
consisted of 4-12 weekly or biweekly 30—120 min sessions.

PRISMA Flow Diagram

Articles identified through
database searches
(n=1166)

Duplicates removed
(n=181)

v

Title/Abstract Review
(n = 985)

Exclusions (n = 961)
Intervention was not cognitive
rehabilitation (455), participants
not adults with non-CNS cancer
(12), review article or meta-
analysis (42), multiple reasons
(452)

v

Full-text Review
(n=24)

Exclusions (n = 5)
Intervention was not cognitive
y rehabilitation (4), participants not
all adults with non-CNS cancer

Atrticles Included
(n=19)

Fig. 1 PRISMA flow diagram

Seven studies primarily had in-person contact, one study ex-
amined a video-conference format [28], one study involved a
web-based format [39] and one study had an initial in-person
session followed by six telephone contacts [31]. Between ses-
sions, 5 studies assigned homework, and 3 studies offered
telephone support. One study had booster sessions within
3 months post-intervention.

Five studies examined four different programs that com-
bined ST and CT approaches. Two assessed separate ST and
CT interventions against a control group, and three studies
combined ST and CT exercises. Program frequency and length
were similar to the ST-only interventions described above.

Participants

Participants were fairly homogenous overall; the majority
were well-educated, middle-aged (mean age approximately
50-60 years) female breast cancer survivors. Eleven studies
(58%) solely recruited females with breast cancer, and it was
the most common diagnosis in the remaining studies.
Seventeen studies (89%) provided cancer diagnosis and treat-
ment type including chemotherapy, surgery, radiation, endo-
crine therapy, and/or androgen deprivation therapy. In 18 stud-
ies (95%), participants had completed treatment, except for
current endocrine therapy in six studies. Thirteen studies
(68%) reported the range or mean time since treatment, vary-
ing from 2 months to 6 years. One study [31] included partic-
ipants currently receiving adjuvant chemotherapy. No studies
targeted younger adults. Two studies [30, 41] examined an
intervention for older adults (age > 65 years).

Outcome assessments

All studies included standardized objective cognitive mea-
sures. To facilitate comparisons across studies, we categorized
neuropsychological tests into cognitive domains [49]. Most
studies assessed memory, attention, executive functions and
processing speed; language and visuospatial skills were less
commonly evaluated. Five studies (26%) included a measure
of “global cognition” through use of a composite score from
multiple tests or total score from a screening test (e.g. Mini
Mental Status Exam [50], Repeatable Battery of Assessment
of Neuropsychological Status [51]). Two studies (11%) in-
cluded a performance-based measure assessing everyday
skills (e.g. managing finances or medication).

All studies included patient-reported measures of cognitive
concerns or abilities. Eighteen studies (95%) assessed mood
(e.g. depression, anxiety, stress). Eleven studies (58%)
assessed health-related QOL (HRQOL), five studies (26%)
evaluated fatigue, and one study (5%) assessed patient-
reported ability to perform everyday activities.

Four studies (21%) assessed participants at baseline and
immediately post-intervention, 12 studies (63%) had three
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procedure for
treatment

Statistical
effects

Assessments

Intervention
format

Intervention type
and description

Cancer treatment

Cancer disease

site

Participants

Control
group

Design

Table 1 (continued)

Study

@ Springer

T4: 4-month

follow-up

NR not reported, MANOVA multivariate analysis of variance, ANCOVA analysis of covariance, ANOVA analysis of variance

assessments (baseline, immediately post-intervention, and 2—6-
month follow-up), two studies (11%) had four assessments, and
one study (5%) had six assessments (but only analyzed the first
four to maximize sample size). Two studies (10%) [26, 42] ad-
ministered neuropsychological tests twice prior to the interven-
tion, using the second as the baseline score to reportedly control
for practice effects, although this approach is not standard.
Fourteen studies (74%) did assessments in-person, two studies
(11%) used telephone administration [28, 33], and three studies
(16%) used an at-home computerized battery [32, 35, 39].

Findings

Of the 15 class I/II studies, 13 (87%) found an intervention
effect on at least one objective cognitive measure (i.e. inter-
vention group showed significantly greater improvement(s)
than the control group). Memory improvements were most
common (9 of 15 studies that assessed memory, 60%).
Intervention effects were also reported for executive functions
(4/12 studies, 33%), processing speed (5/15 studies, 33%) and
“global cognition (2/5 studies, 40%). All class III studies
found improvement on at least one objective cognitive mea-
sure, including processing speed (2/3 studies, 75%), memory
(2/4 studies, 50%) and executive functions (2/4 studies, 50%).
Of the 16 studies that included at least three assessments, 10
(63%) reported intervention effects at least 2 months post-
intervention. Intervention effect sizes, an established indicator
of clinical significance [52], ranged from small (e.g. Cohen s
d<0.2) to large (d>0.8) [53]; when available, specific effect
sizes by domain are provided in Table 2.

In addition to comparing mean changes in test performance
between intervention and control groups, some authors used
reliable change index (RCI) methods [29, 37, 38, 40, 43] and
found reliable improvements in a greater percentage of inter-
vention than control participants across cognitive domains
including processing speed, memory, visuospatial skills and
“global cognition”. Another study [38] reported percentage of
participants with impaired test scores (< 1.5 SD below normal
means) and found fewer intervention participants were im-
paired at 6-month follow-up compared to baseline, although
some continued to exhibit cognitive deficits.

For self-reported cognitive function, 10/15 class I/Il studies
(67%) found greater benefits for the intervention compared to
control group. Three studies reported improved subjective
cognition across all participants. All class III studies found
patient-reported improvements.

Of the eleven studies (58%) that specified one or more
objective or self-report measures as primary outcomes
(Table 2), 78% reported an intervention effect on one or more
of these measures.

Eighteen studies evaluated mood. Two class I/I studies
(13%) found improvements, but in many studies, participants
had few symptoms at baseline (i.e. minimal room for
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improvement). Five (63%) of the class I/II studies assessing
HRQOL found an intervention effect, and 1/4 studies (25%)
found intervention-related reductions in fatigue.

Quantitative electroencephalography (QEEG) was used as
an exploratory biomarker of intervention effects across pilot
[43] and RCT [36] studies of a ST program. Increased resting-
state alpha power and/or decreased delta power in rehabilita-
tion participants suggested increased general alertness, with
some associations to patient-reported cognitive
improvements.

Quality assessment

Quality assessment data are summarized in Table 3. Thirteen
studies (68 %) were class I or Ia (i.e. RCT), two studies (11%)
were class II (partially or non-randomized controlled trial) and
four studies (21%) were class III (single-arm study) [45].
Three class IIT studies [25, 41, 43] were pilot studies, for
which RCTs were later completed. The other class III study
was recently published, with recommendations for a future
RCT [42].

Fourteen class I/I1 studies (93%) and three class I1I studies
(75%) provided clear participant eligibility criteria, including
age, diagnosis and treatment details, and excluded CNS tu-
mours/metastases. The remaining two studies [30, 41] retro-
spectively examined self-identified cancer survivors, who
were a subset of participants from a larger cognitive interven-
tion study; their diagnosis and treatment criteria were unspec-
ified. Seven class I/l studies (47%) reported that outcome
assessors were blinded. No study adequately blinded partici-
pants to group membership. Thirteen class I/II studies (87%)
considered effects of baseline group differences on outcomes,
including demographic variables and/or pre-intervention
questionnaire or test scores.

Studies provided cognitive rehabilitation using CT, ST or a
combination. Seventeen studies (89%) adequately described
their interventions by specifying session number, frequency,
duration and content, homework and phone call support if
included and referencing a manual or computer/online pro-
gram if available. One class I study comparing ST and CT
interventions to a standard-care control [38] did not specify
which cognitive training exercises were used in the CT group.
One class III ST study [41] described the intervention, but the
administration procedures and which participants completed it
were unclear.

All studies appropriately used objective cognitive measures
based on the criteria that they administered standardized neu-
ropsychological tests and assessed cognitive domains targeted
by the intervention. However, for three CT studies [32, 38,
42], the degree of similarity between intervention exercises
and cognitive outcome measures was unclear; improvements
might reflect increased test-specific skills (i.e. training-to-test),
rather than more generalizable improvements [54]. Two CT
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studies not only acknowledged the training-to-test issue [33,
34] but also included tests of untrained cognitive domains.
Nine studies (47%) specified the scores used for each measure
(i.e. raw vs. standardized); two studies (11%) provided this
information for select scores only.

All 19 studies considered factors that could affect cogni-
tion, such as fatigue, mood, and psychiatric or neurological
conditions, either through exclusion criteria or use of self-
report measures to monitor change. All studies acknowledged
limitations, which commonly included small sample size and/
or lack of an active control group. Other limitations included
homogenous participant samples (e.g. results in breast cancer
patients may not generalize to other populations), recruitment
biases, participants not blinded to group membership, missing
data, participants having no/mild cognitive impairment at
baseline and lack of long-term follow-up.

For statistical reporting, 17 studies (89%) reported loss to
follow-up information and statistical procedures used to ad-
dress missing data, including completer analysis/exclusion of
dropout participants, linear interpolation, multiple imputation,
intention-to-treat, and substitution of person-specific means
for missing questionnaire items. We assessed whether studies
reported significant and non-significant results, p values,
means and standard deviations for significant findings, effect
sizes and considered the issue of multiple comparisons. Four
studies (21%) met all criteria. Ten studies (53%) did not pro-
vide complete statistics (e.g. p values, means, standard devia-
tions). Ten studies (52%) addressed the issue of multiple com-
parisons using adjusted alpha level and/or post-hoc tests [25,
29, 31, 32, 34, 38, 40], multivariate analyses [26], composite
scores [37] or justification of no adjustment [42]. Fifteen stud-
ies (79%) reported effect sizes; 14 used Cohen’s d within-
group (i.e. comparing pre-to-post change independently in
each group) and/or corrected (i.e. effect size for intervention
group controlling for effect size in control group) [55], and
one study reported partial eta-squared [30].

Discussion

This systematic review identified 19 cognitive rehabilitation
studies for CRCD in individuals with non-CNS cancers.
Overall, there is evidence for improvement in objective and
patient-reported outcomes. Below we summarize the quality
of'evidence, consistencies and discrepancies across studies for
outcome measures and terminology and make recommenda-
tions for future research and clinical implementation.

Improvements following cognitive rehabilitation
Most studies reported improvements on both performance and

self-reported cognitive measures after rehabilitation; all stud-
ies found improvement on at least one measure. For
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performance measures, improved memory was most com-
mon. Executive functions, processing speed and visuospatial
skills also improved in some studies. Where assessed, perfor-
mance in real-life tasks did not change [30, 42].

Patients reported fewer cognitive complaints or improved
cognitive abilities after rehabilitation in most studies. In many
of the remaining studies without intervention-specific effects,
all participants reported improvements, suggesting time or
other non-specific effects. There was some evidence for im-
proved HRQOL but limited support for improved functioning
in other self-reported domains (e.g. mood, fatigue) that were
typically included as control variables (i.e. not targets of the
interventions).

Taken together, these findings indicate that cognitive reha-
bilitation programs can positively affect objective and subjec-
tive cognitive functioning, although generalization to daily
life and other aspects of functioning are understudied.

Quality of evidence

Despite the challenges of conducting this type of research,
most studies met criteria for high quality cognitive rehabilita-
tion research [44, 45, 47], including design (i.e. RCTs),
methods, data analyses and reporting. However, incomplete
results (e.g. not reporting full statistics, not addressing multi-
ple comparisons) were a common limitation.

Selection and reporting of outcome measures

There was variability across studies in choice of objective
cognitive tests, reported scores and interpretation. Noting dis-
crepancies in test categorization between studies, we applied a
uniform domain categorization to facilitate comparisons.
Memory, processing speed, attention and executive functions
were generally assessed through domain-specific tests or
subscores on a larger screening battery. Only 47% of studies
indicated whether raw or standardized scores were used in
analyses; this information is necessary for clinical interpreta-
tion and between-study comparisons.

There was also variability in selection of patient-reported
measures. Some cognitive questionnaires assessed broader
cognitive functioning, others specific domains (e.g. memory,
executive functions). HRQOL was examined in 57% of stud-
ies, most frequently with screening measures commonly used
in oncology [56, 57]. These measures assess multiple aspects
of QOL but are less reflective of important factors such as
participation in valued activities [58], spiritual well-being or
social functioning [27, 40] or other determinants of well-be-
ing, such as positive affect [29]. Only one study included a
self-report measure of everyday functioning [41]. Inclusion of
such measures to assess well-being and daily functioning is
important and often missing in cancer research [59].

In terms of data analyses and statistical reporting, various
approaches to analyzing group-mean differences (e.g.
MANOVAs, ANCOVAs, linear mixed models) and varying
significance thresholds (e.g. adjusting p values for multiple
comparisons) were used, rendering between-study compari-
sons more challenging. Participant-level analyses were used
in 32% of studies, either through RCIs or percent of partici-
pants with impaired scores; these additional analyses provide
useful information about meaningful change or base rates of
impairment, respectively.

Seventy-nine percent of studies reported effect sizes, most
commonly Cohen’s d, calculated as a within-group (e.g. pre-
to-post) or corrected effect size; the latter quantifies the inter-
vention effect controlling for repeat-testing effects [55]. Three
studies [27, 34, 40] reported both types as absolute and rela-
tive measures of the intervention effect, facilitating compari-
sons across studies. Effect sizes are also meaningful in the
absence of statistically significant results. For example, the
moderate effect sizes reported by McDougall et al. [30] and
Mihuta et al. [39] support further investigation of the interven-
tions with larger sample sizes enabling adequate statistical
power.

Cognitive rehabilitation terminology

We categorized cognitive rehabilitation programs using a
common distinction between computer-training (CT) and
strategy-training (ST). However, terminology in this literature
is inconsistent. One source of confusion arises from referring
to ST programs as CBT, the well-established psychotherapy
technique. Cognitive rehabilitation programs vary greatly
from CBT psychotherapy. The former aims to restore or im-
prove cognitive abilities, the latter focuses on altering dys-
functional beliefs and behaviours to enhance psychological
functioning [24].

Many studies examine psychotherapy CBT in cancer pop-
ulations, but few include cognitive outcomes. For instance,
one study [60] hypothesized that psychotherapy CBT would
reduce post-cancer fatigue, thereby improving self-reported
cognitive functioning. Although CBT psychotherapy posi-
tively affects various outcomes in cancer patients including
cognition, it differs from cognitive rehabilitation. Some ST
cognitive rehabilitation programs include components often
used in psychotherapy CBT (e.g. relaxation training) [61],
but the overall content and aims of psychotherapy CBT and
cognitive rehabilitation are distinct.

Recommendations for future research
Neuropsychological tests

As many tests measure multiple abilities [49], we recommend
that researchers consider which cognitive domains to assess,
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based on hypotheses around intervention targets and general-
ization to untrained domains. Outcome measures should differ
from intervention tasks, especially for CT programs wherein
training-to-test can be problematic [54]. While encouraging
researchers to select sensitive measures appropriate to
assessing their intervention effects, batteries should include
the standardized neuropsychological tests recommended by
the International Cognition and Cancer Task Force [62] to
facilitate comparisons across studies.

Self-report measures

Intervention outcome assessments should include patient-
reported outcomes that may capture concerns not apparent in
objective tests and may be more closely related to everyday
functioning and QOL [63, 64].

In addition to HRQOL screening, other determinants of
well-being, such as positive emotions (i.e. not just negative
affect), should be assessed. Improvements in real-life func-
tioning should also be assessed using standardized question-
naires [65] or procedures for identifying and working toward
individually tailored goals [66].

Statistical analyses and reporting

Comprehensive descriptions of statistical analyses (e.g.
distinguishing between intervention effects where the inter-
vention group improves more than a control group, and time
effects where all participants improve) and full data reporting
(i.e. at minimum, group means and standard deviations for
each measure, but ideally also effect sizes and patient-level
indices such as RCI or percent impaired scores) facilitate in-
terpretation of results and comparisons across studies. Due to
the nature of cognitive rehabilitation work (e.g. study duration
and time commitment), participant attrition is common, so it is
important for studies to acknowledge and account for missing
data. Finally, accurate interpretation of results requires clearly
specifying which neuropsychological test scores are present-
ed, including the standardization method and source(s) of nor-
mative data.

Cognitive rehabilitation terminology

We recommend using computer-training and strategy-training
as standard terms to describe cognitive rehabilitation interven-
tions. Use of the term CBT to refer to cognitive rehabilitation
is strongly discouraged to avoid confusion with psychothera-
py CBT.

Other recommendations

Methods to increase generalizability are recommended for
future research. Most CRCD rehabilitation trials have
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involved middle-aged women with breast cancer. Validation
in other cancer populations and other age groups is lacking.
Older age poses a risk for CRCD [67, 68], yet only two studies
have targeted older adults. Moreover, we are unaware of pub-
lished cognitive rehabilitation research in younger adults, a
group that may be uniquely affected by CRCD as they return
to studies, employment or family responsibilities.

Clinical implementation

Participant blinding, large sample sizes and active control
groups are commonly lacking in this literature. These criteria
typically represent gold-standard qualities in pharmacothera-
py trials but are difficult to implement in cognitive rehabilita-
tion research. Active control conditions (e.g. offering support
or education without targeted cognitive rehabilitation) enables
blinding and controls for “placebo effects, and validation in
larger samples (e.g. through multi-site studies) would be in-
formative. Nonetheless, the available evidence supports clin-
ical implementation of cognitive rehabilitation programs for
CRCD, as our review suggests these programs have positive
effects.

Future research should focus on feasibility of implementa-
tion within clinical settings. This might include increasing
clinician access to empirically validated programs through
collaboration between institutions or dissemination or com-
mercialization of program materials. Comparing similarities
and unique benefits between interventions may clarify the
contributions of their particular components, allowing sites
to tailor programs based on institution-specific resources and
best serve patient needs. Technology-enabled program deliv-
ery [28] would increase accessibility to participants, and
should be examined in future research.

Limitations

Limitations include the following: possible missed relevant
articles due to search criteria and/or single author abstract-
screening; reporting results as significant at p <0.05 across
studies (e.g. unadjusted for multiple comparisons [69]), focus-
ing exclusively on cognitive rehabilitation interventions.
While beyond the scope of this review, future meta-analysis
as this field develops would synthesize emerging findings and
inform future research and clinical implementation. This
could incorporate other approaches including exercise, mind-
fulness and pharmacological interventions that may improve
cognition in individuals with cancer [48, 68].

Conclusion

Individuals with non-CNS cancers can experience meaningful
cognitive declines that negatively affect QOL and daily
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functioning. Cognitive rehabilitation to reduce or manage
these deficits appears promising, based on available evidence
in this relatively new research area. Both ST and CT programs
resulted in benefits on objective cognitive tests and/or self-
report measures. While acknowledging limitations in the
methodological quality of these studies, the available evidence
suggests that dissemination and clinical implementation of
these programs, with efforts to study and improve feasibility,
are appropriate and important future directions.
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