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Abstract

Purpose To determine the effect of resistance training during adjuvant chemotherapy and radiation therapy in cancer patients
on measures of lean mass and muscle strength. Secondary aims were to analyse the prescription and tolerability of supervised
resistance training in this population.

Methods EMBASE, Medline, CINAHL, Cochrane Library and Web of Science were searched from inception until 29 March
2021. Eligible randomised controlled trials (RCTs) examining supervised resistance training > 6 weeks duration during
adjuvant chemotherapy and/or radiation therapy in cancer patients with objective measurement of muscle strength and/or
lean mass were included. The meta-analysis was performed using Revman 5.4.

Results A total of 1910 participants from 20 articles were included (mean age: 54 years, SD = 10) and the majority were
female (76.5%). Resistance training was associated with a significant increase in upper body strength (standardised mean
difference (SMD) = 0.57, 95% C1 0.36 to 0.79, I2 = 64%, P < 0.0001), lower body strength (SMD = 0.58, 95% CI1 0.18 to
0.98, 12 =91%, P = 0.005), grip strength (mean difference (MD) = 1.32, 95% CI 0.37 to 2.27, I2 = 0%, P < 0.01) and lean
mass (SMD = 0.23, 95% C1 0.03 to 0.42, I2 = 0%, P = 0.02). A P value of < 0.05 was considered statistically significant.
The quality of the studies included was moderate to high with low risk of bias as per the PEDro scale.

Conclusion Resistance training is an effective adjunct therapy to improve muscle strength and lean mass in cancer patients
undergoing chemotherapy and/or radiation therapy.

PROSPERO Registration Number CRD42020180643

Keywords Cancer - Resistance exercise - Chemotherapy - Radiation therapy - Muscle strength - Lean mass

Introduction

The incidence of cancer is reported to be 442.4 per 100,000
men and women per year [1]. Cancer is the second leading
cause of death globally, accounting for an estimated 9.6 mil-
lion deaths, or one in six deaths, in 2018 [2]. Observational
evidence from a meta-analysis of 71 studies suggests an
inverse dose-response relationship between physical activ-
ity levels and cancer-specific mortality among the general
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population and cancer survivors [3]. Muscle mass specifi-
cally is an important predictor of overall survival across
multiple cancer sites [4—7].

Cancer cachexia is a metabolic syndrome characterised
by progressive muscle wasting that may partly but not fully
be reversed by conventional nutritional support [8, 9]. Com-
mon adjuvant cancer therapies such as chemotherapy and
radiation therapy increase the catabolic state leading to pro-
tein loss and abnormal metabolism which further promotes
cancer cachexia [10, 11]. Resistance training interventions
have shown improvements in lean body mass in cachectic
cancer patients [12].

Whilst the American College of Sports Medicine
(ACSM) recommends exercise during cancer treatment,
there is no specific guideline regarding which type or vol-
ume of training is most effective during chemotherapy or
radiation therapy. The safety of resistance training during
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chemotherapy and radiation therapy has been well estab-
lished [13-16]. However, little information is known about
the attendance, adherence and loss-to-follow-up (LTF) rates
of supervised resistance training during adjuvant cancer
treatment. Adequate prescription of resistance training is
required to stimulate a cellular response with subsequent
improvements in muscle strength and increase in muscle
mass.

This review focused on supervised exercise only as it
has been shown to be more effective than unsupervised for
improvements in muscle strength and lean muscle mass [17,
18]. Supervised resistance training in oncology patients also
has the added benefit of ensuring safety, correct technique,
progression and motivation, whilst allowing opportunity to
measure attendance and adherence accurately.

This meta-analysis and systematic review was conducted
to analyse the effects of supervised resistance training on
muscle strength and lean muscle mass objective measures
in patients actively undergoing chemotherapy and/or radia-
tion therapy across cancer types. Secondary aims were to
analyse the prescription of supervised resistance training, in
this patient cohort. Finally, participant-reported attendance,
adherence and LTF rates were analysed to assess tolerability
to the resistance training prescription.

Methods
Data searches and sources

A systematic search was conducted by a research librarian
(D. M.) of the databases EMBASE, Medline, CINAHL,
Cochrane Library and Web of Science from foundation
to the 29 of March 2021. The search strategy consisted of
using search terms cancer OR neoplasm, patient OR survi-
vor, resistance training (weight, strength, resistance weight-
bearing, exercise) and their derivatives were entered as Med-
ical Subject Heading terms and keywords combined with
an “AND” term. See the Appendix for full search strategy.
The search was then limited to English-language publica-
tions in peer-reviewed journals. Manual searches were also
conducted using reference lists of other reviews in exercise
oncology as well as reference lists of eligible articles. This
analysis was conducted in accordance with the PRISMA
guidelines (PROSPERO identifier: CRD42020180643).

Study eligibility criteria

Eligible studies must be RCT design, involving a resist-
ance training or weight-bearing intervention that is super-
vised at least once a week lasting > 6 weeks in duration,
participants must have a cancer diagnosis and actively
receiving curative treatment with adjuvant chemotherapy
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and/or radiotherapy and participants must be aged > 18
years of age. Studies must report an objective measure
of muscle strength (e.g. %1RM, isometric/isokinetic test,
handgrip) and or lean muscle mass (via imaging or muscle
CS) reported at both baseline and follow-up. Only primary
studies were included in the review. However, secondary
studies were used to gain more information.

Study selection and data extraction

Title and abstract screening was conducted by two inde-
pendent reviewers (A. Mc. G. and N. M.), with any con-
flicts being resolved by an independent team member (N.
F.). The same process was repeated for full-text screening.
The primary measures were change in strength and lean
mass via objective assessment. Secondary measures of
treatment effectiveness were also evaluated by assessing
rates of attendance (i.e. percentage of total attended to
planned treatments), adherence (i.e. percentage of planned
sessions successfully completed at the planned duration
and intensity to sessions attended) and LTF (percentage of
patients who did not complete postintervention assessment
to number randomly assigned) [19]. Safety was defined as
report of any serious or nonserious adverse events of any
grade [20].

In studies that met all inclusion criteria, baseline and
post-intervention means and standard deviations (SDs) were
extracted for all main outcome variables. As a wide range
of strength tests were performed, upper and lower body
composite strength scores were derived by combining and
averaging strength values for each study. Change scores with
resistance training were calculated and averaged by subtract-
ing the baseline value from the post-training score.

Data extraction guidelines were developed to system-
atically extract data from each study under the following
headings: the population studied, adjuvant cancer treatment,
intervention, control, resistance training prescription, attend-
ance at supervised sessions, adherence with the prescribed
exercise programme and LTF.

Risk of bias

The PEDro scale was used to assess the risk of bias in
included studies. The PEDro scale is an 11-point scale that
has been shown to be reliable assessment of study quality in
RCT [21]. Studies scoring > 6 are considered high quality,
4-5 fair quality and < 3 poor quality. Among exercise tri-
als, blinding of participants is challenging and can result in
a high risk of performance bias [22]. This foreseeable bias
is acknowledged by the reviewers and should not infer poor
methodological quality of the trial.
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Data synthesis and analysis

For eligible studies, the effect size was calculated by using
the mean and SD of change in strength or lean mass from
baseline to postintervention for the exercise and control
groups. All values were converted to the International
System of Units (SI). Where baseline or post intervention
data was missing, study authors were contacted to provide
more information. The SMD and standardised deviation of
the change were used to calculate effect size. Where the
standardised deviation of the change was not reported, it
was calculated. When SD pre and post intervention were
available, SD was calculated via the below formula, where
r is the correlation between baseline and follow-up score
(r=0.5 was assumed) [23]:

SD = \/SD} + SD? — 275D, % SD

Where data was missing for mean and SD post interven-
tion, the standard error (SE) was used to calculate the SD
of the change by: SD = SE \/n [23]. Where SE was not
reported, SE was calculated from the 95% CI [24]:

_ UCB—-LCB

SE
3.92

Where data was available for more than one follow-up
time, the timepoint closest to completion of the super-
vised resistance training programme was chosen. If there
was no data collected within one month of completion
of the supervised resistance training programme, it was
not included in the meta-analysis as it was deemed not an
accurate measure of the effect of the supervised exercise.
For studies utilising a waitlist control or delayed inter-
vention group, the timepoint before this group started the
intervention was used [25, 26].

A random-effects model was used for analysis of hand-
grip strength, lean body mass, global lower limb strength
and global upper limb strength due to differences between
study populations, chemotherapy or radiation therapy
treatment received, and the training stimulus. The ran-
dom-effects model considers these additional sources of
between study variability as well as within-study varia-
bility. Mean difference from baseline to post-intervention
was used for analysing handgrip strength as the unit of
measurement could be converted to the standard SI unit
(kg) in all study groups included. Where data was pre-
sented for both right and left hands, the mean’s and SD’s
pre- and post-interventions were summed and divided by
2 to get a mean and SD for just one hand. Where data was
presented for treatment subgroups, both subgroups were
included separately in analysis. SMD was used for analysis
of lean body mass, upper limb strength and lower limb

strength due to difference in data collection and units of
measurement.

The I statistic was used to estimate the percentage of
variability across the pooled estimates attributable to het-
erogeneity beyond chance (where I of 0 to 25% = low, I* of
26 to 75% = moderate, I* of 76 to 100% = high, severity of
between-study heterogeneity). The potential for publication
bias was evaluated visually by constructing a funnel plot
to display the precision of the estimate of the effect size
against the estimate of the effect size. All statistical analysis
was conducted using Revman 5.4 (version 5.4, the Nordic
Cochrane Centre, Copenhagen, Denmark). All results are
presented as mean (SD) unless otherwise stated. A P value
of 0.05 was considered statistically significant.

Results
Search results

A total 3921 references were found from initial search. After
de-duplication, there were 1841 records to screen. After ini-
tial title and abstract screening, full-text review of 147 arti-
cles was carried out. A total of 20 articles, representing 18
independent RCTs, were included: 18 in qualitative analysis
and 17 in quantitative analysis. Figure 1 presents the litera-
ture review in a PRISMA flowchart for study selection and
reasons for exclusion based on full-text review.

Risk of bias assessment

Individual PEDro analysis of the included studies is shown
in Table 1 below. PEDro scores ranged from 4 to 7. The
majority of included studies were good quality with low risk
of bias (score>6, 83%) [25-40], whilst three studies were
fair quality (score 4-5, 17%) [41-44]. Funnel plots indicate
that publication bias cannot be ruled out (see Figure 2).

Study and patient characteristics

A total of 20 articles from 18 different studies involving
1910 participants were included in the review. A descrip-
tion of the studies included is shown in Table 2. The mean
(SD) age of participants was 54 (10) years. The majority
of participants were female (n = 1461 female or 76.5%, n
= 449 male or 23.5%). The control group was given usual
care in 14 studies (77.7%). Usual care involved nutritional
support in head and neck cancer studies at higher risk of
weight loss [25, 33, 34]. One study specifically asked all
participants in the usual care group not to start an exer-
cise programme during the intervention period [28]; how-
ever, this was deemed unethical in later studies. One study
asked participants in the control group to perform 3 sets
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Figure 1 PRISMA flowchart of literature search and selection process

of 10 chair rises twice a week for 12 weeks to mitigate
the placebo effect [39]. LTF rates reported were similar
in intervention and control groups (intervention mean =
11.8 (10.5) %; control mean = 11.5 (8.5) %). No serious
adverse events were reported relating to resistance training
that resulted in participant drop out.
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Duplicate (n=4)

Resistance training principles

The reported resistance training prescriptions used in the
individual studies are shown in Table 3. The mean (SD)
duration of resistance training intervention was 13 (5) weeks.
The most common frequency prescribed was two (55%) or
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(1) Eligibility criteria specified; (2) subjects randomly allocated; (3) allocation was concealed; (4) groups
similar at baseline for the most important diagnostic indicators; (5) blinding of all subjects; (6) blinding of
all therapists; (7) blinding of all assessors; (8) measures of at least one outcome measure were available
from more than 85% of the subjects initially allocated to groups; (9) all subjects for whom outcome meas-
ures were available received the treatment or control condition as allocated or, where this was not the case,
data for at least one key outcome was analysed by “intention to treat”; (10) The results of between-group
statistical comparisons are reported for at least one key outcome; (11) The study provides both point meas-
ures and measures of variability for at least one key outcome

*This item is not used to calculate the PEDro score

three (39%) training sessions per week on non-consecutive
days. Three studies also included additional unsupervised
training [25, 30, 41]. There was considerable heterogeneity
across prescribed exercise intensity, ranging from 1 to 10
sets, 4 to 20 repetitions at 45 to 100% 1RM reported. One
study did not reported exercise intensity or sets completed
[41]. Attendance at the supervised exercise sessions was
reported in 14 studies with an average of 75.5%. Adher-
ence to the prescribed resistance training programme was
reported in three studies of breast cancer patients as 83%
[42, 43], 96% [28] and 100% [39], respectively.

Lean mass assessment

Objective measures of lean mass were reported in seven
studies [25, 28, 32-34, 36, 38]. Resistance training resulted
in improvements in lean muscle mass following supervised
resistance training intervention in six of the seven studies
included resulting in a small effect size (SMD = 0.23, 95%
CI0.03t00.42, 12 = 0%, P = 0.02) (see Figure 3).
Changes in cross sectional area (CSA) of the vastus later-
alis via muscle biopsy were reported in two studies [36, 43].

Sixteen weeks following the onset of chemotherapy in breast
cancer patients, the usual care control group demonstrated
a significant reduction in vastus lateralis CSA for type I (P
= 0.01) and type IIa muscle fibres (P = 0.026) based on 10
participants [43]. The intervention group of combined resist-
ance training and high intensity interval training displayed a
significant increase in type I muscle fibre CSA (P = 0.049)
based on seven participants [43]. In germ cell cancer patients
undergoing chemotherapy, the total CSA of the vastus lat-
eralis decreased by —322 pm? (95% CI —899 to 255; P =
0.473) in the usual care control group (n = 9) and increased
by +206 pm? (95% CI —384 to 796; P = 0.257) in the resist-
ance training group (n = 10) after 9 weeks (adjusted mean
difference (AMD), +625 pmz, 95% CI =253 to 1503, P =
0.149) [36].

Strength assessment
Participant strength changes were measured objectively in
all 18 of the included studies. The results of two studies

were excluded from the meta-analysis. Ammitzboll et al.
(2019) did not report results after the supervised 20-week
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Figure 2 A Funnel plot of results for lean muscle mass. B Funnel plot of results of lower limb strength. C Funnel plot of results of upper limb

strength. D Funnel plot of results of handgrip strength

intervention but only after a full year comprising 30 unsu-
pervised weeks and therefore was not included in meta-
analysis [30]. Results of this long-term follow-up found a
significantly greater increase in strength in the intervention
group than the control group for leg press (mean adjusted
change = 7.2; 95% CI —0.3 to 14.6; P= 0.035), elbow flex-
ion (mean adjusted change ipsilateral side = 0.8; 95% CI
0.2 to 1.2; P=0.002; contralateral side = 0.7; 95% CI 0.2 to
1.1; P= 0.005) and contralateral shoulder abduction (mean
adjusted change = 0.5; 95% CI 0.1 to 1.0; P=0.014) [30].
There was no significant difference between groups in iso-
metric muscle strength or grip strength [30]. Upper limb and
grip strength results for one study were unable to be included
in the meta-analysis due to insufficient reporting of results,
reporting only that there was no significant change between
groups across the study period [33]. Results from another
study were excluded due to discrepancies in reporting of
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strength measures within the study and no reply from the
principle author on contacting [38].

Objective measures of lower limb strength varied between
studies (see Table 2). The pooled result of 13 studies (1283
participants) reported a significant improvement in lower
limb strength following supervised resistance training with
moderate heterogeneity (SMD = 0.58, 95% CI 0.18 to 0.98,
12 =91%, P = 0.005) (see Figure 3).

Upper limb strength was assessed objectively by a variety
of different methods (see Table 2). The pooled result of 1116
participants (9 studies) found a significant improvement in
upper limb strength with moderate effect size in favour of
supervised resistance training compared to the control group
and moderate levels of heterogeneity (SMD = 0.57, 95% CI
0.36 t0 0.79, I2 = 64%, P < 0.0001) (see Figure 3).

Grip strength was assessed via handheld dynamometer in
nine articles involving eight independent studies. A pooled
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significant mean difference in favour of the resistance train-
ing group was found with low heterogeneity based on 595
participants (MD = 1.32,95% CI1 0.37 to 2.27, P=0%,P=
0.006) (see Figure 3).

Discussion

Findings of this meta-analysis demonstrate that supervised
resistance exercise is an effective adjunctive strategy to
improve or mitigate the loss of lower limb, upper limb, hand
grip strength and lean mass in adult-onset cancer patients
undergoing chemotherapy and/or radiation therapy. Resist-
ance training was prescribed alone and in combination
with high and moderate intensity aerobic exercise, balance
and coordination exercises. The most common resistance
training prescription was 2—3 non-consecutive days of the
week with high levels of variance in sets, repetitions and
prescribed intensity. The reported attendance of supervised
exercise sessions was high at 75.5%. Adherence to the pre-
scribed exercise prescription was only reported in three stud-
ies; therefore, an accurate estimation of this is unknown.
LTF varied between studies but overall was similar between
intervention and control groups.

Insufficient prescription of resistance training principles
may result in underreporting of the benefits of resistance
training during chemotherapy and radiation therapy. Pro-
gression of resistance training programmes is a key principle
to achieve strength and lean mass improvements. Resistance
bands were used in two of the included studies and may
not be able to achieve appropriate overload for physiologi-
cal changes in the muscle [34, 41]. Some studies did not
adequately report how or if progression was applied. As
cancer-related fatigue and other treatment side effects can
exacerbate later into chemotherapy and radiation therapy
treatment protocols, underreporting of adherence to the
training prescriptions means we are unable to determine if
patients in the intervention group were able to tolerate pro-
gressions to their programme or whether maintenance may
be a more appropriate target during this time. A review of
the exercise principles reported in exercise oncology stud-
ies found similar poor reporting of exercise principles with
progression reported by 26% of the 33 included studies [45].
Only two (6%) studies reported participant adherence to each
component of the exercise prescription [45]. Future exercise
oncology research should follow previously published guide-
lines for reporting of exercise interventions prescribed and
exercise completed [46].

Whilst overall resistance training was found to increase or
maintain lean mass compared to non-training control groups,
the change reported had a low effect size (SMD = 0.23).
This may be in part attributed to a lack of studies included,
with only seven studies meeting our inclusion criteria for

this part of the meta-analysis. A combined nutritional and
resistance training intervention including protein supple-
mentation may have greater results in improvements in
lean mass [47]. The muscle biopsy studies further indicate
improvements in CSA of vastus lateralis following resist-
ance training intervention are likely [36, 43]. It is unclear
if a greater difference in lean mass changes would emerge
after a longer intervention period or may be cancer type
dependent. Four studies included were in head and neck
cancer patients who are at higher risk of developing cancer
cachexia. Sub-group analysis excluding head and neck can-
cer patients revealed a slightly higher efficacy in support of
improvements in lean mass (SMD = 0.28, 95% CI 0.05 to
0.51, P=0.02). The study with the largest sample size of 164
breast cancer patients also had the smallest increase in lean
muscle mass [28]. Whilst the study with the largest effect
size in favour of improvements in lean muscle was in male
germ cell cancer patients [36]. Participants in this study were
all males and had a younger mean age which may account
for the larger effect size. Variations in resistance training
programme prescribed (3—4 sets of 10—15 reps at 12—15RM
on 4 machine-based exercises, 3 days a week) to the germ
cell cancer patients versus breast cancer patients (2 sets of
8-12 reps at 60-70% of estimated 1RM on 9 exercises a
combination of machine and free weight) may also have
contributed to the superior results, whilst differences in the
effect of chemotherapy vs radiation therapy on lean muscle
mass need to be investigated. The only study to report an
effect size in favour of the usual care control group was in
head and neck cancer patients following 14 weeks of con-
comitant chemoradiation therapy (SMD = —0.44, 95% CI
—1.40 to 0.52) [33]. A possible explanation for the change
in favour of the usual care control group is a mismatch in the
intake energy balance in the intervention group [33]. Results
are limited by the small sample size included (n=20) [33].
One multi-group study found that higher intensity resist-
ance training (HIRT) was superior to low intensity resistance
training (LIRT) for improving lean mass in a mixed cancer
patient group (HIRT SMD= 0.56, 95% CI —0.01 to 1.12 vs
LIRT SMD= 0.18 —0.36 to 0.73) [38]. Further comparator
studies with different resistance training prescriptions and
larger sample sizes would allow the opportunity to evaluate
the efficacy of different resistance training prescriptions.
Our meta-analysis results show significant improvements
in lower body, upper body and grip strength. The increases
in muscle strength reported in this review are likely due to
neural adaptations [48—50]. The moderate heterogeneity
found for upper limb and lower limb strength (I, = 64%
and I, = 58%, respectively) may be explained by differences
in the outcome measure used and interventions prescribed.
Interestingly, the study which reported a slightly negative
effect for changes in lean mass in the resistance trained
group reported the largest increase in lower limb muscle
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Testfor averall effect: Z=2.28 (P=0.02)

Resistance training Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Zhao, 2015 02 1.66 11 1 1.85 T 41% -0.44 [-1.40,0.532) —
Capozzi, 2016 -4.9 39 kil -6.4 377 29 149% 0.13[-0.38, 0.64] T
Courneya, 2007 1 47 a2 0.1 546 82 406% 0.18[0.13,0.48] -
Cheng, 2021LIRT 0.5 6.2 27  -06 566 25 128% 0.18 [-0.36,0.73] 1T
Grote, 2018 0.5 6.3 10 1.7 123 10 4.9% 0.22 [-0.66,1.10] I
Rogers, 2013 -0.3 16.33 8 -55 16.79 7 3T7% 0.30[0.73,1.32] T
Cheng, 2021HIRT 26 5.62 25 -06 566 25 11.9% 0.56 [F0.01,1.12] —
Christensen, 2014 -1.34 1.27 15 -256 242 15 T1% 0.61 [0.12,1.35] T
Total (95% Cl) 209 200 100.0% 0.23[0.03,0.42] *
Heterogeneity: Tau®= 0.00; Chi*= 4.53, df=7 (P=0.72); F= 0% 54 52 D é i

Favours control Favours resistance

(B)

Resistance training Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
van¥Waart, 2018 -85 2179 7 108 3589 8 54% -0.63 [1.68,0.42] T
Courneya, 2007 g4 1196 82 1341 6.8 82 B3% -0.51 [0.82,-0.20] -
Rogers, 2013 44 3911 5 041 5474 8 82% 0.07 [1.04,1.19] 1T
Wiskemann, 2017 007 028 72 002 0.3 71 8.2% 017 [F0.16, 0.50] ™
van¥Waart, 2015 1.2 1812 76 -34 2143 7Y B3% 0.23 [F0.09, 0.55] I~
Schmidt, 20148 g2 31.28 52 1.4 2556 49 B81% 0.24 016, 0.63] I~
Christensen, 2014 -5 6279 18  -21 37549 15 6.8% 0.30[-0.42,1.02] T
Travier, 2015 645 229 102 -1.33 2675 102 84% 0.31[0.04, 0.59] ~
Mijweel, 2018NT 12.01 28.88 27 -2.29 31.44 21 7.4% 0.47 [0.11,1.09] ~
Segal, 2009 256 39.79 40 041 5474 41 7.9% 0.52[0.08, 0.96] ~
Mijweel, 2018T 16.32  33.34 38 -46 2107 o TT% 0.72[0.23,1.22] -
Zhao, 2015 1 36.48 11 -36 4233 7 A6% 0.91 [0.10,1.81] —
Hong, 2020 2745 31483 94 -65 31.02 96  B8.3% 1.08[0.78,1.39] -
CeSeiko, 2020 20 458 27 -9 458 28 45% 6.24 [4.92 7.56] —
Total (95% CI) 648 635 100.0% 0.58[0.18, 0.98] [
Heterogeneity: Tau*=0.47, Chi*=137.83, df=13 (P = 0.00001); F=91% :—10 75 b é 10:
Testfor overall effect Z= 2.83 (P = 0.003) Favours Control Favours Resistance
©)
Resistance training Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
van¥Waart, 2018 -0.4 16.48 7117 2059 8 35% -0.61 [1.65, 0.44] —
Zhao, 2015 0 1] 0 0 0 1] Mot estimahle
Hong, 2020 3 1869 94 -32 2018 96 15.2% 0.32[0.03, 0.60] ™
vanYWaart, 2015 03 1314 76 -39 1257 TTO143% 0.33[0.01, 0.64] =
Adamsen, 2009 745 1552 135 015 1691 134 16.5% 0.45[0.21, 0.69] -
Schmidt, 2015 3549 46189 52 418 3591 43 12.0% 0.75([0.34,1.15] —
Courneya, 2007 a8 4952 82 1.5 g4 82 14.3% 0.81[0491.13] -
Wiskemann, 2017 6.48 0.76 71 -0.14 11 72 136% 0.84[0.50,1.18] -
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Testfor overall effect: Z=5.27 (P < 0.00001) Favours Control Favours Resistance
(D)
Resistance training Control Mean Difference Mean Difference
Study or Subgroup  Mean [Kg] SD[Kg] Total Mean [Kg] SD[Kg] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
van YWaart, 2018 3 122 g 54 16 7 04% -240[16.96,12.16]
Hacker, 2011 -26 11 g -1.3 85 8 1.0% -1.30[10.93, 833
Zhao, 2015 1] 1] 1] 1] 0 1] Mot estimable
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Rogers, 2013 -1.6 9.4 g -2.4 131 7 07% 0.80[10.89 12.49]
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Capozi, 2016 -1.5 7.8 31 -3.4 6.5 29 6.8% 1.90[1.72,5.52] I —
Mijwel, 2018NT 1.1 5.1 43 -1 6.4 29 11.6% 2.20[-0.58, 4.98] I
Mijwel, 2018T 045 84 N -34 6.5 29 9.6% 3.90([0.84, 6.96] —
Total (95% CI) 308 287 100.0% 1.32[0.37, 2.27] v
Heterogeneity: Chi*=4.52, df=7 (P=0.72); = 0% 5_20 _150 B 150 205
Testfor overall effect Z=2.73 (F = 0.006) Favours Control Favours Resistance
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«Figure 3 A Forest plot of results for lean muscle mass. B Forest plot
of results of lower limb strength. C Forest plot of results of upper
limb strength. D Forest plot of results of handgrip strength

strength of the included studies [33]. However, its impact
is limited by large 95% CI (SMD = 0.91, 95% CI —0.10 to
1.91) and a small sample size (n = 18). It is also important
to consider the impact of Androgen Deprivation Therapy
(ADT), a common prostate cancer treatment, as muscle atro-
phy is a common side effect [51]. Only one study involved
prostate cancer patients and of them 61.2% of the overall
sample were on ADT [35]. However, subgroup meta-anal-
ysis excluding prostate cancer patients resulted in minimal
change in upper body or lower body strength (lower limb
strength SMD = 0.59, 95% CI1 0.16, 1.02, P =0.007; upper
limb strength SMD = 0.53, 95% 0.31, 0.74, P < 0.0001).

The method and accuracy of strength assessment used
must also be considered. High levels of reliability and repro-
ducibility are reported with 1RM testing [52—54], and it is
considered the gold standard field-based strength test [55].
A learning effect should be considered as to our knowledge
no published protocols of included studies in this review
described a familiarisation test for participants. Reliabil-
ity studies recommend familiarisation sessions to ensure
accurate baseline testing [56, 57]. Isokinetic dynamometry
is considered the gold standard laboratory-based strength
assessment [55] and is less likely to have a learning effect
[58]. There is also some skill involved in carrying out
strength tests such as the back and leg dynamometer used
in one study [42]. Handheld dynamometry is limited by the
strength and skill of the tester [S9] but demonstrates high
levels of reliability when compared to isokinetic dynamome-
try [60]. Grip strength assessment has been found to be unre-
liable in assessing changes in muscle strength following an
exercise intervention in prefrail and frail older people (>65
years of age) [61]. The National Cancer Institute reports that
66 is the median age of people diagnosed with cancer [62]
and therefore many participants would fall into the category
of prefrail or frail older people. Grip strength is also poorly
correlated with changes in IRM bench press in breast cancer
survivors [63]. It is important for researchers and clinicians
to consider that peripheral neuropathy, a common side effect
of chemotherapy treatment, may negatively affect the par-
ticipants’ ability to grip. Standardisation of strength assess-
ment in exercise oncology trials would greatly facilitate and
support future meta-analysis.

A systematic review of exercise interventions during
chemotherapy on muscle strength and endurance capacity
reported improvements in leg press (4 to 33%) and chest
press (12-38%) in intervention groups based on eight out
of nine included studies [64]. Small improvements in mus-
cle strength were also reported in 11 of 14 usual care con-
trol groups (1.3 to 6.5%). Results of this review are notably

limited due to large heterogeneity between included stud-
ies by not defining intervention duration, supervised or
unsupervised as part of its inclusion/exclusion criteria
[64]. This review also made an error in its screening pro-
cess by including a non-randomised control trial [65] in
its analysis even though being an RCT is part of its inclu-
sion criteria. Therefore, results should be interpreted with
caution.

A Cochrane Review which included data from 912 female
breast cancer patients found significant improvements in
muscle strength following resistance training during adju-
vant cancer treatment (SMD = 0.27; 95% CI 0.04 to 0.50;
I, =59%) [66]. Adjuvant therapies included chemotherapy,
radiation therapy and/or hormone therapy. This Cochrane
review pooled all assessments of strength together and
included both supervised and unsupervised exercise inter-
ventions for breast cancer patient which both have disadvan-
tages as outlined previously [66].

A meta-analysis of six RCTs including patients both dur-
ing and after cancer treatment found significant improve-
ments in lean body mass with progressive resistance train-
ing (mean duration = 18 weeks) compared with usual care
(WMD = +1.07kg, 95% C10.76-1.37, P < 0.001) [67]. The
heterogeneity of the participants and interventions included
makes interpretation difficult. Results of this meta-analysis
are also limited as it did not consider baseline values. Only
pooled post intervention values of the intervention and con-
trol groups were considered. Although the review included
all cancer types, only early-stage breast cancer patients both
during and after treatment were included in the meta-analy-
sis of lean muscle mass [67].

Strengths of this review include the following: the librar-
ian (D. M.) on the team has specialized training in literature
searching and therefore an extensive search of the literature
was carried out. Screeners (A. Mc. G., N. F. and N. M.)
worked independently reducing risk of selection bias. Exten-
sive documentation carried out ensures search methods can
be fully reviewed and the study can be easily replicated.
Only published RCTs were included in our meta-analysis to
reduce selection bias and reduce risk of overestimation of
effects [68]. We used mean change and SMD to take baseline
values into consideration. We excluded studies that were
not directly supervised to assess adherence more accurately.

There are several limitations of this review. No grey lit-
erature was searched for inclusion in this systematic review
and meta-analysis and funnel plots suggest that publication
bias may be present. There was high clinical heterogeneity
in study design and moderate statistical heterogeneity for
changes in lower limb and upper limb mass. There was a
limited number of studies found meeting the inclusion and
exclusion criteria. A significant majority of participants were
female, diagnosed with breast cancer and treated with chem-
otherapy. Control group contamination and high LTF may
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reduce the ability to detect significantly meaningful effect
sizes between intervention and control groups.

Conclusions

This meta-analysis demonstrates the efficacy of resistance
training for improving strength and lean mass during chem-
otherapy or radiation therapy in cancer patients. Further
research is needed to determine its efficacy for changes in
lean muscle mass in cancer populations at higher risk of
muscle loss. Attention to the resistance training principles
is critical to prescribing an optimal plan. The optimal resist-
ance training prescription remains unclear.

Appendix 1
Search Strategy
EMBASE
1. “Clinical trial’/de
2. ‘Randomized controlled trial’/de
3. Randomization/de
4. ‘Single blind procedure’/de
5. ‘Double blind procedure’/de
6. ‘Crossover procedure’/de
7. Placebo/de
8. ‘Randomi?ed controlled trial*’:ti,ab
9. Rct:ti,ab

10. ‘Random allocation’:ti,ab

11. ‘Randomly allocated’:ti,ab

12.  ‘Allocated randomly’:ti,ab

13. (allocated NEAR/2 random):ti,ab

14.  ‘Single blind*’:ti,ab

15. ‘Double blind*’:ti,ab

16. ((treble or triple) NEAR/1 (blind*)):ti,ab

17. Placebo*:ti,ab

18. ‘Prospective study'/de

19. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18

20. ‘Case study’/de

21. ‘Case report’:ti,ab

22. “‘Abstract report’/de or ‘letter’/de

23. #20 OR #21 OR #22

24. #19 not #23

25. 'neoplasm'/exp OR 'cancer patient'/exp

26. (cancer NEAR/S (patient* OR survivor¥)):ti,ab

27. #25 OR #26

28. 'resistance training'/exp

@ Springer

29. ((resistance OR strength OR weight-bearing OR
weight*) NEAR/3 (exercis* OR train*)):ti,ab

30. #28 OR #29

31. #24 AND #26 AND #30

Medline
1. Randomized controlled trials as Topic/
2. Randomized controlled trial/
3. Random allocation/
4. Double blind method/
5. Single blind method/
6. Clinical trial/
7. Exp Clinical Trials as Topic/
8. Or/1-7
9. (clinic$ adj trial$1).tw.
10. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or
mask$3)).tw.
11. Placebos/
12. Placebo$.tw.
13.  Randomly allocated.tw.
14. (allocated adj2 random).tw.
15. Or/9-14
16. 8or 15
17. Case report.tw.
18. Letter/
19. Historical article/
20. Review of reported cases.pt.
21. Review, multicase.pt.
22. Or/17-21
23. 16 not22
24. exp Neoplasms/
25. (Cancer adj5 (patient* OR survivor¥)).ti,ab.
26. or/24-25
27. Resistance Training/
28. ((resistance OR strength OR weight-bearing OR

weight*) adj3 (exercis* OR train*)).ti,ab.
29. or/27-28
30. and/23,26,29

CINAHL

MH randomized controlled trials
MH double-blind studies

MH single-blind studies

MH random assignment

MH pretest-posttest design

MH cluster sample

TI (randomised OR randomized)
AB (random¥*)

TI (trial)

MH (sample size) AND AB (assigned OR allocated
OR control)

SO XA B WD =

—_—
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11. MH (placebos)

12. PT (randomized controlled trial)

13. AB (CONTROL W5 GROUP)

14. MH (CROSSOVER DESIGN) OR MH (COMPARA-
TIVE STUDIES)

15. AB (CLUSTER W3 RCT)

16. MH ANIMALS+

17. MH HUMAN

18. S16 NOT S17

19. MH (ANIMAL STUDIES) NOT S17

20. TI (ANIMAL MODEL*) NOT MH (HUMAN)

21. S18 OR S19 OR S20

22. S1OR S2O0OR S3 OR S4 OR S50OR S6 OR S7 OR S8
OR S9OR SIOOR S11 OR S12 OR S13 OR S14 OR
S15

23. S22 NOT S21

24. (MH "Neoplasms+") OR (MH "Cancer Patients") OR
(MH "Cancer Survivors")

25. TI(Cancer N4 (patient* OR survivor*)) OR AB (Can-
cer N4 (patient* OR survivor*))

26. S24 OR S25

27. (MH "Resistance Training")

28. TI((resistance OR strength OR weight-bearing OR
weight*) N2 (exercis* OR train*)) OR AB((resistance
OR strength OR weight-bearing OR weight*) N2
(exercis* OR train*))

29. S27 OR S28

30. S23 AND S26 AND S29

Cochrane Library

[mh “Neoplasms”]

(Cancer NEAR/S (patient* OR survivor*)):ti,ab,kw

#1 OR #2

[mh “Resistance Training”]

((resistance OR strength OR weight-bearing OR
weight*) NEAR/3 (exercis* OR train*)):ti,ab,kw

#4 OR #5

#3 AND #6

RAEE Rl

N o

Web of Science

TS= ((Cancer NEAR/S5 (patient* OR survivor*)) AND
((resistance OR strength OR weight-bearing OR weight*)
NEAR/3 (exercise* OR train*))) AND (TS= clini-
cal trial* OR TS=research design OR TS=comparative
stud* OR TS=evaluation stud* OR TS=controlled trial*
OR TS=follow-up stud* OR TS=prospective stud* OR
TS=random* OR TS=placebo* OR TS=(single blind*) OR
TS=(double blind)
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