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Abstract

Background: Breast and prostate cancer represent a significant global public health burden.
Among the adverse effects of oncological treatments, fatigue is one of the most prevalent,
persistent, and disabling symptoms. Therapeutic exercise has been shown to be effective for
its management, with supervision identified as a key factor that may enhance adherence,
safety, and intensity control. This systematic review and meta-analysis aimed to compare
the effects of supervised exercise programs versus usual care on cancer-related fatigue in pa-
tients with breast or prostate cancer. Methods: A systematic search (September–December
2024) was conducted in six databases (PubMed, Web of Science, Scopus, Cochrane, PEDro,
Scielo), selecting RCTs from the past 10 years in English or Spanish. Studies compared
supervised exercise with unsupervised exercise or usual care in stage I–III breast or prostate
cancer patients within five years post-treatment. Methodological quality was assessed with
the PEDro scale and risk of bias with Cochrane’s RoB 2.0. A random-effects model was used
to calculate pooled effect sizes (ES, 95% CI), with heterogeneity (I2), sensitivity, subgroup,
and publication bias analyses. Results: A total of 25 interventions from 19 randomized
controlled trials involving over 2200 participants were included. Supervised exercise signif-
icantly reduced cancer-related fatigue compared to usual care (effect size = 0.34; 95% CI:
0.22–0.47; p < 0.001; I2 = 56%). Sensitivity analyses supported the robustness of the findings.
Subgroup analyses revealed greater effects in combined exercise programs, in men, and
in patients with prostate cancer. No evidence of publication bias was observed. While
73.7% of studies were rated as having good methodological quality, the risk of bias was
often unclear or high. Conclusions: Supervised therapeutic exercise programs are effective
and safe for reducing fatigue in breast and prostate cancer survivors. These interventions
should be incorporated into comprehensive care plans, with individualization based on
patients’ clinical and demographic characteristics. Further research is needed to identify
the most effective and sustainable strategies for different patient subgroups.
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1. Introduction
Cancer is one of the leading causes of morbidity and mortality worldwide [1], repre-

senting a significant public health challenge on a global scale [2]. In 2020, it was responsible
for approximately one in six deaths globally [3]. Breast and prostate cancer, in particular,
represent a significant burden to global health: breast cancer is the most commonly diag-
nosed malignancy and the leading cause of cancer-related death in women across more
than 100 countries, while prostate cancer is the most frequent among men. Together, they
account for 11.7% and 7.3% of new cases, respectively [4,5]. In 2018, the World Cancer
Research Fund estimated that approximately 18% of all cancer cases in the United States
could be attributed to physical inactivity, poor diet, and/or excess adiposity [6]. In this
context, adopting a healthy lifestyle is considered an important protective factor and an
effective tool in cancer prevention and control [7].

Cancer treatment is typically multimodal. In the case of breast cancer, conservative
surgery followed by radiotherapy is common and has been associated with a 21.7% reduction in
local recurrence at 10 years, a 5.4% reduction in breast cancer mortality, and a 5.3% reduction in
all-cause mortality at 15 years [8]. For prostate cancer, prostatectomy is a frequent intervention,
often combined with radiotherapy [9]. Chemotherapy is also commonly used to prevent
recurrence in patients with stage I–III cancer, alongside immunotherapy in certain cases [10,11].
However, these treatments can induce multiple adverse effects, including fatigue, pain,
cognitive impairment, sarcopenia, osteoporosis, and cardiotoxicity, among others [12–15].

Fatigue is among the most prevalent and debilitating symptoms experienced by cancer
patients [16], often persisting for years after treatment completion [17]. Cancer-related fatigue
is defined by the National Comprehensive Cancer Network as “a distressing, persistent, and
subjective sense of physical, emotional, and/or cognitive tiredness or exhaustion related
to cancer or its treatment, which is not proportional to recent activity and interferes with
usual functioning” [18]. It affects physical, emotional, and cognitive domains; tends to be
disproportionate to the level of exertion; and significantly interferes with patients’ daily
functioning [19]. Fatigue may even occur prior to treatment initiation and is frequently
exacerbated during chemotherapy [20], radiotherapy [21], or hormone therapy [22]. This
condition negatively impacts functional capacity, activities of daily living, and emotional
well-being, and may predict lower overall survival and recurrence-free survival [19,23].

Given the high prevalence and impact of cancer-related fatigue, numerous non-
pharmacological interventions have been studied to alleviate it [24]. Among these, ther-
apeutic exercise has been shown to be an effective strategy with a strong benefit–risk
profile [18,24,25]. Therapeutic exercise programs have demonstrated positive effects in
reducing cancer-related fatigue [24,25], as well as additional benefits for quality of life,
strength, and overall physical function [26].

Among the variables influencing exercise program outcomes, supervision stands out
as a key factor [27]. Supervised programs provide continuous professional guidance, which
can enhance adherence and improve intervention effectiveness [28–30]. They also ensure
proper technique, reduce the risk of injury [31], and allow for tailored adjustments of
intensity and exercise type based on the patient’s physical condition [30]. The American
Society of Clinical Oncology (ASCO) also supports supervised exercise, highlighting that
both aerobic and combined aerobic–resistance training are effective in reducing fatigue
among cancer patients [32]. In contrast, unsupervised programs, while offering greater
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flexibility and accessibility, may compromise adherence, increase perceived exertion, and
reduce safety [28–31], which can ultimately diminish the program’s benefit–risk balance.

Various exercise modalities (aerobic, resistance, or combined) have been evaluated for
fatigue management in patients with breast and prostate cancer [33–36], yielding variable
results depending on the type of intervention applied. However, many systematic reviews
have focused exclusively on one cancer type [37,38], potentially introducing sex-related
biases. Furthermore, the umbrella review by Zhou et al. found no systematic reviews
meeting high methodological quality standards [39]. Some reviews fail to distinguish
between supervised and unsupervised programs [38,40], or evaluate unrelated outcomes
such as sleep parameters [41]. Others include overly heterogeneous populations, limiting
the generalizability of their findings [42–45]. A notable example is the meta-analysis by
Van Vulpen et al. [40], which included multiple cancer types and both supervised and
unsupervised interventions, finding significantly greater effects in the supervised ones.
Similarly, in 2011, Cramp and Byron-Daniel reported benefits only from aerobic programs,
not from resistance training [46].

Considering these discrepancies and the need for more detailed evaluation, the present
systematic review and meta-analysis aims to analyze and compare the effects of supervised
therapeutic exercise programs (based on aerobic, resistance, stretching, or combined training)
versus usual care in reducing fatigue among patients treated for breast and prostate cancer.

2. Methods
2.1. Search Strategy

This systematic review and meta-analysis was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [47]
and followed the recommendations of the Cochrane Handbook for Systematic Reviews [48].
This systematic review and meta-analysis was registered in the Open Science Framework
(OSF) under the digital object identifier https://doi.org/10.17605/OSF.IO/E23RT.

A systematic search was carried out from September to December 2024 to identify stud-
ies evaluating the effect of exercise interventions on fatigue in cancer patients. The search
was conducted across the following databases: Web of Science (WOS), PubMed, PEDro,
Scielo, Cochrane, and Scopus. A PICO-based strategy was employed, using both controlled
vocabulary and natural language terms, which were reviewed by a health sciences librarian.
The search included the following terms: “Breast cancer”; “Prostate cancer”; “supervised
exercise”; “strength”; “aerobic”; “resistance”; “stretching”; and “Fatigue”. The goal was
to gather all available scientific evidence on the effects of supervised therapeutic exercise
programs on cancer-related fatigue compared to usual care or unsupervised exercise. The
complete search strategy is presented in Table 1.

Table 1. Search strategy.

Search Strategy Natural Terms and Equations Results Obtained

Pubmed

#1 (“Breast cancer” [Title/Abstract] OR
“Prostate cancer” [Title/Abstract])

#2

(“supervised exercise” [Title/Abstract] OR
“strength” [Title/Abstract] OR “aerobic”

[Title/Abstract] OR “resistance”
[Title/Abstract] OR “stretching”

[Title/Abstract]))
#3 (“Fatigue” [Title/Abstract])
#4 #1 AND #2 AND #3 848

https://doi.org/10.17605/OSF.IO/E23RT
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Table 1. Cont.

Search Strategy Natural Terms and Equations Results Obtained

Scielo
#1 (ab:(“Breast cancer” OR “Prostate cancer”))

#2
(ab:(“ Supervised exercise” OR ab: “strength”

OR ab:”aerobic” OR ab:”resistance” OR
ab:”stretching”))

#3 (ab:(“Fatigue”))
#4 #1 AND #2 AND #3 5

Web of Science
#1 (“Breast cancer” OR “Prostate cancer”)

#2 (“supervised exercise” OR aerobic OR
strength OR resistance OR strecthing)

#3 (“Fatigue”)
#4 Tittle/abstract: #1 AND #2 AND #3 1215

Cochrane
#1 (“Breast cancer” OR “Prostate cancer”)

#2 (“supervised exercise” OR aerobic OR
strength OR resistance OR stretching)

#3 (“Fatigue”)

#4 Tittle/Abstract/Keywords #1 AND #2
AND #3 1945

Scopus

#1 (TITLE-ABS-KEY (“breast cancer”) OR
TITLE-ABS-KEY (“Prostate cancer”))

#2

(TITLE-ABS-KEY (“supervised exercise”) OR
TITLE-ABS-KEY (aerobic) OR
TITLE-ABS-KEY(strength) OR

TITLE-ABS-KEY(resistance) OR
TITLE-ABS-KEY(stretching))

#3 (TITLE-ABS-KEY(“Fatigue”)
#4 #1 AND #2 AND #3 2407

PEDro
Subdiscipline Oncology

Body Part #1 Chest #2 Perineum or genito
urinary system

Therapy #3 fitness training #4 strength training
#1 + #3; #1 + #4; #2 + #3; #2 + #4 72

TOTAL Pubmed +Scielo + Web of Science + Cochrane
+ Scopus + PEDro 6492

2.2. Eligibility Criteria

Two independent reviewers (A.C.U. and P.G.F.) screened the titles and abstracts of the
retrieved articles to identify studies meeting the inclusion criteria. Articles with titles and
abstracts deemed relevant to the review’s objective were further evaluated by accessing or
requesting the full text. Studies were included if they met the following criteria: (1) pub-
lished within the past 10 years; (2) written in English or Spanish; (3) randomized controlled
trials with a usual care control group, in which the intervention group received supervised
therapeutic exercise (strength training, aerobic/cardiorespiratory training, stretching, or
any combination thereof); (4) included patients with breast or prostate cancer who began
the exercise program no more than 5 years after completing cancer treatment; (5) cancer
stages I–III with no comorbid conditions; (6) exercise interventions not combined with
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other treatments (e.g., pharmacological, dietary, psychological, or supplemental therapies),
aside from standard oncological care; and (7) outcomes included cancer-related fatigue.

Exclusion criteria were as follows: (1) animal studies, (2) systematic reviews, and
(3) non-RCTs (including pilot studies, single-arm trials, non-randomized or uncontrolled
studies, retrospective or cross-sectional studies).

2.3. Data Extraction and Quality Assessment

Using a customized data extraction table based on the Cochrane “Data Collection
Form for Intervention Reviews: RCTs and non-RCTs,” two authors (A.C.U. and P.G.F.)
independently extracted the following information from each included study: author,
year, country, cancer type, sample size, age, sex, intervention characteristics, duration of
intervention, fatigue assessment tool, and main results. Disagreements were resolved by
a third reviewer (J.L.M.M.). Duplicate records were removed using Mendeley Reference
Manager (version 2.100).

Risk of bias was assessed using the Cochrane risk of bias tool (RoB 2.0) [49], which
evaluates five domains: (1) bias arising from the randomization process, (2) bias due to
deviations from intended interventions (including blinding of participants and personnel),
(3) bias due to missing outcome data, (4) bias in outcome measurements (including blinding
of outcome assessors), and (5) bias in the selection of the reported results. As with study
selection and data extraction, risk of bias assessments were performed independently by
two reviewers (A.C.U. and P.G.F.), with any disagreements resolved by a third reviewer
(J.L.M.M.).

The methodological quality of the included trials was assessed using the PEDro
scale [50], which includes 11 items covering external validity (item 1), internal validity
(items 2–9), and statistical reporting (items 10–11). Items are scored as “yes” or “no,” and
only clearly satisfied criteria receive a “yes.” The total score is based on items 2 through 11,
with a maximum possible score of 10. Studies scoring below 4 points were rated as “poor,”
scores of 4–5 were “fair,” 6–8 as “good,” and 9–10 were “excellent.”

2.4. Data Analysis

From each included study, pre- and post-intervention data were extracted to calculate
individual effect sizes (ESs) as standardized mean differences (SMDs), along with their
corresponding 95% confidence intervals (95% CI) and standard errors (SEs) [51]. ESs were
considered positive when favoring the intervention group and negative when favoring the
control group. For the quantitative synthesis, we estimated pooled effect sizes and their
95% confidence intervals using a random-effects model based on the DerSimonian and
Laird method [52].

The overall effect size for exercise interventions compared to control groups was
calculated by assessing the direction and magnitude of the observed change. Between-
study heterogeneity was assessed using the I2 statistic, which quantifies the proportion
of variability across studies due to true heterogeneity rather than chance. I2 values were
interpreted as follows: 0–30% (low), >30–50% (moderate), >50–80% (substantial), and
>80–100% (considerable). Associated p-values and confidence intervals for I2 were also
reported for a more precise interpretation of heterogeneity [53]

In studies including multiple exercise intervention arms, effect sizes were calculated
separately for each modality to avoid data duplication in the pooled synthesis. To assess
the robustness of the overall findings, a sensitivity analysis was conducted by sequentially
removing each study to detect potential outliers or influential studies.
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Subgroup analyses were performed based on participant sex, exercise modality, cancer
type, and intervention duration to explore potential sources of heterogeneity and variations
in effect magnitude across clinical and methodological characteristics.

Finally, publication bias was assessed through visual inspection of funnel plots and
Egger’s regression test, which detects asymmetry related to study size [54]. All statistical
analyses were conducted using SPSS software (version 30.0.0.0, IBM Corp.).

3. Results
3.1. Systematic Review
3.1.1. Study Selection

The search strategy identified 6492 potentially eligible studies. Of these, 19 were
included in the final systematic review. The selection process is illustrated in Figure 1,
following the PRISMA 2020 guidelines.

Figure 1. Flowchart of article selection.
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3.1.2. Study and Intervention Characteristics

Table 2 provides a summary of the results from the studies included in the final review,
detailing information on participants, experimental conditions, and the measurement
tools used.

Table 2. Included studies.

Author/Year Country Cancer
Type Sample Size Age (SD) Sex Intervention

Characteristics
Duration of
Intervention

Measurement
Tool Results

Al-Majid
et al.,
2015 [55]

USA Breast IG: 7
CG: 7

IG: 47.9 (10.4)
CG: 52.7

(10.7)
W

IG: AT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

12 weeks
2 days/week PFS

IG Pre: 3.0 ± 0.7
Post: 3.0 ± 0.8
CG Pre: 0.8 ± 0.5
Post: 4.6 ± 0.9

Schmidt
et al.,
2015 [56]

Germany Breast
IG: 49
CG: 46

ITT

IG: 52.2 (9.9)
CG: 53.3

(10.2)
W

IG: RT
CG: Active
Structured Controls
(stretching)

12 weeks
2 days/week FAQ

IG Pre: 36.4 ± 19.2
Post: 36.1 ± 20.6
CG Pre: 41.0 ± 21.1
Post: 44.8 ± 21.0

Schmidt
et al.,
2015 [57]

Germany Breast
GRT: 21
GET: 20
CG: 26

RT: 53 (12.55)
ET: 56 (10.15)

CG: 54
(11.19)

W

RT: RT
ET: AT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

12 weeks
2 days/week MFI

GRT Pre:
9.25 ± 3.09
Post: 10.55 ± 3.22
GET Pre: 8.76 ± 4.31
Post: 12.35 ± 4.37
CG Pre: 9.54 ± 3.35
Post: 12.38 ± 3.50

Travier
et al.,
2015 [58]

Netherlands Breast IG: 102
CG: 102

IG: 49.7 (8.2)
CG: 49.5 (7.9) W

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

18 weeks
2 days/week MFI

IG Pre: 10.1 ± 4.3 ∆
change IC95% 1.9
[1.0 to 2.8]
CG Pre: 10.6 ± 4.1 ∆
change IC95% 2.3
[1.4 to 3.3]

Van Waart
et al.,
2015 [59]

Netherlands Breast IG:76
CG:77

IG: 49.9 (8.4)
CG: 51.6 (8.8) W

CI: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

20 weeks
2 days/week MFI y FQL

IG Pre: 10.6 ± 4.1
Post: 13.1 ± 3.9
CG Pre: 11.7 ± 4.4
Post: 14.7 ± 4.2

Mijwel
et al.,
2018 [60]

Sweden Breast

GRT/HIIT:
74

GAT/HIIT:72
CG: 60

RT/HIIT:
52.7 (10.3)
AT/HIIT:
54.4 (10.3)
CG: 52.6

(10.2)

W

GRT/HIIT + RT
GAT/HIIT +AT
CG: Usual Care
with General
Recommendations
(ACSM, WHO,
healthy lifestyle
advice)

16 weeks
2 days/week PFS

GRT/HIIT Pre:
3.09 ± 3.17
Post: 3.16 ± 2.9
GAT/HIIT Pre:
2.10 ± 2.63
Post: 3.16 ± 2.6
CG Pre: 2.30 ± 2.81
Post: 3.94 ± 2.95

Ammitzbøll
et al.,
2019 [29]

Denmark Breast IG: 82
CG: 76

IG: 53 (33–73)
CG: 52
(30–74) W

IG: RT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

20 weeks 2
days/week FACIT-F

IG ∆ change IC95%
2.71 [−0.1 to 5.5]
CG ∆ change IC95%
0.00 Reference

Baglia
et al.,
2019 [61]

USA Breast IG: 61
CG: 60

IG: 61.2 (7.09
CG: 62.0 (7.0) W

IG: RT + AT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

52 weeks
2 days/week Facit-F

IG Pre: 37.9 ± 10.6
Post: 43.6 ± 10.6
CG Pre: 36.2 ± 10.8
Post: 36.7 ± 10.8

Mijwel
et al.,
2019 [36]

Sweden Breast

GRT/HIIT:
74

GAT/HIIT:
72

CG: 60

GRT/HIIT:
52.7 (10.3)

GAT/HIIT:
54.4 (10.3)
CG: 52.6

(10.2)

W

RT: HIIT + RT
AT HIIT: HIIT + AT
CG: Usual Care
with General
Recommendations
(ACSM, WHO,
healthy lifestyle
advice)

16 weeks
2 days/week PFS

GRT/HIIT Pre:
3.09 ± 3.17 Post:
3.12 ± 3.03
GAT/HIIT Pre:
2.10 ± 2.63 Post:
3.18 ± 2.77
CG Pre: 2.30 ± 2.81
Post: 3.98 ± 3.05

Hojan
et al.,
2020 [62]

Poland Prostate
IG: 36
CG: 36

ITT

IG: 65.7 (6.2)
CG: 67.9 (4.9) M

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

8 weeks
5 days/week FACT-F

IG Pre: 113.4 ± 3.5
Post: 117.9 ± 9.7
CG Pre: 112.9 ± 3.9
Post: 81.5 ± 9.7
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Table 2. Cont.

Author/Year Country Cancer
Type Sample Size Age (SD) Sex Intervention

Characteristics
Duration of
Intervention

Measurement
Tool Results

Ndjavera
et al.,
2020 [63]

UK Prostate
IG: 24
CG: 26

ITT

IG: 71.4 (5.4)
CG: 72.5 (4.2) M

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

12 weeks
2 days/week Facit-F

IG Pre: 41.8 ± 10.2
Post: 41.8 ± 11.2
CG Pre: 42.9 ± 8.4
Post: 38.5 ± 11.9

Pereira
et al.,
2020 [64]

Mexico Breast
GMICT: 80
GHIIT: 70

CG: 66

GMICT: 51
(4)

GHIIT: 55 (5)
CG: 53 (7)

W

MICT: Mixed
HIIT: HIIT + RT
CG: Usual Care
with General
Recommendations
(ACSM, WHO,
healthy lifestyle
advice)

36 weeks
3 days/week FACT-F

GMICT Pre:
18.6 ± 9.5
Post: 8.0 ± 4.2
GHIIT Pre:
20.4 ± 5.6
Post: 5.1 ± 3.6
CG Pre: 16.6 ± 5.6
Post: 16.9 ± 4.6

Piraux
et al.,
2020 [65]

Belgium Prostate
GHIIT: 24
GRES: 24

CG: 24

GHIIT: 67.4
(8.9)

GRES: 67.9
(7.1)

CG: 71.9 (8.1)

M

HIIT: HIIT
RT: RT
CG: Usual Care
with General
Recommendations
(ACSM, WHO,
healthy lifestyle
advice)

5–8 weeks
3 days/week Facit-F

GHIIT Pre:
43.1 ± 6.9
Post: 42.1 ± 10.3
GRES Pre:
41.2 ± 7.7
Post: 40.5 ± 9.8
CG Pre: 41.1 ± 9.0
Post: 40.5 ± 9.8

Scott et al.,
2020 [66] USA Breast

GLET: 58
GNLET: 59

CG: 57

GLET: 58 (9)
GNLET: 59

(9)
CG: 58 (9)

W

LET: AT
NLET: AT + HIIT
CG: Active
Structured Controls
(stretching)

16 weeks
3–4

days/week
Facit-F

GLET Pre:
36.7 ± 11.9
Post: 39.5 ± 12.2
GNLET Pre:
42.8 ± 8.9
Post: 44.8 ± 9.0
CG Pre: 39.6 ± 10.9
Post: 39.9 ± 10.7

Gal et al.,
2021 [67] Netherlands Breast IG: 68

CG: 114
IG: 58.0 (9.8)
CG: 58.3 (9.5) W

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

12 weeks
2 days/week MFI

IG Pre: 11.6 ± 4.7 ∆
change IC95% −1.0
[−1.8 to −0.1]
CG Pre: 10.6 ± 4.3 ∆
change IC95% −0.3
[−1.0 to 0.4]

Moraes
et al.,
2021 [68]

Brazil Breast IG: 13
CG: 13

IG: 55.0 (5.8)
CG: 54.3 (5.2) W

IG: RT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

8 weeks
1 day/week PFS

IG Pre: 5.1 ± 2.7
Post: 2.3 ± 1.4
CG Pre: 3.9 ± 2.0
Post: 3.0 ± 2.4

Harrison
et al.,
2022 [34]

USA Prostate IG: 13
CG: 13

IG: 65.7 (8.1)
CG: 64.4 (8.3) M

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

16 weeks
3 days/week Facit-F

IG vs. CC ∆ change
IC95% +4.0 [−3.2 to
11.1]

Kang et al.,
2022 [35] Canada Prostate IG: 26

CG: 26
IG-CG: 63.4

(7.1) M

IG: HIIT
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

12 weeks
3 days/week FACT-F

IG Pre: 43.6 ± 6.6
Post: 46.0 ± 4.3
CG Pre: 45.3 ± 4.7
Post: 44.6 ± 6.0

Koevoets
et al.,
2022 [69]

Netherlands Breast IG: 91
CG: 90

IG: 52.1 (8.6)
CG: 52.5 (8.7) W

IG: Mixed
CG: Passive Usual
Care (no
exercise/maintain
habitual activity/no
specific advice)

6 months
4 days/week MFI

IG vs. CC ∆ change
IC95% +2.22 [1.11 to
3.32]

IG = Intervention Group; CG = Control Group; PFS = Piper Fatigue Scale; Facit-F = Functional Assessment of
Chronic Illness Therapy-Fatigue; FACT-F = Functional Assessment of Cancer Therapy: Fatigue; MFI = Multidi-
mensional Fatigue Inventory; RT = Resistance Training; AT = Aerobic Training; HIIT = High-Intensity Interval
Training; MICT = Moderate-Intensity Continuous Training; FAQ = Fatigue Assessment Questionnaire; ET =
Endurance Training; LET = Linear Exercise Therapy; NLET = Non-Linear Exercise Therapy; FQL = Fatigue Quality
List; M = Men; UC = Usual Care; W = WomenGeneral.

3.1.3. Characteristics of Included Studies

The randomized controlled trials included in this systematic review evaluated the
effects of supervised exercise programs compared to unsupervised exercise or usual care
in patients diagnosed with breast or prostate cancer. These studies were conducted in a
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variety of countries including the United States, Germany, Mexico, Denmark, Belgium,
Brazil, Canada, and the Netherlands, thus offering an international perspective.

A total of 19 randomized controlled trials were analyzed in this review, encompassing
more than 2200 participants overall. Mean participant ages varied across studies but
generally ranged from 40 to 70 years, reflecting the broad age spectrum at which these
types of cancer may occur.

Supervised exercise interventions included aerobic training, resistance training, High-
Intensity Interval Training (HIIT), and combined programs that incorporated aerobic and
resistance exercise components. The duration of interventions also varied, ranging from 8
to 52 weeks, with training frequencies typically between two and three sessions per week,
although some studies applied frequencies as low as once or as high as five times per week.
Although the inclusion criteria allowed for studies with interventions conducted up to five
years after cancer treatment, most of the included studies implemented exercise during
active oncologic treatment (Supplementary Table S1).

Cancer-related fatigue was assessed using various validated measurement tools, in-
cluding the Piper Fatigue Scale (PFS), Fatigue Assessment Questionnaire (FAQ), Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), Functional Assessment of Cancer
Therapy: Fatigue (FACT-F), and the Multidimensional Fatigue Inventory (MFI).

3.1.4. Quality Assessment and Risk of Bias

Methodological quality was evaluated using the PEDro scale, with 5 of the 19 studies
(26.3%) rated as “fair” and the remaining 14 studies (73.7%) rated as “good” (Table 3).

Table 3. Methodological quality as measured by PEDro scale.

Study 1 2 3 4 5 6 7 8 9 10 11 Total

Al-Madjid et al., 2015 [55] + + - + - - - + - + + 5

Schmidt et al., 2015 [56] + + + - - - - - - + + 5

Schmidt et al., 2015 [57] + + - + - - - + + + + 6

Travier et al., 2015 [58] + + + + - - + + + + + 8

Van Waart et al., 2015 [59] + + - + - - - + + + + 6

Mijwel et al., 2018 [60] + + - + - - - - - + + 4

Ammitzbøll et al., 2019 [29] + + - + - - - - + + + 5

Baglia et al., 2019 [61] + + + + - - - + + + + 7

Mijwel et al., 2019 [36] + + - + - - - + + + + 6

Hojan 2020 [62] + + + + - - - + + + + 7

Ndjavera et al., 2020 [63] + + + + - - + - + + + 7

Pereira et al., 2020 [64] + + + + - - + - - + + 6

Piraux et al., 2020 [65] - + - + - - - + + + + 6

Scott et al., 2020 [66] - + - + - - - + + + + 6

Gal et al., 2021 [67] + + - + - - - - + + + 5

Moraes et al., 2021 [68] + + - + - - - + + + + 6

Harrison et al., 2022 [34] - + - + - - + + - + + 6

Kang et al., 2022 [35] + + - + - - - + + + + 6

Koevoets et al., 2022 [69] - + - + - - - + + + + 6

1. Eligibility criteria and source (this item does not contribute to the total score). 2. Random allocation. 3. Concealed
allocation. 4. Baseline comparability. 5. Blinding of participants. 6. Blinding of therapists. 7. Blinding of assessors.
8. Adequate follow-up (>85%). 9. Intention-to-treat analysis. 10. Between-group statistical comparisons.
11. Reporting of point measures and measures of variability.
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Risk of bias was assessed using the Cochrane Risk of Bias Tool (RoB 2.0). Among the 19
included studies, 7 studies (36.8%) were found to have a high risk of bias, 11 studies (57.9%)
showed some concerns, and 1 study (5.3%) was rated as low risk of bias (Figures 2 and 3).

Figure 2. Risk of bias assessment: summary of individual studies.

 

Figure 3. Risk of bias assessment: aggregate appraisal results.
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3.2. Data Synthesis
3.2.1. Meta-Analysis

The pooled effect size for the impact of therapeutic exercise versus the CG on fatigue
was 0.34 (95% CI: 0.22–0.47; I 2 = 56%, p = 0.00) (Figure 4).

Figure 4. Meta-analysis for therapeutic exercise vs. control group (pooled ES analysis).

3.2.2. Sensitivity and Subgroup Analyses

The sensitivity analysis showed that removing individual studies from the meta-
analysis did not substantially alter the pooled effect size estimate for therapeutic exercise
vs. control group (Table 4).

Table 4. Sensitivity analyses.

Author, Year ES LL UL I2

Ammitzbøll et al., 2019 [29] R 0.35 0.22 0.48 56.7

Harrison et al., 2022 [34] C 0.34 0.21 0.47 55.8

Kang et al., 2022 [35] H 0.34 0.21 0.47 57.6

Mijwel 2019 [36] R + HIIT 0.33 0.20 0.47 57.2
Mijwel 2019 [36] A + HIIT 0.35 0.21 0.48 57.4

Al Majid et al., 2015 [55] A 0.33 0.20 0.45 55.7

Schmidt el al. 2015 [56] A 0.34 0.22 0.47 57.3

Schmidt el al. 2015 [57] R 0.35 0.22 0.48 57.2

Schmidt et al., 2015 [57] R 0.35 0.22 0.48 56.5

Travier et al., 2015 [58] C 0.36 0.23 0.49 54.8

Van Waart et al., 2015 [59] C 0.34 0.22 0.47 57.6

Mijwel 2018 [60] A + HIIT 0.35 0.22 0.48 56.1

Mijwel 2018 [60] R + HIIT 0.35 0.21 0.48 56.9

Baglia et al., 2019 [61] C 0.33 0.20 0.46 56.9

Hojan et al., 2019 [62] C 0.28 0.19 0.36 0.0

Ndjavera et al., 2020 [63] C 0.34 0.21 0.47 57.7

Pereira et al., 2020 [64] A 0.33 0.20 0.47 57.5
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Table 4. Cont.

Author, Year ES LL UL I2

Pereira et al., 2020 [64] H 0.34 0.20 0.47 59.5

Piraux et al., 2020 [65] H 0.34 0.21 0.47 57.6

Piraux et al., 2020 [65] R 0.34 0.21 0.47 57.6

Scott et al., 2020 [66] A C 0.35 0.22 0.48 56.3

Scott et al., 2020 A I [66] 0.35 0.22 0.48 55.9

Gal et al., 2021 [67] C 0.36 0.23 0.48 53.3

Moraes et al., 2021 [68] R 0.33 0.21 0.46 57.4

Koevoets et al., 2022 [69] C 0.34 0.21 0.47 57.6
ES: Effect size; LL: lower limit; UL: upper limit.

Subgroup analyses based on exercise type, intervention duration, sex, and cancer type
modified the pooled effect size estimate but did not affect the statistical significance of the
comparison between therapeutic exercise and the control group (Tables 5–8).

Table 5. Subgroup analysis by type of exercise.

Exercise ES LL UL I2

Endurance 0.258 0.052 0.518 26.4

Combined 0.421 0.095 0.747 80.0

HIIT 0.321 0.175 0.468 0.0

Resistance 0.250 0.062 0.439 0.0
ES: Effect size; LL: lower limit; UL: upper limit; HIIT: High-Intensity Interval Training.

Table 6. Subgroup analysis by duration of the exercise program.

Duration ES LL UL I2

≤12 weeks 0.407 0.131 0.682 72.7

>12–24 weeks 0.234 0.131 0.682 0.0

>24 weeks 0.474 0.290 0.679 0.0
ES: Effect size; LL: lower limit; UL: upper limit; HIIT: High-Intensity Interval Training.

Table 7. Subgroup analysis by gender.

Gender ES LL UL I2

Men 0.555 0.254 0.855 55.0

Women 0.274 0.190 0.362 0.0
ES: Effect size; LL: lower limit; UL: upper limit.

Table 8. Subgroup analysis by cancer type.

Cancer Type ES LL UL I2

Prostate 0.555 0.254 0.855 55.0

Breast 0.274 0.186 0.362 0.0
ES: Effect size; LL: lower limit; UL: upper limit.
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3.2.3. Publication Bias

No significant publication bias was found in the studies comparing therapeutic exer-
cise to the control group, as indicated by funnel plot symmetry (Figure 5) and the results of
Egger’s test (p = 0.672) (Table 9).

 

Figure 5. Funnel Plot.

Table 9. Publication bias by Egger’s test.

Exercise vs. Control Group Coefficient p-Value

0.284 0.672

4. Discussion
This systematic review and meta-analysis was conducted to determine the effective-

ness of supervised therapeutic exercise on fatigue in oncology patients with breast or
prostate cancer.

A total of 25 interventions from 19 randomized controlled trials were included, all
demonstrating a positive effect of therapeutic exercise on fatigue in cancer patients. Al-
though the magnitude of the effect falls within the range considered small by conventional
standards, its clinical relevance is notable given that cancer-related fatigue is a highly
prevalent, debilitating symptom that is difficult to manage pharmacologically. These results
support the inclusion of therapeutic exercise as a safe and effective strategy to reduce
fatigue, with the potential to improve quality of life, functional capacity, and recovery after
cancer treatment. The consistency observed across studies also suggests that these programs
can be flexibly adapted to different clinical profiles without compromising effectiveness.

These findings align with those reported in previous studies [37,38,46]. The improve-
ments observed may be explained by exercise’s protective effect against the decline in
maximal oxygen uptake, which may help alleviate cancer-related fatigue [55]. In ad-
dition, physical training promotes progressive improvements in exercise tolerance and
muscle strength, which may delay fatigue onset. Another relevant mechanism is the anti-
inflammatory effect of physical activity, which, together with its cognitive benefits, could
help counteract some treatment-related side effects, including fatigue [69].

These benefits are further enhanced by professional supervision, which helps patients
overcome common barriers such as a lack of knowledge about exercise benefits or perceiv-
ing fatigue as a limitation. Supervision by trained professionals improves understanding
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of exercise utility, thereby increasing adherence and intervention effectiveness [36]. Im-
portantly, no serious adverse events or clinical complications directly attributable to the
supervised exercise programs were reported. This finding, consistent with prior systematic
reviews [24], reinforces the favorable risk–benefit profile of exercise prescription in cancer
patients. The absence of major adverse effects strongly supports the integration of these
non-pharmacological strategies into personalized care plans.

Beyond its direct impact on patients’ daily functioning, cancer-related fatigue has
been commonly associated with lower treatment adherence, reduced quality of life, and
worse clinical outcomes [17]. Groenvold et al. [23] also demonstrated that fatigue is one
of the most debilitating symptoms in cancer patients, significantly affecting overall health
status and functional capacity, particularly in advanced or palliative stages. Moreover,
persistent fatigue may reduce patients’ ability to complete chemotherapy, radiotherapy,
or hormonal therapy regimens, thereby compromising therapeutic efficacy and survival.
Rock et al. [70] reported that modifiable lifestyle factors such as physical inactivity, poor
diet, and obesity accounted for over 18% of cancer cases in the U.S. in 2014. Altogether,
these data support the clinical importance of interventions targeting fatigue and related
behaviors, as improvements may not only enhance patient well-being but also promote
better adherence, treatment tolerance, and long-term clinical outcomes.

Subgroup analyses by exercise type showed that all supervised modalities were effec-
tive in reducing cancer-related fatigue, with statistically significant effect sizes. Combined
aerobic and resistance training showed the largest effect size, although with considerable
heterogeneity, suggesting variability in how these interventions are implemented. This
could result from the combination of strength training—which affects fatigue through
inflammatory and metabolic pathways and helps preserve muscle mass, function, and body
composition [15,60,71,72], and aerobic training, which improves cardiorespiratory fitness
and cardiovascular efficiency, thereby reducing fatigue perception [60]. HIIT programs, like
resistance training (though with a slightly smaller effect size), also demonstrated consistent
and significant effects with no heterogeneity, indicating a more uniform response to these
interventions. HIIT has been shown to reduce inflammatory markers such as interleukins,
improve body composition, and enhance cardiorespiratory fitness, notably increasing IL-15
levels, which may contribute to reduced fatigue and improved overall health in cancer
survivors [73]. It is also highly effective in improving VO2 max, a key indicator of cardiores-
piratory fitness [74], and provides significant benefits in a shorter time frame, allowing for
higher training loads and improved adherence [75]. Moreover, HIIT positively impacts
mitochondrial function, muscle capillarization, and fat oxidation capacity, all of which
may lower fatigue during daily activities [76,77]. Conventional aerobic training showed a
smaller but still significant effect, with low heterogeneity. These results suggest that while
all exercise modalities are beneficial, combined interventions may offer the greatest clinical
impact, although they require more standardized implementation. On the other hand, the
consistent effects of HIIT and resistance training may facilitate their use in resource-limited
clinical settings due to their structured format and more predictable outcomes.

Subgroup analysis based on program duration showed that all durations evaluated
(≤12 weeks, >12–24 weeks, and >24 weeks) were associated with significant reductions
in fatigue, with moderate effect sizes. The greatest effect was seen in programs longer
than 24 weeks, followed by those ≤12 weeks, while programs lasting 12–24 weeks had
the smallest effect. Notably, substantial heterogeneity was observed among studies with
≤12-week programs, possibly reflecting variability in intensity, exercise type, or participant
characteristics. In contrast, the absence of heterogeneity in longer-duration groups indicates
more consistent outcomes, strengthening the evidence in favor of extended programs. The
superior effectiveness of >24-week programs may be due to better physiological and
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psychological adaptation occurring over time, resulting in more sustained benefits and
fatigue reduction. These programs may also enhance adherence, which is crucial for long-
term effects [78]. While brief interventions also show benefits, the high heterogeneity
suggests the need for further research to optimize their effectiveness.

Subgroup analyses revealed differences in the magnitude of therapeutic exercise’s
effects on fatigue based on sex and cancer type. Among men, predominantly with prostate
cancer, the effect size was notably higher, with moderate heterogeneity. Among women,
primarily with breast cancer, the effect was more modest but more consistent across studies.
These findings may reflect physiological or psychological differences or differences in
exercise protocol implementation between men and women. Men in prostate cancer trials
often received strength- or HIIT-focused interventions, while women with breast cancer
typically participated in mixed programs with more varied frequencies or intensities.
Clinically, these results suggest that therapeutic exercise is beneficial for both groups but
may require tailoring to individual patient profiles to maximize effectiveness. Additionally,
the greater heterogeneity in male-focused studies highlights the need to better standardize
prostate cancer interventions, while the consistency in female-focused studies strengthens
current recommendations in this population.

One of the main methodological challenges in exercise oncology trials is the lack of
uniformity in the definition of control groups and the variability in intervention timing.
In this meta-analysis, control conditions ranged from inactivity to light interventions, and
most studies implemented exercise during active treatment, with few conducting it in
later phases. These inconsistencies, together with the limited number of studies in certain
categories and the absence of clear trends in the forest plot, precluded formal subgroup
analyses. Altogether, these findings highlight the need for more precise and standardized
reporting of both control group composition and intervention timing in future trials.

The analysis was performed using a random-effects model, appropriate for account-
ing for variability in study design, exercise type, intervention duration, and population
characteristics. The heterogeneity observed was moderate, suggesting some variability in
the results but not enough to compromise the validity of the pooled effect.

Sensitivity analyses demonstrated a high degree of stability in the exercise effect
on cancer-related fatigue, with consistently significant results. Notably, heterogeneity
dropped substantially when the study by Hojan et al. [62] was excluded, suggesting that
this study may contribute to overall variability, possibly due to its large reported effect
size. Nevertheless, the consistent effect across studies confirms the robustness and clinical
applicability of therapeutic exercise, regardless of modality.

Potential publication bias was assessed via visual inspection of the funnel plot and Eg-
ger’s test, with no significant asymmetry detected. The symmetrical distribution of studies
and non-significant standard error coefficient support this conclusion. The comprehensive
search strategy further reduces the risk of omitting relevant studies, reinforcing the validity
and robustness of the meta-analysis and the reliability of the observed effects of therapeutic
exercise on cancer-related fatigue.

This meta-analysis has some methodological limitations that should be considered.
First, the impossibility of blinding participants in exercise interventions may introduce
performance and detection biases. Additionally, several studies did not adequately de-
scribe the randomization process, limiting risk-of-bias assessment. Moderate statistical
heterogeneity was observed, likely due to differences in participant characteristics, study
designs, interventions, and fatigue measurement tools. This methodological variability
affects comparability and external validity. While subgroup analyses by exercise type,
cancer type, and sex were performed, the limited number of studies in each subgroup may
have affected the robustness of these results. Lastly, the scarcity of long-term follow-up
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data limits our understanding of the sustainability of exercise benefits. Therefore, although
the results are promising, they should be interpreted with caution within the context of
these limitations.

5. Conclusions
This meta-analysis confirms that supervised therapeutic exercise is an effective and

safe intervention for reducing fatigue in patients with breast and prostate cancer, yielding
clinically meaningful effects, with effect sizes exceeding established thresholds of clinical
relevance. All exercise modalities were found to be beneficial, with combined interventions
showing the greatest impact, and resistance or high-intensity protocols demonstrating the
most consistent results. Despite moderate heterogeneity, the findings were robust, with
no evidence of publication bias or adverse events. These results support the integration of
therapeutic exercise into oncological care, with personalized interventions based on patient
characteristics. Further studies are needed to identify the most effective and sustainable
program components, particularly in relation to cancer type, sex, and clinical status.
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49. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef]

50. Sherrington, C.; Herbert, R.D.; Maher, C.G.; Moseley, A. PEDro. A database of randomized trials and systematic reviews in
physiotherapy. Man. Ther. 2000, 5, 223–226. [CrossRef] [PubMed]

https://doi.org/10.3109/0284186X.2014.995777
https://doi.org/10.1007/s40279-024-02024-1
https://doi.org/10.1200/JCO.22.00687
https://doi.org/10.1002/ijc.32493
https://doi.org/10.1038/s41391-022-00519-4
https://doi.org/10.1097/JU.0000000000002334
https://www.ncbi.nlm.nih.gov/pubmed/35179044
https://doi.org/10.1007/s11764-019-00747-z
https://www.ncbi.nlm.nih.gov/pubmed/30912010
https://doi.org/10.3390/cancers14143428
https://www.ncbi.nlm.nih.gov/pubmed/35884489
https://doi.org/10.1186/s12885-015-1069-4
https://doi.org/10.1007/s00520-022-07389-5
https://doi.org/10.1249/MSS.0000000000002154
https://doi.org/10.1007/s11764-024-01532-3
https://doi.org/10.1016/j.apmr.2023.01.008
https://doi.org/10.1136/bjsports-2016-096422
https://doi.org/10.1007/s00520-022-07549-7
https://doi.org/10.1080/09638288.2023.2226408
https://doi.org/10.1002/14651858.cd006145.pub3
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1054/math.2000.0372
https://www.ncbi.nlm.nih.gov/pubmed/11052901


Appl. Sci. 2025, 15, 8399 19 of 20

51. Thalheimer, W.; Cook, S. How to Calculate Effect Sizes from Published Research: A Simplified Methodology. Work. Learn. Res.
2002, 1, 1–9.

52. Sutton, A.J.; Sheldon, T.; Song, F.; Abrams, K.R.; Jones, D.R.; Sheldon, T.A.; Song, F. Methods for Meta-Analysis in Medical Research;
Wiley: Hoboken, NJ, USA, 2000.

53. Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef] [PubMed]
54. Sterne, J.A.C.; Egger, M.; Smith, G.D. Systematic reviews in health care Investigating and dealing with publication and other

biases in meta-analysis. BMJ 2001, 323, 101–105. [CrossRef]
55. Al-Majid, S.; Wilson, L.D.; Rakovski, C.; Coburn, J.W. Effects of Exercise on Biobehavioral Outcomes of Fatigue During Cancer

Treatment: Results of a Feasibility Study. Biol. Res. Nurs. 2015, 17, 40–48. [CrossRef]
56. Schmidt, M.E.; Wiskemann, J.; Armbrust, P.; Schneeweiss, A.; Ulrich, C.M.; Steindorf, K. Effects of resistance exercise on fatigue

and quality of life in breast cancer patients undergoing adjuvant chemotherapy: A randomized controlled trial. Int. J. Cancer 2015,
137, 471–480. [CrossRef]

57. Schmidt, T.; Weisser, B.; Dürkop, J.; Jonat, W.; Van Mackelenbergh, M.; Röcken, C.; Mundhenke, C. Comparing endurance and
resistance training with standard care during chemotherapy for patients with primary breast cancer. Anticancer Res. 2015, 35,
5623–5629.

58. Travier, N.; Velthuis, M.J.; Bisschop, C.N.S.; Buijs, B.v.D.; Monninkhof, E.M.; Backx, F.; Los, M.; Erdkamp, F.; Bloemendal, H.J.;
Rodenhuis, C.; et al. Effects of an 18-week exercise programme started early during breast cancer treatment: A randomised
controlled trial. BMC Med. 2015, 13, 121. [CrossRef]

59. van Waart, H.; Stuiver, M.M.; van Harten, W.H.; Geleijn, E.; Kieffer, J.M.; Buffart, L.M.; de Maaker-Berkhof, M.; Boven, E.;
Schrama, J.; Geenen, M.M.; et al. Effect of low-intensity physical activity and moderate- to high-intensity physical exercise during
adjuvant chemotherapy on physical fitness, fatigue, and chemotherapy completion rates: Results of the PACES randomized
clinical trial. J. Clin. Oncol. 2015, 33, 1918–1927. [CrossRef]

60. Mijwel, S.; Backman, M.; Bolam, K.A.; Jervaeus, A.; Sundberg, C.J.; Margolin, S.; Browall, M.; Rundqvist, H.; Wengström,
Y. Adding high-intensity interval training to conventional training modalities: Optimizing health-related outcomes during
chemotherapy for breast cancer: The OptiTrain randomized controlled trial. Breast Cancer Res. Treat. 2018, 168, 79–93. [CrossRef]

61. Baglia, M.L.; Lin, I.; Cartmel, B.; Sanft, T.; Ligibel, J.; Hershman, D.L.; Harrigan, M.; Ferrucci, L.M.; Li, F.; Irwin, M.L. Endocrine-
related quality of life in a randomized trial of exercise on aromatase inhibitor–induced arthralgias in breast cancer survivors.
Cancer 2019, 125, 2262–2271. [CrossRef]

62. Hojan, K.; Milecki, P. Does regular physical exercises during radiotherapy influence fatigue and physical endurance in high-risk
prostate cancer patients? Med. Rehabil. 2019, 23, 21–27. [CrossRef]

63. Ndjavera, W.; Orange, S.T.; O’DOherty, A.F.; Leicht, A.S.; Rochester, M.; Mills, R.; Saxton, J.M. Exercise-induced attenuation of
treatment side-effects in patients with newly diagnosed prostate cancer beginning androgen-deprivation therapy: A randomised
controlled trial. BJU Int. 2019, 125, 28–37. [CrossRef] [PubMed]

64. Eliécer, P.-R.J.; Geesel, P.-F.D.; Ricardo, P.-R.; Pedro, P.-R.; Ximena, V.-B.; Alberto, C.-P.Y. Fatiga asociada al cáncer de mama luego
de un programa de entrenamiento. Acta Méd. Costarric. 2020, 62, 18–25.

65. Piraux, E.; Caty, G.; Renard, L.; Vancraeynest, D.; Tombal, B.; Geets, X.; Reychler, G. Effects of high-intensity interval training
compared with resistance training in prostate cancer patients undergoing radiotherapy: A randomized controlled trial. Prostate
Cancer Prostatic Dis. 2021, 24, 156–165. [CrossRef] [PubMed]

66. Scott, J.M.; Thomas, S.M.; Peppercorn, J.M.; Herndon, J.E., 2nd; Douglas, P.S.; Khouri, M.G.; Dang, C.T.; Yu, A.F.; Catalina, D.;
Ciolino, C.; et al. Effects of Exercise Therapy Dosing Schedule on Impaired Cardiorespiratory Fitness in Patients with Primary
Breast Cancer: A Randomized Controlled Trial. Circulation 2020, 141, 560–570. [CrossRef]

67. Gal, R.; Monninkhof, E.M.; van Gils, C.H.; Groenwold, R.H.H.; Elias, S.G.; van den Bongard, D.H.J.G.; Peeters, P.H.M.; Verkooijen,
H.M.; May, A.M. Effects of exercise in breast cancer patients: Implications of the trials within cohorts (TwiCs) design in the
UMBRELLA Fit trial. Breast Cancer Res. Treat. 2021, 190, 89–101. [CrossRef]

68. Moraes, R.F.; Ferreira-Júnior, J.B.; Marques, V.A.; Vieira, A.; Lira, C.A.B.; Campos, M.H.; Freitas-Junior, R.; Rahal, R.M.S.; Gentil,
P.; Vieira, C.A. Resistance training, fatigue, quality of life, anxiety in breast cancer survivors. J. Strength Cond. Res. 2021, 35,
1350–1356. [CrossRef]

69. Koevoets, E.W.; Schagen, S.B.; de Ruiter, M.B.; Geerlings, M.I.; Witlox, L.; van der Wall, E.; Stuiver, M.M.; Sonke, G.S.; Velthuis,
M.J.; Jobsen, J.J.; et al. Effect of physical exercise on cognitive function after chemotherapy in patients with breast cancer: A
randomized controlled trial (PAM study). Breast Cancer Res. 2022, 24, 36. [CrossRef]

70. Rock, C.L.; Thomson, C.; Gansler, T.; Gapstur, S.M.; McCullough, M.L.; Patel, A.V.; Andrews, K.S.; Bandera, E.V.; Spees, C.K.;
Robien, K.; et al. American Cancer Society guideline for diet and physical activity for cancer prevention. CA Cancer J. Clin. 2020,
70, 245–271. [CrossRef]

71. Strasser, B.; Steindorf, K.; Wiskemann, J.; Ulrich, C.M. Impact of resistance training in cancer survivors: A meta-analysis. Med. Sci.
Sports Exerc. 2013, 45, 2080–2090. [CrossRef]

https://doi.org/10.1002/sim.1186
https://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1136/bmj.323.7304.101
https://doi.org/10.1177/1099800414523489
https://doi.org/10.1002/ijc.29383
https://doi.org/10.1186/s12916-015-0362-z
https://doi.org/10.1200/JCO.2014.59.1081
https://doi.org/10.1007/s10549-017-4571-3
https://doi.org/10.1002/cncr.32051
https://doi.org/10.5604/01.3001.0014.1550
https://doi.org/10.1111/bju.14922
https://www.ncbi.nlm.nih.gov/pubmed/31605663
https://doi.org/10.1038/s41391-020-0259-6
https://www.ncbi.nlm.nih.gov/pubmed/32719354
https://doi.org/10.1161/CIRCULATIONAHA.119.043483
https://doi.org/10.1007/s10549-021-06363-9
https://doi.org/10.1519/JSC.0000000000003817
https://doi.org/10.1186/s13058-022-01530-2
https://doi.org/10.3322/caac.21591
https://doi.org/10.1249/MSS.0b013e31829a3b63


Appl. Sci. 2025, 15, 8399 20 of 20

72. Champ, C.E.; Carpenter, D.J.; Diaz, A.K.; Rosenberg, J.; Ackerson, B.G.; Hyde, P.N. Resistance Training for Patients with Cancer:
A Conceptual Framework for Maximizing Strength, Power, Functional Mobility, and Body Composition to Optimize Health and
Outcomes. Sports Med. 2023, 53, 75–89. [CrossRef]

73. Farley, M.J.; Boytar, A.N.; Adlard, K.N.; Salisbury, C.E.; Hart, N.H.; Schaumberg, M.A.; Jenkins, D.G.; Skinner, T.L. Interleukin-15
and high-intensity exercise: Relationship with inflammation, body composition and fitness in cancer survivors. J. Physiol. 2024,
602, 5203–5215. [CrossRef] [PubMed]

74. Toohey, K.; Pumpa, K.; McKune, A.; Cooke, J.; Welvaert, M.; Northey, J.; Quinlan, C.; Semple, S. The impact of high-intensity
interval training exercise on breast cancer survivors: A pilot study to explore fitness, cardiac regulation and biomarkers of the
stress systems. BMC Cancer 2020, 20, 787. [CrossRef] [PubMed]

75. Reljic, D.; Herrmann, H.J.; Jakobs, B.; Dieterich, W.; Mougiakakos, D.; Neurath, M.F.; Zopf, Y. Feasibility, Safety, and Preliminary
Efficacy of Very Low-Volume Interval Training in Advanced Cancer Patients. Med. Sci. Sports Exerc. 2022, 54, 1817–1830.
[CrossRef] [PubMed]

76. Little, J.P.; Safdar, A.; Wilkin, G.P.; Tarnopolsky, M.A.; Gibala, M.J. A practical model of low-volume high-intensity interval
training induces mitochondrial biogenesis in human skeletal muscle: Potential mechanisms. J. Physiol. 2010, 588, 1011–1022.
[CrossRef] [PubMed]

77. Schlüter, K.; Schneider, J.; Sprave, T.; Wiskemann, J.; Rosenberger, F. Feasibility of Two High-Intensity Interval Training Protocols
in Cancer Survivors. Med. Sci. Sports Exerc. 2019, 51, 2443–2450. [CrossRef] [PubMed]

78. Wender, C.L.A.; Manninen, M.; O’Connor, P.J. The Effect of Chronic Exercise on Energy and Fatigue States: A Systematic Review
and Meta-Analysis of Randomized Trials. Front. Psychol. 2022, 13, 907637. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s40279-022-01759-z
https://doi.org/10.1113/JP286043
https://www.ncbi.nlm.nih.gov/pubmed/39303144
https://doi.org/10.1186/s12885-020-07295-1
https://www.ncbi.nlm.nih.gov/pubmed/32819304
https://doi.org/10.1249/MSS.0000000000002989
https://www.ncbi.nlm.nih.gov/pubmed/35868017
https://doi.org/10.1113/jphysiol.2009.181743
https://www.ncbi.nlm.nih.gov/pubmed/20100740
https://doi.org/10.1249/MSS.0000000000002081
https://www.ncbi.nlm.nih.gov/pubmed/31730562
https://doi.org/10.3389/fpsyg.2022.907637
https://www.ncbi.nlm.nih.gov/pubmed/35726269

	Introduction 
	Methods 
	Search Strategy 
	Eligibility Criteria 
	Data Extraction and Quality Assessment 
	Data Analysis 

	Results 
	Systematic Review 
	Study Selection 
	Study and Intervention Characteristics 
	Characteristics of Included Studies 
	Quality Assessment and Risk of Bias 

	Data Synthesis 
	Meta-Analysis 
	Sensitivity and Subgroup Analyses 
	Publication Bias 


	Discussion 
	Conclusions 
	References

