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Abstract

Purpose To systematically review and meta-analyse the efficacy of resistance training on quality of life (QOL), fatigue,
physical function, and muscular strength in people diagnosed with cancer undergoing chemotherapy.

Methods Electronic databases PubMed, Cochrane Central, CINAHL, SCOPUS and Web of Science were systematically
searched for randomised controlled trials (RCTs) that compared the effects of resistance training to control on QOL, fatigue,
physical function, and lower-body and upper-body muscular strength in adults undergoing chemotherapy. Standardised
mean differences (SMDs) were pooled using a random effects model. Risk of bias was assess using the risk of bias tool for
randomised trials (RoB 2).

Results Seven RCTs encompassing 561 participants were included. The pooled results of seven RCTs showed that resist-
ance training during chemotherapy significantly improved lower-body strength (n=555, SMD 0.33, 95% CI 0.12 to 0.53,
moderate-quality evidence, I*=23%) compared to control. There was no evidence for an effect of resistance training on
QOL (n=373, SMD 0.13, 95% CI -0.15 to 0.42, low-quality evidence, IZ=0%), fatigue (n=373, SMD -0.08, 95% CI -0.37
to 0.22, low-quality evidence, I> =20%), physical function (n= 198, SMD 0.61, 95% CI -0.73 to 1.95, very low-quality evi-
dence, I?=83%), or upper-body strength (n =413, SMD 0.37, 95% CI -0.07 to 0.80, very low-quality evidence, I>=69%).
Conclusions Resistance training may improve lower-body strength in patients undergoing chemotherapy treatment compared
to control.
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Introduction

The global burden of cancer continues to rise with approxi-
mately 19.3 million new cases and nearly 10 million can-
cer-related deaths recorded in 2020 [1]. Chemotherapy, a
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common treatment modality for various types of cancer, is
administered as both primary and secondary treatment with
the aim of eradicating the cancer or inhibiting the prolif-
eration of malignant cells [2]. The use of chemotherapy is
predicated on its ability to decrease tumour burden, prevent
recurrence and improve survival outcomes [3]. However,
despite its undisputed therapeutic benefits, chemotherapy
is associated with an array of adverse side effects including
impaired physical function, reduced muscular strength, and
elevated fatigue [4—6]. These adverse effects reduce patients’
quality of life (QOL), ability to function independently, and
negatively impacts psychological wellbeing [7], resulting in
the necessity to explore and implement interventions capable
of attenuating the negative effects of chemotherapy.
Exercise has been extensively researched and advocated
as a strategy to mitigate the adverse side effects associated
with chemotherapy [8] and evidence suggests that exercise
can be beneficial in counteracting chemotherapy-induced
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side effects by enhancing QOL [9], reducing fatigue [10],
improving physical function [11] and enhancing muscular
strength [12]. This evidence has given rise to the develop-
ment of cancer-specific exercise guidelines, which recom-
mend that people both during and after cancer treatment
participate in moderate-intensity aerobic training 2-3
times per week, for 20-30 min, combined with resistance
training 2 times per week, using 2 sets of 8—15 repetitions
for major muscle groups of moderate to vigorous intensity
[8]. Nonetheless, the literature is dominated by studies
that focus on aerobic exercise alone or aerobic exercise
combined with resistance exercise.

Resistance training can potentially yield a multitude
of benefits during chemotherapy treatment [13]. In gen-
eral populations, resistance training has been shown to
improve muscular function through enhanced motor unit
recruitment and synchronization, increased firing rates,
and reduced inhibitory reflexes which in turn leads to
increased muscular strength and coordination [14-16].
Given that chemotherapy can cause diminished muscular
strength and physical function, such adaptations could be
crucial in mitigating these adverse effects [13]. A review
conducted by McGovern et al. [17] examined the effects of
resistance training on muscle mass and strength in patients
undergoing chemotherapy and/or radiation therapy, show-
ing significant improvement in lean muscle mass and
upper-lower body strength. However, this review did not
exclusively focus on chemotherapy as a treatment modality
and only incorporated supervised exercise interventions.
Given the varying side effects associated with different
treatment types, it is crucial to investigate single treat-
ment modalities. Furthermore, with the growing preva-
lence of unsupervised exercise interventions, it is essential
to explore both supervised and unsupervised modalities to
gain a comprehensive understanding of the overall impact
of resistance training during chemotherapy treatment.

To date, no review has synthesized the evidence on
the effects of resistance training alone — that is, not in
combination with concomitant exercise or mind—body
interventions — on QoL, fatigue, physical function, and
muscular strength in patients undergoing chemotherapy
treatment. Understanding the overall impact of resistance
training alone is essential when developing and admin-
istering supportive care approaches for people receiv-
ing cancer treatment. Pooling the results of individual
studies is essential to determine if an intervention has
a positive effect. Synthesizing the evidence-base is also
needed to identify gaps in knowledge, inform directions
for future research, and address discrepancies between
studies. This review examined the available literature to
assess the effects of resistance training on specific out-
comes in cancer patients, to determine whether resistance
training alone can be an effective strategy to improve the
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physical and psychological wellbeing of patients undergo-
ing chemotherapy.

Methods

This review was prospectively registered on the open sci-
ence framework (OSF; https://osf.io/yg4jd/) and is reported
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [18]. A
PRISMA checklist is provided in Supplementary Material
1. Changes to the pre-registered protocol were minor and are
fully documented and justified in Supplementary material 2.

Search strategy

Authors (JM and LM) systematically searched databases
PubMed (NCBI), Cochrane Central Register of Controlled
Trials (CENTRAL) (Wiley), CINAHL (EBSCOhost), SCO-
PUS (Elsevier), and Web of Science (Clarivate), from incep-
tion to 18th September 2023. Searches were performed and
reported in accordance with PRISMA-S where applicable. A
PRISMA-S checklist is provided in Supplementary Material
3 [19]. Standard Boolean operators (AND, OR) were used
to combine search terms. The search terms used to identify
relevant studies, along with applied filters and limits, are
presented in Supplementary Material 4. No publication date
restrictions were applied; however, language was restricted
to English.

Inclusion criteria

Original research articles were included in this review if
they met the following inclusion criteria: i) the study was a
prospective RCT; ii) participants were aged > 18 years; iii)
the resistance training intervention lasted > 2 weeks; iv) the
resistance training group was compared to a control group
that followed usual care only and did not receive a structured
exercise intervention; v) patients were actively undergoing at
least one dose of any type of chemotherapy for the treatment
of any cancer irrespective of intent (e.g. palliative, cura-
tive) or sequence (e.g. first-line, induction); vi) measures of
QOL, fatigue, physical function, strength, or power, were
collected pre- and post-intervention vii) full-text was avail-
able in English.

Exclusion criteria

Studies were excluded if they met any of the following cri-
teria: 1) Patients received chemotherapy and/or other treat-
ments modalities such as radiotherapy, immunotherapy, or
targeted therapies during the intervention period; ii) the
resistance training intervention was combined with other
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types of exercise or mind—body therapies such as imagery,
relaxation, hypnosis, yoga, meditation, tai-chi, qigong, art
therapies etc. iii) the control group received an intervention,
such as an exercise or nutritional intervention; iv) the inter-
vention group incorporated a concomitant nutritional inter-
vention (e.g., changes to diet or supplementation); v) stud-
ies did not include a pre- and post-intervention measure of
QOL, fatigue, upper/lower-body strength, power, or physical
function; or vi) measures of physical function were subjec-
tive. In accordance with Cochrane guidelines, this review
excluded quasi-experimental, observational, and cross-over
trials due to it being feasible to conduct RCTs to answer the
research question in this context [20].

Outcomes

Outcomes included measures of QOL, fatigue, physical
function, upper-body strength, lower-body strength, and
muscular power. QOL could be measured with validated
questionnaires, such as the European Organization for
Research and Treatment of Cancer Quality of Life Question-
naire Core-30 (EORTC QLQ-C30), Functional Assessment
of Cancer Therapy-General (FACT-G), the 36-item short-
form (SF-36), or QOL subscales such EORTC QLQ-C30
global health status. Fatigue was measured via symptom spe-
cific questionnaires such as the Multidimensional Fatigue
Inventory (MFI-20), Functional Assessment of Chronic Ill-
ness Therapy — Fatigue Scale, or fatigue sub-scales such as
the EORTC QLQ-C30 fatigue scale.

Assessments of physical function included measures such
as the 30-s sit-to-stand test, timed up and go and 6-min walk
test. Muscular strength outcomes included mass lifted in
dynamic strength tests in the upper body (e.g., bench press,
overhead press, seated row, latissimus pull down and elbow
flexion and extension) and lower body (e.g., squat, leg press,
leg flexion and extension) and maximum force achieved in
isokinetic tests such as elbow flexion/extension, knee flex-
ion/extension and hip flexion/extension. Muscle power out-
comes included power produced in dynamic movements
such as a countermovement jump or a leg extension on an
isokinetic dynamometer.

Study selection

Upon completion of the searches, all identified studies were
collated into a Microsoft Excel spreadsheet (Microsoft Cor-
poration, Redmond, Washington, USA). Reviewers (JM and
LM) independently removed duplicates and screened studies
against the eligibility criteria. The screening process was
carried out in three distinct phases: i) the exclusion of stud-
ies after an initial screen of titles and abstracts; ii) a compre-
hensive review of full text manuscripts; and iii) data avail-
ability. Any disagreements between reviews were resolved

through discussion and consultation with a third reviewer
(RV). Relevant reviews and reference lists and forward cita-
tions of included studies and relevant reviews were manually
checked to identify additional eligible studies.

Near misses

A total of nine studies were judged to meet many, but not
all, of the eligibility criteria (i.e., ‘near misses’). These ‘near
miss’ studies were excluded for three main reasons i) partici-
pants received other types of treatment, such as radiother-
apy alongside chemotherapy [21-26]; ii) participants par-
ticipated in combined aerobic and resistance training [27];
iii) studies included an active control group [28, 29]. These
studies along with justifications for exclusion are presented
in Supplementary Material 5.

Data extraction

Data items were extracted from each study onto a pro-
ject-specific data extraction form (Microsoft Excel). Data
included: i) authors and year of publication; ii) study design;
iii) participant characteristics; v) treatment details; vi) out-
come measures; vii) pre- and post-intervention change score
data for each outcome measure (mean and standard devia-
tions). In the case of missing data, corresponding authors
were contacted on at least two occasions within a 1-month
period. Data conversions were not needed to prepare the
data for meta-analyses [20]. If RCTs included multiple inter-
vention groups, we only extracted data from the resistance
training-only group and the control group. The data extrac-
tion process was completed independently by authors (JM
and LM) and reviewed by (RV).

Risk of Bias

The Cochrane risk of bias tool for randomised trials (RoB 2)
was used to assess the risk of bias for each included outcome
within each study [30]. The principal effect of interest was
assessed on an intention-to-treat basis. The RoB 2 assesses
outcomes through five domains and a series of signalling
questions relating to the: i) randomisation process; ii) devi-
ations from intended interventions; iii) missing outcome
data; v) measurement of the outcome and vi) selection of
the reported result. Assessments of each domain and the
overall risk of bias were characterised as ‘low risk of bias’,
‘high risk of bias’, or ‘some concerns’. An overall bias judg-
ment was taken as the least favourable assessment across all
domains. Risk of bias due to missing results in a synthesis
was explored with Egger’s test of the intercept [31], and
by visually inspecting a funnel plot of the treatment effects
plotted against their corresponding sampling variance. RoB
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2 judgements were made by two independent authors (JM
and LM) and disagreements reviewed by (RV).

Quality of evidence

Quality of evidence for each outcome was assessed using the
Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) approach [32]. The GRADE approach
classifies evidence quality into four levels ‘high’, ‘moder-
ate’, ‘low’ and ‘very low’. Randomised trials started with a
‘high quality of evidence’ rating which was then assessed
and re-graded based on the following factors: i) risk of bias;
i) inconsistency of results; iii) indirectness of evidence; v)
imprecision of results and vi) publication bias [33].

Quality of evidence was downgraded by one level if a
serious limitation was identified or by two levels if there
was deemed to be a very serious limitation. Two reviewers
(JM and LM) independently graded the quality of evidence,
with any disagreements reviewed by (RV). An overall rating
was given to the entire body of evidence, determined by the
outcome with the lowest level of quality [34]. The criteria
used for evaluating the certainty of the evidence can be open
science framework (OSF; https://osf.io/yg4jd/).

Statistical analysis

All included studies were narratively synthesized. A meta-
analysis of standardised mean difference (SMD) between
conditions was performed when two or more studies reported
the same outcomes. SMDs were calculated by dividing the
mean difference by the pooled standard deviation at baseline,
where mean differences were calculated by subtracting the
mean pre-post change of the intervention group with the
mean pre-post change in the control group. Hedges' g cor-
rections were applied to the SMD to adjust for sample bias.
Qualitative descriptors used to interpret the strength of the
SMDs were based on Cohen’s criteria (+): trivial (<0.2),
small (0.2 to 0.49), moderate (0.5 to 0.79), and large (>0.8)
[35].

Statistical heterogeneity between studies was assessed
with the Chi-squared test (x2), and the percentage of vari-
ability in effect estimates due to heterogeneity as opposed to
sampling error was assessed using the I? statistic. Thresholds
for the interpretation of I were in line with Cochrane rec-
ommendations: 0-40% (‘might not be important’), 30-60%
(‘may represent moderate heterogeneity’), 50-90% (‘may
represent substantial heterogeneity’), and 75-100% (‘consid-
erable heterogeneity’) [36]. The importance of the observed
12 value was interpreted alongside its 95% Confidence inter-
vals (CIs) and the p-value from the x 2 test [36].

Meta-analyses were conducted using a random effects
model and the restricted maximum likelihood method to
estimate between-study variance. A random effects model
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was used to incorporate potential heterogeneity across
studies [37]. Cls and test statistics were calculated via a
t-distribution restricted maximum likelihood method using
the Hartung-Knapp-Sidik-Jonkman (HKSJ) approach. The
HKSJ adjustment for random effects meta-analysis results in
superior error rates when the number of included studies is
small [38]. Studies were weighted according to the inverse
of the sampling variance. When meta-analysis includes mul-
tiple outcome measure from the same study, effect estimates
were nested within studies using a multi-level structure to
account for correlated effects [39]. Forest plots were used to
visually display the results of individual studies and pooled
syntheses.

Statistical analyses were performed using package meta-
for in R version 4.0.2 (R Foundation for Statistical Com-
puting, Vienna, Austria). Statistical significance was set at
p<0.05. Data are presented as effect estimates with their
corresponding 95% ClIs. The search results, dataset, and
statistical code are available on the OSF repository (https://
osf.io/ygdjd/).

Results
Study selection

A total of 1650 records were identified through databases
searches, of which 715 were duplicates. Two additional
records were identified through citation tracing. After
duplications were removed and screening of 937 title and
abstracts, 41 full-text articles were assessed for eligibility.
A total of 7 RCTs and 8 reports met the eligibility criteria
and were included in this review. A summary of the study
selection process is presented in Fig. 1.

Study characteristics

A summary of study characteristics is presented in Table 1.
A total of 561 participants were included in this review
with 373 included in the QOL and fatigue meta-analyses,
198 included in the physical function meta-analysis, 413
included in the upper-body strength meta-analysis and 555 in
the lower-body strength meta-analysis. All studies included
in this review compared resistance training to control.

A summary of intervention characteristics can be found
in Supplementary Material 6. Five out of the eight included
studies incorporated machine-based interventions [40—44],
while three included resistance bands and/or free-weights
[44—46] and a single study combined machines with body
weight resistance exercises [47]. All interventions were
designed to target all major muscle groups of the upper
and lower body. Regarding the setting, five studies were
supervised [40—44], three home-based [44-46], and one
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Fig.1 Summary of the study TR S g
selection process Identification of studies via databases and registers
—
= Search results from databases (N=1650)
2 PubMed (n=209)
é Cochrane Central (n = 400)
S CINAHL (n = 106)
g SCOPUS (n = 440)
= Web of Science (495)
—
Duplicate records removed (n=715)
A4
Records after duplicates removed
(n=935)
A
Records screened (n=937)
g Records excluded based on table and abstract
@ (n=896)
G
@
Full text reports received (n = 41)
Full text articles excluded (n=33)
v ® = 2 - Protocol studies
T ® - 9-Did not partake in exercise during chemotherapy
Full text reports assessed for eligibility or treatment was combined with another
(n=41) treatment modality
@ ® - 1-Did not include an inactive control group
= ® - 8- Resistance training was combined with other
s Studies included in review (n=7) exercise modality
3 ) . ¢ = 5-Did not include relevant outcome measures
£ Reports of included studies (n =8) ¢ - 8- Could not gain access to all relevant information

incorporated a combined approach of supervised and home-
based exercise [47]. The mean (SD) duration of resistance
training intervention was 19 (7.7) weeks. The frequency of
interventions ranged from two to four sessions per week and
session durations ranged from 20-70 min. Training intensity
varied from 50-80% of one repetition maximum or between
14 to 16 on Borg’s 620 rating of perceived exertion (RPE)
scale [48]. The number of sets performed ranged from 1 to
4, with repetitions between 8 and 20. Exercise intensity was
generally progressed by increasing the load after the desired
number of sets and reps were achieved. However, two studies
increased exercise intensity based on RPE [43, 44]. Adher-
ence to resistance training interventions varied, ranging from
49-84%, with two studies not reporting adherence [43, 46]

Risk of Bias

Risk of bias was assessed for all outcomes. QOL and fatigue
outcomes were assessed as having some concerns due to
deviations from the intended intervention, measurement of
the outcome and selection of the reporting of results. Physi-
cal function, upper-body strength and lower-body strength
were assessed as having high risk of bias due to participants
deviating from the intended intervention. Funnel plots and

Egger’s test indicated that publication bias was not present
in upper-body (p < 0.26) and lower-body strength (p <0.46).
Funnel plots can be found in Supplementary Material 7. A
summary of all the results for risk of bias assessments can
be seen in Fig. 2 and justifications for grading are available
on OSF (https://osf.io/yg4jd/).

Quality of evidence

The GRADE assessments revealed that the quality of evi-
dence for QOL and fatigue was low. This was attributed to a
high risk of bias in one individual study and the indirectness
of evidence, with >50% of the included studies not reporting
all components of the FITT principle (frequency, intensity,
time, and type). The quality of evidence for physical function
was rated as very low due to a high risk of bias, considerable
heterogeneity, indirectness of evidence, and imprecision of
results, with the 95% CI of the pooled SMD spanning greater
than 0.8 and -0.8. The quality of evidence for upper-body
strength was very low due to a high risk of bias, substantial
heterogeneity, and indirectness of evidence because >50%
of the included studies investigated the same type of can-
cer. The quality of evidence for lower-body strength was
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Fig.2 Risk of Bias assessment
for all outcomes

Fatigue

Physical Function

Upper-body Strength

Lower-body Strength

moderate due to a high risk of bias. A summary of findings
table and GRADE evidence profile are presented in Table 2.

Effects on lower-body strength

The meta-analysis for lower-body strength included seven
RCTs [41-47] consisting of eighteen effect estimates and
555 participants. The meta-analysis showed that resistance
training led to small and significant improvement in lower-
body strength (SMD 0.33, 95% CI 0.12 to 0.53; p=0.004;

@ Springer
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Domains: Judgement

D1: Bias arising from the randomization process. s

D2: Bias due to deviations from intended intervention. @ Hioh

D3: Bias due to missing outcome data. -~ Some concerns

D4: Bias in measurement of the outcome. >

D5: Bias in selection of the reported result. . Low

Fig. 3). There was evidence that heterogeneity might not be
important (*=23.19%, p=0.32).

Effects on QOL

The meta-analysis for QOL included five RCTs [40—43,
47] consisting of five effect estimates and 373 participants.
The meta-analysis showed a trivial non-significant differ-
ence between resistance training interventions and usual
care on QOL (SMD 0.13,95% CI—0.15 to 0.42; p=0.27;
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Table2 Summary of findings and GRADE evidence profile
Summary of findings Quality assessment
Outcome No. of Pooled I? (p value) ~ Risk of bias Inconsist-  Indirectness Imprecision Publication Quality rating
participants SMD (95% ency bias
(studies) CI)
Quality of 373 (5) 0.13[-0.15, 0% (p=0.40) Serious No serious  Serious No serious  Undetected Low
life 0.42] limitation limitation limitation limitation (b)
(@
Fatigue 373 (5) -0.08 [-0.37, 19.56% Serious No serious  Serious No serious  Undetected Low
0.22] (p=0.36) limitation limitation limitation limitation (b)
(@
Physical 198 (3) 0.61[-0.73, 83.49% Serious Serious Serious Very serious Undetected Very low
function 1.95] (»<0.001) limitation limita- limitation limitation (b)
(a) tions
Upper-body 413 (5) 0.37[-0.07, 68.51% Serious Serious Serious No serious  Undetected Very low
Strength 0.80] (»=0.007) limitation limita- limitation limitation
(a) tions
Lower-body 555 (7) 0.33[0.12, 23.19% Serious No serious  No serious  No serious  Undetected Moderate
Strength 0.53] (»=0.32) limitation limitation limitations  limitation
(@

95% CI=95% confidence interval; GRADE =Grading of Recommendations, Assessment, Development and Evaluation; SMD = standardised

mean difference

aMore than 50% of studies were judged to have some concerns in three or more domains in the Cochrane risk of bias tool for randomized trials

(RoB 2)

bdid not perform a funnel plot or Egger’s test of the intercept analysis because the meta-analysis included less than 10 effect estimates. However,
none of the individual effect estimates included in the meta-analysis reached the conventional threshold for statistical significance (i.e. p <0.05),

and therefore publication bias was considered unlikely

Fig. 3). There was evidence that heterogeneity might not
be important (1> =0%, p =0.40).

Effects on fatigue

The meta-analysis for fatigue included five RCTs [40—43,
47] consisting of six effect estimates and 373 partici-
pants. The meta-analysis showed a trivial non-significant
difference between resistance training interventions and
usual care on fatigue (SMD -0.08, 95% CI—0.37 to 0.22;
p=0.55; Fig. 3). There was evidence that heterogeneity
might not be important (I =19.56%, p=0.36).

Effects on physical function

The meta-analysis for physical function included three
RCTs [44-46] consisting of four effect estimates and
198 participants. The meta-analysis showed a medium
SMD but non-significant difference between resist-
ance training interventions and usual care on physical
function (SMD 0.61, 95% CI—0.73 to 1.95; p=0.24;
Fig. 3). There was evidence of substantial heterogeneity
(I =83.49%, p <0.001).

Effects on upper-body strength

The meta-analysis for upper-body strength included five
RCTs [42-46] consisting of thirteen effect estimates and
413 participants. The meta-analysis showed a small non-
significant difference between resistance training interven-
tions and usual care on upper-body strength (SMD 0.37, 95%
CI-0.07 to 0.80; p=0.089; Fig. 3). There was evidence of
substantial heterogeneity (I>=68.51%, p <0.007).

Discussion

This is the first systematic review and meta-analysis to inves-
tigate the effects of resistance training on QOL, fatigue,
physical function, and muscular strength during chemo-
therapy. Our findings demonstrate that resistance has the
potential to significantly increase lower-body strength dur-
ing chemotherapy. By contrast, there was no evidence for
an effect of resistance training on other outcomes including
QOL, fatigue, physical function, and upper-body strength.
In line with our findings, a previous meta-analysis of nine
studies reported that resistance training improves lower-
body strength in people undergoing adjuvant chemotherapy
and/or radiation therapy for cancer, with a standardized

@ Springer
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Fig. 3 Forest plots of the results QOL
from multi-level random-effects First author (year) Outcome Favours Control Favours Intervention Weight  SMD [95% Cl]

meta-analyses on exercise inter-
vention effects on QOL, fatigue,
physical function, upper-body
and lower-body strength. Data
are presented as SMDs between
exercise and usual care groups
with corresponding 95%
confidence intervals (95% CIs).
EORTC QLQ-30=The Euro-
pean Organization for Research
and Treatment of Cancer Qual-
ity of Life Questionnaire-30,
FACT-An =Functional Assess-
ment of Cancer Therapy-
Anaemia, IKD =Isokinetic
Dynamometer, kg =Kilograms,
M =Metres, MFI 20 = Multidi-
mensional Fatigue Inventory,
MIPT =Maximal Isokinetic
Peak Torque, MVIC =Maximal
Voluntary Isometric Contrac-
tion, Nm =Newton-metre,
SF-36 =36-Item Short Form
Health Survey questionnaire

mean difference (SMD) of 0.58 (95% CI 0.18 to 0.98) [17].
However, this review also showed a considerably higher
unexplained heterogeneity between studies (I>=91%)
compared to our review (I>=23.19%), suggesting a lower
quality of evidence. It additionally reported a significant
increase in upper-body strength, which contrasts with our
findings. The differences between these findings could be

@ Springer

Christensen et al. (2014b)
Christensen et al. (2014a)

EORTC QLQ-C30
SF-36 (Genreal Health)

5.70% -0.60 [-1.45, 0.26]
5.89% -0.15[-1.00, 0.69]

Courneya et al. (2007) FACT-An [ 44.26% 0.16 [-0.15, 0.46]
Muller et al. (2021) EORTC QLQ-C30 ——-— 31.79% 0.19[-0.17, 0.55]
Schmidt et al. (2015) EORTC QLQ-C30 —— 12.36% 0.37 [-0.21, 0.95]
Hetereogeneity: "2 = 0%. p = 0.3997 — 100% 0.13[-0.15, 0.42]

r T T T 1

-2 -1 o 1 2

Standardised mean difference (SMD)

Fatigue
First author (year) Outcome Favours Intervention Favours Control Weight SMD [95% CI]
Schmidt et al. (2015) MFI-20 12.93% -0.47 [-1.05, 0.12]

Christensen et al. (2014a)

SF-36 (Fatigue)

6.68% -0.34[-1.19, 0.50]

Christensen et al. (2014b) EORTC QLQ-C30 (Fatigue) — 6.78% -0.22[-1.06, 0.61]
Courneya et al. (2007) FACT-An (Fatigue subscale) —-—— 33.42% 0.15]
Schmidt et al. (2015) EORTC QLQ-C30 (Fatigue) — - 13.19% 0.75]
Muller et al. (2021) EORTC QLQ-C30 (Fatigue) B ] 26.99% 0.56]
Hetereogeneity: I'2 = 19.56%, p = 0.3597 ——— 100% -0.08 [-0.37, 0.22]
r T T T 1
-2 -1 0o 1 2
) . Standardised mean difference (SMD)
Physical Function
First author (year) Outcome Favours Control ~ Favours Intervention Weight SMD [95% Cl]
Wiskemann et al. (2019) Home-based 6-minute walk test (m) — 38.89% -0.07 [-0.62, 0.48]
Wiskemann et al. (2019) Supervised 6-minute walk test (m) —_———— 35.48% 0.19[-0.52, 0.89]
Schwartz, Winter-stone & Gallucci (2007) 12-minute walk (m) ——— 12.60% 0.40[-0.20, 1.00]
Schwartz & Winter-stone (2009) 12-minute walk (m) —_— 13.03% 1.42[0.88, 1.96]
Hetereogeneity: "2 = 83.49%, p = 0.0010 100% 0.61[-0.73, 1.95]
I T T 1
-2 -1 0 1 2

Upper-body strength

Standardised mean difference (SMD)

First author (year) Outcome Favours Control Favours Intervention Weight  SMD [95% CI]
Schwartz, Winter-stone & gallucci. (2007) Seated Row (kg) ] 6.89% -0.44[-1.01,0.14]
Schwartz, Winter-stone & gallucci. (2007) Overhead Press (kg) G 6.93% -0.23[-0.80, 0.33]
etal. (2019) IKD (MVIC) Elbow Flexors (Nm) - 10.09% 0.10[-0.44, 0.65]
etal. (2019) Home-based IKD (MIPT) Elbow Extensor (Nm) —-— 10.09% 0.11[-0.43, 0.66]
etal. (2019) Home-based IKD (MIPT) Elbow Flexor (Nm) L L] 10.07% 0.16 [-0.39, 0.70)
Schwartz & Winter-stone. (2009) Overhead Press (kg) e 9.28% 0.18[-0.30, 0.66]
Wiskemann et al. (2019) Supervised IKD (MVIC) Elbow Flexors (Nm) ] 6.56% 0.41[-0.30, 1.12]
Schwartz & Winter-stone. (2009) Seated Row (kg) - 9.23% 0.47 [-0.02, 0.95]
Wiskemann et al. (2019) Supervised IKD (MIPT) Elbow Extensor (Nm) ——— 6.47% 0.56 [-0.16, 1.27)
Schmidt et al. (2015) Bench Press (Nm) — 6.51% 0.64[0.05, 1.23)
Schmidt et al. (2015) Latissimus Pull-down (Nm) - R 6.48% 0.72[0.13,1.32)
Wiskemann et al. (2019) Supervised IKD (MIPT) Elbow Flexor (Nm) - - . 6.31% 0.75[0.03, 1.48]
Courneya et al. (2007) Bench Press (kg) e 5.10% 0.85[0.53,1.17)
Hetereogeneity: "2 = 68.51%, p = 0.0074 —— 100% 0.37 [-0.07, 0.80]
I T T 1
2 -1 0 1 2

Lower-body strength

Standardised mean difference (SMD)

First author (year) Outcome Favours Control Favours Intervention Weight SMD [95% CI)
etal. (2019) H based IKD (MIPT) Hip Flexor (Nm) E—— — 6.32% -0.17 [-0.72, 0.38)

etal. (2019) Home-based IKD (MVIC) Hip Flexors (Nm) ——— 6.33% -0.14 [-0.69, 0.40]

etal. (2019) b IKD (MIPT) Hip Extensor (Nm) —1 6.33% -0.13[-0.68, 0.41)

Wiskemann et al. (2019) Supervised IKD (MVIC) Hip Flexors (Nm) —_— 3.95% -0.06 [-0.77, 0.64]
i etal. (2019) H based IKD (MIPT) Knee Flexor (Nm) I — 6.34% -0.03 [-0.58, 0.51]
etal. (2019) H based IKD (MIPT) Knee Extensor (Nm) L 6.34% 0.06 [-0.48, 0.61)

Wiskemann et al. (2019) Supervised IKD (MIPT) Knee Extensor (Nm) —t— 3.95% 0.12[-0.58, 0.82]
Schmidt et al. (2015) Leg Press (Nm) —— 4.86% 0.14 [0.43, 0.72]
Wiskemann et al. (2019) Supervised IKD (MIPT) Hip Flexor (Nm) —ie 3.94% 0.20 [-0.50. 0.91]
Muller et al. (2021) IKD (MVIC) Knee Extension (Nm) - 9.26% 0.25[-0.12,0.61]
Wiskemann et al. (2019) Supervised IKD (MIPT) Knee Flexor (Nm) —_—— 3.92% 0.28(-0.43,0.98]
Schwartz, Winter-stone & Gallucci. (2007) Leg Extension (kg) ——-— 4.94% 0.34[-0.23,0.91]
Wiskemann et al. (2019) Supervised IKD (MIPT) Hip Extensor (Nm) —————— 3.89% 0.38[-0.33, 1.09]
et al. (2019) He based IKD (MVIC) Knee Extensors (Nm) [ - 4 6.16% 0.51[-0.04, 1.07)

Courneya et al. (2007) Leg Extension (kg) J—— 10.92% 0.58[0.26, 0.89]
Schwartz & Winter-stone. (2009) Leg Extension (kg) - 6.23% 0.58(0.09, 1.07)
Christensen et al. (2014a) IKD (MVIC) Knee Extensors (Nm) —_— 269% 0.61[-0.22, 1.43]
Wiskemann et al. (2019) Supervised IKD (MVIC) Knee Extensors (Nm) —_— 3.65% 0.88[0.15, 1.62]
Hetereogeneity: 2 = 23.19%, p = 0.3169 - 100% 0.33[0.12, 0.53]

T T T T 1
2 -1 o 1 2

Standardised mean difference (SMD)

attributed to several factors. Firstly, our review focused
solely on chemotherapy treatments and excluded radiation
therapy, making our inclusion criteria more restrictive. Sec-
ondly, the smaller sample size in our review may have led
to less precise effect estimates. Thirdly, the previous review
involved heavier loads (60-80% of 1RM for 2-3 sets of
5-12 reps), which are known to yield greater strength gains,
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compared to the lighter loads (50-70% of 1RM for 1-3 sets
of 8-20 reps) used in our review [49]. Furthermore, while
our review included studies that used resistance bands, the
previous review exclusively used machine-based exercises.
This is significant as the principle of specificity suggests
that outcomes are optimised when training methods closely
match assessment conditions [50]. Therefore, machine-based
assessments are likely to benefit more from machine-based
interventions due to the similarity in both equipment and
movement patterns. Lastly, the level of supervision varied;
our review included both supervised and unsupervised inter-
ventions, in contrast to the previous review where all studies
were supervised. Supervised exercise is well-known to lead
to superior adaptations in cancer survivors [8].

Strengths of this review include the intentional exclusion
of active control groups, which ostensibly enhanced our abil-
ity to detect the true effect of resistance training compared
to control. This methodological decision, despite limiting
the number of included RCTs, was essential for quantifying
the independent effects of resistance training, thus ensuring
a more precise understanding of its effects. Furthermore,
this review incorporated a broad spectrum of exercise pro-
grammes, including supervised, unsupervised, and mixed-
method approaches. This offered a broader examination
of the overall effects of resistance training on individuals
undergoing chemotherapy treatment, including pragmatic
protocols that may be more likely to be implementable
within healthcare systems. To further support transparency
and replicability, the protocol, analysis plan, search results,
and statistical code are publicly available on OSF (https://
osf.io/yg4jd/).

This review has some limitations. Only eight RCTs, were
eligible for this review, partly due to our eligibility crite-
ria excluded studies with 'active' control groups, including
other types of exercise or mind—body therapies. QOL and
fatigue outcomes were judged to have some risk of bias con-
cerns due to the lack of blinding of participants and asses-
sors, and the absence of preregistered study protocols and
analysis plans. A lack of blinding can cause biased report-
ing particularly on subjective outcomes where participants'
perceptions could be influenced by their expectations about
an intervention's effectiveness. Furthermore, the absence
of these preregistered protocols raises concerns about the
potential for selective reporting [51]. Additionally, physi-
cal function, upper-body strength, and lower-body strength
were judged as having a high risk of bias due to deviations in
the intended interventions, with participants reporting par-
ticipation in aerobic exercise [46]. Such deviations could
have affected the results, making it difficult to attribute any
observed effects solely to the resistance training intervention
being studied. Overall, the quality of evidence for QOL and
fatigue was low. This was attributed to high risk of bias and
the indirectness of evidence, indicating serious limitations

due to not reporting all components of the FITT principle,
specifically session duration [40-42, 46]. Not reporting
these components can lead to a lack of understanding sur-
rounding the context and specifics of the intervention which
can lead to challenges in interpreting the results or replicat-
ing the study in future trials. The quality of evidence for
physical function was deemed very low due to imprecise
results showing wide confidence intervals (SMD 0.61, 95%
CI-0.73 to 1.95). Wide confidence intervals reflect greater
variability in the data, meaning that the true effect of the
intervention is unclear [52]. The lack of significant hetero-
geneity for QOL, fatigue, and lower-body strength suggests
that the results and outcome measures used were consistent
across different studies. However, there was high heteroge-
neity for physical function and substantial heterogeneity for
upper-body strength likely due to sampling errors associ-
ated with small sample sizes and varied outcome measures
included in the analysis. This review focused solely on the
benefits of resistance training during chemotherapy treat-
ment and did not assess the potential harms. The risks of
exercising during chemotherapy are currently unknown [53];
therefore, caution is warranted when balancing the benefits
against possible adverse effects. Finally, the literature search
was restricted to full-text manuscripts available in English
and may therefore have missed some relevant studies written
in other languages.

Future research should focus on several key areas to
enhance the understanding and effectiveness of resistance
training on chemotherapy-related side effects. Firstly, more
research is needed exploring the isolated effects of resist-
ance training during chemotherapy treatment as research is
limited in this area. To improve the quality of evidence, it is
essential that future studies adhere to published guidelines
for accurately reporting exercise interventions [54]. This
will ensure clarity and consistency in how interventions
are implemented and evaluated. Additionally, standardis-
ing strength assessments is crucial for reducing potentially
inflated heterogeneity, which can skew the overall under-
standing of resistance training effectiveness. Although chal-
lenging, another vital step is to blind outcome assessors and
data analysts to minimise bias in measuring outcomes [55].
Finally, prospective trial registration and promoting open
access are important for transparency and reproducibility,
reducing risk of bias and enhancing the overall quality of
evidence [56, 57].

This review showed that resistance training during
chemotherapy may leads to significant improvements in
lower-body strength when compared to usual care. By con-
trast, there is no evidence that resistance training during
chemotherapy improves QOL, fatigue, physical function,
and upper-body strength. The overall body of evidence was
judged to be of very low quality due to the risk of bias, indi-
rectness of evidence, and imprecision of results therefore

@ Springer
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results should be interpreted with caution. Future RCTs
should focus on improving the quality and body of evidence
in this area.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00520-024-08766-y.
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