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ABSTRACT
Background

Current treatment modalities for cancer have been successful in achieving improved survivorship; however, they come with a number
of long-term adverse effects. Accidental falls are a common and clinically significant adverse event in people living with and beyond
cancer and rates are higher than in the rest of the population.

Objectives

To assess the effects of prescribed or provided exercise for reducing accidental falls, and falls risk factors of strength, flexibility and
balance, in people living with and beyond cancer.

Search methods

We searched the following electronic databases from inception to 10 July 2018, with no restrictions: CENTRAL, MEDLINE, Embase,
and seven other databases. We searched clinicaltrials.gov and the World Health Organization International Clinical Trials Registry
Platform (ICTRP) for ongoing trials, and reference lists of reviews and retrieved articles for additional studies.

Selection criteria

We included all randomised controlled trials investigating exercise interventions versus no treatment, usual care or non-exercise in-
terventions on falls incidence or falls risk factors in adults living with and beyond cancer (18 years of age or older at diagnosis). We
excluded cross-over studies and studies in acute or inpatient hospice care.

Data collection and analysis

At least two review authors independently completed data extraction for included papers. We used Covidence software to manage
screening, data collection and extraction. We assessed evidence using GRADE and presented results in a’Summary of findings’ table.
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Main results

Eleven studies (835 participants) compared exercise to usual care. No studies compared exercise with no treatment or non-exercise
interventions. The quality of the evidence was very low for the primary outcome rates of falls, and very low to low for the secondary
outcomes. We downgraded the evidence due to study limitations (risk of bias), and issues of imprecision due to small sample sizes,
inconsistency and indirectness. All studies were at high risk of bias for blinding of participants and personnel due to inability to blind
participants to an exercise intervention. Risk of bias was generally low or unclear for other categories.

There was generally little information on the important outcomes comparing exercise to usual care.

Rates of falls and number of fallers: one study (223 participants) measured accidental falls, but reported neither the rate of falls or
the number of fallers; there was no difference in the number of falls between exercise and usual care (very low-quality evidence).

Strength: 10 studies (813 participants) reported on strength outcomes. Two analyses favoured exercise over usual care: quadriceps
strength (2 studies, 72 participants; mean difference (MD) 8.99 kg, 95% confidence interval (CI) 1.29 to 16.70; low-quality evidence),
and leg press (4 studies, 388 participants; MD 21.1 kg, 95% CI 8.47 to 33.74; low-quality evidence). In one analysis of the Sit-to-
Stand Test, there was no difference between exercise and usual care (4 studies, 214 participants; standardised mean difference (SMD)
-0.45, 95% CI -1.05 to 0.14; very low-quality evidence).

Flexibility: one study (21 participants) reported on flexibility for Sit-and-Reach Distance (MD 2.05 cm, 95% CI 0.59 to 3.51; very
low-quality evidence).

Balance: five studies (350 participants) measured three different balance outcomes. Two analyses favoured exercise over usual care:
postural balance (4 studies, 127 participants; standardised mean difference (SMD) 0.44, 95% CI 0.08 to 0.79; very low-quality
evidence), and Backward Walk Test (2 studies, 280 participants; SMD -0.24, 95% CI -0.48 to -0.01; low-quality evidence). There was
no difference between exercise and usual care for the Timed Up-and-Go Test (1 study, 15 participants; MD -0.35 seconds, 95% CI -
1.47 to 0.77; low-quality evidence).

Number of people sustaining a fall-related fracture: the quality of the evidence for exercise reducing fall-related fractures was very
low.

Adbverse events: a single study (223 participants) noted some temporary muscle soreness on initiation of exercise or when there was
an increase in the weight lifted. As no occurrence data were reported, we could not assess this variable further. No studies reported
musculoskeletal injury. Analysis indicated that there was very low-quality evidence that exercise did not increase fatigue.

Authors’ conclusions

There is a paucity of evidence for exercise training to reduce fall rates in people living with and beyond cancer. Exercise training may
improve strength, flexibility and balance for people in this population, but the evidence is very low quality.

PLAIN LANGUAGE SUMMARY
Exercise for reducing falls in people living with and beyond cancer
Background

People living with and beyond cancer are at risk of long-term problems including an increased risk of accidental falls. This is a result
of the effect that the disease and the treatment can have on their body. Exercise reduces the rate and risk of falls in older people and is
known to improve quality of life, tiredness and pain in people who have had cancer. It is not clear whether exercise can reduce the risk
of falls in people living with and beyond cancer. This review was designed to determine the effect of exercise in reducing falls in people
living with and beyond cancer.

Study characteristics

In July 2018, we searched for clinical trials about exercise to reduce falls in adults living with and beyond cancer. We found 11 studies
of variable quality and size, including a total of 835 people, that compared exercise to usual care. Most of the studies were very small,
four with fewer than 30 people. Only one study reported on accidental falls. All 11 studies reported on one or more measures that are
risk factors for falling (e.g. strength, flexibility and balance).

Quality of the evidence

Exercise for reducing falls in people living with and beyond cancer (Review) 2
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We rated the quality of the evidence from the studies using four levels: very low, low, moderate or high. Very low-quality evidence
means that we are very uncertain about the results. High-quality evidence means that we are very confident in the results. The quality
of the evidence was very low to low across all of the measures of interest. There were several weaknesses identified in the design of all
studies including small numbers of participants. No study could prevent participants knowing their treatment and so there could have
been bias.

Key findings

Only one study looked at the effect of exercise on accidental falls and found no difference in number of falls between people who
exercised and people who did not (very low-quality evidence). Therefore, there were insufficient data for conclusions to be drawn
regarding the effects of exercise on reducing accidental falls for people living with and beyond cancer. There was improvement in some
factors that are known to affect falls; we found improvement in some measures of strength, flexibility and balance, although the overall
quality of this evidence was very low to low.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Effect of exercise compared with usual care for people living with and beyond cancer

Patient or population: adults (18 years of age or older at diagnosis) living with and beyond cancer

Settings: outpatients
Intervention: exercise
Comparison: usual care

Outcomes

lllustrative comparative risks* (95% Cl)

Relative effect

No of participants

Quality of the evidence Comments

(studies) (GRADE)
Assumed risk Corresponding risk
Exercise

Rates of falls per per- - Not estimable 223 (1 RCT) SO00 Twiss 2009 reported

son-years Very lowe.2.c number of falls per
group only. 107 falls
with exercise vs 117
falls with usual care. No
data for rate of falls

Strength The mean leg press MD21.1 higher - 388 SDOO Galvao 2014 also mea-

through  equipment- strength was 79 kg (8.47 higher to 33.74 (4 RCTs) Low-4 sured outcomeinasub-

based measures: leg
press (kg) strength
Follow-up: range 12-26
weeks

higher)

group but did not report
sample sizes

Strength through func- -

tional measures; Sit-
to-Stand Test
Follow-up: range 8-26
weeks

SMD 0.45 lower (1.05 -

lower to 0.14 higher)

214 (4 RCTs)

SO0 Very lowad.

Galvao 2010; Galvao
2014; Monga 2007
measured Five-Times
Sit-to-Stand time (sec-
onds; lower result was
better); SMD -0.45 rep-
resenting an approxi-
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mate decrease of 1.
21 seconds (2.83 sec-
onds lower to 0.38 sec-
onds higher). Vollmers
2018 measured 30-Sec-
ond Sit-to-Stand (rep-
etitions; higher result
is better; data inverted
foranalysis). SMD-0.45
represents an approxi-
mate increase of 0.87
repetitions (0.27 repeti-
tions lower to 2.03 rep-
etitions higher)

Flexibil- Sit-and- MD 2.05 higher (0.59 - 21 (1 RCT) SO00

ity: Sit-and-Reach Dis- Reach Distance was 11 higher to 3.51 higher) Very low®..f

tance Test (cm)

Follow-up: 8 weeks

Balance: postural sta- - SMD 0.44 higher - 127 SDOO Cormie 2013; Galvao
bility (0.08 higher to 0.79 (4 RCTs) Very low®¢:8 2010 measured Sen-

higher)

sory Organisation Test
(0-100 units higher bet-
ter); SMD 0.44 rep-
resenting an approxi-
mate increase of 3.20
units (0.58 higher to
5.75 higher). Schwenk
2015; Vollmers 2018
measured medio-lat-
eral sway - eyes open
(cm, lower better

data inverted for anal-
ysis). SMD 0.44 repre-
sented an approximate
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decrease of 0.84 cm (0.
15 cm lowerto 1.50 cm
lower)

Balance: Backward The mean backward SMD 0.24 lower 280 DDOO SMD 0.24 represent-

Walk Test (seconds)  walk was 16.4 seconds (0.48 lower to 0.01 (2 RCTs) Low®¢ ing an approximate de-

Follow-up: range 12 lower) crease of 2.87 sec-

weeks to 24 months onds (5.74 lower to 0.
12 lower)

Adverse event: fatigue - SMD 0.81 higher 78 DOOO Fatigue was measured

(0.34 higher to 1.29 (2 RCTs) Very low®.d-¢ using different scales

higher)

with different scoring
and consequently a
mean result for the
usual care group is
not meaningful. Galvao
2010 used the 36-
item Short Form Vitality
subscale (0-100 units,
higher better); SMD 0.
81 representing an in-
crease of 17.1 units (7.
2 higher to 27.3 higher)
. Monga 2007 used the
Piper Fatigue Scale (ar-
bitrary units lower bet-
ter; data inverted for
analysis). SMD 0.81
represents an approx-
imate decrease of 1.
77 arbitrary units (2.
81 lower to 0.74 lower)
. Due to a difference
in values at baseline a
control mean was con-
sidered
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%Cl).
Cl: confidence interval; MD: mean difference; SMD: standard mean difference; RCT: randomised controlled trial.

GRADE Working Group grades of evidence

High quality: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect

Very low quality: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

“Downgraded one level for study limitations due to high risk of bias due to lack of blinding of participants and assessors.
®Downgraded one level due to imprecision with fewer than 300 falls reported.

¢Downgraded one level due to imprecision related to small sample size (fewer than 400 participants).

4Downgraded one level due to inconsistency related to high heterogeneity.

“Downgraded one level due to indirectness due to variability in proximity to acute treatment between studies.

fDowngraded one level for study limitations due to differences in baseline results in this measure between treatment groups
in the sole study considered.

sDowngraded one level for indirectness due to differences between studies in the exercise intervention delivered.



BACKGROUND

Description of the condition

Cancer is a generic term for a group of diseases characterised by
the rapid creation of abnormal cells that metastasise into adjoining
parts of the body and spread into other organs. Both the disease
process and treatments make people with cancer vulnerable and at
risk of adverse effects. In 2012, there were 14.1 million new cancer
cases, 8.2 million cancer deaths and 32.6 million people living
with and beyond cancer (within five years of diagnosis) worldwide
(Ferlay 2015). Cancer is more prevalent in older people, where
endurance and physiological capacity are diminished (Australian
Institute of Health and Welfare 2012).

Current treatment modalities including surgery, radiation and
chemotherapies have been successful in improving cancer survivor-
ship (Australian Institute of Health and Welfare 2012). However,
with this improved survivorship comes several long-term adverse
effects that place survivors at elevated risk of ongoing morbidity
(Australian Institute of Health and Welfare 2012). Generalised ef-
fects of cancer and its treatments include fatigue, pain, sedentary
behaviour contributing to exercise intolerance and reduced neu-
romuscular function (Schmitz 2005). Cancer treatment has also
been linked to muscle atrophy and bone mineral loss (Freedman
2004; Kumar 2005), peripheral neuropathy (Kuroi 2004), and
vestibular ototoxic injury (Bokemeyer 1998; Slattery 2014).

For the purposes of this review, ’beyond cancer’ refers to people
with a variety of statuses after cancer including people in remis-
sion and people who have been cured. One of the most common
and clinically significant adverse events in older adults, including
people living with and beyond cancer, is falls. Rates of accidental
falls in the older general population are high, with 30% to 40%
of people falling each year (Czerwinski 2008). In people living
with and beyond cancer, rates of accidental falls are higher than in
other community dwellers (Bird 2016; Mohile 2011). Over 55%
of older adults who fall will sustain an injury (Nevitt 1991), and
although most of these injuries are minor, fracture rates are be-
tween 6% (Nevitt 1991) and 10% (Tinetti 2003). In the event
of a fall there may be an increased risk of fracture in people liv-
ing with and beyond cancer because of an increased prevalence of
osteoporosis due to the adverse effects of treatment and reduced
physical activity levels (Rizzoli 2013). Indeed, fracture risks are
increased after diagnosis of cancer, with an annualised rate of hip
fractures up to 0.4% higher after cancer diagnosis with a concur-
rent increase in falls (Chen 2009). At one-year posthip fracture,
the resultant mortality is 23% for women and 31% for men in the
community-dwelling population; however, no specific data exist
for cancer survivors (Wehren 2003).

Description of the intervention

This review included any exercise intervention of any modality, fre-
quency, duration and intensity that was prescribed or supervised,
or both. For the purposes of this review, we considered exercise to
be a type of physical activity consisting of planned, structured and
repetitive bodily movements done to maintain or improve one or
more components of physical fitness (Caspersen 1985). Exercise
modalities may include strength or resistance training; endurance,
flexibility, balance and gait training; and functional or body aware-
ness activities.

How the intervention might work

The major falls risk factors in the general community thatare mod-
ifiable through exercise-based interventions are reduced strength,
reduced muscle mass, altered gait patterns and reduced balance
control (Rubenstein 2006). In addition, low levels of physical ac-
tivity and depressive states have been recognised independently as
contributing factors. Targeted exercise for an individual has the
capacity to reduce falls risk factors by improving exercise toler-
ance, muscle strength and muscle mass, balance control, gait per-
formance, ankle flexibility and mental health (Rubenstein 2006).
Poor performances in each of these factors have been associated
with an increased risk of falling (Gillespie 2012).

Different exercise modalities can address each of these areas dif-
ferently. Aerobic (endurance) exercise preferentially induces adap-
tations that improve maximum rate of oxygen consumption mea-
sured during incremental exercise (VO;max) (Hepple 1997),
while resistance training improves muscle strength and mass and
ability to perform activities of daily living (Beltran Valls 2014). Bal-
ance control is positively impacted by resistance training, flexibil-
ity training and balance training programmes (Bird 2009). Men-
tal health is likewise improved by a range of exercise modalities
(Morgan 2013).

People living with and beyond cancer are at particularly high risk
of falls due to the disease, treatments they receive and related peri-
ods of inactivity. In addition, they are more vulnerable to injuries
associated with such falls. Structured exercise has been demon-
strated to reduce falls rates in community-dwelling older adults
(Gillespie 2012). Therefore, exercise has the potential to reduce
falls rates and risk in people living with and beyond cancer.

Why it is important to do this review

Exercise is effective in improving factors such as quality of life,
fatigue and pain in people living with and beyond cancer (Cramp
2012; Mishra 2012). While it is intuitive that exercise would be
of benefit to people living with and beyond cancer to reduce falls
rates, it is not standard practice to promote exercise as a method
for falls prevention in this cohort. Furthermore, due to the de-
manding nature, difficulty obtaining participants and high cost
of exercise studies, as well as the tendency for them to be locally

Exercise for reducing falls in people living with and beyond cancer (Review) 8
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



driven, they tend to be performed on small sample groups. This
reduces the ability of single studies to provide a strong evidence
base to inform clinical practice. This review will strengthen the
evidence base surrounding the effectiveness of exercise for falls risk
in this population and may assist in identifying optimal exercise
modalities to reduce falls risk and associated adverse outcomes.

OBJECTIVES

To assess the effects of prescribed or provided exercise for reducing
accidental falls, and falls risk factors of strength, flexibility and
balance, in people living with and beyond cancer.

METHODS

Criteria for considering studies for this review

Types of studies

We included all randomised controlled trials with the exception of
cross-over studies, which we excluded due to the potential long-
term learning effects of exercise and the difficulty in determining
suitable washout periods.

Types of participants

We included studies involving adults living with and beyond can-
cer (18 years of age or older at diagnosis). We excluded studies
involving participants residing in acute or inpatient hospice care.

Types of interventions

We included any supervised and non-supervised exercise modality
that met the criteria outlined in the ProFaNE taxonomy (Lamb
2011). We accepted studies where the comparison group was pro-
vided with no treatment, routine (usual) care or non-exercise in-
terventions such as relaxation classes, or social group meetings that
were considered unlikely to impact on risk factors for falls. We
excluded multicomponent interventions where exercise was com-
bined with another intervention and the effect of exercise could
not be isolated from the other intervention (e.g. exercise and diet
versus usual care). Where the effects of multiple interventions
could not be isolated (e.g. exercise and diet and education versus
education), we excluded the study.

Types of outcome measures

We constructed a ’Summary of findings table as set out in the
Cochrane Pain, Palliative and Supportive Care Group author
guide (AUREF 2012), and recommended in Section 4.6.6 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011b), to present our outcome measures that included our pri-
mary outcome of number of falls and secondary outcomes which
were defined as potential risk factors for falls.

We assessed number of falls as they were provided by the study
authors, recorded by falls diaries, prospective and retrospective
questionnaires, and telephone interviews.

Primary outcomes

e Rates of falls and number of fallers measured prospectively
or reported (retrospectively).

Secondary outcomes

We included the following outcomes known to be associated with
accidental falls risk using validated instruments as utilised in each
study:

e strength through equipment-based (e.g. handheld or
isokinetic dynamometer) or functional measures (e.g. Five-Times
Sit-to-Stand Test);

o flexibility through measurement of active or passive range
of motion;

e balance and co-ordination measured through laboratory-
based measures (e.g. force platform indicators including centre of
pressure behaviour or position, sway, anterior-posterior or
medio-lateral stability (Winter 1995)), or functional measures
(e.g. functional reach test (Duncan 1990), Timed Up-and-Go
Test (Podsiadlo 1991), or Berg Balance Scale (Berg 1992);

e number of people sustaining a fall-related fracture;

e incidence and severity of potential adverse events (e.g.
fatigue, muscle pain, musculoskeletal injury or cardiovascular

events).

Whilst cognitive function and mental health are potential risk
factors for falls, their more complicated modalities of treatment
include medication, psychological interventions and exercise. For
this reason, we did not consider these risk factors in this review.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases in July 2018:
e Cochrane Central Register of Controlled Trials
(CENTRAL) the Cochrane Library, 2018, Issue 6;
e MEDLINE (Ovid), 1946 to 10 July 2018;
e Embase (Ovid) 1974 to 10 July 2018;

Exercise for reducing falls in people living with and beyond cancer (Review) 9
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e CINAHL (EBSCO) 1982 to 10 July 2018;

e SPORTDiscus, to 11 July 2018;

e PEDro (Physiotherapy Evidence Database), to 12 July
2018;

e Web of Science (SCI-EXPANDED, CPCI-S, SSCI, CPCI-
SSH) to 10 July 2018;

e SCOPUS, to 13 July 2018;

e LILACS to 12 July 2018;

e Health Technology Assessment Database, the Cochrane
Library, 2016, Issue 4. This database is no longer updated.

We presented the search strategies used in Appendix 1.

Searching other resources

We searched clinicaltrials.gov (www.clinicaltrials.gov), and the
World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (apps.who.int/ trialsearch/) for ongo-
ing trials up to July 2018. In addition, we checked reference lists of
reviews and retrieved articles for additional studies and performed
citation searches on key articles. We contacted experts in the field
for unpublished and ongoing trials.

Data collection and analysis

Selection of studies

Two review authors (AW and MB) independently performed in-
dependent title and abstract searches and reviewed all manuscripts

identified as requiring full-text review. Reasons for exclusion of
manuscripts identified for full-text review are outlined in Figure 1.

We included a PRISMA flow chart in the full review that showed
the status of identified studies (Moher 2009), as recommended in
Section 11.2.1 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011a). We included studies in the review
irrespective of whether measured outcome data were reported in
a ’usable’ way. We planned to seck further breakdowns of data
from the study authors in the event that a study contained a het-
erogenous population and data were not reported separately for
the cancer population. We planned to omit data if we were unable
to determine the effects of cancer separately to other conditions.

Exercise for reducing falls in people living with and beyond cancer (Review) 10
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Figure I. Study flow diagram.
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Data extraction and management

Pairs of review authors (AW, MB, MK, SK, KO) completed data
extraction independently for each included paper using a stan-
dardised data extraction form trialled on the first two papers. Each
pair of review authors resolved any discrepancies by discussion.
We collected data on the following criteria.

e Study details: title, author names, publication status and
year.

e Study eligibility and characteristics: study type, participant
characteristics, type and length of exercise and control
interventions and follow-up periods, outcomes and methods by
which these were measured.

e Methodological quality: method of sequence generation,
allocation concealment, blinding of participants and assessors,
incomplete outcome data, selective reporting, intention-to-treat
analysis and compliance with previously stated methods.

e OQutcomes: for continuous outcomes, mean, standard
deviation and number of participants per group; for
dichotomous variables, total number of participants per group
and number of participants experiencing the event.

Assessment of risk of bias in included studies

Pairs of review authors also independently assessed risk of bias
for each study using the criteria outlined in the Cochrane Hand-
book for Systematic Reviews of Interventions and adapted from those
used by the Cochrane Pregnancy and Childbirth Group, with any
disagreements resolved by discussion (Higgins 2011b). We com-
pleted a "Risk of bias’ table for each included study using the 'Risk
of bias’ tool in Review Manager 5 (Review Manager 2014).

For each study we assessed the following.

e Random sequence generation (checking for possible
selection bias). We assessed the method used to generate the
allocation sequence as: low risk of bias (any truly random process,
e.g. random number table, computer random number generator)
or unclear risk of bias (method used to generate sequence not
clearly stated). We excluded studies using a non-random process
(e.g. odd or even date of birth, hospital or clinic record number).

e Allocation concealment (checking for possible selection
bias). The method used to conceal allocation to interventions
prior to assignment determines whether intervention allocation
could have been foreseen, in advance of or during recruitment,
or changed after assignment. We assessed the methods as: low
risk of bias (e.g. telephone or central randomisation;
consecutively numbered, sealed, opaque envelopes) or unclear
risk of bias (method not clearly stated).

e Blinding of participants and personnel (checking for
possible performance bias). We assessed the methods used to

blind study participants and personnel from knowledge of which
intervention a participant received. We assessed the methods as:
low risk of bias (study stated that it was blinded and described
the method used to achieve blinding), unclear risk of bias (study
stated that it was blinded but did not provide an adequate
description of how this was achieved) or high risk of bias (no
blinding was performed).

o Blinding of outcome assessors (checking for possible
detection bias). We assessed the methods used to blind outcome
assessors from knowledge of which intervention a participant
received. We assessed the methods as: low risk of bias (study
stated that it was blinded and described the method used to
achieve blinding) or unclear risk of bias (study stated that it was
blinded but did not provide an adequate description of how this
was achieved).

e Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data). We assessed the methods used to deal with
incomplete data as: low risk (less than 10% of participants did
not complete the study or used ’baseline observation carried
forward’ analysis, or both) or high risk of bias (used last
observation carried forward’ analysis or ’completer’ analysis).

e Selective outcome reporting (checking all stated outcomes
are reported). We compared the results of included studies
against protocols where available to determine if all planned
variables were reported. We assessed the studies as low risk if it
was clear that all results were included when compared against a
published or registered protocol or unclear risk where no
protocol was available.

o Size of study (checking for possible biases confounded by
small size). We assessed studies as being at low risk of bias (200
participants or fewer per treatment arm); unclear risk of bias (50
to 199 participants per treatment arm) or high risk of bias (fewer
than 50 participants per treatment arm).

e Other sources of bias (any methodological issues not
covered elsewhere).

Measures of treatment effect

Outcome measures were reported as count data (number of falls),
continuous data (measures of strength and flexibility), ordinal data
(balance) or dichotomous data (falls/no falls).

If count data occurred commonly, we planned to treat it as con-
tinuous outcome data. If it occurred rarely, we planned to analyse
it using rates/person-years of follow-up and calculate a rate ratio
to compare the rates of events between the two groups.

Though unlikely, it was considered possible that falls could be mea-
sured as time-to-event data. In such cases, we planned to analyse
it as dichotomous data, that is whether the event (fall) occurred or
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not over the time frame of the study, and express as risk ratios (RR;
Deeks 2011). We did not feel that hazards ratios were relevant to
the outcome of falls as it implied a time to a single event outcome.
Given falls can occur multiple times in a single participant it was
not seen as the appropriate measure.

Unit of analysis issues

If a cluster-randomisation method was used, we planned to either
analyse the data at the level of allocation using a summary mea-
surement for each group, or if the study reported individual level
data, determine whether the study used an appropriate method of
adjustment for clustering (e.g. multilevel model, variance compo-
nents analysis or generalised estimating equations). If an appro-
priate method was used, we planned to analyse the data using the
generic inverse-variance method. If an appropriate method was
not used or it was unclear whether an appropriate method was
used, we planned to give further consideration to the most ap-
propriate method of analysis depending on what information was
available (Higgins 2011a).

If more than one pair-wise comparison from a multiarm study was
relevant to the same meta-analysis this may result in double count-
ing of participants within the meta-analysis and lead to an unad-
dressed correlation between the estimated intervention effects. To
address this, we planned that in the case where there was more
than one intervention group, we would combine the intervention
groups and treat them as one arm, comparing them with the con-
trol group as a pair-wise comparison.

Dealing with missing data

If an intended outcome was not reported, we endeavoured to con-
tact the trial authors to request additional data. If summary data
were not available, we endeavoured to contact the authors to ob-
tain the relevant summary statistics. We examined each study to
determine how the authors dealt with missing data and, where
appropriate, reported this in the "Risk of bias’ assessment.

If we were unable to obtain data from researchers, we determined
the likelihood that missing data were missing at random or if there
was likely to be associated bias. We determined this for individ-
ual level data by examining for disparity in the numbers of miss-
ing data in each arm of the trial and the reasons for participant
dropout. In the case that data were missing at random, we planned
to perform the analysis by ignoring the missing data. However,
if we decided that there was likely to be bias associated with the
missing data, we planned to impute the data with an assumed
value. This value depended on the data point in question and the
perceived potential for bias. The options available to us were to:
1. use the last measure of the same outcome brought forward; 2.
impute an assumed outcome, such as the mean of other values;
3. assume a worst-possible outcome or 4. predict values based on
regression. Which method we used would have depended on the

outcome measure and have been determined in order to minimise
bias (e.g. if we made an assumption that missing data may be re-
lated to poor outcome, we would impute a worst-possible value).
If we excluded or imputed data, we planned to discuss the impli-
cations of exclusion on the analysis.

If intention-to-treat analyses were not performed and the data were
available to do so, we planned to perform them (Higgins 2011a).
If there were large numbers of missing or incomplete data, we
planned to conduct sensitivity analyses of best-case and worst-case
scenarios (Higgins 2011a).

Assessment of heterogeneity

For outcomes where more than one study was available, we assessed
heterogeneity for each outcome using the Chi2 test in Review
Manager 5 to test deviation of effect sizes from the overall effect
(Review Manager 2014). To allow for studies with small sample
sizes or a potential low number of studies, we used a P value of
0.10 to indicate significant heterogeneity (Review Manager 2014).
We also used the I2 statistic to assess the impact of heterogeneity
in all meta-analyses we conducted, interpreting the magnitude
according to the recommendations made by Deeks and coworkers
(Deeks 2011), with anything over 30% considered to represent
possible heterogeneity and requiring further attention.

We used a fixed-effect meta-analysis for outcomes with low het-
erogeneity (P values greater than 0.1 and I2 statistic less than 30%
or not available). Where there was significant heterogeneity, we
used a random-effects model to account for the heterogeneity.

Assessment of reporting biases

We planned to use funnel plot symmetry to detect publication
bias if sufficient studies were available (Sterne 2011). However,
given the number of studies available was fewer than 10, we did
not perform this analysis.

Data synthesis

Continuous variables were synthesised by calculating the mean
difference (MD) as an estimate of effect size, using fixed-effect
or random-effects MD (depending on heterogeneity) with 95%
confidence intervals (CI). Where data for an outcome of interest
were not reported in a consistent manner or involved different
units of measurement, standardised mean difference (SMD) was
used to estimate effect size.

Where studies used rating scales, we ensured that the measure-
ment instrument was validated and that there was no variability
or adaptation of the instrument between studies to ensure the va-
lidity of conducting a meta-analysis of results.

For ordinal data, if the number of categories was large, we planned
to treat the data as continuous data and analyse accordingly. For
shorter ordinal scales, we planned to give consideration to di-
chotomising the outcomes, if valid, and treating as categorical
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data. Proportional odds ratios would have been used if either of
the above two methods were not valid; however, these were not
available in Review Manager 5 (Review Manager 2014).

We planned to synthesise treatment effects from multiple studies
using dichotomous variables employing fixed-effect or random-
effects models, depending on heterogeneity, calculated using RRs
with 95% Cls. If the event rate was below 1%, we planned to use
Peto odds ratio.

Quality of the evidence

Two review authors ( AW, MK) independently rated the quality of
each outcome. We used the GRADE system to rank the quality of
the evidence using the GRADEprofiler Guideline Development
Tool software ( GRADEpro GDT 2015), and the guidelines pro-
vided in Chapter 12.2 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011b).

The GRADE approach uses five considerations (study limitations,
consistency of effect, imprecision, indirectness and publication
bias) to assess the quality of the body of evidence for each outcome.
The GRADE system uses the following criteria for assigning grade
of evidence.

e High: further research is very unlikely to change our
confidence in the estimate of effect.

e Moderate; we are moderately confident in the effect
estimate; the true effect is likely to be close to the estimate of
effect, but there is a possibility that it is substantially different.

e Low: our confidence in the effect estimate is limited; the
true effect may be substantially different from the estimate of the
effect.

e Very low: we have very little confidence in the effect
estimate; the true effect is likely to be substantially different from
the estimate of effect.

The grade of evidence was:

e downgraded once if more than 25% of included studies
were at high risk of bias in any criteria (study limitations);

e downgraded once if heterogeneity was statistically
significant and the 12 value was more than 40% (inconsistency);

e downgraded once if there were differences between
included studies in methodological factors such as modalities of
exercise used, differences in stages of treatment or differences in
assessment tools used (indirectness);

e downgraded once if there were fewer than 400 participants
for continuous data or fewer than 300 events for dichotomous
data (imprecision) (Guyatt 2011);

e downgraded once where there was direct evidence of
publication bias.

’'Summary of findings’ table

We included a ’Summary of findings’ table to present the main
findings in a transparent and simple tabular format for the com-

parison exercise compared with usual care. The search identified
no studies that compared exercise with no treatment or non-exer-
cise interventions (i.e. no "Summary of findings’ tables possible).
In particular, we included key information concerning the quality
of evidence; the magnitude of effect of the interventions exam-
ined; and the sum of available data on the outcomes rates of falls,
strength, flexibility, balance, and adverse events (fatigue).

Subgroup analysis and investigation of heterogeneity

If there were sufficient data, we intended to perform the following
subgroup analyses.

e Type of cancer.

e Type of cancer treatment (e.g. types of chemotherapy,
radiotherapy and surgical treatment).

e Intervention characteristics (e.g. exercise type, duration and
intensity).

e Age of participants (less than 65 years versus 65 years or
greater) in line with previous work (Gillespie 2012).

e Demographic (gender).

Sensitivity analysis

We planned to conduct sensitivity analyses to determine the im-
pact of including and excluding studies of high risk of bias and
large amounts of missing data. Given the limited data available,
and generally similar risk of bias across included studies, we did
not see the benefit in conducting sensitivity analyses according
to risk of bias. Similarly, there was not deemed to be any ben-
efit of conducting sensitivity analyses according to missing data.
Where there was significant heterogeneity, we used a random-ef-
fects model for meta-analysis.

RESULTS

Description of studies

For a description of included and excluded studies, see
Characteristics of included studies and Characteristics of excluded
studies tables.

We used Covidence software to manage screening, data collection
and extraction (Covidence 2018).

Results of the search

We identified 762 potential records through a title and abstract
screen from 13 databases (see Search methods for identification
of studies) with an additional 19 records identified through other
sources. After removal of duplicates, 566 records remained. On
the basis of title and abstract, we excluded 509 records as being
clearly irrelevant, which resulted in 57 records that underwent full-
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text review by two review authors (AW, MB). We contacted one
study author to determine whether the study met the inclusion
criteria (Winters-Stone 2012a). We excluded 43 records as they did
not meet the inclusion criteria (Characteristics of excluded studies
table). We identified 11 studies (12 records) as appropriate for
inclusion in this review (Characteristics of included studies table)
and two ongoing studies (Characteristics of ongoing studies table).
We contacted the corresponding author of two included papers
for additional information; one related to sample size for a single
variable (Galvao 2014), and the other for additional information
regarding reported data (Vollmers 2018). Neither author group
responded. The detailed PRISMA flow chart is in Figure 1.

Included studies

Eleven studies met the inclusion criteria (see Criteria for
considering studies for this review) and underwent data extrac-
tion (Arbane 2011; Brown 2015; Cormie 2013; De Luca 2016;
Galvao 2010; Galvao 2014; Monga 2007; Schwenk 2015; Twiss
2009; Vollmers 2018; Winters-Stone 2016). These studies were
all published in English.

Design

All 11 studies included in this review were randomised controlled
trials with an exercise intervention for people living with and be-
yond cancer.

Modes of exercise differed across trials. Three trials prescribed
strength training alone (Brown 2015; Twiss 2009; Winters-Stone
2016), four prescribed strength training in combination with car-
diovascular exercises (Arbane 2011; De Luca 2016; Galvao 2010;
Galvao 2014), one prescribed a combination of strength and mo-
bility training (Cormie 2013), one prescribed aerobic walking
(Monga 2007), one used a combination of unspecified physical
exercise training and sensorimotor exercises (Vollmers 2018), and
one study used balance training (Schwenk 2015).

The control interventions in all identified studies were considered
to be usual care. We found no studies that compared exercise with
no treatment or alternative treatments. In nine studies, the control
condition received standard treatments with no instruction about
exercise or instruction to maintain physical activity (Arbane 2011;
Brown 2015; Cormie 2013; De Luca 2016; Galvao 2010; Monga
2007; Schwenk 2015; Twiss 2009; Winters-Stone 2016). These
studies met the definition of usual care as other standard treat-
ments were provided. In one study, the control group received an
instruction sheet informing them about the current state of sci-
ence concerning physical activity in malignant diseases (Vollmers
2018). The final included study provided an exercise booklet and
pedometer to the control group (Galvao 2014); however, as an ex-
ercise booklet and pedometer were also provided to the interven-
tion group, the comparator was considered to be usual care rather
than an alternative treatment. The control condition did not re-

ceive an exercise intervention in any trial. Control group partic-
ipants were asked not to alter their physical activity during the
study (Brown 2015; Cormie 2013; De Luca 2016; Schwenk 2015;
Winters-Stone 2016), not to exercise (Monga 2007), provided
with an instruction sheet (Vollmers 2018), provided with an edu-
cation booklet about physical activity guidelines and a pedometer
to monitor compliance with the guidelines (Galvao 2014), or pro-
vided arm mobilisation in the postsurgery period (Arbane 2011).
Two studies did not explicitly identify the control condition except
to state that no structured exercise was provided (Galvao 2010;
Twiss 2009).

The frequency and duration of individual exercise sessions was
variable between the trials. Frequency of the exercise programme
ranged from twice daily during the early stages (Arbane 2011), to
twice weekly (Brown 2015; Cormie 2013; De Luca 2016; Galvao
2010; Galvao 2014; Schwenk 2015; Twiss 2009; Vollmers 2018;
Winters-Stone 2016), with one study three times a week (Monga
2007). Durations of exercise sessions were not well reported but
ranged from as little as 20 minutes to as much as 90 minutes per
session. All trials implemented elements of the exercise training
programme within an exercise facility at a hospital, university or
community fitness centre with three studies also including home-
based components (Arbane 2011; Galvao 2014; Twiss 2009).
The length of the exercise intervention varied greatly between trials
ranging from four weeks (Schwenk 2015), to 24 months (Twiss
2009), with a modal exercise intervention of 12 weeks (two trials).
Four trials included a supervised exercise period followed by an
unsupervised exercise period (Arbane 2011; Brown 2015; Galvao
2014; Twiss 2009). All trials conducted a postexercise assessment
immediately following the prescribed exercise intervention period.
Two studies provided longer-term follow-up, one at 12 months
(Galvao 2014), and one at 36 months (Twiss 2009).

Seven studies reported adherence with the intervention based on
attendance or self-reported compliance (or both) with the ex-
ercise programme (Brown 2015; Cormie 2013; Galvao 2010;
Galvao 2014; Schwenk 2015; Twiss 2009; Winters-Stone 2016).
Six of the seven studies found what would be considered reason-
able adherence (Brown 2015; Cormie 2013; Galvao 2010; Galvao
2014; Schwenk 2015; Winters-Stone 2016), with one reporting
weaker adherence (Twiss 2009); however, over a longer time pe-
riod. Brown and Schmitz reported a median adherence which re-
duced from 96% of sessions to 65% of sessions across the course
of the study (Brown 2015), Cormie found that 83% of partic-
ipants attended 20/24 sessions (Cormie 2013), Galvao reported
high attendance with a mean of 23 out of 24 sessions in one study
(Galvao 2010), while in the second study, the authors reported
77% attendance by the exercise group (Galvao 2014). Schwenk
and colleagues reported that three of 11 participants randomised
to the intervention withdrew from the study but that the remain-
ing eight participants completed all exercise sessions (Schwenk
2015), and Winters-Stone and colleagues reported that median
attendance to exercise sessions was 78% (Winters-Stone 2016).
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In contrast, Twiss and colleagues reported a ratio of reported to
desired sessions of 24% across the 24 months of the study (Twiss
2009). Four studies did not report adherence to the intervention
(Arbane 2011; De Luca 2016; Monga 2007; Vollmers 2018).

Sample sizes

Numbers of participants in the included studies ranged from 19
to 295. There was a total of 835 participants whose data were
analysed.

Setting

The 11 included studies were conducted in a variety of settings.
One study occurred in an acute care setting in the UK for five days
and then the rest of the intervention was carried out in the commu-
nity (Arbane 2011). Five studies were from the US, one in a com-
munity fitness centre (Brown 2015), one in either a fitness centre
or exercises delivered at home (Twiss 2009), and three in Academic
Medical Centres (Monga 2007; Schwenk 2015; Winters-Stone
2016). One study was delivered in a university gymnasium in Italy
(De Luca 2016). One study was delivered in a university hospital
in Germany (Vollmers 2018). One study was a multicentre trial
delivered in an outpatient setting across 13 university-affiliated
exercise clinics in Australia and New Zealand (Galvao 2014). The
other two came from Perth, Western Australia, one in an exer-
cise clinic (Cormie 2013), and the other in an outpatient setting
(Galvao 2010).

Participants

The 11 studies recruited 953 participants with 835 completing
the respective intervention and being included in analyses. Thirty
two per cent of recruited participants were men (308/953) and
68% were women (645/953). The mean ages for participants in
the included studies ranged from 46 to 73 years. Of the 11 stud-
ies, five with 271 participants included participants with prostate
cancer (Cormie 2013; Galvao 2010; Galvao 2014; Monga 2007;
Winters-Stone 2016). Four studies recruited only women with
breast cancer (607; Brown 2015; De Luca 2016; Twiss 2009;
Vollmers 2018). Two studies recruited both men and women, one
recruited participants with non-small cell lung cancer (28 men
and 25 women; Arbane 2011), and one recruited participants
with multiple different cancer diagnoses (9 men and 13 women;
Schwenk 2015).

Five studies reported on comorbidities of participants with four
reporting incidence of non-specified comorbidities (Cormie 2013;

Galvao 2010; Galvao 2014; Winters-Stone 2016), and one report-
ing incidence of hypertension, diabetes mellitus, chronic obstruc-
tive pulmonary disease and coronary artery disease in their par-
ticipant population (Monga 2007). One study reported excluding
participants with any other major disease (De Luca 2016); one
reported excluding participants with existing cardiopulmonary,
metabolic, renal or neurological diseases (Vollmers 2018); while
the remaining four studies did not provide any information on
other conditions (Arbane 2011; Brown 2015; Schwenk 2015;
Twiss 2009).

Excluded studies

Following the title and abstract screen, we assessed 57 records for
suitability by full-text screening and we excluded 43. The basis
for exclusion of these records were: ineligible study design (27;
Bayego 2012; Betker 2006; Bender 2015; Bylow 2008; Bylow
2011; Curran 2013; Fong 2018; Galantino 2012; Galvao 2006;
Grabenbauer 2016; Grote 2017; Hansen 2009; Hanson 2013;
Hojan 2013; Holick 2008; Holmes 2005; Huang 2016; Irwin
2008; Kwan 2012; Martin 2016; Overcash 2013; Serda 2010;
Shahinian 2005; Silver 2011; Spoelstra 2010; Sternfeld 2009;
Wampler 2007), ineligible comparator (three; Litterini 2013;
Winters-Stone 2011; Winters-Stone 2012a), ineligible partici-
pant population (six; Delecluse 2004; Islam 2004; Pollock 2012;
Stineman 2011; Verschueren 2004; Wright 2005), review article
(two; Hanson 2011; Keogh 2012), or because it did not address the
research question (five; Courneya 2002; Devin 2016; Lee 2014;
Rossi 2016; Shobeiri 2016) (Characteristics of excluded studies
table).

Ongoing studies

Two studies were protocols and we have added them to Ongoing
studies (Bjerre 2016; Winters-Stone 2012b). We contacted the
authors of both studies (July 2017) who confirmed that the studies
are not yet complete or are still undergoing data analyses.

Risk of bias in included studies

Our assessment on risk of bias is provided in the Characteristics of
included studies tables. In addition, Figure 2 and Figure 3 provide
a summary of the risk of bias assessment. All studies were at high
risk of bias for blinding of participants and personnel due to the
inability to blind participants to an exercise intervention. In con-
trast, risk of bias was generally low or unclear for other categories.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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We planned to perform sensitivity analyses where studies of high
and low risk of bias were included in the same analysis. Due to
similar risk of bias across all studies and small numbers of studies
included in individual analyses, we did not perform this analysis.

Allocation

Random sequence generation

Eight studies demonstrated a low risk of bias by the use of
computer-generated random sequence generation (Arbane 2011;
Brown 2015; Cormie 2013; De Luca 2016; Galvao 2010; Galvao
2014; Schwenk 2015; Winters-Stone 2016). As there was no de-
scription of the method of randomisation for the three remaining
studies, we judged them at unclear risk of bias (Monga 2007; Twiss
2009; Vollmers 2018).

Allocation concealment

Five studies adequately described how the allocation of sequence
was concealed and we judged them at low risk of bias for this
domain (Arbane 2011; Cormie 2013; Galvao 2010; Schwenk
2015; Winters-Stone 2016). The remaining six studies did not
adequately describe this process and we judged their risk of bias as
unclear (Brown 2015; De Luca 2016; Galvao 2014; Monga 2007;
Twiss 2009; Vollmers 2018).

Blinding

Performance bias

We judged all 11 studies at high risk of bias regarding blinding of
participants and personnel. The nature of the interventions and
the non-exercise control conditions meant that blinding of the
participants was not possible.

Detection bias

We judged three studies at high risk of bias for blinding of out-
come assessors (Arbane 2011; Monga 2007; Twiss 2009). Of these
three, the assessors also delivered the intervention in Monga 2007,
while Twiss 2009 did not blind the outcome assessors. A subset of
the assessors were also involved in delivering the intervention in
Arbane 2011. Five studies did not indicate whether assessors were
blinded and were allocated an unclear risk of bias (Cormie 2013;
De Luca 2016; Galvao 2010; Galvao 2014; Vollmers 2018).
Three studies identified that the outcome assessors were blinded
and we allocated a low risk of bias (Brown 2015; Schwenk 2015;
Winters-Stone 2016).
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Incomplete outcome data

‘We rated the majority of the studies at low risk as they reported
all the data outcomes as stated in their methods (Brown 2015;
De Luca 2016; Galvao 2010; Galvao 2014; Schwenk 2015; Twiss
2009; Winters-Stone 2016).

We allocated a high risk of bias for this domain for the remaining
four studies (Arbane 2011; Cormie 2013; Monga 2007; Vollmers
2018). Two studies had more than 15% of participants withdraw
after allocation with no reasons for withdrawal provided (Monga
2007; Vollmers 2018). We were unsuccessful in contacting the au-
thors for additional information by which to determine the likeli-
hood of bias associated with these withdrawals. These studies con-
tributed data to two meta-analyses (strength outcome Sit-to-Stand
Test: Monga 2007; Vollmers 2018; and postural balance outcome:
Vollmers 2018), but data imputation was not possible and given
other risks of bias in this and other studies in these meta-analyses,
we took no further action. Arbane 2011 had a high withdrawal rate
(15 out of 45 for the variable of muscle strength). While reports
described reasons for withdrawal, results may have been biased in
a particular direction due to the number of withdrawals. However,
because the method for measuring muscle strength in this study
(magnetic stimulation) was fundamentally different from other
measures of strength, we did not use data from this study in the
meta-analysis. No sensitivity analyses were required, neither did
we attempt to impute data for this outcome. Cormie 2013 did not
collect data for 25% of participants for the leg extension outcome
due to femur bone metastases. Data imputation was not possible
and given other risks of bias in this and other studies in this meta-
analysis, we took no further action.

Selective reporting

We assessed two studies at low risk of selective reporting bias,
as the reported outcomes were consistent with those reported in
the protocols (Galvao 2014; Schwenk 2015). One study was at
high risk of bias due to primary outcome measures identified in
the published protocol (fatigue, symptoms, depression and strain)
not being included in the manuscript (Winters-Stone 2016). The
remaining eight studies were at unclear risk of reporting bias due to
an inability to confirm that all the planned measures were reported
(Arbane 2011; Brown 2015; Cormie 2013; De Luca 2016; Galvao
2010; Monga 2007; Twiss 2009; Vollmers 2018).

Size of studies

We assessed eight studies at high risk of bias due to having fewer
than 50 participants per treatment arm (Arbane 2011; Cormie
2013; De Luca 2016; Galvao 2010; Monga 2007; Schwenk 2015;
Vollmers 2018; Winters-Stone 2016). The three remaining studies
were at unclear risk of bias due to including between 50 and 199
participants per treatment group (Brown 2015; Galvao 2014;
Twiss 2009).

Other potential sources of bias

We judged two studies at high risk of bias due to baseline differ-
ences in variables of interest to this review (Monga 2007; Vollmers
2018). The remaining nine studies were at low risk of other bias
(Arbane 2011; Brown 2015; Cormie 2013; De Luca 2016; Galvao
2010; Galvao 2014; Schwenk 2015; Twiss 2009; Winters-Stone
2016). There were too few studies for any given variable (fewer
than 10) to conduct a funnel plot test to look for publication bias.

Effects of interventions

See: Summary of findings for the main comparison Exercise
compared with usual care for people living with and beyond cancer
To be included, studies must have reported on falls or on variables
known to affect falls risk including muscle strength, flexibility
or balance. We determined that it was valid to perform a meta-
analysis of the following outcomes: quadriceps strength, leg press,
Sit-to-Stand Test, sensory organisation test, Backward Walk Test
and fatigue (random-effects meta-analysis due to heterogeneity).
For these outcomes, more than one study reported comparable
measures and all, except leg press, Sit-to-Stand Test and fatigue,
demonstrated low heterogeneity. One study reported three further
outcome measures that we have reported: falls in person-years,
Timed Up-and-go Test and flexibility. As there were insufficient
data we did not perform any of the intended subgroup analyses.

A summary of treatment effects using Review Manager 5 is pre-
sented in the ’Summary of findings’ table (Schiinemann 2011).

Exercise versus no treatment

We found no studies comparing exercise versus no treatment.

Exercise versus usual care

Primary outcomes

Rates of falls

Only one study (223 participants) examined the effect of exercise
training on falls (Twiss 2009). This study reported the total num-
ber of falls in each group over the study period. They reported
no significant effect of the exercise intervention on the number of
falls between the two groups (107 falls with exercise versus 117
falls with usual care); however, the statistical analysis method they
used was unclear. Furthermore, there was not enough information
available for us to conduct our own statistical analysis. These data
could not be analysed as rates/person-years or as continuous data
(mean number of falls/participant), as the authors did not provide
enough information to allow this analysis (i.e. actual number of
participants who experienced a fall). We judged the quality of ev-
idence for exercise reducing accidental falls as very low (Summary
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of findings for the main comparison). We downgraded the qual-
ity of evidence once for study limitations due to the high risk of
bias due to lack of blinding for participants and assessors, once for
imprecision with fewer than 300 falls reported and once due to
imprecision related to small sample size (fewer than 400 partici-
pants).

Number of fallers

No study reported on the number of participants who had one or
more falls.

Secondary outcomes

Strength through equipment-based (e.g. handheld or

isokinetic dynamometer) or functional measures

Ten of the 11 included studies measured strength although the
muscle groups investigated and the type of measure (equipment
based or functional measures) varied between studies. All studies
reported improvements in muscle strength relative to the control

Four studies measured the strength of the quadriceps muscle group
(Arbane 2011; Cormie 2013; Galvao 2010; Twiss 2009); two mea-
sured using voluntary one repetition maximum (Cormie 2013;
Galvao 2010), one study measured maximal torque achieved as
an index of bodyweight (Twiss 2009), and one study used direct
magnetic stimulation of the motor nerve (Arbane 2011). We in-
cluded two studies (72 participants) in a meta-analysis that mea-
sured quadriceps strength using one repetition maximum. The re-
sult revealed a significant increase in strength following the exer-
cise intervention versus usual care (MD 8.99 kg, 95% CI 1.29 to
16.70; Chi? = 0.08, degrees of freedom (df) =1 (P =0.77); I =
0%; no heterogeneity; Analysis 1.1).

Four studies measured strength using the leg press exercise (Brown
2015; De Luca 2016; Galvao 2010; Winters-Stone 2016). A meta-
analysis of their results (388 participants) also indicated significant
increases in leg press strength in the intervention versus the control
groups (MD 21.1 kg, 95% CI 8.47 to 33.74; Tau? = 111.25; Chi?
=19.62, df = 3 (P = 0.0002); 12 = 85%; substantial heterogeneity;
Analysis 1.2; Figure 4). An additional study presented data on
this outcome measure in a subgroup; however, we were unable to
include the data in the meta-analysis due to failure to report the
sample size for each arm of the trial for this subgroup (Galvao

condition. 2014).
Figure 4. Forest plot of comparison: | Exercise versus Usual Care, outcome: 1.2 Leg Press (kg).
Exercise Usual care Mean Difference Mean Difference
Study or Subgroup Mean [kg] SD [kg] Total Mean [kg] SD[kg] Total Weight IV, Random, 95% Cl[kg] IV, Random, 95% CI [kg]
Brown 2015 (1) Al 32 123 01 07 127 37.3% 2090 [20.32, 21.48] L
De Luca 2016 (2) 1276 33 10 781 178 10 165% 48,80 [25.26,71.74] —
Galvao 2010 (3) 1346 52.8 29 109.6 53.3 28 135% 25.00[-2.55,52.599) T
Winters-Stone 2016 (4) 68.9 14.3 kil 626 16.7 30 32T7% 5.90[1.91,13.71] il
Total (95% CI) 193 195 100.0% 21.10[8.47, 33.74] e
Heterogeneity: Tau®=111.25, Chi®=19.62, df= 3 (P = 0.0002); F= 85% [ ErT—— E 00

Testfor overall effect: Z=3.27 (P =0.001)

Footnotes

(1) Anincrease in strength is a positive result
(2) Anincrease in strength is a positive result
(3) Anincrease in strength is a positive result
(4) Anincrease in strength is a positive result

Four studies measured functional strength through variations of
the Sit-to-Stand Test. Three studies measured Five-times Sit-to-
Stand (Galvao 2010; Galvao 2014; Monga 2007), and one study
measured 20-Second Sit-to-Stand (Vollmers 2018). The meta-
analysis conducted of these results (214 participants) indicated no
evidence of a difference (SMD -0.45, 95% CI -1.05 to 0.14; Tau?
= 0.26; Chi2 = 11.74, df = 3 (P = 0.008); 12 = 74%; substantial
heterogeneity; Analysis 1.3; Figure 5).

Favours usual care Favours exercise

Risk of bias legend

(B) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective outcome reporting (reporting bias)

(G) Size of study

(H) Other sources of bias
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Figure 5. Forest plot of comparison: | Exercise versus usual care, outcome: 1.3 Sit-to-Stand Test (strength).

Exercise Usual care Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Galvao 2010 (1) 121 22 28 132 38 28 2178% -0.37 [[0.90,0.14] ]
Galvao 2014 (&) 1.7 28 a0 114 28 a0 30.7% 0.07 [0.22, 0.46] -
Monga 2007 (3) 1.3 111 04 07 10 167%  -1.87[2.94,-0.81] —_—
Yollmers 2018 (4) -0.41 1.92934 17 0.05 192934 19 248% -0.23[0.89 0.47] =
Total (95% CI) 107 107 100.0% -0.45[-1.05, 0.14] L
Heterogeneity Tau®= 0.26; Chi®=11.74, df= 3 (P = 0.008); F= 74% 14 52 o é j‘

Testfor overall effect Z=149 (P=014)

Footnotes

(1) A decrease in 5 times Sit-to-Stand time was a positive outcome
(2) A decrease in 5 times Sit-to-Stand time was a positive outcome
(3) A decrease in 5 fimes Sit-1o-5tand time was a positive outcome

Favours exercise  Favours usual care

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance bhias)

(4) An increase in repetitions during 30-second Sit-to-Stand Testis a positive outcome; data inverted for.. (D) Elinding of outcome assessment (detection bias)

We judged the quality of evidence for exercise increasing strength
asvery low to low (Summary of findings for the main comparison).
We downgraded the quality of the evidence once for study lim-
itations across all strength measures due to the lack of blinding
of participants and assessors. We downgraded the quality once
for the quadriceps strength measure due to imprecision related to
small sample sizes (fewer than 400 participants). We downgraded
the quality for the measure of leg press once due to inconsistency
related to high heterogeneity. We downgraded quality once for
the Sit-to-Stand measure due to inconsistency due to high hetero-
geneity, and once for indirectness due to variability in proximity
to acute treatment between studies.

Flexibility through measurement of active or passive range of
motion

One study (21 participants) included flexibility as an outcome
measure (Monga 2007). There was a small yet statistically signif-
icant increase in whole body flexibility (Sit-and-Reach Distance
Test) following an exercise intervention versus usual care (MD
2.05 cm, 95% CI 0.59 to 3.51; Analysis 1.4).

We judged the quality of the evidence for exercise increasing flexi-
bility as very low (Summary of findings for the main comparison).
We downgraded the quality of the evidence twice for study limi-
tations due to a high risk of bias as a result of lack of blinding of
participants and personnel and for differences in baseline results
in this measure between treatment groups in the sole study con-
sidered, and once due to imprecision related to the small sample
size (fewer than 400 participants).

Balance and co-ordination measured through laboratory-
based measures

(E) Incomplete outcome data (attrition hias)

(F) Selective outcome reporting (reporting hias)
(G) Size of study

(H) Other sources of hias

Five studies measured balance (Cormie 2013; Galvao 2010;
Schwenk 2015; Twiss 2009; Vollmers 2018). Across the five stud-
ies there were three different domains of balance measured, postu-
ral stability (Sensory Organisation Test: 91 participants; Cormie
2013; Galvao 2010; and medio-lateral sway: 55 participants;
Schwenk 2015; Vollmers 2018); dynamic balance (Backward Walk
Test: 280 participants; Galvao 2010; Twiss 2009); and functional
balance (Timed Up-and-Go Test; 15 participants; Cormie 2013).
The Sensory Organisation Test provides a score out of 100 for bal-
ance with a higher score indicating greater balance while medio-
lateral sway is a continuous variable measured in centimetres with
a lower value indicating higher stability. Following the exercise
intervention, there was a significant improvement in postural sta-
bility between participants who received an exercise intervention
compared to participants who received usual care (SMD 0.44,
95% CI 0.08 to 0.79; participants = 127; studies = 4; Chi2 = 1.89,
df = 3 (P = 0.60); I2 = 0%; no heterogeneity; Analysis 1.5). The
Backward Walk Test measures the time required for the partici-
pant to walk backwards for 6 metres (m) or 18 feet. Following the
exercise, intervention participants were able to complete this task
significantly faster than control participants (SMD -0.24, 95% CI
-0.48 to0 -0.01; participants = 280; studies = 2; Chi2 = 0.08, df =
1 (P = 0.77); 12 = 0%; no heterogeneity; Analysis 1.6; Figure 6).
Timed Up-and-Go Test measures the time for the participant to
rise from a chair, walk 3 m, turn around and walk back to the chair
and sit down. There was no significant change in this measure fol-
lowing an exercise intervention (MD -0.35 seconds, 95% CI -1.47
to 0.77; participants = 15; studies = 1; Analysis 1.7). There was no
heterogeneity for all preceding analyses (I2 = 0%), so exploration
for heterogeneity through subgroup analyses was not required.

Exercise for reducing falls in people living with and beyond cancer (Review) 21
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 6. Forest plot of comparison: | Exercise versus usual care, outcome: 1.6 Backward Walk Test
(functional balance in seconds).

Exercise Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galvao 2010 {1) 17.4 7 29 226 19.6 28 20.2% -0.35 [-0.87,017]
Twiss 2009 {2 -5.62 145919 110 -3.07 80872 113 79.8% -0.22[-0.48, 0.05]
Total (95% Cl) 139 141 100.0% -0.24 [-0.48, -0.01]
Heterageneity, Chif= 0.20, df=1 (P = 0.65); F= 0% 12 I é j‘

Testfor overall effect: 2= 2.03 (F=0.04)

Footnotes
(1) Adecrease in Backward Walk time was a positive outcome
(2) A decrease in Backward Walk time was a positive outcome

We judged the quality of the evidence for exercise increasing bal-
ance from very low to low (Summary of findings for the main
comparison). We downgraded the quality of the evidence across all
balance measures once due to study limitations related to the lack
of blinding of participants and assessors and once due to impre-
cision related to small sample sizes (fewer than 400 participants).
We downgraded quality once more for the postural stability for
indirectness as a result of differences between studies in the exer-
cise intervention delivered.

Subgroup analyses relating to participant characteristics were not
possible because raw data were not available.

Number of people sustaining a fall-related fracture

One study reported fall-related fractures (Twiss 2009). The study
authors reported 15 fractures (7/110 in the intervention group
and 8/113 in the control group). Of these, 13/15 fractures were
fall related with none occurring during the prescribed exercise.
For the 13 fall-related fractures, the authors did not identify the
incidence in each group or the number of people sustaining a fall-
related fracture. Consequently these data are not included in the
review.

We judged the quality of evidence for exercise reducing fall-related
fractures as very low. We downgraded the quality of evidence once
for study limitations due to the high risk of bias due to lack of
blinding for participants and assessors, once for imprecision due
to fewer than 300 fractures reported and once for imprecision due
to the small sample size (fewer than 400 participants).

Incidence and severity of potential adverse events

One study reported on the adverse event of pain (Twiss 2009). The
authors noted some temporary muscle soreness for up to two days
following the initiation of exercise or when there was an increase
in the weight lifted. While the incidence was not reported the
occurrence of temporary muscle pain when commencing exercise
is not uncommon even in healthy populations. The same study

\
t

-4
Favours exercise Favours usual care

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective outcome reporing (reporting bias)

(G) Size of study

(H) Other sources of bias

also observed discomfort during arm exercises in three women
with lymphedema. This issue was solved with adapted exercises
for these women.

Two studies (78 participants) assessed the effect of exercise on fa-
tigue (Galvao 2010; Monga 2007). As measurement of this vari-
able in each study used different scales, the meta-analysis of the re-
sults used SMD. The meta-analysis indicated a statistically signif-
icant reduction in fatigue in participants who exercised compared
to participants who completed the control interventions, indicat-
ing that fatigue was not an adverse event in this context and could
potentially be considered a positive outcome (SMD 0.81, 95%
CI 0.34 t0 1.29; Chi? = 5.43, df = 1 (P = 0.02); I2 = 82%; with
substantial heterogeneity; Analysis 1.8). We judged the quality of
the evidence related to fatigue as very low (Summary of findings
for the main comparison).

We downgraded the quality of the evidence once due to study
limitations related to potential bias due to the lack of blinding
of participants and assessors; once due to inconsistency due to
high heterogeneity within the meta-analysis (I2 = 82%) and once
due to indirectness as a results of variability in proximity to acute
treatment between studies. Both studies included participants with
prostate cancer and a similar intervention. As they both reported
decreases in fatigue, we did not explore reasons for heterogeneity
further.

Exercise versus non-exercise interventions

We found no studies comparing exercise versus non-exercise in-
terventions.

DISCUSSION
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Summary of main results

We identified 11 studies comparing the role of exercise of various
modalities versus usual care in people living with and beyond can-
cer for this review. Only one study included accidental falls as an
outcome variable and there was limited evidence suggesting a lack
of effect on accidental falls in people living with and beyond can-
cer (Twiss 2009). Exercise training was noted to result in improve-
ments in lower limb strength, flexibility and balance, although
only one study measured flexibility (Monga 2007), and five studies
measured balance (Cormie 2013; Galvao 2010; Schwenk 2015;
Twiss 2009; Vollmers 2018). While there were mean improve-
ments in secondary variables in all studies that investigated that
variable, the majority of studies were small and of low method-
ological quality. No studies were powered specifically to detecta re-
duction in falls risk. One study conducted a power calculation for
secondary outcomes of interest to this review (muscle strength and
balance) (Twiss 2009). Of the remaining studies, three conducted
a power calculation aimed at detecting change in quality-of-life
scales (Arbane 2011; Brown 2015; Cormie 2013), one aimed at
detecting a change in bodyweight (Galvao 2010), one aimed at
detecting a change in body composition (Winters-Stone 2016),
one aimed at detecting a change in 400-m walk distance (Galvao
2014), one described a sample size calculation without describ-
ing what variable was considered (De Luca 2016), and three had
no formal sample size calculation (Monga 2007; Schwenk 2015;
Vollmers 2018). Therefore, data are insufficient for conclusions
to be drawn regarding the effects of exercise training on reducing
accidental falls. Only one study reported pain as an adverse event,
with minimal discomfort observed.

Overall completeness and applicability of
evidence

Only one study investigated the effect of exercise training on acci-
dental falls incidence in cancer survivors (Twiss 2009). While this
study did not detect a difference between groups, it was potentially
underpowered and only reported the number of falls. It did not
indicate whether these were all single falls or if there were repeat
fallers. Attempts to gain this information from the authors were
unsuccessful. Consequently, we recommend that more evidence is
required before any conclusions can be made regarding the role of
exercise in reducing falls in people living with and beyond cancer.
The review included measures of lower limb strength that are con-
sidered to be potential fall risk factors. These include knee exten-
sion as measured by quadriceps strength, combined hip and knee
extension as measured by leg press, and functional strength as mea-
sured by the Five-Times Sit-to-Stand and 30-Second Sit-to-Stand
Tests. One study included a measure of leg strength that relied on
muscle stimulation force, which does not appear in the literature
as a fall risk factor, therefore strength data from that study were not
included in the meta-analysis. The magnitude of improvement for

all of the meta-analyses related to strength were such that they may
be considered clinically relevant for the reduction of falls risk in
at-risk groups (Rubenstein 2006).

Flexibility improved with one intervention; however, it was mea-
sured by the Sit-and-Reach Distance Test. While ankle range of
motion limitation is associated with an increased likelihood of ac-
cidental falls, global flexibility has not been shown to influence fall
rates in community-dwelling people, limiting the applicability of
this finding.

Dynamic balance (measured by Backward Walk Test) was respon-
sive to exercise in this group, showing positive changes (shorter
time to complete the tasks) after the interventions. This con-
struct of balance is an applicable fall risk factor. The magnitude
of improvement for the Backward Walk Test was between 2.6 sec-
onds and 5.2 seconds, which is likely to be clinically meaningful
(Podsiadlo 1991). Balance, as measured by postural stability was
also responsive to exercise. Two of the studies contributing data to
this variable recruited participants who had neurotoxic exposure
which is known to reduce proprioceptive input and this may ex-
plain the improvements seen with balance training in this review.
Functional balance, as measured by the Timed Up-and-Go Test,
was not influenced by exercise in the studies examined in this re-
view.

In healthy community-dwelling older adults, high-level evidence
for improvements in fall rates with exercise interventions exist and
the effective components of the exercise interventions have been
identified. Exercise programmes should include balance training
and be of sufficient dose. A single intervention included in this re-
view identified a balance component to their training programme
(Schwenk 2015), and this may limit the effectiveness of these pro-
grammes for improving fall rates (Sherrington 2011).

Quality of the evidence

The quality of evidence for the outcomes in this review using
GRADE was low to very low ( GRADEpro GDT 2015). The
main reason for downgrading results across all studies was due to
the failure to blind participants, personnel and assessors to the in-
tervention groups. In the case of participants and personnel, this
is unavoidable due to the nature of studies that compare exercise
to a non-exercising control. However, the failure of many studies
to blind assessors to the intervention was also a major issue that
was avoidable. Only one study reported on falls incidence, and,
while the quality of the evidence provided was very low, it should
be acknowledged that interpretation of results from this study re-
flect the limited evidence available (Twiss 2009). There is a larger
volume of evidence to support the findings of this review for the
secondary outcomes of muscle strength and balance, which are of-
ten used as surrogate outcomes of falls risk; however, the quality of
the evidence for these outcomes varied from very low to low. Only
one study examined the secondary outcome of flexibility and the
quality of evidence for this outcome was very low (Monga 2007).
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In our protocol, we identified that we would perform sensitivity
analyses where studies of high and low risk of bias were included
in the same analysis (Williams 2015). Due to similar risk of bias
across all studies and the small numbers of studies included in
individual analyses, we did not perform this sensitivity analysis.
While there is evidence for using the secondary outcome variables
as surrogate outcomes for falls risk in older non-cancer populations
(Ambrose 2013; Rubenstein 2006; Spink 2011), there is currently
limited evidence that these outcomes translate to the population
of people living with and beyond cancer who were investigated in
this review.

Potential biases in the review process

In our protocol, we indicated that funnel plot analyses would be
utilised to detect publication bias if we found sufficient studies for
this analysis (Williams 2015). Unfortunately, there were insuffi-
cient studies eligible for inclusion in the review to allow this form
of analysis and consequently there was no information regarding
the likelihood of publication bias. Heterogeneity as measured by
the 12 statistic was low (0%) for all primary and secondary out-
comes where sufficient studies allowed calculation of this measure
with the exception of the strength measures of leg press (I2 = 85%)
and Sit-to-Stand (I? = 74%), which might be due to including
both endpoint data and change data in our analyses for these vari-
ables for different studies.

Agreements and disagreements with other
studies or reviews

This is the first review to assess the effects of prescribed or pro-
vided exercise for reducing accidental falls incidence and as such
comparisons to other literature is not possible.

Studies awaiting assessment

While there is only one trial that to date has investigated the effect
of exercise training on preventing falls in people living with and
beyond cancer, we are aware of a study currently underway which
has been powered to detect a reduction in falls of 47% or greater
over one year (Winters-Stone 2012b). We expect that this study
when completed will provide important additional information
regarding the effectiveness of regular exercise in preventing acci-
dental falls in this population and we recommend that this review
is updated at that point in time.

AUTHORS’ CONCLUSIONS

Implications for practice

There is a paucity of evidence for exercise training to reduce falls
in people living with and beyond cancer in this review. Exercise
training may improve strength, flexibility and balance for people
in this population but the evidence is very low quality. This may
mitigate potential falls risk and may represent clinically meaningful
improvements.

Implications for research

More high-quality randomised controlled trials are required to in-
crease certainty around the effects of exercise training on falls inci-
dence in people living with and beyond cancer. Future trials should
be adequately powered and of sufficient duration to measure the
long-term effects of exercise on falls outcomes. Consistent report-
ing of falls so that the rate of falls can be compared will enable
a more sound evidence base to be built. Potential adverse events
should also be specifically measured. The inability to blind partic-
ipants to group allocation in controlled exercise interventions will
be an ongoing issue for assessment of study quality.

There is evidence in healthy community-dwelling older adults that
for balance training to be effective it should be of at least two hours
aweek regardless of setting (Sherrington 2017), thus interventions
to address falls in people living with and beyond cancer should
take into account existing transferable evidence.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Arbane 2011
Methods Study design: randomised controlled trial
Study grouping: parallel group
Participants Baseline characteristics
53% men
Usual care
o Age (yr) (range): 62.6 (32-47)
Exercise
e Age (yr) (range): 65.4 (47-82)
Inclusion criteria: people with non-small cell lung cancer referred for lung resection via
open-thoracotomy or visual assisted thoracotomy
Exclusion criteria: people undergoing thoracotomy procedure where no lung resection
was carried out, people undergoing pneumonectomy, admission > 48 hours to intensive
care unit postsurgery
Group differences: none
Interventions Usual care
e All received usual care, pain medication as relevant was provided by participant-
controlled analgesia day 1 postoperative, thereafter orally as relevant. Usual care
included routine physiotherapy treatments, airway clearance techniques, mobilisation
as able and upper limb activities, and was provided at least once daily from day 1
postsurgery
Exercise
e Twice daily strength and mobility training days 1-5 including walking, marching
on the spot and recumbent exercise bike 5-10 minutes per exercise at 60-80% maximal
heart rate and seated leg raises with 2 pound ankle weights. 12-week home support
including 3 visits and an individualised programme
Outcomes Quadriceps strength (via magnetic stimulation of the femoral nerve)
e Outcome type: continuous
e Direction: higher was better
Identification Sponsorship source: St Georges Hospital Therapies Charitable Finding, Faculty of
Health and Social Care Sciences, St Georges and Kingston University
Country: UK
Setting: acute care
Comments: no comment
Author’s Name: Gill Arbane
Institution: School of Physiotherapy, Faculty of Health and Social Services, St George’s
and Kingston University
E-mail: ku402345@sgul kingston.co.uk
Address: Cranmer Terrace, Tooting, London SW17 ORE, UK
Notes
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Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Block randomisation was performed using

bias) computer-generated tables

Allocation concealment (selection bias) Low risk Randomisation codes were kept by an inde-
pendent member of the team and released
after consent

Blinding of participants and personnel High risk Participants were not able to be blinded and

(performance bias) this may have led to bias

All outcomes

Blinding of outcome assessment (detection High risk Staff who delivered the intervention was

bias) also an outcome assessor

Incomplete outcome data (attrition bias)  High risk The reasons for withdrawals were ex-

All outcomes

plained; however, the high proportion of
withdrawals raised the risk that results
might be biased in a particular direction
and no intention-to-treat analysis was per-
formed. The attrition rates, which varied
for the different outcome measures were:
quality of life: 5/26 with control and 4/27
with intervention; 6-minute walk test: 9/
26 with control and 5/27 with interven-
tion; and quadriceps strength: 13/26 with
control and 10/27 with intervention

Selective outcome reporting (reporting

bias)

Unclear risk

Protocol not available, insufficient evidence
to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm
Other sources of bias Low risk Study appeared free of other sources of bias

Brown 2015
Methods Study design: randomised controlled trial
Study grouping: parallel group
Participants Baseline characteristics

100% women
Usual care

e Age (yr): 56.7 (SD 9.1)
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Exercise

e Age (yr): 56.7 (SD 9.1)

Inclusion criteria: women survivors 1-15 yr after diagnosis; free from cancer at study

entry; > 1 lymph node(s) removed; no medical conditions or contraindicated medica-

tions that would prohibit participation in an exercise programme; body mass index < 50

kg/m?; no plans for surgery during study; no history of bilateral lymph node removal; no

weight lifting in previous year; and stable bodyweight and not attempting to lose weight

Exclusion criteria: not reported
Group differences: none

Interventions Usual care

o Asked not to change their physical activity during the study

Exercise

o 13 weeks of supervised weight-lifting training (2 x weekly for 90 minutes per

session). Then 39 weeks of unsupervised weight-lifting adhering to the same exercise

prescription utilised during the supervised proportion of the trial

Outcomes Leg press
e Outcome type: continuous
e Reporting: full
e Unit of measure: kilograms
e Direction: higher was better

Identification Sponsorship source: Kathryn H Schmitz
Country: USA
Setting: Community Fitness Centre

Comments: no sponsorship details were disclosed. Authors indicated there were no

conflicts of interest but it was unclear whether this meant the study was unfunded

Author’s name: Kathryn Schmitz

Institution: Perelman School of Medicine, University of Pennsylvania

E-mail: schmitz@mail.med.upenn.edu

Adderess: 423 Guardian Dr, 8th Floor, Blockley Hall, Philadelphia, PA, 19104

Notes

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

Study participants were randomly assigned
to 1 of 2 study groups using minimisation

Allocation concealment (selection bias) Unclear risk

Method of concealment not described;
however, there was no reason to believe that
participants or investigators could foresee
assignments
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Blinding of participants and personnel High risk Study was indicated to be single blind. Par-

(performance bias) ticipants were aware which group they were

All outcomes allocated to. Although the blinding of par-
ticipants is not possible for this type of re-
search, it introduces potential bias

Blinding of outcome assessment (detection Low risk Measurements were obtained by trained

bias) staff who followed a standardised protocol
and were blinded to study group assign-
ment

Incomplete outcome data (attrition bias) ~ Low risk Quote: “Data on participants who were

All outcomes

missing physical function measures at 12
months were imputed through the use of
a multiple imputation procedure that in-
cluded baseline physical function as well as
demographic, clinical, and anthropometric
variables.”

Selective outcome reporting (reporting

bias)

Unclear risk Protocol notavailable, insufficient evidence

to make a decision

Size of study

Unclear risk Between 50 and 199 participants per treat-

ment arm

Other sources of bias

Low risk Study appeared free of other sources of bias

Cormie 2013

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% men
Usual care

o Age (yr): 71.2 (SD 6.9)
Exercise

e Age (yr): 71.2 (SD 6.9)
Inclusion criteria: men with a histological diagnosis of prostate cancer, established
bone metastatic disease. Participants required clearance from their treating physician to
participate
Exclusion criteria: moderate-to-severe pain that limited activities of daily living or had
musculoskeletal, cardiovascular, neurological (or a combination of these) disorders that
could prevent them from exercising
Group differences: none
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(Continued)

Interventions

Usual care

e Asked not to change their physical activity during the study
Exercise

e 2 x 60 minutes for 12 weeks, 5-minute warm-up and 10-minute cool down.
Resistance training 2-4 sets of 8-12 repetition maximum for 8 different muscle groups

Outcomes

Knee extension

e Outcome type: continuous
Timed Up-and-Go Test

e Outcome type: continuous

o Range: 0-20

o Unit of measure: seconds

o Direction: lower was better
Balance (Sensory Organisation Test)

e Outcome type: continuous

e Range: 0-100

o Unit of measure: score

e Direction: higher was better

Identification

Sponsorship source: Cancer Council of Western Australia
Country: Australia

Setting: Exercise Clinic

Comments: no comment

Author’s name: P Cormie

Institution: Edith Cowan University Health and Wellness Institute
E-mail: p.cormie@ecu.edu.au

Adderess: 270 Joondalup Drive, Joondalup, Western Australia, 6027

Notes

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection Low risk

bias)

Following familiarisation and baseline test-
ing sessions, participants were randomised
into 2 arms: exercise or usual care. Stratifi-
cation for age was carried out and partici-
pants were randomised in an allocation ra-
tio of 1:1 using a random assignment com-
puter program

Allocation concealment (selection bias)

Low risk Quote: “The project coordinator and exer-
cise physiologists involved in assigning par-
ticipants to groups were blinded to the al-
location sequence.”
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Blinding of participants and personnel
(performance bias)
All outcomes

High risk

Participants were not blinded as it is obvi-
ous if intervention was applied. This con-
fers high risk of bias, despite attempts to
blind the assessors

Blinding of outcome assessment (detection

bias)

Unclear risk

There was no mention of whether assessors
were blinded

Incomplete outcome data (attrition bias)
All outcomes

High risk

Data were not collected for 25% of partic-
ipants for 2 outcomes (400-m walk and leg
extension) due to femur bone metastases

Selective outcome reporting (reporting

bias)

Unclear risk

Protocol notavailable, insufficient evidence
to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm
Other sources of bias Low risk Study appeared free of other sources of bias

De Luca 2016

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% women
Usual care

o Age (yr): 46.0 (SD 2.8)
Exercise

e Age (yr): 50.2 (SD 9.7)

Inclusion criteria: aged 40-60 years; undergone mastectomy; conclusion of all cancer-

related treatments > 6 months previously; no engagement in any formal exercise pro-

grammes for > 6 months; medical clearance to physical activity; absence of muscu-

loskeletal disturbances that could limit participation in the exercise training programme

Exclusion criteria: diagnosis of any other major illness or disease; other contraindications

to exercise
Group differences: not reported

Interventions

Usual care

e Darticipants followed their usual lifestyle and were not engaged in any formal

exercise programmes
Exercise

e 2 x 90 minutes for 24 weeks. 10-minute warm up and cool down. 40 minutes of

resistance training (4 sets of 6-10 repetitions at 60% of 1 repetition maximum for 5

different exercises) and 30 minutes of acrobic training (pedalling a stationary bike at

80% of estimated maximum heart rate)
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Outcomes

Leg press
e Outcome type: continuous
e Reporting: full
e Unit of measure: kilograms
e Direction: higher was better
°

Data value: endpoint

Identification

Sponsorship source: the research did not receive any specific grant from funding agencies

in the public, commercial or not-for-profit sectors

Country: Italy

Setting: university gymnasium
Comments: none

Author’s Name: Carlo Minganti

Institution: Department of Movement, Human and Health Sciences, University of

Rome
E-mail: carlo.mingati@uniroma4.it

Address: Lauro de Bosis 15, 00135 Rome, Italy

Notes

Risk of bias

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection

bias)

Low risk

Quote: “After completion of all baseline
measures, each participant was randomly
assigned to either the intervention (n=10)
or control (n=10) group using a random
number generator.”

Allocation concealment (selection bias)

Unclear risk

The timing of the random number gener-
ation and method of concealment (if ap-
plicable) was not described; however, there
was no reason to believe that participants
or investigators could foresee assignments

Blinding of participants and personnel
(performance bias)
All outcomes

High risk

Participants were notable to be blinded and
this may have led to bias

Blinding of outcome assessment (detection

bias)

Unclear risk

No mention of whether assessors were

blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Authors stated that no participants with-
drew from the study and there was no in-
dication that data were incomplete for any
variable
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Selective outcome reporting (reporting Unclear risk Protocol not available, insufficient evidence

bias) to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm

Other sources of bias Low risk Study appeared free of other sources of bias

Galvao 2010

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% men
Usual care

e Age (yr): 70.1 (SD 7.3)
Exercise

e Age (yr): 70.1 (SD 7.3)
Inclusion criteria: histologically documented prostate cancer, minimum prior exposure
to androgen deprivation therapy > 2 months, without prostate-specific antigen evidence
of disease activity and anticipated to remain hypogonadal for the subsequent 6 months
Exclusion criteria: bone metastatic disease; musculoskeletal, cardiovascular or neuro-
logical disorders that could inhibit them from exercising; inability to walk 400 m or un-
dertake upper and lower limb exercise; and resistance training in the previous 3 months
Group differences: none

Interventions

Usual care

e Not stated.
Exercise

e 2 x weekly progressive resistance and aerobic training for 12 weeks (strength
training included chest press, seated row, shoulder press, triceps, leg press, leg
extensions, leg curl and crunch; aerobic training included 15-20 minutes of
cardiovascular exercises (cycling and walking/jogging) at 65-80% maximum heart rate
and perceived exertion at 11-13 on the 6- to 20-point Borg scale). Flexibility exercises
for warm-up and cool down. Total session duration not stated

Outcomes

Leg press
e Outcome type: continuous
e Reporting: full
e Unit of measure: kilograms
e Direction: higher was better
e Data value: endpoint

Knee extension
e Outcome type: continuous
e Reporting: full
e Unit of measure: kilograms
e Direction: higher was better
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e Data value: endpoint
6-m Backward Walk Test
e Outcome type: continuous
e Reporting: full
e Unit of measure: seconds
e Direction: lower was better
e Data value: endpoint
Sensory Organisation Test
e Outcome type: continuous
Reporting: full

Range: 1-100

Direction: higher was better
e Data value: endpoint

Chair rises
e Outcome type: continuous
e Reporting: full
o Unit of measure: seconds
o Direction: lower was better
e Data value: endpoint

Scale: Sensory Organisation Test

Identification Sponsorship source: Robert U Newton, The Cancer Council Western Australia

Country: Australia

Setting: outpatient setting, participants recruited from Sir Charles Gairdner Hospital

(Perth, Western Australia)
Comments: none
Author’s name: Daniel A Galvao

Institution: School of Exercise, Biomedical and Health Sciences, Edith Cowan Univer-

sity
E-mail: d.galvao@ecu.edu.au

Address: 100 Joondalup Drive, Joondalup, Western Australia, 6027, Australia

Notes

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

After completion of the baseline assess-
ment, participants were randomly assigned
to 2 arms: exercise or usual care in a ratio of
1:1 using a computer random assignment
program

Allocation concealment (selection bias) Low risk

Allocation sequence was concealed from
the project co-ordinator and the exercise
physiologist involved in assigning partici-
pants to groups
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Blinding of participants and personnel
(performance bias)
All outcomes

High risk

No evidence of any attempt to blind either
participants or personnel to whether they
were in the intervention or control group.
Neither was there any comment from the
authors judging that the lack of blinding is
not likely to influence outcomes. Blinding
of participants is unavoidable given the in-
tervention, so an assumption is made that
participants were not blinded, which may
have led to bias

Blinding of outcome assessment (detection

bias)

Unclear risk

No mention of whether assessors were

blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Complete outcome data for all but 2 out-
comes; small amount of incomplete data
only. No evidence that incomplete data
were more likely in 1 group or the other.
Intention-to-treat analysis. Imputation

Selective outcome reporting (reporting

bias)

Unclear risk

Protocol not available, insufficient evidence
to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm
Other sources of bias Low risk Study appeared free of other sources of bias

Galvao 2014
Methods Study design: randomised controlled trial
Study grouping: parallel group
Participants Baseline characteristics

100% men
Usual care

e Age (yr): 71.5 (SD 7.2)
Exercise

e Age (yr): 71.9 (SD 5.6)

Inclusion criteria: participants enrolled in the Randomised Androgen Deprivation and

Radiotherapy (RADAR) trial with no structured exercise within the past 6 months.

Participants had previously been treated with androgen deprivation therapy, were able

to walk 400 m and had medical clearance from their physician

Exclusion criteria: bone metastases; acute illness; or any musculoskeletal, cardiovascular

or neurological disorder that could inhibit or put them at risk from exercising

Group differences: none
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Interventions

Usual care

e Received a pedometer and modified education booklet with recommendations to
perform 150 minutes of moderate physical activity per week for 12 months
Exercise

e 2 x week combined supervised aerobic and resistance training including (20-30
minutes of cardiovascular exercise and progressive resistance training including 2-4 sets
of 6-12 repetition maximum of 8 exercises) + 2 home-based aerobic exercise sessions
per week for 6 months followed by 6 months’ unsupervised home programme

Outcomes

Five-Times Sit-to-Stand Test
e Outcome type: continuous
Reporting: full
Scale: time
Unit of measure: seconds
Direction: lower was better
Data value: change from baseline

°
.
.
.
.

Leg strength
e Outcome type: continuous
e Reporting: full
e Scale: mass
o Unit of measure: kilograms
e Direction: higher was better
°

Data value: change from baseline

Identification

Sponsorship source: Prostate Cancer Foundation of Australia

Country: Australia and New Zealand

Setting: University affiliated Exercise Clinics

Comments: the sponsors did not participate in the design or conduct of the study,
collection, management, analysis or interpretation of the data; or in preparation, review
or approval of the manuscript

Author’s name: Daniel Galvao

Institution: Edith Cowan University Health and Wellness Institute

E-mail: d.galvao@ecu.edu.au

Address: 270 Joondalup Drive, Joondalup, Western Australia, 6027, Australia

Notes

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

Computer program randomisation in 1:1
ratio using minimisation technique

Allocation concealment (selection bias) Unclear risk

Method of concealment not described

Blinding of participants and personnel High risk
(performance bias)

Participants and personnel not blinded
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All outcomes

Blinding of outcome assessment (detection

bias)

No mention of whether assessors were

blinded

Unclear risk

Incomplete outcome data (attrition bias) ~ Low risk Reasons for withdrawals were described

All outcomes and were similar between groups. Missing
data were accounted for through intention-
to-treat analysis

Selective outcome reporting (reporting Low risk All relevant outcomes described in the reg-

bias)

istered protocol (ACTRN) were reported

Size of study

Unclear risk Between 50 and 199 participants per treat-

ment arm

Other sources of bias

Low risk Study appeared free of other sources of bias

Monga 2007

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% men
Usual care
e Age (yr): 70.6 (SD 5.3)
Exercise
o Age (yr): 68.0 (SD 4.2)
Inclusion criteria: localised prostate cancer requiring radiotherapy treatment. First-time
diagnosis of cancer. Ambulatory. Able to complete self-report measures
Exclusion criteria: concurrently receiving chemotherapy; major health problems; recent
history of dizziness, blurred vision or fainting spells; recent history of unstable angina;
bone, back or neck pain of recent origin or inability to exercise
Group differences: none

Interventions

Usual care

e Participant education and radiotherapy without exercise prescription or
participation
Exercise

e Aecrobic exercise programme 3 x week for 8 weeks. Consisted of 10-minute warm-
up, 30-minute walking on a treadmill and 5- to 10-minute cool down. Target heart
rate during aerobic programme was set at 65% of heart rate reserve

Outcomes

Five-Times Sit-to-Stand Test
e Outcome type: continuous
e Reporting: full
o Scale: time
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o Unit of measure: seconds

o Direction: lower was better

e Data value: change from baseline
Sit-and-Reach Distance Test

e Outcome type: continuous

e Reporting: full

o Scale: distance

o Unit of measure: centimetres

°

Direction: higher was better

Identification Sponsorship source: none declared
Country: USA
Setting: Oncology/Radiotherapy service at Academic Medical Centre
Comments: none
Author’s name: Kuno P Zimmerman
Institution: VA Medical Center, Houston, TX
E-mail: zimmerman.kunop@med.va.gov
Address: Holcombe Blvd, Houston, TX, USA
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Insufficient information regarding ran-

bias)

domisation process. Stated participants
were randomised but did not specify how
this occurred

Allocation concealment (selection bias)

Unclear risk No reporting on process of allocation (i.e.
no information about who or how)

Blinding of participants and personnel High risk No attempt to blind either participants or
(performance bias) assessors

All outcomes

Blinding of outcome assessment (detection High risk No attempt to blind outcome assessors. Po-

bias)

tentially subjective outcomes

Incomplete outcome data (attrition bias)
All outcomes

High risk Relatively large proportion withdrawn after
randomisation (5/30) without any infor-
mation regarding whether they were in con-
trol or intervention group, or both. 4/30
withdrew after enrolment; not accounted
for in the analysis. No intention-to-treat
analysis. No data collected (or presented)
on participants who dropped out
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Selective outcome reporting (reporting Unclear risk Protocol not available, insufficient evidence

bias) to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm

Other sources of bias High risk Baseline imbalance in the 2 variables of in-

terest to this review; Stand-to-Sit Test dif-
ference 2.08 (P = 0.06) and flexibility dif-
ference 1.55 (P = 0.14)

Schwenk 2015

Methods Study design: randomised controlled trial
Study grouping: parallel group

Participants Baseline characteristics

Usual care

o Age (yr): 71.82 (SD 8.85)

e Number of women (%): 6 (54.4)
Exercise

e Age (yr): 68.73 (SD 8.72)

e Number of women (%): 7 (63.6)
Inclusion criteria: aged > 55 years; able to provide written consent; diagnosis of current
or previous cancer; ability to walk to 10 m without assistive device; presence of chemo-
therapy-induced peripheral neuropathy as confirmed by symptoms (numbness, tingling
or pain) and signs (reduced vibration perception threshold > 25 V)
Excluded criteria: diabetes, foot ulcers or infection; neurological issues (e.g. Parkinson’s
disease, stroke or multiple sclerosis); severe visual impairment
Group differences: none

Interventions Usual care
e Asked not to change their physical activity during the study
Exercise
e 2 x 45 minutes x 4 weeks of balance training

Outcomes Medio-lateral sway - eyes open
e Outcome type: continuous
Reporting: full
Scale: distance

°
°

o Unit of measure: centimetres
o Direction: lower was better

°

Data value: change from baseline

Identification Sponsorship source: Flinn Foundation, and National Institute on Aging
Country: USA
Setting: University of Arizona Cancer Center
Comments: none
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Author’s name: Michael Schwenk

Institution: Interdisciplinary Consortium on Advanced Motion Performance, Univer-

sity of Arizona

E-mail: schwenk.michael@gmail.com

Address: 1501 N Campbell Ave, AHSC 4303D, Tucson, AZ, USA

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Participants were randomly assigned to

bias) groups after completion of baseline mea-
surements by a person unrelated to the
study using the urn design

Allocation concealment (selection bias) Low risk Randomisation was conducted by a per-
son not involved in the study after baseline
measurements were completed

Blinding of participants and personnel High risk Participants were not blinded to their allo-

(performance bias) cation

All outcomes

Blinding of outcome assessment (detection Low risk Investigators were unaware of group allo-

bias) cation

Incomplete outcome data (attrition bias)  Low risk Missing outcome data described

All outcomes

Selective outcome reporting (reporting Low risk Outcome data checked against protocol

bias) registered with ClinicalTrials.gov

Size of study High risk Fewer than 50 participants per treatment
arm

Other sources of bias Low risk Study appeared free of other sources of bias

Twiss 2009

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics

e 100% women

e Age (yr): 58.69 (SD 7.5)

Inclusion criteria: > 12 months postmenopausal, aged 35-75 years, history (> 6 months’
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post-treatment) of stage 0, I or II breast cancer, osteopenia or osteoporosis as defined
by a bone mineral density T score of -1.0 or less at hip, lumbar spine or forearm, reside
within 100 miles of research sites at Omaha, Lincoln, Kearney, and Scottsbluff Nebraska,
physicians permission to participate

Exclusion criteria: recurrence of breast cancer; currently taking hormone therapy, bis-
phosphonates, glucocorticosteroids, or other drugs affecting bone density; currently en-
gaging in strength exercises; body mass index > 35 kg/m2, serum calcium, creatinine or
thyroid-stimulating hormone outside normal; active gastrointestinal problems or other
conditions that prohibited strength exercises; intake of vitamin D or risedronate
Group differences: not reported

Interventions

Usual care

e Not stated
Exercise

e 2 x 30-45 minutes for 32 weeks at home. Gym-based programme for 72 weeks
(session duration and number of sessions per week not reported)

Outcomes

Tandem balance
e Outcome type: continuous
e Reporting: full
o Scale: time
o Unit of measure: seconds
o Direction: lower was better
Falls
e Outcome type: adverse event
e Reporting: full
o Scale: numbers
o Direction: lower was better

Identification

Sponsorship source: funded by “NINR”

Country: USA

Setting: exercises delivered at home then at fitness centre. Testing a hospitals or rehabil-
itation centres at 4 sites

Comments: none

Author’s name: Nancy Waltman

Institution: University of Nebraska Medical Center College of Nursing, Omaha
E-mail: nwaltman@unmc.edu

Address: University of Nebraska Medical Center, College of Nursing, Commerce. Court
PO Box 880220, Lincoln, NE, USA

Notes

All participants were grouped together at baseline

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk

bias)

Authors stated that participants were ran-
domly allocated; however, did not detail the
sequence generation process
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Allocation concealment (selection bias)

Unclear risk No information provided regarding alloca-

tion concealment to allow a judgement to

be made
Blinding of participants and personnel High risk No attempt to blind either the participants
(performance bias) (understandably) or the personnel assessing
All outcomes outcome. Those involved in the interven-
tion appeared to be making outcome as-
sessments. It was possible that knowledge
of the intervention group could have biased
outcome assessments
Blinding of outcome assessment (detection High risk Outcome assessors appeared to be involved
bias) in delivery of the intervention
Incomplete outcome data (attrition bias)  Low risk 26/249 women randomised into the study

All outcomes

did not complete the 24-month testing.
The dropout rate of the intervention group
was comparable to that of the control group
(14 vs 12) and reasons for withdrawal did
not indicate potential for bias

Selective outcome reporting (reporting

bias)

Unclear risk Protocol notavailable, insufficient evidence

to make a decision

Size of study

Unclear risk Between 50 and 199 participants per treat-

ment arm

Other sources of bias

Low risk Study appeared free of other sources of bias

Vollmers 2018

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% women
Usual care

o Age (yr): 52.39 (SD 10.14)
Exercise

o Age (yr): 48.56 (SD 11.94)
Inclusion criteria: primary breast cancer, aged 18-75 years and primary paclitaxel treat-
ment for 12 weeks
Exclusion criteria: existing cardiopulmonary diseases (e.g. New York Heart Association
class III, myocardial infarction < 3 months), renal insufficiency (glomerular filtration
rate < 30 mL/minute), neurological diseases (e.g. multiple sclerosis, other neuropathies)
, metabolic diseases (e.g. diabetes mellitus; severe obesity (body mass index > 35 kg/m?)
and the extensive consumption of alcohol either currently or in the past
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Group differences: none

Interventions Usual care

e Received an instruction sheet informing them about the current state of science

concerning physical activity in malignant diseases and suggesting a regular physical

activity designed autonomously by the participants

Exercise

e 2 x physical training and sensorimotor exercises per week for 18 weeks

Outcomes Postural sway
e Outcome type: continuous
o Scale: distance
o Unit of measure: centimetres
o Direction: lower was better
e Data value: change from baseline
Chair rising test
e Outcome type: continuous
e Scale: number of repetitions
e Direction: higher was better
e Data value: change from baseline

Identification Sponsorship source: none declared
Country: Germany
Setting: University Hospital
Comments: none
Author’s name: Paul Lennart Vollmers

Institution: University Hospital for Women, Kiel
Address: Arnold-Heller-Strabe 3, Haus 14, 24105 Kiel, Germany

Notes

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk

Insufficient information regarding ran-

bias) domisation process. Stated participants
were randomised (via 1:1 randomisation)
but did not specify how this occurred

Allocation concealment (selection bias) Unclear risk No reporting on process of allocation (i.e.

no information about who or how)

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Participants were not blinded to their allo-
cation

Blinding of outcome assessment (detection Unclear risk

bias)

No mention of whether assessors were

blinded
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Vollmers 2018  (Continued)

Incomplete outcome data (attrition bias)
All outcomes

High risk Relatively large proportion withdrawn af-
ter enrolment (7/43); not accounted for in
the analysis. No intention-to-treat analy-
sis. No data presented on participants who

dropped out

Selective outcome reporting (reporting

bias)

Unclear risk Protocol not available, insufficient evidence

to make a decision

Size of study High risk Fewer than 50 participants per treatment
arm
Other sources of bias High risk Baseline imbalance between intervention

and control groups for the balance variable

Wainters-Stone 2016

Methods

Study design: randomised controlled trial
Study grouping: parallel group

Participants

Baseline characteristics
100% men
Usual care

o Age (yr): 72.9 (SD 8.0)
Exercise

e Age (yr): 70.6 (SD 6.3)
Inclusion criteria: received treatment for prostate cancer; not currently undergoing ra-
diotherapy or chemotherapy; aged > 60 years; residing with a spouse willing to partici-
pate; not currently resistance training > 2 times/week; physician clearance to exercise
Exclusion criteria: not reported
Group differences: none

Interventions

Usual care
e Asked to maintain their physical activity habits during the study
Exercise
e 1 hour supervised group resistance exercise sessions twice weekly for 6 months

Outcomes

Leg press
e Outcome type: continuous
e Reporting: full
e Unit of measure: kilograms
e Direction: higher was better
°

Data value: endpoint

Identification

Sponsorship source: National Institutes of Health
Country: USA

Setting: Knight Cancer Institute

Comments: none
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Winters-Stone 2016  (Continued)

Author’s name: Kerri M Winters-Stone

Institution: Oregon Health and Science University

E-mail: wintersk@ohsu.edu

Address: Knight Cancer Institute, Oregon Health and Science University, Portland, OR

97239, USA

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Following completion of baseline testing,

bias) participants received their group assign-
ment. Sequence number generated by a
statistician using MS Excel

Allocation concealment (selection bias) Low risk Randomisation sequence was kept in sealed
sequentially numbered envelopes

Blinding of participants and personnel High risk Participants were not blinded

(performance bias)

All outcomes

Blinding of outcome assessment (detection Low risk Outcome assessors were blinded to group

bias) assignment

Incomplete outcome data (attrition bias)  Low risk Reasons for withdrawal were described.

All outcomes Missing data were accounted for through
intention-to-treat analysis

Selective outcome reporting (reporting High risk Multiple primary outcome measures iden-

bias) tified in the published protocol (fatigue,
symptoms, depression and strain) are not
included in this manuscript

Size of study High risk Fewer than 50 participants per treatment
arm

Other sources of bias Low risk Study appeared free of other sources of bias

kg/m?2: kilogram per metre square; m: metre; mL/minute: millilitre per minute; n: number of participants per arm; SD: standard
deviation; V: volts; vs: versus; yr: year
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Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Bayego 2012 Not an RCT

Bender 2015 Not an RCT

Betker 2006 Not an RCT

Bylow 2008 Not an RCT

Bylow 2011 Not an RCT

Courneya 2002 Did not address the research question

Curran 2013

Not an RCT

Delecluse 2004 Ineligible participant population
Devin 2016 Did not address the research question
Fong 2018 Not an RCT

Galantino 2012 Not an RCT

Galvao 2006 Not an RCT

Grabenbauer 2016 Not an RCT

Grote 2017 Not an RCT

Hansen 2009 Not an RCT

Hanson 2011

Review article

Hanson 2013 Not an RCT
Hojan 2013 Not an RCT
Holick 2008 Not an RCT
Holmes 2005 Not an RCT
Huang 2016 Not an RCT
Irwin 2008 Not an RCT
Islam 2004 Ineligible participant population
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(Continued)

Keogh 2012 Review article
Kwan 2012 Not an RCT
Lee 2014 Did not address the research question

Litterini 2013

Ineligible comparator (control group received an exercise-based intervention)

Martin 2016 Not an RCT

Overcash 2013 Not an RCT

Pollock 2012 Ineligible participant population
Rossi 2016 Did not address the research question
Serda 2010 Not an RCT

Shahinian 2005 Not an RCT

Shobeiri 2016 Did not address the research question
Silver 2011 Not an RCT

Spoelstra 2010 Not an RCT

Sternfeld 2009 Not an RCT

Stineman 2011

Ineligible participant population

Verschueren 2004

Ineligible participant population

Wampler 2007

Not an RCT

Winters-Stone 2011

Ineligible comparator (control group received an exercise-based intervention)

Winters-Stone 2012a

Ineligible comparator (control group received an exercise-based intervention)

Wright 2005

Ineligible participant population

RCT: randomised controlled trial.
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Characteristics of ongoing studies /ordered by study ID]

Bjerre 2016

Trial name or title

The FC Prostate Community Trial

Methods 2-group, parallel design, randomised controlled trial

Participants Men, aged > 18 years, diagnosed with prostate cancer

Interventions Participation in community-based recreational football vs usual care

Outcomes Falls resulting in medical assessment, bone fractures, quality of life, self-reported physical activity, muscle and

fat mass, bone strength

Starting date

May 2015

Contact information

eb@ucsf.dk

Notes

Contacted authors in July 2017, data collection is still underway, final outcome measurements will take place
at the end of August

Winters-Stone 2012b

Trial name or title

The GET FIT Trial

Methods 3-group, single-blind, parallel design, randomised controlled trial

Participants Women, aged 50-75 years, who have completed chemotherapy for cancer
Interventions Tai chi vs strength training vs placebo control group of seated stretching exercise
Outcomes Falls incidence, leg muscle strength, postural stability and physical function

Starting date

January 2013

Contact information

wintersk@ohsu.edu

Notes Contacted authors in March 2017, data collection was completed in 2016 and data are currently being
analysed
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DATA AND ANALYSES

Comparison 1. Exercise versus usual care

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Strength: quadriceps 2 72 Mean Difference (IV, Fixed, 95% CI) 8.99 [1.29, 16.70]

2 Strength: leg press 4 388 Mean Difference (IV, Random, 95% CI) 21.10 [8.47, 33.74]

3 Strength; Sit-to-Stand Test 4 214 Std. Mean Difference (IV, Random, 95% CI)  -0.45 [-1.05, 0.14]

4 Flexibility: Sit-and-Reach 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only
Distance Test

5 Balance: postural stability 4 127 Std. Mean Difference (IV, Fixed, 95% CI) 0.44 [0.08, 0.79]

6 Balance: Backward Walk Test 2 280 Std. Mean Difference (IV, Fixed, 95% CI) -0.24 [-0.48, -0.01]

7 Balance: Timed Up-and-Go Test 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

8 Adverse event: fatigue 2 78 Std. Mean Difference (IV, Fixed, 95% CI) 0.81 [0.34, 1.29]

Analysis |.1. Comparison | Exercise versus usual care, Outcome | Strength: quadriceps.
Review: Exercise for reducing falls in people living with and beyond cancer
Comparison: | Exercise versus usual care

Outcome: | Strength: quadriceps

Mean Mean

Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD)[kg] N Mean(SD)[kg] IVFixed,95% Cl IV,Fixed,95% Cl

Cormie 2013 6 803 (167) 9 687 (214) T 159 % 1,60 [-7.74,30.94 ]
Galvao 2010 29 50.1 (154) 28 41.6 (16.9) il 84.1 % 850[0.10, 1690 ]
Total (95% CI) 35 37 - 100.0 % 8.99 [ 1.29, 16.70 ]

Heterogeneity: Chi? = 0.08, df = | (P = 0.77); 1> =0.0%
Test for overall effect: Z = 2.29 (P = 0.022)
Test for subgroup differences: Not applicable

-50 -25 0 25 50

Favours usual care Favours exercise
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Analysis 1.2. Comparison | Exercise versus usual care, Outcome 2 Strength: leg press.

Review: Exercise for reducing falls in people living with and beyond cancer
Comparison: | Exercise versus usual care

Outcome: 2 Strength: leg press

Mean Mean

Study or subgroup Exercise Usual care Difference Weight Difference

N Mean(SD)[kg] N Mean(SD)[kg] IV,;Random,95% ClI IV;Random,95% Cl

Brown 2015 (1) 123 21 (32) 127 0.1 (0.7) u 373% 2090 [20.32,2148]

De Luca 2016 (2) 10 1276 (33) 10 79.1 (17.8) = 16.5 % 48.50 [ 25.26,71.74 ]

Galvao 2010 (3) 29 134.6 (52.8) 28 109.6 (53.3) — 135 % 25.00 [ -2.55, 5255 ]

Winters-Stone 2016 (4) 31 685 (14.3) 30 626 (167) - 327 % 590[-191,1371]

Total (95% CI) 193 195 - 100.0 % 21.10 [ 8.47, 33.74 ]

Heterogeneity: Tau? = | 11.25; Chi? = 19.62, df = 3 (P = 0.00020); I> =85%

Test for overall effect: Z =327 (P =0.0011)
Test for subgroup differences: Not applicable

-100  -50

Favours usual care

(I An increase in strength is a positive result
(2) An increase in strength is a positive result
(3) Anincrease in strength is a positive result

(4) An increase in strength is a positive result

50 100

Favours exercise

Exercise for reducing falls in people living with and beyond cancer (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



Analysis 1.3. Comparison | Exercise versus usual care, Outcome 3 Strength; Sit-to-Stand Test.

Review: Exercise for reducing falls in people living with and beyond cancer

Comparison: | Exercise versus usual care

Outcome: 3 Strength; Sit-to-Stand Test

Std. Std.
Mean Mean
Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Random,95% ClI IV;Random,95% Cl
Galvao 2010 (1) 29 12.1 (2.2) 28 132 (3.5) - 278 % -0.37[-090,0.15 ]
Galvao 2014 (2) 50 1.7 (2.8) 50 115 (2.8) - 307 % 0.07[-0.32,046 ]
Monga 2007 (3) Il -13(1) 10 04 (0.7) —= 16.7 % -1.87[-294,-081 ]
Vollmers 2018 (4) 17 -041 (1.92934) 19 005 (192934) - 248 % -023[-0.89,042]
Total (95% CI) 107 107 - 100.0 % -0.45 [ -1.05,0.14 ]
Heterogeneity: Tau? = 0.26; Chi? = | 1.74, df = 3 (P = 0.01); I> =74%
Test for overall effect: Z = 1.49 (P = 0.14)
Test for subgroup differences: Not applicable
4 2 0 2 4

(I A decrease in 5 times Sit-to-Stand time was a positive outcome.
(2) A decrease in 5 times Sit-to-Stand time was a positive outcome.

(3) A decrease in 5 times Sit-to-Stand time was a positive outcome.

Favours exercise

(4) An increase in repetitions during 30-second Sit-to-Stand Test is a positive outcome; data inverted for analysis

Favours usual care

Analysis 1.4. Comparison | Exercise versus usual care, Outcome 4 Flexibility: Sit-and-Reach Distance Test.

Review: Exercise for reducing falls in people living with and beyond cancer

Comparison: | Exercise versus usual care

Outcome: 4 Flexibility: Sit-and-Reach Distance Test

Mean Mean

Study or subgroup Exercise Usual care Difference Weight Difference

N Mean(SD)[cm] N Mean(SD)[cm] IV,Fixed,95% Cl IV,Fixed,95% Cl

Monga 2007 Il 1.7 (1.6) 10 -0.35 (1.8) - 205[059,35!1]
-10 -5 0 5 10

Favours usual care

Favours exercise
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Analysis 1.5. Comparison | Exercise versus usual care, Outcome 5 Balance: postural stability.

Review: Exercise for reducing falls in people living with and beyond cancer

Comparison: | Exercise versus usual care

Outcome: 5 Balance: postural stability

Std. Std.
Mean Mean
Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% Cl
Cormie 2013 6 75.3 (8) 9 74.1 (7.4) - 11.8% 0.157-089, 1.18]
Galvao 2010 29 768 (5.8) 28 75 (84) —i— 464 % 025[-027,077]
Schwenk 2015 9 1.78 (091) 10 121 (0.45) T = 142 % 0771-0.17,1.71]
Vollmers 2018 17 049 (2.27) 19 -1.14 (2.27) = 27.6 % 070003, 1.38]
Total (95% CI) 61 66 - 100.0 %  0.44 [ 0.08, 0.79 ]
Heterogeneity: Chi2 = 1.89, df = 3 (P = 0.60); I> =0.0%
Test for overall effect: Z = 2.40 (P = 0.016)
Test for subgroup differences: Not applicable
-2 -1 0 | 2

Favours usual care

Favours exercise
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Analysis 1.6. Comparison | Exercise versus usual care, Outcome 6 Balance: Backward Walk Test.

Review: Exercise for reducing falls in people living with and beyond cancer

Comparison: | Exercise versus usual care

Outcome: 6 Balance: Backward Walk Test

Std. Std.

Mean Mean

Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD) N Mean(SD) IVFixed,95% Cl IV,Fixed,95% Cl

Galvao 2010 (1) 29 174 (7) 28 22,6 (19.6) - 202 % -035[-087,0.17]
Twiss 2009 (2) 110 -5.62 (14.5919) 113 -3.07 (8.0872) | 798 % -022 [-0.48,0.05 ]
Total (95% CI) 139 141 * 100.0 % -0.24 [ -0.48, -0.01 ]

Heterogeneity: Chi2 = 0.20, df = | (P = 0.65); I> =0.0%
Test for overall effect: Z = 2.03 (P = 0.043)
Test for subgroup differences: Not applicable

(I A decrease in Backward Walk time was a positive outcome

(2) A decrease in Backward Walk time was a positive outcome

-4 -2 0 2

Favours exercise

4

Favours usual care

Analysis 1.7. Comparison | Exercise versus usual care, Outcome 7 Balance: Timed Up-and-Go Test.

Review: Exercise for reducing falls in people living with and beyond cancer

Comparison: | Exercise versus usual care

Outcome: 7 Balance: Timed Up-and-Go Test

Mean Mean
Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD)[seconds] N Mean(SD)[seconds] IV Fixed,95% Cl IV Fixed,95% ClI
Cormie 2013 6 697 (1.02) 9 732 (1.17) 7 -035[-1.47,077]
Test for subgroup differences: Not applicable
2 -1 0 | 2

Favours exercise

Favours usual care
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Analysis 1.8. Comparison | Exercise versus usual care, Outcome 8 Adverse event: fatigue.
Review: Exercise for reducing falls in people living with and beyond cancer
Comparison: | Exercise versus usual care

Outcome: 8 Adverse event: fatigue

Std. Std.
Mean Mean
Study or subgroup Exercise Usual care Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
Galvao 2010 29 624 (204) 28 507 (22.6) L 80.7 % 054 [ 001, 1.07]
Monga 2007 Il 1.6 (2) 10 27 (22) = 19.3 % 1.97[0.89,3.05]
Total (95% CI) 40 38 - 100.0 %  0.81[0.34, 1.29 ]
Heterogeneity: Chi2 = 543, df = | (P = 0.02); 1> =82%
Test for overall effect: Z = 3.35 (P = 0.00080)
Test for subgroup differences: Not applicable
4 2 0 2 4
Favours usual care Favours exercise

APPENDICES

Appendix |. Search strategies

CENTRAL and HTA

#1MeSH descriptor: [Neoplasms] explode all trees

#2(cancer* or neoplas* or tumo* or carcinoma* or hodgkin* or nonhodgkin* or adenocarcinoma* or leuk?emia* or metasta® or
malignan* or lymphoma* or sarcoma* or melanoma* or myeloma* or oncolog*):ti,ab,kw (Word variations have been searched)

#3#1 or #2

#4MeSH descriptor: [Accidental Falls] this term only

#5(fall or falls):ti,ab,kw (Word variations have been searched)

#6#4 or #5

#7MeSH descriptor: [Exercise] this term only

#8MeSH descriptor: [Muscle Stretching Exercises] this term only

#9MeSH descriptor: [Running] this term only

#10MeSH descriptor:
#11MeSH descriptor:
#12MeSH descriptor:

[Swimming] this term only

[

[
#13MeSH descriptor: [Exercise Therapy] this term only

[

[

(R

Walking] this term only
Warm-Up Exercise] this term only

#14MeSH descriptor:
#15MeSH descriptor:
#16MeSH descriptor:

Exercise Movement Techniques] this term only
Postural Balance] this term only
esistance Training] this term only
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#17MeSH descriptor: [Tai Ji] this term only

#18MeSH descriptor: [Breathing Exercises] this term only

#19MeSH descriptor: [Dance Therapy] this term only

#20(exercis* or training):ti,ab,kw (Word variations have been searched)

#21(balance near/3 (retraining or re-training or reeducation or re-education)):ti,ab,kw (Word variations have been searched)
#22(aerobic next exercise*):ti,ab,kw (Word variations have been searched)

#23pilates:ti,ab,kw (Word variations have been searched)

#24MeSH descriptor: [Yoga] this term only

#25(tai ji or yoga or tai-chi or tai-ji or tai chi or taiji*):ti,ab,kw (Word variations have been searched)

#26#7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25
#27#3 and #6 and #26

MEDLINE (Ovid)

1. exp Neoplasms/

2. (cancer$ or neoplas$ or tumo$ or carcinoma$ or hodgkin$ or nonhodgkin$ or adenocarcinoma$ or leuk?emia$l or metasta$ or
malignan$ or lymphoma$ or sarcoma$ or melanoma$ or myeloma$ or oncolog$).tw.

3. Accidental Falls/

4. (fall or falls).tw.

5.3 0r4

6.1o0r2

7. exercise/ or muscle stretching exercises/ or running/ or swimming/ or walking/ or warm-up exercise/
8. Exercise therapy/

9. Exercise Movement Techniques/

10. Postural Balance/

11. Resistance Training/

12. Tai Ji/

13. Breathing Exercises/

14. Dance Therapy/

15. (exercis$ or training).tw.

16. (balance adj3 (retraining or re-training or reeducation or re-e ducation)).tw.
17. (aerobic adj exercise$).tw.

18. pilates.tw.

19. Yoga/

20. (tai ji or yoga or tai-chi or tai-ji or tai chi or taiji*).tw.
21. or/7-20

22. randomized controlled trial.pt.

23. controlled clinical trial.pt.

24. randomized.ab.

25. placebo.ab.

26. drug therapy.fs.

27. randomly.ab.

28. trial.ab.

29. groups.ab.

30. 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29

31. exp animals/ not humans.sh.

32. 30 not 31

33.5 and 6 and 21 and 32

Embase Ovid
1. exp Neoplasms/

Exercise for reducing falls in people living with and beyond cancer (Review) 60
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



2. (cancer$ or neoplas$ or tumo$ or carcinoma$ or hodgkin$ or nonhodgkin$ or adenocarcinoma$ or leuk?emia$1 or metasta$ or
malignan$ or lymphoma$ or sarcoma$ or melanoma$ or myeloma$ or oncolog$).tw.
3. Accidental Falls/

4. (fall or falls).tw.

5.30r4

6.1or2

7. exercise/ or muscle stretching exercises/ or running/ or swimming/ or walking/ or warm-up exercise/
8. Exercise therapy/

9. Exercise Movement Techniques/

10. Postural Balance/

11. Resistance Training/

12. Tai Jif

13. Breathing Exercises/

14. Dance Therapy/

15. (exercis$ or training).tw.

16. (balance adj3 (retraining or re-training or reeducation or re-e ducation)).tw.
17. (aerobic adj exercise$).tw.

18. pilates.tw.

19. Yoga/

20. (tai ji or yoga or tai-chi or tai-ji or tai chi or taiji*).tw.

21. or/7-20

22. random$.tw.

23. factorial$.tw.

24. crossover$.tw.

25. cross over$.tw.

26. cross-over$.tw.

27. placebo$.tw.

28. (doubl$ adj blind$).tw.

29. (singl$ adj blind$).tw.

30. assign$.tw.

31. allocat$.tw.

32. volunteer$.tw.

33. Crossover Procedure/

34. double-blind procedure.tw.

35. Randomized Controlled Trial/

36. Single Blind Procedure/

37. or/22-36

38. (animal/ or nonhuman/) not human/

39. 37 not 38

40. 5 and 6 and 21 and 39

CINAHL (EBSCO)

S35 S25 AND S34

S34 526 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33
S33 (allocat* random*)

$32 (MH “Quantitative Studies”)

S31 (MH “Placebos”)

S30 placebo*

$29 (random* allocat™®)

S28 (MH “Random Assignment”)

S27 (Randomi?ed control* trial*)
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S26 (singl* blind*) or (doubl* blind* ) or (tripl* blind* ) or (trebl* blind* ) or (trebl* mask* ) or (tripl* mask* ) or (doubl* mask* ) or
(singl* mask*)

S$25 S3 AND S6 AND S24

S$24 S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR
S22 OR 823

S23 (tai ji or yoga or tai-chi or tai-ji or tai chi or taiji*)

S22 (MH “Yoga”)

S21 pilates

S20 (aerobic exercise*)

S19 (balance N3 (retraining or re-training or reeducation or re- education))

S18 (exercis* or training)

S17 (MH “Dance Therapy”)

S16 (MH “Breathing Exercises”)

S15 (MH “Tai Ch{”)

S14 (MH “Resistance Training”)

S13 (MH “Balance, Postural”)

S12 (MH “Therapeutic Exercise”)

S11 (MH “Warm-Up Exercise”)

S10 (MH “Walking”)

S9 (MH “Swimming”)

S8 (MH “Running”)

S7 (MH “Exercise”)

S6 S4 OR S5

S5 (fall or falls)

S4 (MH “Accidental Falls”)

S3S1 OR S2

S2 (cancer® or neoplas* or tumo* or carcinoma* or hodgkin* or nonhodgkin* or adenocarcinoma* or leuk?emia* or metasta* or
malignan* or lymphoma* or sarcoma* or melanoma* or myeloma* or oncolog*)

S1 (MH “Neoplasms+”)

Web of Science

#22 #21 AND #9

#21 #20 OR #17 OR #16 OR #15 OR #14 OR #11 OR #10
#20 #19 AND #18

#19 TS=random* OR TI=random*

#18 TS=(allocate* OR assign*) OR TI=(allocate* OR assign*)
#17 TS=crossover* OR TI=crossover*

#16 TS=(mask* OR blind*) OR TI=(mask* OR blind*)

#15 TS=(singl* OR Doubl* OR Tripl* OR Trebl*) OR TI=(singl* OR Doubl* OR Tripl* OR Trebl*)
#14 #13 AND #12

#13 TS=trial* OR TI=trial*

#12 TI=clin* OR TS=clin*

Exercise for reducing falls in people living with and beyond cancer (Review) 62
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



#11 Tl=randomi* OR TS=randomi*

#10 TS=Randomized clinical trial* OR TI=Randomized clinical trial*

#9 #8 AND #2 AND #1

#8 #7 OR #6 OR #5 OR #4 OR #3

#7 TOPIC: ((tai ji or yoga or tai-chi or tai-ji or tai chi or taiji*))

#6 TOPIC: (pilates)

#5 TOPIC: ((“acrobic exercise*”))

#4 TOPIC: ((balance Near/3 (retraining or re-training or reeducation or re-education)))
#3 TOPIC: ((exercis® or training))

#2 TOPIC: ((fall or falls))

#1 TOPIC: ((cancer* or neoplas® or tumo™ or carcinoma* or hodgkin* or nonhodgkin* or adenocarcinoma* or leuk?emia* or metasta*
or malignan*® or lymphoma* or sarcoma* or melanoma* or myeloma* or oncolog*))

SCOPUS

TITLE-ABS-KEY (melanoma* ) OR TITLE-ABS-KEY ( myeloma*) OR TITLE-ABS-KEY (oncolog*) OR TITLE-ABS-KEY (leuk?
emia* ) OR TITLE-ABS-KEY (leukemia*) OR TITLE-ABS-KEY (leukaemia*) OR TITLE-ABS-KEY ( metasta* ) OR TITLE-ABS-
KEY ( malignan* ) OR TITLE-ABS-KEY (lymphoma* ) OR TITLE-ABS-KEY (sarcoma* ) OR TITLE-ABS-KEY ( neoplasms ) OR
TITLE-ABS-KEY ( cancer®) OR TITLE-ABS-KEY ( neoplas* ) OR TITLE-ABS-KEY ( tumo* ) OR TITLE-ABS-KEY ( carcinoma*
) OR TITLE-ABS-KEY ( hodgkin* ) OR TITLE-ABS-KEY ( nonhodgkin* ) OR TITLE-ABS-KEY ( adenocarcinoma* )

AND

TITLE-ABS-KEY ( exercise ) OR TITLE-ABS-KEY ( muscle stretching ) OR TITLE-ABS-KEY ( running ) OR TITLE-ABS-KEY (
swimming ) OR TITLE-ABS-KEY ( walking ) OR TITLE-ABS-KEY ( warm-up exercise ) OR TITLE-ABS-KEY ( exercise therapy )
OR TITLE-ABS-KEY ( exercise movement ) OR TITLE-ABS-KEY ( postural balance ) OR TITLE-ABS-KEY ( resistance training )
OR TITLE-ABS-KEY ( tai ji ) OR TITLE-ABS-KEY ( breathing exercises ) OR TITLE-ABS-KEY ( dance therapy ) OR TITLE-ABS-
KEY (exercis*) OR TITLE-ABS-KEY ( training ) OR TITLE-ABS-KEY ( balance ) OR TITLE-ABS-KEY ( balance retraining ) OR
TITLE-ABS-KEY ( balance re-training ) OR TITLE-ABS-KEY ( balance reeducation ) OR TITLE-ABS-KEY ( balance re-education )
AND

TITLE-ABS-KEY ( cross over* ) OR TITLE-ABS-KEY ( cross-over* ) OR TITLE-ABS-KEY ( randomi?ed control* trial* ) OR TITLE-
ABS-KEY ( placebo* ) OR TITLE-ABS-KEY ( random* allocat* ) OR TITLE-ABS-KEY ( singl* blind* ) OR TITLE-ABS-KEY (
doubl* blind* ) OR TITLE-ABS-KEY ( tripl* blind* ) OR TITLE-ABS-KEY ( trebl* blind* ) OR TITLE-ABS-KEY ( crossover* )
AND

TITLE-ABS-KEY ( fall* ) OR TITLE-ABS-KEY ( accidental fall* )

SPORTDiscus

Running or muscle stretching exercises or exercise or Swimming or Walking or Warm-Up Exercise or Exercise therapy or Exercise
movement techniques or Postural Balance or Resistance Training or tai ji or Breathing Exercises or Dance Therapy or Exercis* or
training or balance or balance training or balance re* or aerobic exercise* or acrobic* or pilates or yoga or tai chi or taiji or taichi
AND

fall* or Accidental Fall*

AND
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cancer™® or neoplas® or tumo* or carcinoma* or hodgkin* or nonhodgkin* or nonhodgkin or non?hodgkin* or non Hodgkin or non

Hodgkin* or adenocarcinoma* or leuk?emia* or metasta* or malignan* or lymphoma* or sarcoma* or melanoma* or myeloma* or

oncolog*

PEDro

#1.
#2.
#3.
#4.
#5.
#6.
#7.
#8.
#9.

#10.

#11

#12.
#13.
#14.
#15.

#16

#17.

#18

#19.
#20.
#21.
#22.

cancer*® *fall* exercis*
tumo™ *fall* exercis®
neoplas* *fall* exercis*
cancer™® *fall* *training
tumo™ *fall* *training
Neoplas* *fall* *training
cancer* *fall* pilates
tumo™ *fall* pilates
neoplas* *fall* pilates
cancer® *fall* balance*
. tumo* *fall* balance*
neoplas* *fall* balance*
neoplas* *fall* tai*
cancer™® *fall* tai*
tumo™ *fall* tai*

. cancer™® *fall* yoga*
tumo™ *fall* yoga*

. neoplas* *fall* yoga*
neoplas* *fall* stretch*
cancer® *fall* stretch*
tumo* *fall* stretch*

LILACS

Advanced search

#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 OR #19 OR #20 OR #21

Cancer$ or neoplas$ or tumo$ or carcinoma$ or hodgkin$ or nonhodgkin$ or adenocarcinoma$ or metasta$ or sarcoma$ or lymphoma$

or melanoma$ or myeloma$ or oncolog$ or leukemia$ or leukaemia$

AN
acci

AN

D
dental falls or fall or falls
D

exercise or running or walking or swimming or muscle stretching or resistance training or exercise therapy or yoga or pilates or tai ji

or tai chi or dance therapy or breathing exercises or warm-up exercise or postural balance or exercise movement techniques or balance

training or balance exercise

ClinicalTrials.gov

Basic search

cancer AND exercise AND falls

WHO (ICRTP) apps.who.int/trialsearch/
Simple search cancer* AND fall* AND exercise*
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The title was changed from “Exercise for preventing falls in people with cancer living in the community” in the protocol to its current
title: “Exercise for reducing falls in people living with and beyond cancer.” It should be noted that the intended population did not
change, rather the description changed to make the intended population for the systematic review clearer (Williams 2015).

In the protocol, we identified the objectives in this way: to assess the effects of prescribed or provided exercise for reducing accidental
falls incidence and to affect strength, flexibility, balance, and aerobic endurance, as these are major factors known to affect falls risk
in cancer survivors living in the community. Cancer survivors living in the community has been changed to people living with and
beyond cancer in the community to make the language clearer for readers and to ensure consistency throughout the text. The protocol
also identified that we would include aerobic endurance as a secondary outcome. During the preparation of the review we chose to
omit this outcome variable due to a broad lack of relationship to falls risk. In the protocol, we identified adults as aged greater than 18
years; however, we classified adults as anyone aged 18 years or older at diagnosis in the review.

Exercise for reducing falls in people living with and beyond cancer (Review) 65
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



The protocol did not identify how results with significant heterogeneity would be accounted for. Where significant heterogeneity was
observed, we used a random-effects model.

Additional assessments of bias that were not included in the protocol description were added to the review. These were selective outcome
reporting (checking all stated outcomes are reported) and other bias. Quality assessment of the evidence was performed using the

GRADE framework.
We added adverse events as an extra outcome to be measured in the ’Summary of findings table.

We identified that we would search the metaRegister of Controlled Trials (mnRCT). Between publishing the protocol and the completion
of the searches this database was incorporated into the World Health Organization trials portal and consequently was not searched
separately.
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