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ABSTRACT
Background: Cancer-related fatigue is one of the most prevalent and distressing symptoms among
cancer patients, resulting in a great cancer research challenge. Numerous systematic reviews of phys-
ical training interventions have been conducted to find the most effective approach. However, evi-
dence remains fragmented, and in which cancer population physical training is more effective than
other populations is still unclear. Thus, this study critically appraised systematic reviews and meta-anal-
yses on physical training to reduce adults’ cancer-related fatigue.
Methods: A systematic review of systematic reviews and meta-analysis (PROSPERO: CRD42020189049),
assessing the efficacy of exercise training for reducing cancer-related fatigue in adults, was conducted
in PubMed, CINAHL, Cochrane Database of Systematic Reviews, and the Database of Abstracts of
Reviews of Effects, and Pedro. The selected studies (standardized mean difference, SMD; 95%CI), was
quantitatively pooled using a random-effects model. Heterogeneity was tested using chi-squared (Q)
and I-square statistics (I2).
Results: Of 1438 identified articles, 11 met the inclusion criteria, and ten were meta-analyzed. The
results yielded a positive effect of physical training on fatigue in all cancer populations, SMD ¼ �0.33
(�0.43, �0.23). Subgroup analysis based on tumor localization showed a slightly higher physical train-
ing effect on fatigue in adults with breast cancer, SMD ¼ �0.36 (�0.57, �0.15), and prostate cancer
SMD ¼ �0.34 (�0.45, �.0.22).
Conclusions: Our analysis demonstrated some potential improvement in cancer-related fatigue in
adult patients undergoing physical training during and after cancer treatments, particularly in patients
with breast or prostate cancer.
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Introduction

Cancer-related fatigue (CRF) is one of the most prevalent
and distressing syndromes among cancer patients. The over-
all prevalence is roughly 49% varying across cancer popula-
tions, depending on tumor type (ranging from 14.03 to
100%), cancer stage (60.6% in advanced cancer), and treat-
ment status (62% during treatment) [1]. CRF represents a
‘driver’ of health issues of global health among cancer
patients, considering its disruptive interaction with social and
functional quality of life (QoL) domains [2]. Given this inter-
action, fatigue may be a predictor of shorter survival [3], con-
sidering that dose intensity or delay of some cancer
treatments may be based on symptom severity [4], and poor
physical functional status is significantly associated with
interruptions of treatments [5].

Growing attention has been placed on the effects of phys-
ical activity in enhancing the psychological, physical, and
emotional quality of life among cancer survivors during can-
cer treatment and survivorship as a part of routine cancer

care [6,7]. Precisely, the benefit of physical activity on quality
of life may be mediated by the positive effect of physical
exercise on CRF, indicating an inversional proportional correl-
ation of fatigue with quality of life [8–10]. Furthermore, phys-
ical activity has been found to reduce cancer-specific
mortality among breast, prostate, and colorectal survivors
[11–13]. Given these considerations, there is consistent evi-
dence that exercise improves both aerobic capacity and mus-
cular strength, neutralizing tumor and treatments’ negative
effects on physical performance and reducing the perceived
fatigue level [14].

Nevertheless, cancer is a highly heterogeneous disease
that evolves through numerous pathways involving differen-
ces in somatic alterations and symptom presentations within
the same population cluster [15]. This heterogeneity compli-
cates identifying effective and appropriate interventions to
foster the multidimensional nature of cancer symptoms, such
as fatigue, which remains a great challenge and the highest
priority research areas of the National Cancer Institute
Clinical Oncology Research Program in the United States
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[16]. In practice, different fatigue dimensions, such as phys-
ical and mental, differ in how they behave, demonstrating
variable responses to interventions [17].

In the last decades, numerous efforts have been con-
ducted to identify the most effective approach, resulting in
several randomized controlled trials on cancer-related fatigue
management. As a result, literature encompasses multiple
systematic reviews and meta-analyses on the efficacy of
physical exercise for improving cancer-related fatigue.
However, understanding whether physical exercise in a spe-
cific cancer population could be more effective than other
cancer populations is still unclear, and knowledge remains
fragmented. For this reason, providing a clear understanding
of the efficacy of physical exercise on specific cancer popula-
tions in terms of tumor type could be strategic for address-
ing tailored and targeted interventions and avoid healthcare
wastes. Thus far, this study aims to systematically review the
available evidence about physical exercise’s effects on
improving adult cancer patients’ fatigue. In particular, we
aim to identify which cancer population can mostly benefit
from physical exercise interventions for reducing cancer-
related fatigue. This knowledge could be used to optimize
cancer care interventions.

Material and methods

This study is a systematic review of systematic reviews con-
sistent with the suggested stepwise approach [18]. The
rationale is based on a preliminary literature search on non-
pharmacological intervention to reduce cancer-related
fatigue, which uncovered numerous systematic reviews and
metanalysis on physical exercise for improving fatigue in can-
cer patients. The review protocol was firstly registered on
PROSPERO (CRD42020189049) [19,20].

Search strategy and sources

Multiple databases were searched between January 2010
and August 2020, and re-checked in June 2021: PubMed,
CINAHL, Cochrane Database of Systematic Reviews, and the
Database of Abstracts of Reviews of Effects and Pedro. We
adopted a purposive sampling limiting the search to cancer
subset and systematic reviews, abstract available, selecting
methods-based filters (PubMed Clinical Queries) and topic-
specific filters (Topic-Specific/Special Queries) [21,22].
According to recent literature, we combined MESH words
and free-text words using a single-line search strategy [23].
Foremost, the search strategy was designed for the PubMed
database and then fixed for the other databases as appropri-
ate (Supplementary File 1). The research was not limited to
any language initially to find all the relevant publications.
The reference list was cross-referenced and hand-searched to
identify any additional articles [24]. The last search was re-
run before the final analysis in January 2021.

Eligibility criteria

This systematic review is based on Population, Intervention,
Control, Outcomes, and Study design (PICOS) framework: (P)
Adult cancer patients (�18 years), (I) Aerobic, anaerobic and
physical resistance exercise, (C) Usual care or no intervention
or any type of intervention, (O) cancer-related fatigue as a
primary endpoint, (S) systematic reviews and meta-analysis
which include randomized controlled trials (RCTs) or longitu-
dinal RCTs. Systematic reviews including patients with malig-
nant hematological diseases were excluded, considering this
population cluster [25]. No restrictions on sex and ethnicity
were settled as they were not significant for the study’s pur-
poses. Yoga interventions were excluded because they per-
tain to Chinese medicine approaches. Relaxing or stretching
exercises were not considered as interventions. Systematic
reviews that comprised uncontrolled trials, case studies, stud-
ies without a control group, pilot, feasibility studies, and the-
oretical approaches were excluded.

We examined studies published in English in peer-
reviewed journals (or accepted for publication), containing
an abstract, and published between 2010 and May 2021 to
identify the most relevant up-to-date international evidence
on this topic.

Data selection

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement and flow-
chart to guarantee a systematic selection process [26]. Two
authors (SB and RC) independently screened titles and
abstracts to select pertinent studies for full-text review and
final inclusion, consistently with the inclusion criteria. A con-
sensus discussion solved disagreements in the inclusion pro-
cess of abstracts and full-text articles. The authors discussed
inclusion or exclusion reasons to ensure that the screening
process was reliable and consistent.

Quality appraisal

Two authors (SB and RC) independently evaluated the meth-
odological quality of each systematic review selected at the
final stage, using the ROBIS checklist [27], according to
recent Cochrane group suggestions for review of systematic
reviews study design [28,29]. We graded each risk of bias as
high, low, and unclear based on the ROBIS tool guidance
recommendations [30]. The ROBIS tool consisted of three
phases: (1) relevance assessment, (2) review process evalu-
ation, and (3) judgment of overall risk of bias. Specifically,
phase two required assessing four domains: study eligibility
criteria, identification and selection of studies, data collection
and study appraisal, and synthesis and findings. Only system-
atic reviews of low risk of bias were included to restrict
reporting of high-quality publications. A consensus discus-
sion solved disagreements between the two authors in the
quality rating process.
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Data extraction and synthesis

The authors examined the selected systematic reviews sev-
eral times to get an in-depth overview of the contents [31].
Two authors (SB and RC) independently extracted and
entered the data from studies into a standard paper extrac-
tion form, firstly tested throughout a piloting process. A con-
sensus discussion resolved disagreements among the two
authors. The following data were extracted from studies that
encountered the selection criteria for inclusion: first author/
year, number of studies included in the systematic review,
number of participants, type of cancer, intervention, compari-
son, phase of treatment, CRF measurements, and results.
Authors were contacted if the reported data were insufficient
or unclear. We did not consider results from subgroup ana-
lysis with less than three studies during data extraction and
limited simple size during data extraction. Results are pre-
sented according to the Cochrane Handbook of Systematic
Reviews of Interventions [28] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement [26].

Statistical analysis

We quantitatively pooled the effect size (standardized mean
difference, SMD; 95% CI) to estimate the magnitude of phys-
ical activity’s effect in reducing cancer-related fatigue (from
positive to negative). The magnitude of the SMD was consid-
ered as follows: small, SMD ¼ 0.2; medium, SMD ¼ 0.5; and
large, SMD ¼ 0.8 was considered [32]. Given the high clinical
heterogeneity between studies, a random-effects model of
the inverse variance was used to calculate the pooled effect
[32], applying the restricted maximum likelihood (REML) [33].
The magnitude of inconsistency between studies was esti-
mated by chi-squared (Q) and I-square statistics (I2) [34].
Considering that the performed model adopted the effect
sizes of previously published meta-analysis to obtain a
pooled estimate, the possible overlapping of primary studies
in the model has been manually checked. In the eleven
included systematic reviews (only 10 systematic reviews with
meta-analyses), only 11 primary studies of 149 were
included twice.

For this reason, we empirically tested whether excluding
the information of the 11 overlapping primary studies signifi-
cantly changed the pooled effect size of the model by per-
forming a model from the effect sizes of the primary studies.
The overall SMDs in both models (one model was a meta-
analysis of meta-analyses, the other was a meta-analysis
including the primary studies without duplicating the infor-
mation of the 11 overlapping studies) were not significantly
different. Then, we empirically deduced that the overlapping
effects of primary published studies were marginally relevant
in defining the effect size of the meta-analysis of meta-analy-
ses. Considering that the aim of a systematic review of sys-
tematic reviews is about providing an understandable
synthesis of the available literature reviews rather than
exploring new associations between specific interventions
and an outcome, the performed meta-analysis should be

intended as a descriptive synthesis of the available published
associations. This approach helps identify a state-of-the-art
useful for planning new research endeavors. Thus, the model
showing the pooled effect size derived from the included
meta-analyses (meta-analysis of meta-analyses) was consid-
ered the most suitable for the reporting purpose due to its
easier readability. Accordingly, the presented meta-analysis
has to be used to support the narrative synthesis of the
included systematic reviews rather than to define precise
associations between physical exercise and CRF.

We conducted a subgroup analysis based on tumor local-
ization to explore differences in the effect size among differ-
ent cancer populations and minimize statistical
heterogeneity across studies. A new I2 value was estimated
for each subgroup. The funnel plot was created to assess
small-study effects for the outcome, considering that a fun-
nel plot that is asymmetrical for the line of the summary
effect suggests differences between the estimates derived
from small and large studies. Specifically, a contour-
enhanced funnel plot (1, 5, and 10% significance) was used
to explore whether the asymmetry is due to publication bias
or other factors. Data analyses were performed using STATA
16 software [35].

Results

Search results and characteristics of the included
systematic reviews

The selection process and reasons for exclusion are pre-
sented in Figure 1. Overall, 16 systematic reviews were
assessed for eligibility in this study. Following the quality
assessment process, 11 articles were finally included; how-
ever, no meta-analyses were available for one study; then,
ten articles were included in the pooled meta-analysis.

The ten systematic reviews, including meta-analyses,
encompass results from 187 primary studies, but only 149
studies were focused on testing physical exercise for improv-
ing cancer-related fatigue, encompassing a total of 16,143
participants. All the primary studies included in the 11 sys-
tematic reviews were randomized controlled trials according
to the research question’s nature. Two Cochrane reviews
were suitable for the inclusion criteria [37,38]. Characteristics
of the included systematic reviews are presented in Table 1.

Characteristics of participants

Studies enclosed in the selected systematic reviews involved
male and female adult participants affected by different solid
tumors during and/or after cancer treatment. Systematic
reviews, including studies targeted to patients with hemato-
logical malignancy, were excluded during the selection pro-
cess. Participants included in the studies received exercise
training during and/or after cancer treatment, including
chemotherapy, radiotherapy, hormonotherapy, surgery, or a
combination of them.
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Characteristics of interventions

The systematic reviews include studies focused on the effect
of physical training for improving cancer-related fatigue in
comparison with usual care or no treatment [37,39–45] or a
combination with low to high-intensity exercise [46] and
stretching or relaxation exercise [38]. Physical training con-
sisted of a combination of aerobic and resistance exercise
[37–43,45,46], aerobic and anaerobic exercise [42,43,47], or
exclusively aerobic exercise [44]. The exercise training was
supervised and/or home-based [37,38, 41,45–47]. The fre-
quency and duration of training programs differed across tri-
als included in the systematic reviews, from 10 to 120min,
1–6 times per week, for an overall period of 2–52weeks,
combining moderate to high intensity.

Outcome and measurements

The assessed outcome was cancer-related fatigue, measured
with eleven types of multidimensional fatigue scales and
subscales at different time points (short, long term follow up
and at final assessment): FACT-F (Functional Assessment of
Cancer Therapy: Fatigue), FACT-An (Functional Assessment of
Cancer Therapy-Anemia), FACIT-F (Functional Assessment of
Chronic Illness Therapy-Fatigue), PFS (Piper Fatigue Scale), R-
PFS (Revised Piper Fatigue Scale), BFI (Brief Fatigue
Inventory), SAS (Symptom Assessment Scale), POMS-F (Profile
of Moods States Fatigue subscale), SCFS (Schwartz Cancer
Fatigue Scale), FSS (Fatigue Severity Scale), MFI
(Multidimensional Fatigue Inventory), FS (Fatigue Scale),
LASA (Linear Analog Scale Assessment), TOI-F (Trial outcome
index-fatigue), EORTC QLQ C30/FA13 (European Organization

for Research and Treatment of Cancer Quality-of-life/fatigue
subscale), and FAQ (Fatigue Assessment Questionnaire).

Risk of bias of the included systematic reviews

The authors estimated the risk of bias of the sixteen system-
atic reviews independently using the ROBIS tool [30]. We
judged eleven systematic reviews at low risk of bias
[37,39–47], three systematic reviews at high risk of bias
[48–50] because the review process was not systematic, and
two systematic reviews as unclear [48,51] because of a con-
siderable number of missing data. Overall, the lower quality
was found in the study eligibility criteria, identification, and
selection phases. In particular, eligibility criteria were not
fully described, neither the search strategies and reasons for
restrictions. The results of the methodological quality assess-
ment are reported in Figure 2 and Supplementary File 2.

The effect of physical training on cancer-related fatigue

A total of 16 meta-analyses were retrieved from 10 system-
atic reviews and pooled to estimate the magnitude of the
effect of physical training on cancer-related fatigue. We did
not compute one study’s results in the metanalysis as it was
focused on patients with colorectal cancer who underwent
physical training after surgery [46]. The pooled estimate indi-
cated a statistically significant difference in fatigue between
the exercise intervention and control groups (SMD ¼ �0.33;
95% CI ¼ �0.43, �0,23, I2 ¼ 64%) (Figure 3), indicating a
slightly positive effect of physical training on fatigue reduc-
tion. The subgroup analysis (Figure 4) based on tumor

Figure 1. Selection process (flow diagram). From Page et al. [36]. For more information, visit http://www.prisma-statement.org/.
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localization proved a slightly greater effect of physical train-
ing on fatigue in breast cancer patients (SMD ¼ �0.36; 95%
CI ¼ �0.57, �0.15), compared to patients with prostate can-
cer (SMD ¼ �0.34; 95% CI ¼ �0.45, �0.22) with an overall
effect (SMD) equal to �0.35 (�0.49, �0.21). However, no sig-
nificant statistical difference was observed among the two

groups (p¼ 0.85). The studies including breast cancer
patients presented more variability (Tau2 ¼ 0.06, I2 ¼
78.32%, H2 ¼ 4.61) than the prostate group (Tau2 ¼ 0.000, I2

¼ 0%, H2 ¼ 1).
The asymmetric-shaped funnel plot (Supplementary File 3)

suggested a slight risk of publication bias, in particular for

Figure 2. Risk of bias of the included systematic reviews.

Figure 3. Effect of physical training on cancer-related fatigue.

ACTA ONCOLOGICA 1683

https://doi.org/10.1080/0284186X.2021.1962543


studies with a small sample size, rather than other reasons,
such as variability between the studies. The slight/moderate
publication bias was confirmed by the contour-enhanced
funnel plot, which showed missing studies in non-significant
regions. Accordingly, funnel plots within groups remain
asymmetric, corroborating the evidence of a publication bias.

Discussion

The role of physical training in cancer symptom manage-
ment has been widely recognized as a part of routine cancer
care. This systematic review of systematic reviews provides
an overview of all current updated evidence on the effect of
physical training on cancer-related fatigue in adults.
Considering the substantial number of systematic reviews on
this topic, supplying a clear perspective on the beneficial
effects of physical exercise on fatigue reduction in different
cancer populations is imperative for addressing the appropri-
ate management strategy and direct future research.

The aggregate effect of physical training on fatigue sug-
gests that exercise programs (aerobic anaerobic and resist-
ance training) implemented during or after cancer
treatments, such as chemotherapy, radiotherapy, or hormo-
notherapy have a small positive impact on fatigue reduction

to usual care. Despite these benefits, only a minority of can-
cer patients are adequately active [52,53] and adhere to
physical activity guidelines [54]. Several barriers have been
identified as poor physical exercise adherence predictors,
including physical factors, fear, and low willingness to
change physical exercise behavior [55]. Furthermore, health-
care providers reported a modest attitude and knowledge to
promote physical activity programs [56]. A substantial stake-
holders’ action to create sustainable multidisciplinary cancer
rehabilitation models as a treatment option, equally to car-
diac rehabilitation pathways and the infrastructure for a cul-
tural adaptation, is required [57,58].

The frequency and duration of training programs highly
differed across trials included in the systematic reviews, from
10 to 120min, 1–6 times per week, for an overall period of
2–52weeks, combining moderate to high intensity. For this
reason, it was unfeasible to target a specific effective pro-
gram. However, given the high heterogeneity of cancer pop-
ulations and presentations, programs should be individually
tailored, and a standard program proposal is not suggested
[59]. Physical activity recommendations should be integrated
into patients’ experiences within the context of a patients’
life, recognizing the impairing effects of cancer treatments,
home and working life, and patient’s physical and

Figure 4. Subgroup analysis based on cancer diagnosis.
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psychological needs [7]. This approach might result in opti-
mizing participation in exercise interventions [60].
Accordingly, cancer patients’ physical training preferences
vary considerably, especially if we consider different cancer
populations [52,61–63].

Our results demonstrated a small effect of physical train-
ing in reducing fatigue in breast and prostate cancer
patients. However, the small difference in the physical exer-
cise effect between the two-cancer diagnosis and the overall
estimation of all cancer diagnoses, peculiarities, and specific
cancer populations’ barriers need to be considered in
addressing the interventions [64]. Specifically, these results
might suggest additional potential benefits in delivering tail-
ored cancer-specific intervention programs. However, add-
itional valuable research needs to be conducted to enable
an overall synthesis of the effect of physical exercise on
other cancer diagnoses.

Finally, the small aggregate effects of physical exercise on
reducing cancer-related fatigue and the small effects of
breast or prostate cancer patients might reflect some weak-
nesses in how the outcome was measured. More precisely,
cancer-related fatigue has been measured in the primary
studies of the included systematic reviews by using 16 differ-
ent tools. Previous research highlighted that cancer-related
fatigue is a multidimensional symptom that involves physical
and mental aspects [17]. However, the several available tools
for assessing cancer-related fatigue show a different number
of domains, varying from 2 to 5 [17]. Theoretically, the sev-
eral domains of cancer-related fatigue might be susceptible
to improvements by being modulated from different inter-
ventions’ effects. For instance, it is reasonable that physical
exercise might mainly enhance the physical dimension of
cancer-related fatigue, while other dimensions, such as men-
tal fatigue, might be more susceptible to psychosocial inter-
ventions. Thus far, given the multitude of available tools,
most of the available meta-analyses synthesized the effects
of physical exercise on the overall score of cancer-related
fatigue. For this reason, future research should clarify the
quality of the evidence regarding the validity and reliability
of the several tools to measure cancer-related fatigue for
providing a theory-grounded base for clinicians and research-
ers who require determining which domain of fatigue is
more susceptible to physical exercise. The future critical
appraisal of the characteristics of the available tools for
measuring cancer-related fatigue could help to clarify with
more precision in which domains cancer-related fatigue
could be defined, as currently, there is no consensus about
this aspect [17].

Limitations

This study has several limitations. Firstly, since we aimed to
include high-quality evidence, only two specific cancer clus-
ters (breast and prostate patients) resulted from the selection
process and were suitable for the subgroup analysis.
Secondly, comparisons across the systematic reviews
revealed no univocal operational definition and categoriza-
tion of unidimensional and multidimensional fatigue

measures, and multiple scales have been utilized in the clin-
ical trials. Thirdly, the usual care or conventional treatment
approaches vary across the studies related to the local stand-
ard of care. This heterogeneity generated concerns about the
synthesis and interpretability of the systematic review’s
results. Nevertheless, this is the first systematic review of
reviews and metanalysis, which provides a clear understand-
ing of physical exercise’s impact on cancer-related fatigue,
focusing on specific cancer populations. Forth, the design
adopted for this systematic review of systematic reviews is
not suitable for detecting associations between CRF and
physical exercise over time by considering crucial time
points, such as during treatment and after treatment. Having
this information is pivotal to precisely ascertain when phys-
ical exercise might be more effective in reducing CRF. For
this reason, future reviews designed to capture longitudinal
data are required.

Conclusions

This study presents a quantitative synthesis of the available
systematic reviews and meta-analyses on the effect of phys-
ical exercise on cancer-related fatigue to frame the current
knowledge on this topic comprehensively. Although the
effect sizes are small, there is consistent empirical evidence
to endorse the implementation of physical exercise during
and after treatments as part of cancer care, particularly for
breast cancer survivors; for this reason, this evidence should
be considered in planning care paths. Further research
should focus on frameworks’ implementation to deliver tail-
ored interventions.
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