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A B S T R A C T

Background

Patients with advanced lung cancer have a high symptom burden, which is oJen complicated by coexisting conditions. These issues,
combined with the indirect eKects of cancer treatment, can cumulatively lead patients to continued deconditioning and low exercise
capacity. This is a concern as exercise capacity is considered a measure of whole body health, and is critical in a patient's ability to
participate in life activities and tolerate diKicult treatments. There is evidence that exercise training improves exercise capacity and other
outcomes, such as muscle force and health-related quality of life (HRQoL), in cancer survivors. However, the eKectiveness of exercise
training on these outcomes in people with advanced lung cancer is currently unclear.

Objectives

The primary aim of this review was to investigate the eKects of exercise training on exercise capacity in adults with advanced lung cancer.
Exercise capacity was defined as the six-minute walk distance (6MWD; in meters) measured during a six-minute walk test (6MWT; i.e. how
far an individual can walk in six minutes on a flat course), or the peak oxygen uptake (i.e. VO2peak) measured during a maximal incremental
cardiopulmonary exercise test (CPET).

The secondary aims were to determine the eKects of exercise training on the force-generating capacity of peripheral muscles, disease-
specific global HRQoL, physical functioning component of HRQoL, dyspnoea, fatigue, feelings of anxiety and depression, lung function,
level of physical activity, adverse events, performance status, body weight and overall survival in adults with advanced lung cancer.

Search methods

We searched CENTRAL, MEDLINE (via PubMed), Embase (via Ovid), CINAHL, SPORTDiscus, PEDro, and SciELO on 7 July 2018.

Selection criteria

We included randomised controlled trials (RCTs) which compared exercise training versus no exercise training in adults with advanced
lung cancer.

Data collection and analysis

Two review authors independently screened the studies and selected those for inclusion. We performed meta-analyses for the following
outcomes: exercise capacity, disease-specific global HRQoL, physical functioning HRQoL, dyspnoea, fatigue, feelings of anxiety and
depression, and lung function (forced expiratory volume in one second (FEV1)). Two studies reported force-generating capacity of
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peripheral muscles, and we presented the results narratively. Limited data were available for level of physical activity, adverse events,
performance status, body weight and overall survival.

Main results

We identified six RCTs, involving 221 participants. The mean age of participants ranged from 59 to 70 years; the sample size ranged from
20 to 111 participants. Overall, we found that the risk of bias in the included studies was high, and the quality of evidence for all outcomes
was low.

Pooled data from four studies demonstrated that, on completion of the intervention period, exercise capacity (6MWD) was significantly
higher in the intervention group than the control group (mean diKerence (MD) 63.33 m; 95% confidence interval (CI) 3.70 to 122.96). On
completion of the intervention period, disease-specific global HRQoL was significantly better in the intervention group compared to the
control group (standardised mean diKerence (SMD) 0.51; 95% CI 0.08 to 0.93). There was no significant diKerence between the intervention
and control groups in physical functioning HRQoL (SMD 0.11; 95% CI -0.36 to 0.58), dyspnoea (SMD -0.27; 95% CI -0.64 to 0.10), fatigue
(SMD 0.03; 95% CI -0.51 to 0.58), feelings of anxiety (MD -1.21 units on Hospital Anxiety and Depression Scale; 95% CI -5.88 to 3.45) and
depression (SMD -1.26; 95% CI -4.68 to 2.17), and FEV1 (SMD 0.43; 95% CI -0.11 to 0.97).

Authors' conclusions

Exercise training may improve or avoid the decline in exercise capacity and disease-specific global HRQoL for adults with advanced lung
cancer. We found no significant eKects of exercise training on dyspnoea, fatigue, feelings of anxiety and depression, or lung function. The
findings of this review should be viewed with caution because of the heterogeneity between studies, the small sample sizes, and the high
risk of bias of included studies. Larger, high-quality RCTs are needed to confirm and expand knowledge on the eKects of exercise training
in this population.

P L A I N   L A N G U A G E   S U M M A R Y

Exercise training for advanced lung cancer

Review question

We looked at the eKect of exercise training on fitness level, muscle strength, quality of life, shortness of breath, tiredness, feelings of anxiety
and depression, and lung function in patients with advanced lung cancer.

Background

Patients with advanced lung cancer oJen have many symptoms and accompanying diseases. This, combined with side-eKects of cancer
treatment, leads patients to become less fit. This is concerning as fitness level is a measure of whole body health, and is critical in a
patient's ability to participate in life activities and tolerate diKicult treatments. Exercise training has been shown to improve fitness, muscle
strength and quality of life in survivors of several types of cancers. However, the eKect of exercise training on these outcomes in people
with advanced lung cancer is not clear.

Study characteristics

We looked for all research studies (randomised controlled trials) published up to July 2018. We found six studies which included 221
participants, with an average age ranging from 59 to 70 years. These studies included diKerent numbers of people, ranging from 20 to 111.

Key results

Our results showed that, compared to those who did not exercise, people with lung cancer who did exercise were fitter and had a better
quality of life. We did not find any diKerence in muscle strength, shortness of breath, tiredness, feelings of anxiety and depression, or lung
function. No serious harms were reported in people with lung cancer who exercised, but only three studies talked about harms.

Quality of the evidence

The results of this review are not clear, mainly because of the small number of studies found, the small numbers of people in those studies,
and because the studies did not seem to have been carried out to a high standard.
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Summary of findings for the main comparison.   Exercise training compared to no exercise training for advanced lung cancer

Exercise training compared to no exercise training for advanced lung cancer

Patient or population: adults with advanced lung cancer
Setting: the studies were based in Australia, Germany, Taiwan, Poland, the UK and Cyprus, and Canada
Intervention: exercise training (interventions ranged in length from six to twelve weeks)
Comparison: no exercise training

Anticipated absolute effects* (95% CI)Outcomes

Risk with no exer-
cise training

Risk with exercise
training

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Exercise capacity (6MWD) The mean change
in exercise capacity
(6MWD) in the con-
trol groups ranged
from 6.6 to -47.5 me-
tres.

MD 63.33 meters high-
er
(3.7 higher to 122.96
higher)

- 59
(3 RCTs)

⊕⊕⊝⊝

LOW 1 2

Exercise training appears to improve
exercise capacity (6MWD)

Disease-specific global
health-related quality of
life, measured using vari-
ous scales

The mean change
in disease-specific
global health-relat-
ed quality of life in
the control groups
ranged from -6.41 to
-3.1.

SMD 0.51 higher
(0.08 higher to 0.93
higher)

- 90
(3 RCTs)

⊕⊕⊝⊝

LOW 1 2

Exercise training appears to have a
positive effect on disease-specific
health-related quality of life

Physical functioning com-
ponent of health-related
quality of life, measured
using various scales

The mean change
in the physical func-
tioning compo-
nent of health-relat-
ed quality of life in
the control groups
ranged from -7.18 to
-2.

SMD 0.11 higher
(0.36 lower to 0.58
higher)

- 73
(3 RCTs)

⊕⊕⊝⊝

LOW 1 2

Exercise training does not appear to
have an effect on the physical func-
tioning component of health-related
quality of life.

Dyspnoea, measured us-
ing various scales

The mean change in
dyspnoea in the con-
trol groups ranged
from -12.82 to 0.7

SMD 0.27 lower
(0.64 lower to 0.1 high-
er)

- 121
(5 RCTs)

⊕⊕⊝⊝

LOW 1 2

Exercise training does not appear to
have an effect on dyspnoea.
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*The risk in the intervention group (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% CI).

CI: Confidence interval; MD: mean difference; SMD: standardised mean difference; 6MWD: six-metre walking distance

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: 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 certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Significant risk of bias across the studies
2 Small sample sizes across the studies, some with wide confidence intervals
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B A C K G R O U N D

Description of the condition

Lung cancer is the leading cause of cancer worldwide; more than
1.6 million new cases are diagnosed each year. With 1.3 million
deaths per year it is the most common cause of cancer-related
deaths, and accounts for one in every five cancer deaths (Ferlay
2015). The majority of lung cancers can be categorised as non-small
cell lung cancer (NSCLC, 70% to 85%), or small-cell lung cancer
(20% to 25%). The majority of patients (approximately 75%) have
incurable locally advanced or metastatic cancers at the time of
diagnosis (Govindan 2006), and a five-year mortality rate of 85% to
90% (Siegel 2011). The treatment approach for lung cancer depends
on type of lung cancer, stage of the disease, and the patient’s
performance status (NCCN 2015). Therapeutic options include
surgical resection, chemotherapy, radiation therapy, targeted
therapy, immunotherapy, and palliative care, either alone or in
combination (NCCN 2015).

In advanced lung cancer, treatment is aimed at prolonging
life or improving the patient’s quality of life, or both (NCCN
2015). However, therapeutic options are limited in many patients
because of poor functional status. Many factors may contribute
to poor functional status including older age, high tumour
burden, comorbidities (Aarts 2015), sedentary lifestyle (Lowe 2014),
poor cardio-respiratory fitness (Jones 2007), and muscle wasting
(Baracos 2010). The direct eKects of cancer progression such as
fatigue, shortness of breath, weight loss, and pain (Lyer 2013),
combined with the indirect eKects of cancer treatment, can
cumulatively lead to further deterioration in quality of life (Lyer
2013), reduced physical activity levels (Lin 2015), and continued
loss of physical fitness (Kasymjanova 2009).

Exercise capacity, a term used to describe the aerobic fitness of
an individual, is defined as "the maximal capacity of an individual
to perform aerobic work or maximal oxygen consumption" (Fleg
2000). Measures of exercise capacity are particularly useful and
relevant in this clinical population because they provide objective
measures of an individual's overall functional capacity, and
quantify the integrated functioning of numerous systems of the
body. As such, exercise capacity is considered a measure of whole
body health (Ross 2016), and is critical in a patient's ability to
participate in life activities and tolerate diKicult treatments. For
patients with lung cancer, exercise capacity is typically measured by
field-based functional tests (e.g. the six-minute walk test (6MWT)),
or laboratory-based exercise tests (e.g. cardiopulmonary exercise
test (CPET) to measure peak oxygen uptake (VO2peak)). Currently,
in NSCLC, 6MWT is the most frequently reported assessment of
exercise capacity (Granger 2013). In advanced NSCLC, VO2peak
exercise testing is a non-invasive, safe and relatively inexpensive
test that provides clinically relevant information (Jones 2007).

Poor exercise capacity, as measured by the 6MWT, is a
predictor of poor prognosis in advanced NSCLC and chronic
obstructive pulmonary disease (COPD) (Dajczman 2015; Jones
2012; Kasymjanova 2009). Exercise capacity, as measured by
VO2peak, has been identified as a strong predictor of risk of death
among healthy populations (Myers 2002), is inversely associated
with cancer mortality (Schmid 2015) and lung cancer mortality in
men (Sui 2010), and has been identified as the strongest predictor of
mortality independent of age and lung function in COPD (Oga 2003).

In those with lung cancer, increased exercise capacity and physical
activity levels are associated with improved health-related quality
of life (HRQoL) (Sloan 2016), and reduced fatigue and inflammation
(Jones 2008). Importantly, adequate exercise capacity is also
critical for maintaining functional independence (Lakoski 2012).
Functional independence, oJen assessed in an oncology setting
as performance status, is a key consideration in most cancer
treatment decisions. Patients with advanced lung cancer with
borderline performance status (e.g. Eastern Cooperative Oncology
Group rating of more than 2) experience greater treatment-related
toxicity, and are likely to derive little benefit from chemotherapy
(NCCN 2015).

Description of the intervention

Exercise training was the intervention of interest for this systematic
review. Exercise training is defined as "a subset of physical activity
that is planned, structured and repetitive and has as a final or
an intermediate objective the improvement or maintenance of
physical fitness" (Caspersen 1985). In the context of this review,
this includes aerobic, resistance, or respiratory muscle training, or
a combination of these, in advanced lung cancer.

How the intervention might work

Patients with advanced lung cancer have a high symptoms burden.
Some of the most frequently reported symptoms are fatigue,
dyspnoea, reduced role function, insomnia, and pain (Johnsen
2009). Many patients with lung cancer have co-existing lung
diseases such as COPD, where cardio-pulmonary limitations and
muscle wasting contribute to reduced exercise tolerance (Ross
2003). In patients with advanced lung cancer, it is likely that the
cause of poor exercise capacity is multifactorial. The disease itself,
as well as conventional cancer treatments, can reduce exercise
capacity because of weight loss, low haemoglobin, reduced lung
function, and symptoms such as dyspnoea (Wang 2006). Levels
of systemic inflammation, particularly proinflammatory cytokines,
are also inversely related to exercise capacity in this population
(Jones 2008).

There is good-quality evidence that exercise training improves
exercise capacity, muscular force, HRQoL, and physical functioning
in cancer survivors (Cramp 2012; Gerritsen 2016; Schmitz 2010;
Speck 2010). Exercise training works across multiple organ systems
to improve cardiorespiratory fitness, oKset treatment side eKects,
and improve HRQoL in individuals with cancer (Jones 2009).
The specific mechanisms by which exercise training improves
the patient condition in advanced lung cancer has not received
attention in the literature. Exercise capacity is governed by the
integrative capacity of the pulmonary and cardiovascular systems
to transport oxygen, and the ability of skeletal muscles to use
oxygen (Lakoski 2012). It is likely that adaptations in cardiac
function (e.g. increased cardiac output), vascular function (e.g.
increased anti-inflammatory activity) and skeletal muscle (e.g.
increased muscular strength and cellular respiration) contribute
to improvements in exercise capacity following exercise training
(Lakoski 2012).

Many of the limiting factors that reduce exercise capacity might
be improved by exercise training. A Cochrane Review has shown
that exercise training improves functional exercise capacity in
patients aJer lung resection for early stage NSCLC (Cavalheri
2014). Preliminary cohort studies in advanced NSCLC suggest that
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exercise training improves exercise capacity and muscle force in
a safe and eKective manner (Kuehr 2014; Quist 2012; Quist 2015).
However, the eKect of exercise training on HRQoL in this population
is unclear: some studies report a decline (Kuehr 2014), while others
report no change (Quist 2015; Temel 2009). A Cochrane Review
found that exercise training did not improve HRQoL in patients
with early stage NSCLC following surgery (Cavalheri 2013). There is
also some evidence that patients with advanced lung cancer have
diKiculty completing structured exercise interventions. Temel and
colleagues have reported that fewer than half of those recruited
were able to complete the exercise training intervention (Temel
2009). These patients could find it diKicult to exercise due to a
high burden of symptoms such as fatigue (Kartolo 2016). Finally,
the eKectiveness of exercise training in improving other outcomes,
such as dyspnoea, fatigue, and anxiety and depression remains
unknown.

Why it is important to do this review

This review identified the strengths, limitations, and gaps in the
current knowledge base, which is important to inform future
research. The results might also be a critical first step in promoting
changes in clinical practice.

O B J E C T I V E S

The primary aim of this review was to investigate the eKects of
exercise training on exercise capacity in adults with advanced
lung cancer. Exercise capacity was defined as the six-minute walk
distance (6MWD; in meters) measured during a six-minute walk test
(6MWT; i.e. how far an individual can walk in six minutes on a flat
course), or the peak oxygen uptake (i.e. VO2peak) measured during
a maximal incremental cardiopulmonary exercise test (CPET).

The secondary aims were to determine the eKects of exercise
training on the force-generating capacity of peripheral muscles,
disease-specific global health-related quality of life (HRQoL),
physical functioning component of HRQoL, dyspnoea, fatigue,
feelings of anxiety and depression, lung function, level of physical
activity, adverse events, performance status, body weight and
overall survival in adults with advanced lung cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

This systematic review included randomised controlled trials
(RCTs) comparing exercise training with no exercise training in
adults with advanced lung cancer. We considered studies and
abstracts published in any language.

Types of participants

We included studies of adults diagnosed with advanced lung
cancer, specifically stage IIIb to IV non-small cell lung cancer
(NSCLC) or extensive stage small cell lung cancer.

Types of interventions

We included studies that compared exercise training interventions
and usual care, defined as no formal exercise intervention. The
intervention needed to comprise more than four weeks of exercise
training performed at least once a week. Exercise training could

have been supervised or unsupervised, and included aerobic
exercise, resistance exercise, respiratory muscle training, or a
combination thereof. Aerobic training was defined as exercise
that involves large muscle groups performing continuous or
intermittent activity over an extended period of time (e.g. jogging or
cycling; Newton 2008). Resistance training was defined as exercise
that involves performing sets of repeated movements against a
resistance (e.g. liJing weights; Newton 2008).

We recorded details of the exercise training programmes, including
type of exercise, setting of exercise, level of supervision, as well
as participant treatment status. Details of exercise prescription —
including frequency, duration and intensity — were recorded. We
also recorded information on exercise adherence (e.g. number of
sessions attended, adherence rate).

Types of outcome measures

Primary outcomes

The primary outcome of our review was exercise capacity,
measured as the six-minute walk distance (6MWD; in metres)
during the 6MWT, or as peak oxygen uptake (VO2peak; in
ml/Kg/min) during a maximal incremental cardiopulmonary
exercise test (CPET). All outcomes were short term and were
investigated immediately post-intervention (i.e. on completion of
the intervention).

Secondary outcomes

1. Force-generating capacity of peripheral muscles (e.g. any
measure of upper or lower limb muscle force).

2. Disease-specific global health-related quality of life (HRQoL)
(e.g. the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC-QLQ-C30;
Aaronson 1993); the Functional Assessment of Cancer Therapy
– Lung scale (FACT-L; Cella 1995); the Medical Outcomes Study
Short Form 36 General Health Survey (SF-36; Ware 1992).

3. Physical functioning HRQoL (e.g. the physical functioning
subscale of the EORTC-QLQ-C30 (Aaronson 1993), or SF-36 (Ware
1992)).

4. Dyspnoea (e.g. the Borg scale (Borg 1970) or Medical Research
Council scale (Fletcher 1960)).

5. Fatigue (e.g. the Functional Assessment of Chronic Illness
Therapy - Fatigue Subscale (Yellen 1997)).

6. Feelings of anxiety and depression (e.g. the Hospital Anxiety and
Depression Scale (Zigmond 1983)).

7. Lung function (e.g. spirometry, lung volumes, and diKusing
capacity).

8. Level of physical activity (e.g. physical activity questionnaires or
objective measures of physical activity using accelerometers or
motion sensors).

9. Adverse events. Serious adverse events (e.g. mortality) and
minor adverse events (e.g. musculoskeletal pain) recorded
during the intervention period.

10.Performance status (e.g. Eastern Cooperative Oncology Group
(Oken 1982) or Karnofsky Performance Status Scale (Mor 1984)).

11.Body weight.

12.Overall survival.

Exercise training for advanced lung cancer (Review)
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Search methods for identification of studies

Electronic searches

We identified RCTs from searches of the following databases.

1. Cochrane Central Register of Controlled Trials (CENTRAL, Issue
7, 2018) in the Cochrane Library (searched 7 July 2018)

2. MEDLINE (via PubMed; from 1946 to 7 July 2018)

3. Embase OVID (from 1980 to 7 July 2018)

4. CINAHL EBSCO (from 1970 to 7 July 2018)

5. SPORTDiscus (via EBSCOhost) (from 1985 to 7 July 2018)

6. PEDro (Physiotherapy Evidence database) (from 1980 to 7 July
2018)

7. SciELO (The Scientific Electronic Library Online) (from 1978 to 7
July 2018)

The Cochrane Lung Cancer Group Information Specialists
developed the search strategies for the three main databases:
CENTRAL (Appendix 1), MEDLINE (Appendix 2) and Embase
(Appendix 3). The search string for MEDLINE was developed
according to the Cochrane Highly Sensitive Search Strategy,
sensitivity maximising version (2008 version) as referenced in
Chapter 6.4.11.1 and detailed in box 6.4.b of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins
2011). We adapted it for use in CINAHL, SPORTDiscus, PEDro,
SciELO. We also conducted a search of ClinicalTrials.gov
(ClinicalTrials.gov), and the World Health Organization (WHO) trials
portal (www.who.int/ictrp/en/) in July 2018.

Searching other resources

We used additional techniques to search other resources including:
1) contacting authorities in the field for additional references, as
well as unpublished or ongoing studies; 2) checking the list of
references of the RCTs included in the review; and 3) manually
searching abstracts from the American Thoracic Society, American
Society of Clinical Oncology, Thoracic Society of Australia and New
Zealand, European Respiratory Society, Clinical Oncology Society
Australia, and the American College of Sports Medicine from 2014
to July 2018.

Data collection and analysis

Selection of studies

Two review authors (CPM and FS) independently reviewed all
studies identified in the literature searches. Initially, the two review
authors excluded unsuitable studies by reviewing the title and
the abstract. We recorded the reasons for exclusion. The same
two review authors independently reviewed and classified the full
text of all remaining studies as: 1) 'include', 2) 'unclear', or 3)
'exclude', based on the criteria outlined in our review. We resolved
disagreements by consensus. In the case where consensus could
not be reached, a third review author (VC) made the final decision.
The study selection process was performed using Covidence
systematic review soJware (Covidence 2017; Higgins 2011).

Data extraction and management

Two review authors (CPM and VC) independently extracted data
from all included studies using a standard form. Any discrepancies
were resolved by either consensus or, where necessary, by a third
review author (FS). In the case of missing data, we contacted study

authors for the required data. One of the review authors (CPM)
entered data into Review Manager 5 (Review Manager 2014), and a
second review author (VC) checked that data were correctly entered
into Review Manager 5.

Assessment of risk of bias in included studies

We used the Cochrane 'seven evidence-based domains' tables
for assessing risk of bias in all included studies. Two review
authors (CPM and FS) independently assessed risk of bias. Any
disagreements were resolved by consensus or, where necessary,
by a third review author (VC). We judged the risk of bias as
either low, high or unclear for: 1) selection (i.e. random sequence
generation and allocation concealment); 2) performance (i.e.
blinding of participants and personnel); 3) detection (i.e. blinding of
outcome assessment); 4) attrition (i.e. incomplete outcome data);
5) reporting (i.e. selective outcome reporting); as well as 6) other
potential sources of bias (Higgins 2011). We presented the decision
in the ‘Risk of bias’ table with a direct quote, specific study details,
or both. When necessary, we contacted authors of unpublished
studies to obtain evidence regarding bias. In the ‘Risk of bias’ table
we have documented the assessment process. We generated a ‘Risk
of bias’ graph (i.e. bar chart) and ‘Risk of bias’ summary (i.e. traKic
lights). We rated the level of quality of evidence using the GRADE
approach (Atkins 2004; Guyatt 2008).

Measures of treatment e:ect

As both the primary outcome and secondary outcomes
are continuous variables, we used mean diKerence (MD) or
standardised mean diKerence (SMD) to report treatment eKect. In
addition, we calculated the 95% confidence intervals (CIs).

Unit of analysis issues

Where studies had data for specific outcomes at multiple time
points (e.g. exercise capacity post-intervention, and at six-week
follow-up or at 12-week follow-up, or both), results from the
diKerent time points were not combined in a single meta-analysis.
We used the primary endpoint as based on the study power
calculation.

Dealing with missing data

If we were unsuccessful in contacting a study author, we limited the
presentation of the outcome(s) of that specific study to a narrative
discussion.

Assessment of heterogeneity

To assess the consistency of the results of included studies
we visually inspected the forest plots. We assessed statistical
heterogeneity across the studies using the I2 statistic. We
considered heterogeneity to be substantial when the I2 value was
greater than 50%, and considerable when the I2 value was greater
than 75% (Higgins 2011). We planned to perform sensitivity analysis
to investigate the potential causes of inconsistency in cases where
statistically significant heterogeneity was evident.

Assessment of reporting biases

In order to investigate the risk of reporting bias we searched online
trial registries. Given the number of included studies (i.e. less than
10), we did not examine funnel plots for signs of asymmetry.
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Data synthesis

We entered data from the included studies into Review Manager
5 soJware to conduct the statistical analyses and generate forest
plots (Review Manager 2014). Initially, a random-eKects model
was used for calculating summary estimates. If the studies
were clinically, methodologically, and statistically homogeneous,
we then changed to a fixed-eKect model. We meta-analysed
the results of homogenous studies using the inverse variance
DerSimonian and Laird method (DerSimonian 1986). Where data
aggregation was not possible due to statistical heterogeneity, we
used descriptive techniques.

GRADE and 'Summary of findings' table

We created a GRADE 'Summary of findings' table to aid
interpretation of review findings (Atkins 2004; Guyatt 2008). The
outcomes included in the 'Summary of findings' table were:

1. exercise capacity measured as 6MWD (in metres) during
the 6MWT, or VO2peak (in mL/Kg/min) measured during a
cardiopulmonary exercise test;

2. disease-specific global HRQoL;

3. Physical functioning component of HRQoL;

4. dyspnoea.

We used the five GRADE criteria to assess the quality of evidence
for each outcome by downgrading or upgrading evidence according
to the methods and recommendations described in the Cochrane
Handbook for Systematic Reviews of Interventions (Chapter 12.2.1;
Higgins 2011).

Subgroup analysis and investigation of heterogeneity

Where possible, we had planned to conduct subgroup analyses to
make comparisons between eKects of the intervention in diKerent
groups, specifically:

1. diKerent types of exercise training interventions (e.g. aerobic
exercise versus resistance exercise);

2. those undergoing treatment (e.g. chemotherapy/radiation
therapy) versus no treatment;

3. diKerent types of treatment (e.g. chemotherapy versus tyrosine
kinase inhibitor therapy).

We assessed heterogeneity and the extent of inconsistency
between studies by visual inspection of the forest plots, and by
using the Chi2 test and the I2 statistic.

Sensitivity analysis

We used sensitivity analysis to assess if study findings were
influenced by decisions made during the review. Methodological
diKerences across the studies and quality indicators, such
as concealment allocation, assessor blinding, intention-to-treat
analysis, or some combination thereof were used to conduct the
analyses.

R E S U L T S

Description of studies

Six studies (11 records) met the criteria to be included in this review
(Figure 1). Of these, we included five in meta-analyses (Henke
2014; Hwang 2012; Jastrzebski 2015; Molassiotis 2015; Vanderbyl
2017); we described the data from the remaining study narratively
(Dhillon 2017). For complete details of studies that were included
or excluded, please refer to Characteristics of included studies and
Characteristics of excluded studies.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
Results of the search

The search of all the databases on 7 July 2018 resulted in a total
of 2532 records: 792 from CENTRAL; 765 from MEDLINE; 568 from
EMBASE; 266 from CINAHL EBSCO; 75 from SPORTDiscus; 50 from
PEDro, and 6 from ScIELO, and 10 from ongoing trials registries.
Following removal of duplicates, the total was 1842 records (Figure
1). We excluded 1781 records based on the titles and abstracts.
Subsequently, 45 studies and conference abstracts (61 records in
total) were assessed for eligibility. We excluded 31 studies (42
records), and the specific reasons for the exclusions are presented
in Figure 1. Further, we identified eight ongoing studies (nine
records) (ACTRN12614001268639; NCT03334071; NCT03482323;
NCT03500393; CTRI/2015/01/005348; NCT01881906; NCT03066271;
NCT02055508).

Included studies

Details of the included studies can be found in Characteristics of
included studies. We were able to contact the authors of two studies
eligible for this review to provide missing data.

Study

We included six studies in this review (Dhillon 2017; Henke 2014;
Hwang 2012; Jastrzebski 2015; Molassiotis 2015; Vanderbyl 2017),
which included a total of 221 participants with advanced lung
cancer. The studies were published between 2012 and 2017.

Population

The sample size of the included studies ranged from 20 to 111.
The mean age of the participants ranged from 59 to 70 years. Of
the six studies, four reported fully on male/female ratios (n = 184
participants with known sex): 110 (60%) were male and 74 (40%)
were female.

Setting

The studies were based in Australia, Germany, Taiwan, Poland, the
United Kingdom and Cyprus, and Canada.

Intervention

There was considerable variation in the timing of commencement,
type, frequency and intensity of the exercise programmes
that were investigated. Regarding timing of exercise training
commencement, in three studies participants were enrolled during

treatment with either epidermal growth factor receptor inhibitors
(Hwang 2012), or chemotherapy (Henke 2014; Jastrzebski 2015).
In two studies, participants could be on palliative treatment
(Dhillon 2017), or scheduled/eligible for anti-cancer treatment
(Vanderbyl 2017). In one study, participants could not have had
chemotherapy within two weeks or chest radiotherapy within
four weeks (Molassiotis 2015). The interventions ranged in length
from six to twelve weeks (or three cycles of chemotherapy).
All studies had a supervised component; three studies had a
home-based component (Dhillon 2017; Jastrzebski 2015; Vanderbyl
2017), and one study was largely home-based (Molassiotis 2015).
Interventions consisted of aerobic exercise alone (Hwang 2012),
combined aerobic and resistance exercise (Henke 2014; Jastrzebski
2015; Vanderbyl 2017), physical activity and behavioural support
(Dhillon 2017), or inspiratory muscle training alone (Molassiotis
2015). Three studies included some type of breathing exercises
(Henke 2014; Jastrzebski 2015; Molassiotis 2015). The frequency
of supervised training varied from one day a week to five days a
week. The intensity of aerobic exercise was variably reported, and
was most frequently based on age-predicted heart rate calculations
(Henke 2014; Jastrzebski 2015; Vanderbyl 2017). In three studies
(Henke 2014; Hwang 2012; Vanderbyl 2017), the intervention
delivery was supervised by a physiotherapist. The remaining
studies did not report the credentials of those supervising the
intervention (Dhillon 2017; Jastrzebski 2015; Molassiotis 2015).
Adherence to the exercise interventions was reported in two studies
(Dhillon 2017; Hwang 2012), and ranged from 69% to 71%. One
study only included participants in the analysis who had at least
75% adherence to the exercise training intervention (Henke 2014).

Excluded studies

Of the 45 studies (61 records) for which we reviewed the full text,
31 (42 records) were excluded. The reasons for exclusions are
summarised in Characteristics of excluded studies and Figure 1.

Risk of bias in included studies

Details of the risk of bias of the included studies can be found
in the 'Risk of Bias' tables (Characteristics of included studies) as
well as in Figure 2 and Figure 3. For all cases where the 'Risk of
bias' rating was unclear, we contacted the study authors to request
additional information. One author (Vanderbyl 2017) provided
additional information which was incorporated into the 'Risk of
bias' assessment.
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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.

 
Allocation

We judged one study to be at high risk of selection bias (random
sequence generation) because three participants were reallocated
based on their group preference (Hwang 2012). We judged one
study to be at unclear risk of bias since it failed to report suKicient
information about the random sequence generation process to
permit judgement (Jastrzebski 2015). We judged the remaining
four studies to be at low risk of selection bias (random sequence
generation) as they provided adequate descriptions of random
sequence generation. Allocation concealment was only adequately
reported in one study (Dhillon 2017). One study had a high risk
of allocation concealment (Vanderbyl 2017), and we rated the
remaining studies as having an unclear risk of selection bias
(allocation concealment).

Blinding

No studies reported blinding participants and personnel. It is not
practical to blind participants of the randomisation to an exercise
intervention versus control. We assessed all the studies as being at
high risk of performance bias.

Only two studies reported blinding of outcome assessment and
we rated these as having low risk of detection bias (Hwang 2012;
Vanderbyl 2017).

Incomplete outcome data

We rated five studies as having high risk of attrition bias. This
judgement was due to diKerences reported between those that
completed the intervention compared to those who did not
(Dhillon 2017); disparities in dropout rates between intervention
and control groups (Henke 2014; Hwang 2012; Vanderbyl 2017); or
participants being excluded from analysis due to lack of symptoms
at baseline (Molassiotis 2015).

Selective reporting

We judged two studies to be at low risk of reporting bias (Dhillon
2017; Vanderbyl 2017). Due to insuKicient information, we judged
the remaining studies to be at unclear risk of reporting bias.

Other potential sources of bias

All studies appeared to be free of other sources of bias.

E:ects of interventions

See: Summary of findings for the main comparison Exercise
training compared to no exercise training for advanced lung cancer

The means and standard deviations for diKerences in outcome
measures collected before and aJer intervention were available
in three studies (Henke 2014; Hwang 2012; Jastrzebski 2015),
and were provided by the authors of two studies (Molassiotis
2015; Vanderbyl 2017). The remaining study did not report the
standard deviations or 95% confidence intervals (CIs) for outcome
measures (Dhillon 2017). We contacted the study authors, however
no additional data were provided for inclusion in the meta-analysis.
We performed the meta-analyses using either the post-intervention
mean and standard deviation (for studies that reported no
between-group diKerences pre-intervention); the mean diKerences
and standard deviation of change, when available (Molassiotis
2015; Vanderbyl 2017); or the pre-intervention standard deviation
(Henke 2014; Hwang 2012; Jastrzebski 2015). We included data on
the following outcomes in the meta-analyses: exercise capacity,
disease-specific global health-related quality of life (HRQoL),
physical functioning component of HRQoL, dyspnoea, fatigue,
feelings of anxiety and depression and lung function (forced
expiratory volume in one second; FEV1) . We presented a narrative

summary for force-generating capacity of peripheral muscles, level
of physical activity, adverse events, performance status, body
weight, and overall survival. We did not conduct subgroup analysis
due to the lack of clear subgroups. We did not perform sensitivity
analyses due to there being low statistical heterogeneity or a
limited number of studies in the analyses.

1. Primary outcome: exercise capacity

Data on exercise capacity were either available or provided by
the authors for five studies. Four studies reported the six-minute
walk distance (6MWD) as their measure of exercise capacity
(Dhillon 2017; Henke 2014; Jastrzebski 2015; Vanderbyl 2017), and
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three provided data for meta-analysis. Analysis of these studies
demonstrated that, on completion of the intervention period, the
6MWD was higher in the intervention group compared to the

control group (mean diKerence (MD) 63.33 m; 95% CI 3.70 to 122.96;
three studies, 59 participants) (Figure 4).

 

Figure 4.   Forest plot of comparison: 1 Exercise training versus control, outcome: 1.1 Exercise capacity measured by
Six-Minute Walk Distance.

 
In Dhillon 2017, an improvement was reported in 6MWD from
baseline to post-intervention in the exercise group (234.9 m to 516.3
m) as well as the control group (251.0 m to 517.7 m). There was no
significant between-group diKerence (P = 0.972).

One study reported peak oxygen uptake (VO2peak, in ml/Kg/min)
during a cardiopulmonary exercise test (CPET) as their measure
of exercise capacity (Hwang 2012). This study demonstrated
a significant diKerence in VO2peak (P < 0.005) between the
intervention group (15.1 ± 3.4 to 16.8 ± 4.1 ml/Kg/min) and the
control group (16.7 ± 4.8 to 16.3 ± 4.6 ml/Kg/min) on completion of
the eight-week intervention.

2. Secondary outcome: force-generating capacity of peripheral
muscles

One study, Hwang 2012, measured force-generating capacity of a
peripheral muscle as isokinetic quadriceps force (i.e. peak torque in
Nm) using the Biodex isokinetic dynamometer (Biodex Medical Inc.,
Shirley, NY, USA). This study demonstrated no diKerences in peak
torque (P = 0.97) between the intervention group (55.7 ± 18.1 to 61.2
± 13.9 Nm) and the control group (61.4 ± 19.3 to 67.0 ± 20.2 Nm) on
completion of the eight-week intervention.

One study, Dhillon 2017, measured force-generating capacity of a
peripheral muscle group as handgrip strength (i.e. peak strength in

kg; device not specified). This study demonstrated no diKerence in
grip strength (P = 0.623) between the intervention group (32.2 kg to
30.9 kg) and the control group (32.9 kg to 31.9 kg) on completion of
the eight-week intervention.

3. Secondary outcome: disease-specific global health-related
quality of life

Data on disease-specific global HRQoL were either available
or provided by the authors for five studies, four of which
could be included. Two studies used the disease-specific global
HRQoL European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC-QLQ-C30)
(Henke 2014; Hwang 2012), and one used the total score of the
Chronic Respiratory Disease Questionnaire (Molassiotis 2015). On
completion of the intervention period, HRQoL was significantly
better in the intervention group compared to the control group
(standardised mean diKerence (SMD) 0.51; 95% CI 0.08 to 0.93;
three studies, 90 participants) (Figure 5). We used data from an
observational sample of advanced-stage non-small cell lung cancer
(NSCLC) patients (Larsson 2012), in order to re-express the pooled
SMD as the original units of the EORTC-QLQ-C30 (this instrument
was used in two of the three included studies). The estimated MD
yielded a score of 11.22 units.

 

Figure 5.   Forest plot of comparison: 1 Exercise training versus control, outcome: 1.2 Disease-specific global health-
related quality of life

Exercise training for advanced lung cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
In Dhillon 2017, HRQoL was measured using the EORTC-QLQ-C30.
This study demonstrated no diKerence in HRQoL score (P = 0.817)
between the intervention group (63.8 to 63.2) and the control group
(58.9 to 64.3) on completion of the eight-week intervention.

4. Secondary outcome: physical functioning component of
health-related quality of life

Data on the physical functioning component of HRQoL were either
available or provided by the authors for four studies, three of which
could be included. Two studies used the physical functioning scale
of the EORTC-QLQ-C30 (Henke 2014; Hwang 2012), and one used
the physical functioning scale of the SF-36 (Jastrzebski 2015). On
completion of the intervention period, there was no diKerence

in physical functioning HRQoL between the intervention and the
control group (SMD 0.11; 95% CI -0.36 to 0.58; three studies, 73
participants) (Analysis 1.3).

5. Secondary outcome: dyspnoea

Data on dyspnoea were either available or provided by authors
for five studies. Two studies used the EORTC-QLQ-C30 (Henke
2014; Hwang 2012); one used the Medical Research Council scale
(Jastrzebski 2015); one used the Borg scale (Molassiotis 2015), and
one used the Likert scale (Vanderbyl 2017). On completion of the
intervention period, there was no significant diKerence in dyspnoea
between the intervention and control group (SMD -0.27; 95% CI
-0.64 to 0.10; five studies, 121 participants) (Figure 6).

 

Figure 6.   Forest plot of comparison: 1 Exercise training versus control, outcome: 1.4 Dyspnoea.

 
In Dhillon 2017, dyspnoea was assessed using the SanDiego
Shortness of Breath Questionnaire. This study demonstrated no
diKerence in dyspnoea scores (P = 0.281) between the intervention
group (25.3 to 27.8) and the control group (20.6 to 22.7) on
completion of the eight-week intervention.

6. Secondary outcome: fatigue

Data on fatigue were either available or provided by the authors
for three studies. Two studies used the EORTC-QLQ-C30 (Henke
2014; Hwang 2012) and one used the Chronic Respiratory
Disease Questionnaire (Molassiotis 2015). On completion of the
intervention period, there was no significant diKerence in fatigue
between the intervention and control group (SMD 0.03; 95% CI -0.51
to 0.58; three studies, 90 participants) (Analysis 1.5).

In Dhillon 2017, fatigue was assessed using the FACT-Fatigue
Questionnaire. This study demonstrated no diKerence in fatigue
(P = 0.618) between the intervention group (38.4 to 37.5) and
the control group (36.3 to 36.7) on completion of the eight-week
intervention.

7. Secondary outcome: feelings of anxiety and depression

Data on feelings of anxiety and depression were either available
or provided by the authors for two studies (Molassiotis 2015;
Vanderbyl 2017). The two studies used the Hospital Anxiety and
Depression Scale (HADS). On completion of the intervention period,
there was no significant diKerence in feelings of anxiety and
depression between the intervention and control group (feelings of

anxiety: MD -1.21; 95% CI -5.88 to 3.45 units on HADS; two studies,
38 participants, Analysis 1.6; feelings of depression: MD -1.26; 95%
CI -4.68 to 2.17 units on HADS; two studies, 30 participants, Analysis
1.7).

In Dhillon 2017, feelings of anxiety and depression were assessed
using the Anxiety/Depression General Health Questionnaire. This
study demonstrated no diKerence in feelings of anxiety and
depression (P = 0.521) between the intervention group (25.1 to 22.7)
and the control group (23.6 to 23.5) on completion of the 8-week
intervention.

8. Secondary outcome: lung function (forced expiratory
volume in one second)

Three studies reported measures of lung function (Dhillon 2017;
Jastrzebski 2015; Molassiotis 2015). The two studies which
provided useable data for meta-analysis demonstrated that, on
completion of the intervention period, there was no significant
diKerence in FEV1 between the intervention and control group

(SMD 0.43; 95% CI -0.11 to 0.97; two studies, 55 participants)
(Analysis 1.8).

In Dhillon 2017, lung function was reported using spirometry results
of FEV1. This study demonstrated no diKerence in FEV1 (P = 0.699)

between the intervention group (2.0 to 2.0) and the control group
(2.2 to 2.1) on completion of the eight-week intervention.
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9. Secondary outcomes: level of physical activity, adverse
events, performance status, body weight and overall survival

In Dhillon 2017, level of moderate and vigorous physical
activity (MVPA) was measured using self-report (Australian Active
Questionnaire) as well as objective accelerometer (Actigraph,
ActiGraph, LLC, Fort Walton Beach, FL). This study demonstrated
no diKerence in self-reported MVPA (P = 0.383) between the
intervention group (34.5 min/day to 49.0 min/day) and the control
group (37.5 min/day to 40.4 min/day) on completion of the eight-
week intervention. Similarly, this study demonstrated no diKerence
in objectively measured MVPA (P = 0.289) between the intervention
group (13.2 min/day to 18.1 minutes per day) and the control group
(15.6 min/day to 13.2 min/day) on completion of the eight-week
intervention.

10. Secondary outcomes: adverse events

Three studies reported on the incidence of adverse events during
the intervention period (Dhillon 2017; Hwang 2012; Molassiotis
2015). One study used the National Cancer Institute Common
Terminology Criteria for Adverse Events Version 3, and reported
eight minor adverse events (or musculoskeletal injuries) and no
serious adverse events in the exercise group (Dhillon 2017). The
second study reported that there were no 'reported' exercise-
related adverse events (Hwang 2012). The third study reported
that 50% of the group undertaking inspiratory muscle training
complained of fatigue aJer the inspiratory muscle training at
baseline; there were also four reports of hypercapnia (e.g.
headache), and one report of chest muscle soreness (Molassiotis
2015).

11. Secondary outcomes: performance status

Only one study, Dhillon 2017, reported on the eKects of the
intervention on performance status. It measured performance
status using the Eastern Cooperative Oncology Group Scale. This
study demonstrated no diKerence in performance status (P = 0.675)
between the intervention group (0.52 to 0.99) and the control group
(0.45 to 1.02) on completion of the eight-week intervention.

12. Secondary outcomes: body weight

No study reported on changes in body weight following the exercise
interventions.

13. Secondary outcomes: overall survival

One study reported the eKects of exercise training on overall
survival, rather than 12-month survival (Dhillon 2017). This study
demonstrated no diKerence in overall survival (P = 0.75) between
the intervention group (15.4 months; 95% CI 11.3 to 24.1) and the
control group (13.2 months, 95% CI 11.1 to 20.0) on completion of
the eight-week intervention.

D I S C U S S I O N

Summary of main results

The primary aim of this study was to investigate the eKects of
exercise training on exercise capacity in adults with advanced lung
cancer. We included data from six randomised controlled trials,
with a total of 221 participants. Our meta-analysis found that
compared with control, exercise training improved six-minute walk
distance (6MWD) and had a moderate positive eKect on disease-
specific global health-related quality of life (HRQoL) in people

with advanced lung cancer. There were no significant eKects of
exercise training on dyspnoea, feelings of anxiety, depression, or
lung function. Data on the eKects of exercise training on force-
generating capacity of peripheral muscles were only available from
two studies, neither of which demonstrated an eKect for exercise
training. Secondary outcomes of physical activity, performance
status, and survival were only available from one study, that
demonstrated no eKect from exercise training. Limited evidence
from three studies suggests that exercise training resulted in few
adverse events, with no reported serious adverse events. Further,
no studies reported the impact of exercise training on body weight.
The findings of this review should be interpreted with caution as the
overall quality of evidence was graded as low, based on the GRADE
approach, because included studies had significant risks of bias,
and most studies had small sample sizes. Limitations in the design
and implementation of many available studies suggest that there is
a high likelihood of bias. Further high-quality, adequately-powered
randomised controlled trials are needed to fully understand the
eKects of exercise training in advanced lung cancer.

Exercise capacity in people with advanced lung cancer is adversely
aKected by disease burden, cachexia, comorbidities, advanced age,
and treatment side eKects (Jones 2009). In our review, we found
low-quality evidence that exercise training improved exercise
capacity, with a mean between-group diKerence of 63 metres in
6MWD. This mean change is above the threshold for a clinically
meaningful diKerence in 6MWD in non-small cell lung cancer (i.e.
42m; Granger 2015), and is in agreement with findings of improved
6MWD from previous systematic reviews of exercise training in
people undergoing lung resection for non-small cell lung cancer
(Cavalheri 2013; Cavalheri 2017). Exercise capacity operationalises
the integrative ability of many systems of the body to allow
individuals to undertake activity, and as such is an important
patient-centred target for supportive care interventions.

In our review, we found low-quality evidence from three studies
that exercise training had a moderate positive eKect (Cohen 1988)
on disease-specific global HRQoL. To assist interpretation of the
pooled SMD obtained from diKerent sources of data, we translated
SMD into an estimated mean diKerence of 11.22 on the European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 (EORTC-QLQ-C30). This is considered a
moderate change (10 to 20 units) in people with advanced lung
cancer, and is therefore a small but clinically meaningful eKect
(Osoba 1998). Multiple meta-analyses have demonstrated small
but significant improvements in quality of life following exercise
training in people with chronic obstructive pulmonary disease
(COPD) (McCarthy 2015), as well as cancer survivors (Sweegers,
2017; BuKart, 2017). Of note, those reviews of cancer survivors
contained few participants with advanced lung cancer. Examining
results of exercise training on HRQoL in people with advanced
cancer, 60% of studies reviewed had a positive impact on HRQoL
(Dittus 2017). In the current review, a variety of tools were used
to assess HRQoL, and no studies reported HRQoL as a primary
outcome. Larger, adequately-powered randomised trials, which are
designed to assess the impact of exercise on disease-specific global
HRQoL, are required to confirm our positive finding.

We found that exercise training appeared not to have an eKect
on measures of lung function, dyspnoea or fatigue in people
with advanced lung cancer. However, for each of these outcomes,
the evidence available was low-quality, and limited by small
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sample sizes from a small number of studies that were limited
by heterogenous interventions and high risk of bias. Of note,
previously published systematic reviews support a lack of eKect of
exercise training on lung function in people following lung cancer
surgery (Cavalheri 2014), and people with COPD (McCarthy 2015).
Recent evidence suggests that exercise training improves dyspnoea
in people with COPD (McCarthy 2015), and those with advanced
cancer (Dittus 2017). The positive eKect of exercise on fatigue
has been demonstrated in cancer survivor populations following
treatment (Cramp 2012). Yet, findings of the eKects of exercise on
fatigue in a cancer setting remain mixed, as another systematic
review indicated that fatigue improved in 58% of studies (Dittus
2017). These disparate findings could be explained by diKerences
in fatigue levels at baseline, measurement tools, intervention
characteristics, and lack of power.

Limited data were available to assess adverse events of exercise
training in adults with advanced lung cancer. Only three studies
reported on adverse events and these limited data suggest that
exercise training is safe: no serious adverse events were reported,
and there were limited minor adverse events. However, these
results should be interpreted cautiously. Future studies should
rigorously monitor and carefully report adverse events and other
measures of tolerability such as exercise adherence (Nilsen 2018).

Overall completeness and applicability of evidence

The current review included studies that employed a variety of
exercise training interventions. The exercise training varied by the
timing of exercise training commencement (i.e. before, during, or
aJer treatment), type of exercise training (aerobic, aerobic and
resistance, inspiratory muscle training alone, or a combination of
all training modalities), length of intervention (six to 12 weeks),
intensity of the intervention (unmonitored to interval training
at 80% of peak oxygen uptake), frequency of contact (one to
five supervised sessions per week), and the incorporation of
behavioural support or unsupervised training. In most studies,
measures of adherence were poorly reported. Collectively, these
factors limit the conclusions we can draw about the benefits of
these diKerent types, intensities, or length of exercise training, or
which aspect of exercise training is responsible for the eKects we
have found. These results must be interpreted cautiously due to
the heterogeneity of exercise interventions assessed, diKerences
in measures used to assess HRQoL, as well as high risk of bias
in the majority of the included studies. Advanced lung cancer
patients oJen suKer from poor HRQoL, high symptom burden
(Lyer 2013), and reduced functional capacity (Jones 2007). Our
review demonstrates the potential for exercise training to improve
functional capacity and HRQoL. Given that improving quality of
life is a primary aim in the treatment of lung cancer, exercise
training programmes could be one component of comprehensive
supportive care for those with advanced lung cancer.

Quality of the evidence

We rated the quality of the evidence as low. The sample size
of most included studies was small; five out of the six included
studies had a sample of less than 30 participants. In several
studies we noted unclear reporting on allocation concealment,
as well as unreported or poor random sequence generation.
Only one study author responded to our request for additional
information regarding unclear risk of bias. Blinding of participants
and personnel is particularly challenging in randomised controlled

trials investigating exercise training (as participants know if they
are receiving exercise training or usual care). As a result, no studies
blinded participants or personnel to group allocation, and only
a small number reported blinding outcome assessments. The
majority of studies had a high risk of attrition bias. Finally, a small
number of studies were eligible to be included, not all outcomes
were included in every study, and not all study authors provided
additional requested data. Therefore, our meta-analysis of primary
outcomes included only three studies.

Potential biases in the review process

The strengths of this review include an extensive search
strategy with no language limitation. Two authors reviewed and
independently examined, selected, and assessed the bias in
the studies. Two study authors provided additional data, which
increased the number of studies we were able to include in the
meta-analysis. Our analysis was limited by selection bias due to
the exclusion of two studies for which we were unable to access
additional requested data required for inclusion in the review, and
one study where we were unable to access additional information
for inclusion in the meta-analysis.

Agreements and disagreements with other studies or
reviews

This is the first Cochrane Review of exercise training in advanced
lung cancer. We found four other reviews that examined the
impact of exercise in advanced lung cancer that identified similar
conclusions to the present review (Bade 2015; Ozalevli 2013;
Payne 2013; Rivas-Perez 2015). Contrary to the current review,
Lehto and colleagues reported benefits in depression and anxiety
with exercise in patients with advanced lung cancer (Lehto 2017).
However, this conclusion was based on single group study results,
while we only included randomised controlled trials. Overall,
these reviews included few studies, with a range of study designs
(including non-randomised studies), and did not conduct meta-
analyses. Our review is the first to complete meta-analyses to
demonstrate the positive impact of exercise training on exercise
capacity and disease-specific global HRQoL.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Our meta-analyses provide low-quality evidence that exercise
training can be completed by adults with advanced lung cancer
with low risk of harm, and may increase exercise capacity (six-
minute walk distance) and disease-specific global health-related
quality of life.

Implications for research

This review clearly shows the need for larger high-quality
randomised controlled trials to be conducted to confirm and
extend the current findings with higher quality evidence. The
methodological quality of studies should be improved by
addressing the limitations found in this review; in particular, they
should report on allocation concealment, lack of blinding for
study endpoints, and attrition bias. Comprehensive collection and
reporting on safety, feasibility, and longer-term outcome measures
are important for future research.
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Methods Design: randomised controlled trial
Setting: outpatient clinic, Sydney, Australia
Study duration: 8 weeks

Participants 232 participants with stage III or IV NSCLC, or SCLC were invited. 112 randomised, 1 became ineligible.

111 participants participated.

Exercise group: n = 56 (29M), mean age 64 (38-80) years, 70% were on palliative treatment, 33 were
current or ex-smokers, median 8.6 months following diagnosis.

Control group: n = 55 (32M), mean age 64 (34-76) years, 78% were on treatment, 95% stage IV, 36 were
current or ex-smokers, median 7.7 months post-diagnosis.

Interventions Exercise (n = 56): 8-week individualised PA programme. Supervised once weekly for 30-45 minutes, for
8-weeks; physical activity was individually tailored; walking mainly. The goal was to increase baseline
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PA over two months by 3 MET hours per week; no specifics provided on frequency of home-base train-
ing. Behavioural support sessions, 15-20 min/week. Guide book was provided for home exercise.

Control (n = 55): usual care attended study assessments only.

Outcomes Exercise capacity (6MWD), muscle force-generating capacity (number of reps of arm curls; hand grip
strength), HRQoL (EORTC Global), dyspnoea (SanDiego Shortness of Breath Questionnaire), fatigue
(FACIT-Fatigue), anxiety and depression (General Health Questionnaire-12), lung function (FEV1, L;
FEV1/FVC), Physical activity level (self-report, Active Australia, physical activity minutes per day; objec-
tive accelerometer, Actigraph, moderate and vigorous physical activity, minutes), performance status
(ECOG), body weight (kg), overall survival (months)

Notes Additional information was provided from authors on SD of within-group changes (or baseline and
post-intervention scores).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Treatment allocation was determined by minimisation".

Allocation concealment
(selection bias)

Low risk Quote: "Patients were randomised (1:1) via central Interactive Voice Response
System,..."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "Allocation was not blinded due to nature of the intervention".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: no blinding.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "A comparison of baseline data for primary outcome between those
with complete versus incomplete data, showed those with incomplete data
were more ill, with poorer PS, more co morbidities, poorer QOL, worse ADL
function, and shorter survival".

Selective reporting (re-
porting bias)

Low risk Comment: all data outcome reporting matches the protocol paper.

Other bias Low risk Comment: the study appears to be free of other sources of bias.

Dhillon 2017  (Continued)

 
 

Methods Design: Randomised controlled trial
Setting: hospital inpatient, Germany
Study duration: three cycles of chemotherapy (started day before first chemotherapy cycle, ended on
the last day of third chemotherapy cycle)

Participants 70 diagnosed with non-small cell lung cancer (NSCLC) or small cell lung cancer (SCLC) in stage IIIA/IIIB/
IV, who received an inpatient palliative platinum-based chemotherapy treatment.

44 were randomised, 29 completed participation.

Exercise group: n = 18.
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Control group: n = 11.

No medical or demographic information was provided.

Interventions Exercise (n = 18): intervention length was three cycles of chemotherapy. Aerobic exercise intervention:
6 min hallway walking, 2 min start walking at an intensity of 55% to 75% HRR dependent on their modi-
fied borg scale score (dependent on modified borg scale score), 5 days week. Resistance exercise train-
ing: 4 resistance exercises; bridge, abdominal exercise, bicep curl, tricep extension; intensity was an
elastic band of medium resistance; intensity was increased via repetitions, performed every other day.
Breathing exercises, physiotherapeutic breathing techniques included the active cycle of breathing,
performed every other day. Conventional physiotherapy

Control (n = 11): received conventional physiotherapy.

Outcomes Exercise capacity (6MWD), muscle force-generating capacity (number of reps of bicep curls), HRQoL
(EORTC Global), dyspnoea (EORTC Dyspnoea), fatigue (EORTC Fatigue),

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "A computer-generated randomization took place after the patient had
signed the informed consent".

Allocation concealment
(selection bias)

Unclear risk Comment: insufficient information to permit a judgement of 'low risk' or 'high
risk'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: no blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: insufficient information to permit a judgement of 'low risk' or 'high
risk'

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "When looking at the dropout rate in both groups, it is noticeable that
more people in the CG dropped out due to noncompliance".

Comment: only those with at least 75% adherence to the intervention were
analysed.

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol available. Insufficient information to permit a judge-
ment of 'low risk' or 'high risk'

Other bias Low risk The study appears to be free of other sources of bias.

Henke 2014  (Continued)

 
 

Methods Design: Randomised controlled trial
Setting: outpatient clinic, Taiwan
Study duration: 8 weeks

Participants 44 participants with stage NSCLC being treated with epidermal growth factor receptor inhibitors were
invited. 24 randomised, 18 completed.
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111 participants participated.

Exercise group: n = 13 (5 M), mean age 61 (6.3) years, BMI 22.6 (2.4), 77% stage IV, 0 were current or ex
smokers, 2.6 (2.1) months following diagnosis.

Control group: n = 11 (7 M), mean age 58.5 (8.2) years, 91% stage IV, 1 was current or ex-smokers, 2.8
(2.4) months post diagnosis.

Interventions Exercise (n=13): eight weeks of aerobic exercise 30-40min, 2-5 min intervals; intervals 80% VO2peak or
RPE 15-17, 60% VO2peak RPE 11-13; 10 min warm up, 5 min cool down, performed 3 times per week.

Control (n=11): usual care, general patient education, and social phone calls every 2–3 weeks, without
supervised exercise intervention. General exercise instructions with the Theraband® Elastic Band were
given if the subjects in the control group specifically asked for exercise consultation.

Outcomes Exercise capacity (VO2peak), muscle force-generating capacity (peak torque; right quad; isokinetic
Biodex Nm), HRQoL (EORTC Global), dyspnoea (EORTC dyspnoea), fatigue (EORTC Fatigue)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "A computer number generator was used to assign a random order..."

Quote: "A minor reallocation was made at the beginning of the study..."

Comment: three participants were reallocated based on patient preference.

Allocation concealment
(selection bias)

Unclear risk Quote: "This allocation procedure was performed by an individual who was
unaware of the purpose of this study."

Comment: insufficient information to permit judgment of 'low risk' or 'high
risk'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: no blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "All tests were performed by a blinded assessor".

Comment: blinding of outcome assessment ensured, and unlikely that the
blinding could have been broken

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: there was higher dropout from the intervention group compared to
the control group.

Comment: potentially inappropriate application of simple imputation (base-
line observation carried forward)

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol available. Insufficient information to permit judgment
of 'low risk' or 'high risk'

Other bias Low risk Comment: the study appears to be free of other sources of bias.

Hwang 2012  (Continued)
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Methods Design: Randomised controlled trial
Setting: outpatient, Poland
Study duration: 4-12 weeks.

Participants 28 participants diagnosed with stage III or IV non-small cell lung cancer (NSCLC) or small cell lung can-
cer currently receiving chemotherapy.

21 were randomised, 20 completed participation.

Exercise group: n = 12 (10 M), mean age 59 (7) years, 100% on treatment, 10 NSCLC stage III/IV; 2 SCLC
ED median 8.6 months following diagnosis.

Control group: n = 8, 100% were on treatment, NSCLC stage III/IV, no other medical or demographic in-
formation provided

Interventions Exercise group (n=12): 8-12 weeks of supervised physical rehabilitation was performed in 2-week cy-
cles interspersed with consecutive rounds of chemotherapy with the cytostatic Platidiam-Vepesid.

Intervention delivered was dependent on baseline Six-Minute Walk Test results.

If 6MWT > 200 m (n = 8): nordic walking for 45 min at least 5 days a week, with a heart rate (HR) target
of 70% of predicted maximal HR (220 – age), aerobic exercises and respiratory exercises for 30 min, 5
times a week; resistance training, once a day for 30 min.

If 6MWT < 200 m (n = 4), exercise of respiratory muscles and peripheral muscles of upper and lower ex-
tremities (cycle ergometer); the program was determined individually.

Control group (n=8): observed without any physical rehabilitation. Participants were assessed before
and after 8 weeks of chemotherapy alone (four consecutive rounds of the cytostatic).

Outcomes Exercise capacity (6MWD), HRQoL (SF-36, Physical Composite score), dyspnoea (MRCD), lung function
(FEV1%)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "There were 12 patients randomly allocated to the pulmonary rehabili-
tation group and another 8 constituted the control group..."

Comment: insufficient information to permit judgement of 'low risk' or 'high
risk'

Allocation concealment
(selection bias)

Unclear risk Comment: insufficient information to permit judgement of 'low risk' or 'high
risk'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: no blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: insufficient information to permit judgement of 'low risk' or 'high
risk'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: no missing outcome data

Jastrzebski 2015 
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Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol available. Insufficient information to permit judgement
of 'low risk' or 'high risk'

Other bias Low risk Comment: the study appears to be free of other sources of bias.

Jastrzebski 2015  (Continued)

 
 

Methods Design: Randomised controlled trial
Setting: outpatient, UK and Cyprus
Study duration: 12 weeks.

Participants 104 participants with mesothelioma or NSCLC with refractory dyspnoea, who had no treatment with
palliative radiotherapy to the chest received within 4 weeks or chemotherapy within 2 weeks were as-
sessed for eligibility.

47 randomised, 27 of whom had advanced lung cancer (data provided by author).

Exercise group: n = 13 (12 M), mean age 70 (10) years, 9 of 13 completed

Control group: n = 14 (10 M), mean age 68 (8) years, 10 of 14 completed

Interventions Exercise intervention (n=13): 12-week intervention. Supervised twice weekly, inspiratory muscle
training 30 min/day five days/week. Intensity began at 40% of PImax, progressed as tolerated up to
5% per week to a maximum, of 70% PImax. Two initial sessions supervised. Home visits were conduct-
ed monthly in the IMT group for the duration of the trial for spirometry assessment and increasing the
IMT’s resistance level.

Control (n=14): 12 weeks usual care

Outcomes HRQoL (CRDQ Mastery), dyspnoea (Borg Scale), fatigue (CRDQ Fatigue), anxiety and depression (Hospi-
tal Anxiety and Depression scale), lung function (FEV1).

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomly assigned through a computer programme to
IMT or a control group".

Allocation concealment
(selection bias)

Unclear risk Comment: insufficient information to permit judgement of 'low risk' or 'high
risk'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "...non-blinded..."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: "...non-blinded..."

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "Excluded from analysis (no dyspnea at baseline) (n=2)"

Comment: participants were excluded from analysis of intervention group due
to lack of dyspnoea at baseline. Otherwise, reasons for missing data are bal-

Molassiotis 2015 
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anced in numbers across intervention groups, with similar reasons for missing
data across groups.

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol available. Insufficient information to permit judgement
of 'low risk' or 'high risk'

Other bias Low risk Comment: the study appears to be free of other sources of bias.

Molassiotis 2015  (Continued)

 
 

Methods Deign: Randomised controlled trial
Setting: outpatient, Canada
Study duration: 6-weeks

Participants 301 participants with advanced lung or gastrointestinal cancer were assessed for eligibility, 36 ran-
domised, 11 of whom had advanced lung cancer (data provided by author).

Exercise group: n = 4 (1 M), mean age 64 (8) years, 3/4 completed, 100% on treatment, 100% stage IV.

Control group: n = 7 (4 M), mean age 67 (12) years, 7/7 completed, 100% on treatment, 47% stage IV.

Interventions Exercise (n=4): 6 weeks of aerobic, supervised, 60% to 70% maximum heart rate of 2-4 MET, 2 days/
week; home-based walking 60 min/day; resistance exercise supervised 2 days/week, frequency and in-
tensity of the exercise prescription at each stage of the programme were calibrated to the individual’s
ability and progress.

2-week washout period before cross-over.

Control (n=7): 6 weeks of Qigong. Twice per week participants were led in a walking exercise pro-
gramme that involved co-ordinated arm movements while in a state of deep relaxation or meditation
while performing a breathing pattern called “in, in, out” breathing. In addition, participants were in-
structed to practice QG for up to 1 h every day at home and refrain from independent resistance or car-
diovascular training during the QG training period.

Outcomes Exercise capacity (6MWD), HRQoL (FACT-G Total), dyspnoea (Likert Scale, high worse), anxiety and de-
pression (Hospital Anxiety and Depression Scale)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was done using a computer-generated number se-
quence..."

Allocation concealment
(selection bias)

High risk Comment: author provided information that allocation was not concealed.
"There was no specific mechanism in place to stop the coordinator looking at
this list for the next patient"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: no blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias) 

Low risk Quote: "Patients were evaluated by a second physiotherapist who was not in-
volved in training and who was blinded to group assignment".

Vanderbyl 2017 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comments: only complete cases were analysed. There was double the num-
ber of dropouts from the control condition. Therefore, there was imbalance in
numbers for missing data across intervention groups.

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol available. Insufficient information to permit judgement
of 'low risk' or 'high risk'

Other bias Low risk Comment: the study appears to be free of other bias.

Vanderbyl 2017  (Continued)

6MWD: Six-Minute Walk Test
CRDQ: Chronic Respiartory Disease Questionnaire
ED: Extensive Disease
EORTC: European Orgnisation for Research and Treatment of Cancer
FEV1: Forced expiratory volume in one second
FVC: Forced vital capacity
HRR: Heart rate reserve
HRQoL: Health-related quality of life
IMT: Inspiratory muscle training
M: Metres
MET: Metabolic equivalent
MRCD: Medical Research Council Dyspnoea
NSCLC: Non-small cell lung cancer
PA: Phyiscal activity
PImax: maximum inspiratory pressure
QG: Qigong
RPE: Rating of perceived exertion
SCLC: Small cell lung cancer
SD: Standard deviation
VO2peak: Peak oxygen uptake
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aboda 2018 Conference abstract: incomplete data and no response to our contact attempts

Adamsen 2012 Different outcomes

Barton 2010 Intervention did not meet inclusion criteria

Brocki 2016 < 50% of participants had stages IIIB-IV NSCLC

Chen 2015 < 50% of participants had stages IIIB-IV NSCLC

Chen 2016 Different outcomes

Cheville 2013 Incomplete data: no response to our contact attempts

Diepold 2016 Different outcomes

Hung 2015 Incomplete data: no response to our contact attempts

Jacobsen 2013 < 50% of participants had stages IIIB-IV NSCLC
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Study Reason for exclusion

Karvinen 2014 Different outcomes

Khan 2016 Intervention did not meet inclusion criteria

Maddocks 2009 Intervention did not meet inclusion criteria

Maddocks 2013 Intervention did not meet inclusion criteria

Molasiotis 2013 Conference abstract of included study

Molassiotis 2014 Duplicate of study

Oh 2008 Intervention did not meet inclusion criteria

Oh 2010 Intervention did not meet inclusion criteria

Oh 2012 Intervention did not meet inclusion criteria

Oldervoll 2011 < 50% of participants had stages IIIB-IV NSCLC

Salhi 2014 < 50% of participants had stages IIIB-IV NSCLC

Salhi 2015 < 50% of participants had stages IIIB-IV NSCLC

Solheim 2017 Intervention did not meet inclusion criteria

Uster 2016 Intervention did not meet inclusion criteria

Zhang 2016 Intervention did not meet inclusion criteria

NSCLC: non-small cell lung cancer
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title rehabiliTation In lunG cancER - The TIGER trial

Methods Randomised controlled trial
Setting: home-based, Australia
Study duration: 6 months

Participants Inclusion criteria: eligible patients will have a histologically confirmed diagnosis of inoperable, NS-
CLC; be scheduled to receive treatment other than surgery (radiotherapy, chemotherapy, targeted
therapy); be aged 18 years or older; be able to read and write English; have an Eastern Cooperative
Oncology Group performance status of 0-2 and Clinical Frailty Scale score of less than 7 at study en-
try; have a physician rated estimated life expectancy of greater than or equal to 6 months; have pri-
mary attending oncologist approval; have been sedentary in the past month (i.e. patients not per-
forming regular exercise on at least 5 days a week, for at least 30 minutes each session, at a moder-
ate or vigorous intensity for the past month).

Patients will be excluded if they have: pelvic or lower limb bony metastases, an unstable psychi-
atric or cognitive disorder; presence of a concurrent, actively treated other malignancy or histo-
ry of other malignancy treated within the past one year (or three if treatment within the vicinity of
the lung fields, e.g. radiotherapy for breast or oesophageal cancer), other than non-melanoma skin

ACTRN12614001268639 
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cancer or in-situ melanoma, or have any other comorbidities preventing participation in a land-
based exercise programme.

Interventions Control: usual practice. All patients, including those allocated to usual care, will receive 2 booklets:
on lung cancer diagnosis and treatment and exercise for people living with cancer, produced by
Cancer Council Victoria. Participants will also report (via telephone calls from our research assis-
tant every 4 weeks) their levels of exercise during the intervention.

Intervention: in addition to usual care, participants will receive 8 weeks of a structured multidisci-
plinary intervention including a personalised aerobic and resistance exercise programme, goal set-
ting and follow-up in one-to-one phone and home visit consultations, and symptom self-care ed-
ucation. At the completion of the 8-week home-based programme, a maintenance exercise pro-
gramme will be prescribed for each participant individually, with monthly physiotherapy tele-
phone contact to monitor adherence and progress to the final 6-month time point.

Outcomes Exercise capacity (6MWD), physical activity (7 days of accelerometry), muscle strength (quadriceps
and hand-grip assessed using hand held dynamometry), HRQoL (FACT-L), dyspnoea (Likert Scale,
high worse), anxiety and depression (Hospital Anxiety and Depression Scale)

Starting date 1 December 2014

Contact information Ms Lara Edbrooke: larae@unimelb.edu.au

Notes  

ACTRN12614001268639  (Continued)

 
 

Trial name or title Exercise for the management of the cancer-related fatigue in advanced lung cancer. - ExAL

Methods Randomised controlled trial
Setting: home-based, India
Study duration: 2 months

Participants Inclusion criteria: diagnosis of advanced lung cancer (stage III–IV NSCLC), declared as unresectable
by the multidisciplinary oncology team; aged 18 or above with WHO performance status 0–2; med-
ically fit to undergo mixed type of exercise (aerobics and resistance); ability to fill the self-reported
questionnaire in any of the three languages (English, Hindi and Marathi); not being previously en-
rolled in a physiotherapy or exercise program; posted for or receiving chemotherapy or radiothera-
py or combination of chemo-radiotherapy.

Exclusion criteria: life expectancy less than 6 months; inability to complete baseline physical fit-
ness test; pregnancy; any neurological, orthopaedic condition that may impede ambulation; suffer-
ing from severe mental or cognitive impairment.

Interventions Control: usual care — breathing exercises, incentive spirometer exercises and education regarding
importance of physical activity. Patients will be reviewed with respiratory care program at equal
number of visits that of intervention group.

Intervention: progressive resistance exercises for 2 months. Resistance exercises will start with 60%
to 70% of 1 Repetition Maximum (RM). Aerobic exercise training will be mainly walking; however,
swimming, cycling and running may be considered as alternative aerobic activities. The aim is to
achieve 30-60 minutes of moderate-intensity aerobic exercise for 5 days a week. However, consid-
ering many of the patients with advanced lung cancer may not be able to perform such intensity
in the initial stages, intensity will be modified as per their functional status and their age adjusted
predicted maximum heart rate. Initial intensity of light (%HRR 30-39) to moderate (%HRR 40-49)
will be prescribed according to patients condition and during training participants will be encour-

CTRI/2015/01/005348 
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aged to maintain their aerobic activity perceived exertion up to “Somewhat Hard” on the Modified
Borg scale.

Outcomes Cancer related fatigue (Functional Assessment of Chronic Illness Therapy- fatigue [FACIT-F]),
HRQoL (FACT-L), exercise capacity (6MWD), muscle strength (hand-grip assessed using hand held
dynamometry), survival.

Starting date 31 January 2015

Contact information Vincent Singh Paramanandam: vinsu24@gmail.com

Notes  

CTRI/2015/01/005348  (Continued)

 
 

Trial name or title Exercise in Advanced Stage Lung Cancer Patients - EXHALE

Methods Randomised controlled trial
Setting: outpatient, Denmark
Study duration: 12 weeks

Participants Inclusion criteria: non-small cell lung cancer stage IIIb-IV; small cell lung cancer extensive disease;
patients > 18 years; WHO performance status 0-2; undergoing chemotherapy.

Exclusion criteria: brain or bone metastases; prolonged bone marrow suppression; anti-coagulant
treatment; symptomatic heart disease congestive heart failure; arrhythmia; myocardial infarction
diagnosed within the last three months; inability to provide informed consent.

Interventions Control: usual care. The patients randomised to the control group will receive no training but
are offered the chance to participate in the supervised training after they have completed their
antineoplastic treatment, at least after twelve weeks. Patients in early second-line treatment
("switch maintenance") will be offered training after 12 weeks, although they have not completed
chemotherapy.

Intervention: each session has a duration of 1.5 hours and occurs twice weekly, supervised by a re-
search physiotherapist. The training comprises warm-up exercises, strength and fitness training,
as well as stretching. Strength training will be carried out using 6 machines (Technogym: leg press,
chest press, lateral machine, leg extension, abdominal crunch, and lower back). The practical aim
of strength training was to complete 3 series of 5-8 sets, with 70% to 90% of 1RM. Cardiovascular
training will be carried out as interval training on stationery bikes. Intensity will be equivalent to
85% to 95% of each patient's maximum HR and will last approximately 10-15 minutes.

Outcomes Exercise capacity (VO2peak and 6MWD), muscle strength (1RM), lung function (FEV1); HRQoL
(SF-36, FACT-L), anxiety and depression (HADS)

Starting date February 2012

Contact information Morten Quist: morten.quist@regionh.dk

Notes  

NCT01881906 
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Trial name or title POSITIVE - Physical Exercise Program in Lung Cancer Patients With Non-operable Disease Undergo-
ing Palliative Treatment

Methods Randomised controlled trial
Setting: inpatient and outpatient, Germany
Study duration: 24 weeks

Participants Inclusion criteria: NSCLC stage IIIB/IV; receiving systemic treatment (palliative radiotherapy accept-
ed); BMI > 18
ECOG (Eastern Cooperative Oncology Group) performance status ≤ 2; signed informed consent.

Exclusion criteria: serious active infection (i.e. requiring an intravenous antibiotic, antifungal or an-
tiviral agent); inability to walk; immobility (more than two days); previously untreated (non-irra-
diated or non-resected) symptomatic brain metastases; permitted are: 1) previously treated brain
metastases (radiotherapy, surgery, dexamethasone dosage 8 mg per day, anti-epileptic therapy);
2) asymptomatic brain metastases without additional therapy requirement; severe neurologic im-
pairment (e.g. apoplectic insult, Morbus Parkinson, pareses of extremities); severe cardiac impair-
ment (e.g. cardiac insufficiency NYHA (New York Heart Association) > III, myocardial infarction with-
in the last three months, unexplained syncope events, severe cardiac arrhythmias, high grade aor-
tic stenosis); severe respiratory insufficiency; uncontrolled pain
abuse of alcohol or drugs reducing compliance to the study; bone metastasis inducing skeletal
fragility; any circumstance that would impede ability to give informed consent or adherence to
study requirements.

Interventions Control: weekly "care-management-phone-call" (CMPC), performed by an advanced practice nurse
(APN). The CMPCs are based on a structured questionnaire, reflecting pain, shortness of breath, dis-
turbed sleep, exhaustion and distress and potentially treatment related side effects (e.g. infections,
polyneuropathy, etc.). In case of demanding management of symptoms or complaints (e.g. uncon-
trolled pain or breathlessness) the treating physician is contacted by the APN to facilitate improve-
ment.

Intervention: combined resistance and endurance program consisting of free weight and rubber
band training for major upper and lower body muscle groups respectively of cycling/walking on
an ergometer/treadmill 3 times a week. Outpatient periods (3 times a week at least two/one su-
pervised training sessions): supervised training sessions in the local outpatient training centre will
comprise of resistance exercise on machines and endurance training on an ergometer/treadmill.
For non-supervised training session during the outpatient period, participants will receive an exer-
cise manual for individualised home-based exercising. In weekly phone calls, the advanced prac-
tice nurse will review adherence to the intervention and identify problems.

Outcomes HRQoL (FACT-L), general fatigue (Multidimensional Fatigue Inventory), exercise capacity (6MWD),
muscle strength (hand-grip assessed using hand held dynamometry), survival

Starting date December 2013

Contact information Joachim Wiskemann: joachim.wiskemann@nct-heidelberg.de

Notes  

NCT02055508 

 
 

Trial name or title Pre Radiotherapy Daily Exercise Training in Non-Small Cell Lung Cancer (PRIME)

Methods Randomised controlled trial
Setting: Denmark
Study duration: 6 weeks

NCT03066271 
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Participants Inclusion criteria: non-small cell lung cancer treated with concomitant chemo- and radiotherapy;
age: > 18 year; WHO performance status 0-1.

Exclusion criteria: patients with any symptoms or circumstances that advise against physical activi-
ty; symptomatic heart disease; congestive heart failure; inability to read and speak Danish; brain or
bone metastases; prolonged bone marrow suppression; anti-coagulant treatment; inability to pro-
vide informed consent.

Interventions Control: patients randomised to the control group received no exercise training but were equipped
with a Garmin vivo-smart HR® activity tracker every day in 24h during the course of radiotherapy
treatment.

Intervention: patients randomised to the intervention group received supervised daily exercise
training (Monday to Friday) on a cycle ergometer for 20 minutes prior to radiotherapy treatment.
The training comprised a warm-up phase followed by 3 exercise phases. Warm-up consisted of 5
mins light stationary cycling, adjusted to 50% to 60% of the patient's peak power output deter-
mined at the incremental cycle test (iPPO). The first exercise phase comprised of 5 mins interval
training consisting of 5 x 30 sec intervals at 80% to 95% of the patient's iPPO. Between each inter-
val, there was a 30 sec pause. The second exercise phase consisted of 5 mins continuous cycling
at an intensity equalling 80% of the patient's iPPO. The third exercise phase was similar to the first
exercise phase. Intensities increased progressively from the first week to the last week (from 50%,
80% and 70% of iPPO according to the three different phases, to 60%, 95% and 80% of iPPO respec-
tively). Furthermore, patients were equipped with a Garmin vivo-smart HR® activity tracker every
day in 24h during the course of radiotherapy treatment.

Outcomes Exercise capacity (VO2peak and 6MWD), lung function (FEV1, ventilation and tidal volume mea-
sured by indirect calorimetry), hypoxia in tumor (dynamic contrast-enhanced magnetic resonance
imaging), stroke volume, cardiac output, systemic vascular resistance, safety (sports-injury, pain,
neuropathies, nausea/vomiting, fatigue etc.), respiratory exchange ration, rated perceived exer-
tion, overall survival rate, physical activity (International Physical Activity Questionnaire Long),
quality of life and well-being (Functional Assessment of Cancer Therapy - Lung), anxiety and de-
pression (Hospital Anxiety and Depression Scale), activity data (steps, distance and intensity min-
utes measured by Garmin vivo-smart HR® activity tracker).

Starting date 3 April 2017

Contact information Morten Quist: morten.quist@regionh.dk

Notes  

NCT03066271  (Continued)

 
 

Trial name or title Exercise Intervention During Chemotherapy in Advanced Lung Cancer Patients (EMBRACE)

Methods Pilot randomised controlled trial
Setting: inpatient, home-based, United Kingdom
Study duration: 12 weeks

Participants Inclusion criteria: male or female patients, aged over 18 years old; histologically or cytologically
confirmed NSCLC (adenocarcinoma, squamous cell carcinoma, large cell carcinoma, undifferenti-
ated carcinoma or other); stage IIIb/IV disease; patients being treated with first-line gemcitabine
and platinum based chemotherapy; performance status 0-2.

Exclusion criteria: unable to consent; unable to perform CPET; significant cardiac ischaemia of > 1.5
mm symptomatic and > 2 mm asymptomatic observed on the baseline ECG.

Interventions Control: no exercise

NCT03334071 
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Intervention: supervised in-hospital, exercise training programme on a cycle ergometer before and
during chemotherapy. At week 5-6 there will be a transition period of in-hospital to home-based
exercise training (at this point we will perform the exercises that they will perform at home in the
in-hospital environment to ensure that the patient understands the home-based exercise training
programme) and then week 7-12 will be home-based exercise training only with telephone sup-
port.

Outcomes Adverse events and number of participants completing exercise sessions as a function of the whole
programme. Exercise capacity (VO2peak), muscle strength (hand-grip assessed using hand held dy-
namometry), HRQoL (no details of questionnaire reported), physical activity (no details reported).

Starting date 4 April 2014

Contact information Samantha Legett: Samantha.leggett@uhs.nhs.uk

Notes  

NCT03334071  (Continued)

 
 

Trial name or title Aerobic Exercise and Tai-chi Interventions for Improving Survival in Lung Cancer Patients

Methods Randomised controlled trial

Setting: Hong Kong
Study duration: 12 weeks

Participants Inclusion criteria: stage IIIB, or IV non-small-cell lung cancer confirmed by pathology; not currently
engaged in other research or participant in any other exercise or mind-body classes; age at least 18
years old; able to communicate in Cantonese, Mandarin or English; no other cancer diagnosis with-
in the previous 1 year; report not doing regular exercises (defined < 150 min of moderate-intensity
exercise weekly) in daily living, but are able to attend either exercise or tai-chi classes at scheduled
times; being conscious and alert.
Exclusion criteria: suffering from a diagnosed active neurological, substance abuse and/or psychi-
atric disorders (i.e. depression, chronic insomnia).

Interventions Control: receive written information on health levels of physical activity, which they can participate
in at home (self-management) and continue to receive their usual care. At the end of the evaluation
stage of the study control participants are invited to take part in an intervention of their choice.

Exercise intervention: supervised exercise classes twice a week for 12 weeks. Classes includes aer-
obic exercises of walking (on treadmill, or out-doors, at a moderate intensity of exercise, deter-
mined by baseline physical functioning assessment and modified based on Rated Perceived Exer-
tion) or cycling on a stationary bike. Four moderate-intensity strengthening exercises (legs, arms,
abdomen, trunk) are included in one of the exercise classes each week.

Tai-chi intervention: supervised classes (taught by an experienced tai-chi master) twice a week for
12 weeks (˜60 minutes/class). Supervised sessions include a warm up, self-massage and a guided
run-through of the movements, breathing techniques, and relaxation in tai-chi. The tai-chi master
will guide participants to practice the tai-chi they learn in the classes at home each day.

Outcomes One-year survival rate, levels of physical activity (Actigraph accelerometer), circadian rhythms
(Actigraph accelerometer, melatonin rhythms and cortisol rhythms will be measured using saliva
samples), functional capacity (6-minute walking test), physical functioning (timed up and go test,
sit to stand test, single leg standing test, Get Active Questionnaire), immune functions (cytotoxic
activity of natural killer cells, and spontaneous or phytohemagglutinin (PHA)-stimulated T-lympho-
cyte proliferation), health-related quality of life (EORTC QLQC30, EORTC QLQ LC13), psychological

NCT03482323 

Exercise training for advanced lung cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

37



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

distress (Hospital Anxiety and Depression Score), sleep quality (Pittsburgh Sleep Quality Index), fa-
tigue (Brief Fatigue Inventory).

Starting date 10 May 2018

Contact information Chia-Chin Lin, cclin@hku.hk

Notes  

NCT03482323  (Continued)

 
 

Trial name or title A Remotely Supervised Exercise Program for Lung Cancer Patients Undergoing Chemoradiation
(REM)

Methods Randomised controlled trial
Setting: home-based, United States of Americia
Study duration: from at least two-weeks prior to beginning chemoradiation to one-month post-
chemoradiation.

Participants Inclusion criteria: over the age of 18 and diagnosed with Stage IIa to IIIb lung cancer; definitive
treatment with chemoradiation with weekly carboplatin and paclitaxel concurrent with radiation
is planned to begin in no less than 2 weeks; have an Apple or Android device with capacity to install
a fitness device app and access to either WiFi or cellular service; English-speaking and able to pro-
vide voluntary, written consent; able to tolerate chemoradiation as indicated by Zubrod/ECOG Per-
formance Status 0-1; CBC/differential obtained within 14 days prior to registration on study, with
adequate bone marrow function defined as follows: absolute neutrophil count (ANC) ≥ 1,500 cells/
mm3; platelets ≥ 100,000 cells/mm3; haemoglobin ≥ 8.0 g/dl; adequate renal function within 14
days prior to registration, defined as creatinine clearance must be at least 35 ml/min; Adequate he-
patic function within 14 days prior to registration, defined as total bilirubin ≤ 1.5 x upper limit of
normal (ULN) for the institution and ALT, AST, and alkaline phosphatase ≤ 2.5 x ULN for the institu-
tion; no prior thoracic radiation therapy.
Exclusion criteria: life expectancy of < 12 months or are receiving hospice services; psychiatric di-
agnosis that would require significant study modification to meet their needs such as uncontrolled
severe mental illness, substance abuse, or active suicidal ideation; exhibit American College of
Sports Medicine contraindications to exercise (includes a resting heart rate of > 120 bpm, blood
pressure > 180/100 mmHg or unstable angina 40 or musculoskeletal issue preventing exercise; are
unable to walk 100 meters); less than 2 weeks to the beginning of chemoradiation; physician dis-
cretion; are unable to walk or to complete the 6-minute walk test.

Interventions Active comparator: Unsupervised Exercise (UNSUP). The control condition represents a minimalist
intervention that could occur in any setting: 1) enthusiastic provision on an exercise prescription,
and 2) provision of a fitness device (i.e. the Garmin VivioActive) that can help participants track
their exercise engagement. Participants are instructed in how to use the device to track their ad-
herence to the exercise prescription.

Experimental: Remotely Supervised Exercise (REM) designed to function as an acceptance-based
health coaching intervention and will utilise theory-based behaviour change techniques (i.e. goal
setting/action planning, self-monitoring, receiving feedback, and reviewing relevant goals in the
light of feedback) to promote adoption and adherence to the exercise prescription.

Outcomes Recruitment and retention statistics (number of participants enrolled/number of patients eligible;
number completing all data collection/number enrolled; number adhering to randomisation/num-
ber enrolled; number withdrawn/number enrolled), minutes spent in exercise (collected from fit-
ness device), functional capacity (6MWD), physical functioning (timed up-and-go test, five times
sit-to-stand test), lung function (FEV1, DLCO, FVC), Physical Function Scale of the Patient Report-
ed Outcomes Measurement information System, Pittsburgh Sleep Quality Index, Functional As-
sessment of Cancer Therapy-fatigue scale, Dose reductions (determine the degree to which par-
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ticipants received the prescribed regimen of chemoradiation), grip strength (JAMAR Handheld Dy-
namometer).

Starting date 22 June 2018

Contact information Kayla Fay: Kayla.A.Fay@hitchcock.org

Notes  

NCT03500393  (Continued)

6MWD: Six-minute walk distance
6MWT: Six-minute walk test
BMI: Body mass index
bpm: Beats per minute
CPET: Cardiopulmonary exercise test
DLCO: DiKusing capacity of the lungs for carbon monoxide
EORTC QLQC30: European Orgnisation for Research and Treatment of Cancer Core Quality of Life Questionnaire
EORTC QLQ LC13: European Orgnisation for Research and Treatment of Cancer lung cancer-specific questionnaire module
FEV1: Forced expiratory volume in one second
FVC: Forced vital capacity
HRQoL: Health-related quality of life
NSCLC: Non-small cell lung cancer
VO2peak: Peak oxygen uptake
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Exercise training versus control

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Exercise capacity (6MWD) 3 59 Mean Difference (IV, Fixed, 95% CI) 63.33 [3.70, 122.96]

2 Disease-specific global health-related
quality of life

3 90 Std. Mean Difference (IV, Fixed,
95% CI)

0.51 [0.08, 0.93]

3 Physical functioning component of
health-related quality of life

3 73 Std. Mean Difference (IV, Fixed,
95% CI)

0.11 [-0.36, 0.58]

4 Dyspnoea 5 121 Std. Mean Difference (IV, Fixed,
95% CI)

-0.27 [-0.64, 0.10]

5 Fatigue 3 90 Std. Mean Difference (IV, Random,
95% CI)

0.03 [-0.51, 0.58]

6 Feelings of anxiety 2 38 Mean Difference (IV, Random, 95%
CI)

-1.21 [-5.88, 3.45]

7 Feelings of depression 2 30 Mean Difference (IV, Random, 95%
CI)

-1.26 [-4.68, 2.17]

8 Lung Function (FEV1) 2 55 Std. Mean Difference (IV, Fixed,
95% CI)

0.43 [-0.11, 0.97]
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Analysis 1.1.   Comparison 1 Exercise training versus control, Outcome 1 Exercise capacity (6MWD).

Study or subgroup Favours control Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Henke 2014 18 18.7 (106.7) 11 -47.5
(150.5)

34.39% 66.21[-35.48,167.9]

Jastrzebski 2015 12 563.9 (64.6) 8 509.4
(134.3)

35.57% 54.5[-45.48,154.48]

Vanderbyl 2017 3 53.3 (88.1) 7 -17.2 (58.8) 30.04% 70.5[-38.29,179.29]

   

Total *** 33   26   100% 63.33[3.7,122.96]

Heterogeneity: Tau2=0; Chi2=0.05, df=2(P=0.98); I2=0%  

Test for overall effect: Z=2.08(P=0.04)  

Favours control 200100-200 -100 0 Favours exercise training

 
 

Analysis 1.2.   Comparison 1 Exercise training versus control,
Outcome 2 Disease-specific global health-related quality of life.

Study or subgroup Exercise training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Henke 2014 18 5.7 (21.8) 11 -6.4 (28.2) 31.4% 0.48[-0.28,1.25]

Hwang 2012 11 5.1 (14.5) 13 3.1 (14.1) 28.2% 0.14[-0.67,0.94]

Molassiotis 2015 19 0.4 (1.5) 18 -0.8 (1.5) 40.4% 0.78[0.11,1.45]

   

Total *** 48   42   100% 0.51[0.08,0.93]

Heterogeneity: Tau2=0; Chi2=1.47, df=2(P=0.48); I2=0%  

Test for overall effect: Z=2.32(P=0.02)  

Favours control 21-2 -1 0 Favours exercise training

 
 

Analysis 1.3.   Comparison 1 Exercise training versus control, Outcome
3 Physical functioning component of health-related quality of life.

Study or subgroup Exercise training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Henke 2014 18 -0.8 (28.5) 11 -7.2 (29.9) 38.69% 0.21[-0.54,0.96]

Hwang 2012 11 -1.5 (6.9) 13 -2 (12.1) 33.96% 0.05[-0.76,0.85]

Jastrzebski 2015 12 -2.4 (17.7) 8 -3.1 (10.9) 27.36% 0.04[-0.85,0.94]

   

Total *** 41   32   100% 0.11[-0.36,0.58]

Heterogeneity: Tau2=0; Chi2=0.12, df=2(P=0.94); I2=0%  

Test for overall effect: Z=0.46(P=0.64)  

Favours control 10.5-1 -0.5 0 Favours exercise training
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Analysis 1.4.   Comparison 1 Exercise training versus control, Outcome 4 Dyspnoea.

Study or subgroup Exercise training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Henke 2014 18 -2.1 (24) 11 -12.8 (34.6) 23.98% 0.37[-0.39,1.12]

Hwang 2012 11 -5.8 (10.7) 13 -1.6 (14.3) 21% -0.32[-1.13,0.49]

Jastrzebski 2015 12 -0.7 (1.1) 8 0.4 (0.9) 14.83% -1.03[-1.99,-0.06]

Molassiotis 2015 19 0 (1.2) 18 0.7 (1.1) 31.5% -0.59[-1.25,0.07]

Vanderbyl 2017 4 1 (3.3) 7 -0.5 (2.3) 8.69% 0.51[-0.74,1.77]

   

Total *** 64   57   100% -0.27[-0.64,0.1]

Heterogeneity: Tau2=0; Chi2=7.53, df=4(P=0.11); I2=46.86%  

Test for overall effect: Z=1.44(P=0.15)  

Favours exercise training 21-2 -1 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Exercise training versus control, Outcome 5 Fatigue.

Study or subgroup Exercise training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Henke 2014 18 5.1 (24.5) 11 -6.4 (28.2) 32.07% 0.43[-0.33,1.19]

Hwang 2012 11 -5.1 (13.9) 13 -9.1 (20) 29.76% 0.22[-0.59,1.03]

Molassiotis 2015 19 -0.2 (1.8) 18 0.6 (1.7) 38.17% -0.45[-1.1,0.21]

   

Total *** 48   42   100% 0.03[-0.51,0.58]

Heterogeneity: Tau2=0.09; Chi2=3.32, df=2(P=0.19); I2=39.77%  

Test for overall effect: Z=0.12(P=0.9)  

Favours exercise training 21-2 -1 0 Favours control

 
 

Analysis 1.6.   Comparison 1 Exercise training versus control, Outcome 6 Feelings of anxiety.

Study or subgroup Exercise training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Molassiotis 2015 13 0 (3.3) 14 3.3 (4.5) 56.49% -3.3[-6.26,-0.34]

Vanderbyl 2017 4 1.5 (3.7) 7 0 (3.6) 43.51% 1.5[-3,6]

   

Total *** 17   21   100% -1.21[-5.88,3.45]

Heterogeneity: Tau2=7.74; Chi2=3.05, df=1(P=0.08); I2=67.2%  

Test for overall effect: Z=0.51(P=0.61)  

Favours exercise training 2010-20 -10 0 Favours control

 
 

Analysis 1.7.   Comparison 1 Exercise training versus control, Outcome 7 Feelings of depression.

Study or subgroup Exercise training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Molassiotis 2015 9 -1.2 (2.9) 10 1.9 (4.4) 47.36% -3.1[-6.42,0.22]

Vanderbyl 2017 4 0.5 (2.1) 7 0.1 (2.8) 52.64% 0.4[-2.52,3.32]

   

Favours exercise training 105-10 -5 0 Favours control
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Study or subgroup Exercise training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Total *** 13   17   100% -1.26[-4.68,2.17]

Heterogeneity: Tau2=3.58; Chi2=2.41, df=1(P=0.12); I2=58.42%  

Test for overall effect: Z=0.72(P=0.47)  

Favours exercise training 105-10 -5 0 Favours control

 
 

Analysis 1.8.   Comparison 1 Exercise training versus control, Outcome 8 Lung Function (FEV1).

Study or subgroup Exercise training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Jastrzebski 2015 12 11.5 (13.2) 8 2.9 (26.1) 35.44% 0.43[-0.48,1.33]

Molassiotis 2015 18 -0.1 (0.3) 17 -0.2 (0.3) 64.56% 0.44[-0.23,1.11]

   

Total *** 30   25   100% 0.43[-0.11,0.97]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=1.58(P=0.12)  

Favours control 21-2 -1 0 Favours exercise training

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1MeSH descriptor: [Lung Neoplasms] explode all trees
#2lung cancer*
#3lung carcinoma*
#4lung malignan*
#5lung neoplasm*
#6lung tumo*
#7pulmonary cancer*
#8pulmonary carcinom*
#9pulmonary malignan*
#10pulmonary neoplasm*
#11pulmonary tumo*
#12MeSH descriptor: [Carcinoma, Non-Small-Cell Lung] explode all trees
#13nonsmall cell lung cancer*
#14non small cell lung cancer*
#15nonsmall cell lung carcinoma*
#16non small cell lung carcinoma*
#17NSCLC
#18MeSH descriptor: [Carcinoma, Small Cell] explode all trees
#19oat cell carcinoma*
#20oat cell lung carcinoma*
#21oat cell lung cancer*
#22oat cell cancer*
#23SCLC
#24small cell lung cancer*
#25small cell lung carcinom*
#26#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 or
#22 or #23 or #24 or #25
#27MeSH descriptor: [Breathing Exercises] explode all trees
#28MeSH descriptor: [Exercise] explode all trees
#29aerobic*
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#30exercise
#31MeSH descriptor: [Exercise Therapy] explode all trees
#32MeSH descriptor: [Physical Endurance] explode all trees
#33endurance
#34treadmill*
#35MeSH descriptor: [Walking] explode all trees
#36walking
#37strength*
#38MeSH descriptor: [Resistance Training] explode all trees
#39resistance training
#40weight training
#41weight liJing
#42MeSH descriptor: [Respiratory Muscles] explode all trees
#43inspiratory muscle*
#44expiratory muscle*
#45MeSH descriptor: [Physical Therapy Modalities] explode all trees
#46physiother*
#47physical therap*
#48MeSH descriptor: [Bicycling] explode all trees
#49bicycling
#50cycling
#51#27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46
or #47 or #48 or #49 or #50
#52#26 and #51

Appendix 2. MEDLINE search strategy

#1,"Search lung neoplasms[MeSH Terms]"
#2,"Search lung cancer*[Title/Abstract]"
#3,"Search lung carcinoma*[Title/Abstract]"
#4,"Search lung malignan*[Title/Abstract]"
#5,"Search lung neoplasm*[Title/Abstract]"
#6,"Search lung tumo*[Title/Abstract]"
#7,"Search pulmonary cancer*[Title/Abstract]"
#8,"Search pulmonary carcinom*[Title/Abstract]"
#9,"Search pulmonary malignan*[Title/Abstract]"
#10,"Search pulmonary neoplasm*[Title/Abstract]"
#11,"Search pulmonary tumo*"
#12,"Search carcinoma, non small cell lung[MeSH Terms]"
#13,"Search nonsmall cell lung cancer*[Title/Abstract]"
#14,"Search non small cell lung cancer*[Title/Abstract]"
#15,"Search nonsmall cell lung carcinoma*[Title/Abstract]"
#16,"Search non small cell lung carcinoma*[Title/Abstract]"
#17,"Search NSCLC[Title/Abstract]"
#18,"Search carcinoma, small cell[MeSH Terms]"
#19,"Search oat cell carcinoma*[Title/Abstract]"
#20,"Search oat cell lung carcinoma*[Title/Abstract]"
#21,"Search oat cell lung cancer*[Title/Abstract]"
#22,"Search oat cell cancer*[Title/Abstract]"
#23,"Search SCLC[Title/Abstract]"
#24,"Search small cell lung cancer*"
#25,"Search small cell lung carcinom*"
#26,"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 OR #22 OR #23 OR #24 OR #25"
#27,"Search breathing exercises[MeSH Terms]"
#28,"Search exercise[MeSH Terms]"
#29,"Search aerobic*[Title/Abstract]"
#30,"Search exercise[Title/Abstract]"
#31,"Search exercise therapy[MeSH Terms]"
#32,"Search physical endurance[MeSH Terms]"
#33,"Search endurance[Title/Abstract]"
#34,"Search treadmill*[Title/Abstract]"
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#35,"Search walking[MeSH Terms]"
#36,"Search walking[Title/Abstract]"
#37,"Search strength*[Title/Abstract]"
#38,"Search resistance training[MeSH Terms]"
#39,"Search resistance training[Title/Abstract]"
#40,"Search weight training[Title/Abstract]"
#41,"Search weight liJing[Title/Abstract]"
#42,"Search respiratory muscles[MeSH Terms]"
#43,"Search inspiratory muscle*[Title/Abstract]"
#44,"Search expiratory muscle*"
#45,"Search physical therapy modalities[MeSH Terms]"
#46,"Search physiother*[Title/Abstract]"
#47,"Search physical therap*[Title/Abstract]"
#48,"Search bicycling[MeSH Terms]"
#49,"Search bicycling[Title/Abstract]"
#50,"Search cycling[Title/Abstract]"
#51,"Search #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43
OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50"
#52,"Search #26 AND #51"
#53,"Search randomized controlled trial[Publication Type]"
#54,"Search controlled clinical trial[Publication Type]"
#55,"Search randomized[Title/Abstract]"
#56,"Search placebo[Title/Abstract]"
#57,"Search drug therapy[MeSH Subheading]"
#58,"Search randomly[Title/Abstract]"
#59,"Search trial[Title/Abstract]"
#60,"Search groups[Title/Abstract]"
#61,"Search #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59 OR #60"
#62,"Search animals [MeSH Terms] NOT humans [MeSH Terms]"
#63,"Search #61 not #62"
#64,"Search #52 AND #63"

Appendix 3. Embase search strategy

#1 'lung tumor'/exp
#2 'lung cancer*':ab,ti
#3 'lung carcinoma*':ab,ti
#4 'lung malignan*':ab,ti
#5 'lung neoplasm*':ab,ti
#6 'lung tumo*':ab,ti
#7 'pulmonary cancer*':ab,ti
#8 'pulmonary carcinom*':ab,ti
#9 'pulmonary malignan*':ab,ti
#10 'pulmonary neoplasm*':ab,ti
#11 'pulmonary tumo*':ab,ti
#12 'lung non small cell cancer'/exp
#13 'nonsmall cell lung cancer*':ab,ti
#14 'non small cell lung cancer*':ab,ti
#15 'nonsmall cell lung carcinoma*':ab,ti
#16 'non small cell lung carcinoma*':ab,ti
#17 'nsclc':ab,ti47813
#18 'small cell lung cancer'/exp
#19 'oat cell carcinoma*':ti,ab
#20 'oat cell lung carcinoma*':ti,ab
#21 'oat cell lung cancer*':ti,ab
#22 'oat cell cancer*':ti,ab
#23 'sclc':ti,ab
#24 'small cell lung cancer*':ti,ab
#25 'small cell lung carcinom*':ti,ab
#26 #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 OR #22 OR #23 OR #24 OR #25
#27 'breathing exercise'/exp
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#28 'exercise'/exp
#29 'aerobic*':ti,ab
#30 'exercise':ti,ab
#31 'kinesiotherapy'/exp
#32 'endurance'/exp
#33 'endurance':ti,ab
#34 'treadmill*':ti,ab
#35 'walking'/exp
#36 'walking':ti,ab
#37 'strength*':ti,ab
#38 'resistance training'/exp
#39 'resistance training':ti,ab
#40 'weight training':ti,ab
#41 'weight liJing':ti,ab
#42 'breathing muscle'/exp
#43 'inspiratory muscle*':ti,ab
#44 'expiratory muscle*':ti,ab
#45 'physiotherapy'/exp
#46 'physiother*':ti,ab
#47 'physical therap*':ti,ab
#48 'cycling'/exp
#48 OR #49
#49 'cycling':ti,ab
#50 #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44
OR #45 OR #46 OR #47 OR
#51 'crossover procedure'/exp OR 'double-blind procedure'/exp OR 'randomized controlled trial'/exp OR 'single-blind procedure'/exp OR
random* OR factorial* OR crossover* OR cross NEXT/1 over* OR placebo* OR doubl* NEAR/1 blind* OR singl* NEAR/1 blind* OR assign* OR
allocat* OR volunteer*
#52 #26 AND #50 AND #

H I S T O R Y

Protocol first published: Issue 6, 2017
Review first published: Issue 2, 2019

 

Date Event Description

4 July 2017 Amended Citation names of the authors updated. No change in the contain
of the protocol

 

C O N T R I B U T I O N S   O F   A U T H O R S

CPM initiated, wrote and organised the protocol and review into Review Manager, selected studies, rated risk of bias, extracted data from
studies, conducted the analysis and wrote the final review paper.

VC wrote the protocol and review, developed the protocol and methodological topics, extracted data from the studies, contacted authors
for additional information, conducted the analysis and critically appraised the final review paper.

FS wrote and developed the protocol, selected studies, and rated risk of bias.

RT, RN and DG critically appraised the protocol versions and the final review paper.
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Daniel Galvão: none known.

Vinicius Cavalheri: none known.
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• Exercise Medicine Research Institute, Edith Cowan University, Joondalup, Australia.

• School of Medical and Health Sciences, Edith Cowan University, Joondalup, Australia.

• School of Physiotherapy and Exercise Science, Faculty of Health Sciences, Curtin University, Bentley, Australia.

• Sir Charles Gairdner Hospital, Nedlands, Australia.

• Institute for Respiratory Health, Sir Charles Gairdner Hospital, Nedlands, Australia.

External sources

• Cancer Council Western Australia Postdoctoral Research Fellowships, Australia.

Carolyn McIntyre, Rajesh Thomas, and Vinicius Cavalheri

• Cancer Council Western Australia Research Fellowship, Australia.

Daniel A. Galvão

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

There were four main diKerences between our review and the previously published protocol (Peddle-McIntyre 2017). First, we changed the
outcome measure "health-related quality of life (HRQoL)" to "disease-specific global HRQoL" to more accurately reflect the construct being
analysed. Further, we added the outcome measure of physical functioning component of HRQoL. This was added to examine the eKects of
exercise training and the specific physical functioning aspects of HRQoL. Second, as we included less than 10 studies in our meta-analyses,
we did not examine funnel plots for signs of asymmetry. Third, force-generating capacity of peripheral muscles was not included in the
GRADE 'Summary of findings' table due to lack of data. We included dyspnoea instead. Finally, while we had identified 12-month overall
survival as a secondary outcome measure, only one study reported a survival outcome of overall survival. Therefore we have included
overall survival as our secondary outcome rather than 12-month overall survival.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Cardiovascular Deconditioning;  *Exercise;  *Exercise Tolerance;  Lung Neoplasms  [pathology]  [physiopathology]  [*therapy];  Muscle
Strength  [physiology];  Oxygen Consumption;  Quality of Life;  Randomized Controlled Trials as Topic;  Walk Test

MeSH check words

Aged; Female; Humans; Male; Middle Aged
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