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Abstract
Aims and Objectives: To identify, appraise and summarise systematic reviews of ex-
ercise interventions for surgical lung cancer patients.
Background: Low exercise capacity, reduced pulmonary function, impaired health-
related quality of life and postoperative pulmonary complications are common in 
surgical lung cancer patients. Numerous systematic reviews address these health 
problems and examine the effects of exercise intervention. However, differences in 
the quality and scope of the systematic reviews and discordant findings from the 
reviews make it difficult for decisions-makers to interpret the evidence and establish 
best practices in the clinical settings.
Design: Overview of systematic reviews.
Methods: This overview was conducted following the PRISMA guideline. A literature 
search of PubMed, CINAHL, EMBASE, Cochrane Library, SPORTDiscus and PEDro 
was conducted (October 2019). Peer-reviewed systematic reviews of randomised 
controlled trials focusing on the effects of exercise interventions for lung cancer pa-
tients who underwent surgery were included. The methodological quality of included 
reviews was assessed using AMSTAR 2. The results of reviews with meta-analysis 
were synthesised and presented by each health outcome.
Results: Seven systematic reviews published between 2013 and 2019 were included. 
High/moderate-quality evidence showed that postoperative exercise interventions 
could increase the exercise capacity and muscle strength, and low/very-low-quality 
evidence showed that postoperative exercise interventions may increase the physi-
cal component of health-related quality of life and decease dyspnoea. Low-quality 
evidence showed that preoperative exercise interventions may increase exercise ca-
pacity and pulmonary function, decrease the risk of postoperative pulmonary compli-
cations and reduce the length of hospital stay.
Conclusions: Postoperative and preoperative exercises have the potential to improve 
health outcomes in surgical lung cancer patients. Further research is needed to evalu-
ate the effects of different types of exercise and varying amounts of exercise.
Relevance to clinical practice: This study provides evidence to support the implemen-
tation of exercise interventions for surgical lung cancer patients.
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1  |  INTRODUC TION

Lung cancer is the most commonly diagnosed cancer and the leading 
cause of cancer-related death worldwide (World Health Organization, 
2018). Global cancer statistics estimate that 2.09 million new cases of 
lung cancer were diagnosed and 1.76 million lung cancer deaths oc-
curred worldwide in 2018 (Bray et al., 2018; World Health Organization, 
2018). Surgical resection is one of the main treatments for lung cancer, 
especially for non-small cell lung cancer (NSCLC). In the United States, 
56% of patients with stage I and II NSCLC and 18% of patients with 
stage III NSCLC undergo surgery with either wedge resection, sleeve 
resection, lobectomy or pneumonectomy (Miller et al., 2019). While 
surgery is an effective treatment for lung cancer, lung cancer patients 
who underwent surgery tend to experience decreased exercise capac-
ity (Ha et al., 2018), reduced pulmonary function (Kim et al., 2015), im-
paired health-related quality of life (HRQoL) (Ha et al., 2018; Handy 
et al., 2002; Poghosyan et al., 2013) and a high risk of postoperative 
pulmonary complications (PPCs) (Agostini et al., 2010; Flores et al., 
2009; Lugg et al., 2016; Stephan et al., 2000).

Exercise is defined as “planned, structured, and repetitive bodily 
movement to improve or maintain one or more components of 
physical fitness” (Caspersen et al., 1985). The exercise guidelines 
for cancer survivors report that specific doses of aerobic training, 
resistance training or a combination could improve common can-
cer-related health outcomes (Campbell et al., 2019). Additionally, 
respiratory muscle training (RMT) is sometimes recommended to 
increase the strength of respiratory muscles for people with lung 
disease (Hill et al., 2010). These types of exercise (aerobic training, 
resistance training and RMT) may contribute to improved health 
outcomes of surgical lung cancer patients.

Numerous systematic reviews address postoperative health prob-
lems and examine the effects of preoperative and/or postoperative ex-
ercise interventions on lung cancer patients following surgery (Cavalheri 
& Granger, 2017; Cavalheri et al., 2013a, 2013b, 2019; Crandall 
et al., 2014; Mainini et al., 2016; Ni et al., 2017; Pouwels et al., 2015; 
Rodriguez-Larrad et al., 2014; Rosero et al., 2019; Sebio Garcia et al., 
2016; Sommer et al., 2018; Steffens et al., 2018; Wang et al., 2019). 
However, these reviews vary in inclusion criteria and methodological 
quality, and this leads to inconsistent findings. Some reviews report in-
consistent findings about the effect of exercise interventions on spe-
cific outcomes, for example, pulmonary function (Cavalheri & Granger, 
2017; Rosero et al., 2019; Sebio Garcia et al., 2016) and exercise capac-
ity (Cavalheri et al., 2019; Li et al., 2017). The varied methodology and 
inconsistent findings make it difficult for decision-makers to interpret 
the evidence and establish best practices in the clinical settings.

Overviews of systematic reviews typically compare, summarise 
and synthesise results from multiple systematic reviews (Smith et al., 

2011). With syntheses of all the related findings from included re-
views, overviews help provide decision-makers with easily available 
evidence.

2  |  AIM

The aim of this overview is to identify, appraise and summarise system-
atic reviews of exercise interventions for surgical lung cancer patients.

3  |  METHODS

This study was conducted and reported following the guideline 
of Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Moher et al., 2009) (see Supporting File S1).

3.1  |  Search strategy

A literature search of PubMed, CINHAL, Embase, Cochrane Library, 
SPORTDiscus and PEDro (Physiotherapy Evidence Database) using re-
lated terms and filters was conducted on 15 October 2019. Details of 
the search strategy are shown in Appendix 1. No limits were applied to 
the databases in terms of publication date or language.

3.2  |  Selection of reviews

Two authors independently screened the studies identified by the 
search strategy. The authors excluded studies based on the titles 
and abstracts and then independently assessed the remaining 

K E Y W O R D S
exercise, lung cancer, overview of systematic review, postoperative care, physical therapy, 
preoperative care, surgery

What does this paper contribute to the wider 
global clinical community?

•	 This overview of systematic review provided a summary 
of evidence that examined the effects of exercise inter-
ventions for lung cancer patients.

•	 This overview listed the health outcomes that could be 
improved by exercise interventions.

•	 Future research needs to focus on evaluating the effects 
of different types of exercise and varying amounts of 
exercise.
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studies for eligibility based on the full texts. Disagreements were 
resolved by consensus. The inclusion criteria for the selection of 
relevant studies were as follows: systematic reviews (with or with-
out meta-analysis) which (a) include randomised controlled trials 
(RCTs), (b) include subjects who were lung cancer patients (NSCLC 
or other type of lung cancer) underwent any type of surgery, (c) 
include exercise interventions of either aerobic exercises, resist-
ance training, respiratory muscle training or any combination, (d) 
report at least one of the following outcomes: exercise capacity, 
pulmonary function, HRQoL, PPCs, muscle strength and LOS, and 

(e) are full, peer-reviewed articles published in English. Systematic 
reviews that include both non-RCTs and RCTs were excluded.

3.3  |  Data extraction

Data were extracted using a standardised form, which included 
participants characteristics, types of interventions, outcomes, syn-
theses methods, pooled anticipated absolute/relative effects for 
outcomes meta-analysed, quality of evidence (GRADE) and main 

F I G U R E  1  Flow diagram of study selection
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conclusions. The first author abstracted data and the second author 
verified it for accuracy. Disagreements were resolved by consensus.

3.4  |  Quality assessment of included reviews

The methodological quality of the included systematic reviews was 
independently assessed by two authors using AMSTAR 2 (Shea et al., 
2017). Disagreements were resolved in group meetings. AMSTAR 2 is 
the revised version of AMSTAR (A MeaSurement Tool to Assess sys-
tematic Reviews). AMESTAR 2 is composed of 16 items scored as “yes,” 
“no,” “partial yes” and “no meta-analysis.” The overall quality is catego-
rised as “high,” “moderate,” “low” and “critically low” (Shea et al., 2017).

3.5  |  Data analysis and synthesis

We constructed figures to visualise the overlap of reviews in terms 
of the included RCTs (Kitsiou et al., 2015) and to demonstrate the 
types of exercises included in each RCT. To summarise the evidence 
on the effects of exercise interventions, we synthesised the results 
of meta-analyses and constructed “Summary of findings” tables for 
each outcome. We reported outcomes which were examined in more 
than one systematic review. The number of participants, types of in-
terventions, anticipated absolute effects/ relative effects and quality 
of evidence (GRADE) were reported in “Summary of findings” tables.

4  |  RESULTS

4.1  |  Search results

As shown in Figure 1, the database search (up to 15 October 2019) 
yielded 176 citations after removal of 65 duplicate references. We 
screened titles and abstracts and retrieved 32 full-text articles. After 
full-text review, 24 additional articles did not meet eligibility criteria 
(list of articles and reasons for exclusion are shown in Appendix 2). 
Seven systematic reviews (eight references as one systematic review 
was published in duplicate) were included in this overview. Six of the 
seven reviews included meta-analyses (Cavalheri et al., 2019; Cavalheri 
& Granger, 2017; Cavalheri et al., 2013a; Li et al., 2017; Mainini et al., 
2016; Rosero et al., 2019; Sommer et al., 2018). One review (Cavalheri 
et al., 2019) is an updated version of the old one (Cavalheri et al., 2013a).

4.2  |  Characteristics of included studies

The participants’ characteristics, types of interventions, syntheses 
methods and main conclusions of the seven systematic reviews are re-
ported in Table 1. The reviews were published between 2013 and 2019. 
The number of RCTs included in each review ranged from three to ten.

4.2.1  |  Overlap of reviews

The RCTs included in the systematic reviews are presented in 
Figures 2 and 3 to show the overlap of the reviews. Ten RCTs (12 
references) were included in the postoperative group (see Figure 2), 
and 13 RCTs were included in the preoperative exercise intervention 
group (see Figure 3).

4.2.2  |  Participants

As shown in Table 1, the number of participants included in 
the systematic reviews ranged from 167 to 676. The average 
age of participants ranged from 54 to 72.5 years. Five reviews 
(Cavalheri et al., 2019; Cavalheri & Granger, 2017; Cavalheri 
et al., 2013a; Mainini et al., 2016; Rosero et al., 2019) only in-
cluded patients diagnosed with NSCLC, while two reviews (Li 
et al., 2017; Sommer et al., 2018) included participants with any 
type of lung cancer. None of the reviews had restrictions on the 
type of surgery.

4.2.3  |  Interventions

Four reviews (Cavalheri et al., 2019; Cavalheri et al., 2013a; Li et al., 
2017; Sommer et al., 2018) reported postoperative exercise inter-
ventions, two reviews (Cavalheri & Granger, 2017; Rosero et al., 
2019) reported preoperative exercise interventions, and one review 
(Mainini et al., 2016) reported both postoperative and preopera-
tive interventions. Regarding the type of exercises, three reviews 
(Cavalheri & Granger, 2017; Cavalheri et al., 2013b; Rosero et al., 
2019) described the inclusion criteria for intervention as “aerobic 
exercise, resistance exercise, respiratory muscle training or any 
combination”, one review (Cavalheri et al., 2019) described the in-
tervention as “aerobic exercise, resistance exercise, or a combina-
tion”, one review (Mainini et al., 2016) had no restriction on the type 
of exercise, and one review (Li et al., 2017) described the inclusion 
criteria for intervention as “aerobic exercise, resistance exercise, 
ambulation or mobility exercise” although it included one RMT 
study (Brocki et al., 2016).

4.2.4  |  Outcomes

Outcomes reported in the systematic reviews are shown in 
Appendix 3. The frequency of the outcomes reported in the seven 
systematic reviews is as follows: exercise capacity (7/7, 100%), pulmo-
nary function (6/7, 86%), HRQoL (6/7, 86%), PPCs (4/7, 57%), muscle 
strength (2/7, 29%), LOS (2/7, 29%), dyspnoea (2/7, 29%) and fatigue  
(2/7, 29%).
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4.3  |  Methodological quality of the included 
systematic reviews

The quality of the reviews is presented in Appendix 4. Three Cochrane 
reviews (Cavalheri et al., 2019;  Cavalheri & Granger, 2017; Cavalheri 
et al., 2013a) were of high quality, two reviews (Mainini et al., 2016; 
Sommer et al., 2018) were of low quality, and two reviews (Li et al., 
2017; Rosero et al., 2019) were of critically low quality.

4.4  |  Effects of interventions

The evidence from six meta-analyses (Cavalheri et al., 2019; 
Cavalheri & Granger, 2017; Cavalheri et al., 2013a; Li et al., 
2017; Rosero et al., 2019; Sommer et al., 2018) was synthesised 
to show the effects of postoperative or preoperative exercise 
interventions.

4.4.1  |  Exercise capacity

The effects on exercise capacity were examined in all six meta-
analyses (Table 2). Three reviews (Cavalheri et al., 2019; Cavalheri 
et al., 2013a; Sommer et al., 2018) reported significantly increased 
exercise capacity after postoperative exercise interventions. One 
review (Li et al., 2017) showed no significant difference in exercise 
capacity after postoperative exercise interventions but that review 
included a study that examined the effects of RMT alone without 
aerobic training or resistance training of the lower extremities 
(Brocki et al., 2016). The strongest evidence (high and moderate 
quality) comes from a high-quality meta-analysis which found a sig-
nificant 57.26 (95% CI: 34.34–80.18) m increase in 6MWD and 2.97 
(95% CI: 1.93–4.02) ml/kg/min increase in VO2 peak (Cavalheri 
et al., 2019).

Two reviews (Cavalheri & Granger, 2017; Rosero et al., 2019) 
reported statistically significant increases in exercise capacity 

TA B L E  1  Characteristics of included systematic reviews

Systematic reviews Years searched
Primary studies (pre- or 
postoperative interventions) Participants characteristics Type of interventions Synthesis method Main conclusions

Cavalheri et al. (2013) Up to February 2013 3 RCTs (Postoperative) 178 NSCLC patients who had undergone 
resections of any type, with or without 
induction or adjuvant chemotherapy (mean 
age range 58–65 years)

Exercise training of any type (aerobic exercise, 
resistance exercise, respiratory muscle training 
or any combination) started within 12 months 
of lung resection

Meta-analysis Exercise training could improve exercise capacity. No 
improvement is shown in HRQoL, lung function or strength of 
the leg muscles

Mainini et al. (2016) May 2013 to May 2016 6 RCTs (1 preoperative study + 5 
postoperative studies)

Participants who underwent surgery for NSCLC:
•	 preoperative trial: 40 participants (mean age 

65 years)
•	 postoperative trials: 374 participants (mean 

age 66 years)

Any supervised or unsupervised, inpatient 
or outpatient or home-based pulmonary 
rehabilitation exercise training programme

Narrative synthesis Although results show improvement in exercise performance 
after preoperative pulmonary rehabilitation, it is not possible 
to identify the best preoperative intervention due to paucity 
of clinical trials in this area. Physical training programmes 
differ in every postoperative study with conflicting results, so 
comparison is difficult. Current literature shows inconsistent 
results regarding preoperative or postoperative physical 
exercise in patients undergoing lung resection

Cavalheri and Granger 
(2017)

Up to November 2016 5 RCTs (Preoperative) 167 patients who were scheduled to undergo 
lung resection for NSCLC (mean age ranged 
54–72.5 years)

Preoperative exercise: a minimum of seven 
exercise sessions completed over a minimum 
of one week in the preoperative setting. The 
exercise sessions include aerobic, resistance or 
respiratory muscle training, or a combination

Meta-analysis Preoperative exercise training may reduce the risk of developing 
a postoperative pulmonary complication, the duration of 
intercostal catheter use, postoperative length of hospital stay 
and improve both post-intervention exercise capacity and lung 
function

Li et al. (2017) Up to February 2017 6 RCTs (Postoperative) 438 patients with lung cancer who underwent 
lung resection

Various forms of exercise trainings, including 
endurance, resistance, strength, treadmill and 
walking

Meta-analysis Insufficient evidence is available to support the efficacy of 
exercise training in patients with lung cancer after lung 
resection

Sommer et al. (2018) Up to February 2016 4 RCTs (Postoperative) 262 patients undergoing resection for NSCLC 
(mean age: over 60 years)

Postoperative exercise intervention (aerobic 
exercise, resistance exercise, ambulation or 
mobility exercise) initiated within 1 year after 
lung resection

Meta-analysis Exercise has a small-to-moderate effect at short-term follow-up 
on exercise capacity and the physical component of health-
related quality of life in patients operated for lung cancer. The 
long-term effects on exercise capacity are unknown. Early-
initiated exercise programmes (2 weeks postoperation) does 
not show an effect on exercise capacity

Cavalheri et al. (2019) Up to February 2019 8 RCTs (Postoperative) 450 patients with NSCLC who underwent lung 
resection (mean age range 63–71 years)

Exercise training that included aerobic exercise, 
resistance exercise, or a combination of both, 
and started within 12 months of lung resection

Meta-analysis Exercise interventions improve exercise capacity, physical 
HRQoL, capacity of the quadriceps muscle, and reduce 
dyspnoea. The effects on the mental component of general 
HRQoL, disease-specific HRQoL, handgrip force, fatigue and 
lung function are uncertain. There is insufficient evidence for 
improvements in the strength of breathing muscles or feelings 
of anxiety and depression

Rosero et al. (2019) January 1970 to February 
2018

10 RCTs (Preoperative) 676 patients with NSCLC underwent lung 
resection (mean age range 63–72.5 years)

Physical exercise intervention including aerobic 
exercise, strength training and inspiratory 
muscle training

meta-analysis The results show intervention-induced improvement in walking 
endurance, peak exercise capacity, dyspnoea, risk of 
hospitalisation and postoperative pulmonary complications
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(mean difference = 18.23 m, 95% CI: 8.50–27.96) after preopera-
tive exercise interventions. However, the quality of the evidence 
was reported to be low (Cavalheri & Granger, 2017).

4.4.2  |  Pulmonary function

Five systematic reviews examined the effects on pulmonary function 
(Cavalheri et al., 2019; Cavalheri & Granger, 2017; Cavalheri et al., 2013a; 
Li et al., 2017; Rosero et al., 2019) (Table 3). Three reviews of postop-
erative exercise studies (Cavalheri et al., 2019; Cavalheri et al., 2013a; Li 
et al., 2017) found no significant improvement on pulmonary function. 
Two reviews of preoperative exercise studies (Cavalheri & Granger, 2017; 
Rosero et al., 2019) showed no significant increase on FEV1, but findings 
were inconsistent with respect to FVC. One meta-analysis (Cavalheri & 
Granger, 2017) showed a statistically significant increase in FVC (mean 
difference = 2.97% predicted, 95% CI: 1.78–4.16), and another meta-
analysis (Rosero et al., 2019) reported no significant difference.

4.4.3  |  PPCs

Four reviews examined the effects on PPCs (Cavalheri & Granger, 
2017; Cavalheri et al., 2013a; Li et al., 2017; Rosero et al., 2019) 
(Table 4). Two reviews of postoperative exercise studies (Cavalheri 
et al., 2013a; Li et al., 2017) reported no significant difference. In 
contrast, two reviews of preoperative exercise studies (Cavalheri & 
Granger, 2017; Rosero et al., 2019) found statistically significant de-
creases on PPCs (relative risk ranged from 0.33 to 0.50).

4.4.4  |  HRQoL

Five systematic reviews (Cavalheri et al., 2019; Cavalheri et al., 
2013a; Li et al., 2017; Rosero et al., 2019; Sommer et al., 2018) re-
ported the effects on HRQoL (Table 5). Reviews of postoperative 
exercise studies reported no significant increase on overall HRQoL, 
mental, functional, or symptom components of HRQoL. Regarding 

TA B L E  1  Characteristics of included systematic reviews

Systematic reviews Years searched
Primary studies (pre- or 
postoperative interventions) Participants characteristics Type of interventions Synthesis method Main conclusions

Cavalheri et al. (2013) Up to February 2013 3 RCTs (Postoperative) 178 NSCLC patients who had undergone 
resections of any type, with or without 
induction or adjuvant chemotherapy (mean 
age range 58–65 years)

Exercise training of any type (aerobic exercise, 
resistance exercise, respiratory muscle training 
or any combination) started within 12 months 
of lung resection

Meta-analysis Exercise training could improve exercise capacity. No 
improvement is shown in HRQoL, lung function or strength of 
the leg muscles

Mainini et al. (2016) May 2013 to May 2016 6 RCTs (1 preoperative study + 5 
postoperative studies)

Participants who underwent surgery for NSCLC:
•	 preoperative trial: 40 participants (mean age 

65 years)
•	 postoperative trials: 374 participants (mean 

age 66 years)

Any supervised or unsupervised, inpatient 
or outpatient or home-based pulmonary 
rehabilitation exercise training programme

Narrative synthesis Although results show improvement in exercise performance 
after preoperative pulmonary rehabilitation, it is not possible 
to identify the best preoperative intervention due to paucity 
of clinical trials in this area. Physical training programmes 
differ in every postoperative study with conflicting results, so 
comparison is difficult. Current literature shows inconsistent 
results regarding preoperative or postoperative physical 
exercise in patients undergoing lung resection

Cavalheri and Granger 
(2017)

Up to November 2016 5 RCTs (Preoperative) 167 patients who were scheduled to undergo 
lung resection for NSCLC (mean age ranged 
54–72.5 years)

Preoperative exercise: a minimum of seven 
exercise sessions completed over a minimum 
of one week in the preoperative setting. The 
exercise sessions include aerobic, resistance or 
respiratory muscle training, or a combination

Meta-analysis Preoperative exercise training may reduce the risk of developing 
a postoperative pulmonary complication, the duration of 
intercostal catheter use, postoperative length of hospital stay 
and improve both post-intervention exercise capacity and lung 
function

Li et al. (2017) Up to February 2017 6 RCTs (Postoperative) 438 patients with lung cancer who underwent 
lung resection

Various forms of exercise trainings, including 
endurance, resistance, strength, treadmill and 
walking

Meta-analysis Insufficient evidence is available to support the efficacy of 
exercise training in patients with lung cancer after lung 
resection

Sommer et al. (2018) Up to February 2016 4 RCTs (Postoperative) 262 patients undergoing resection for NSCLC 
(mean age: over 60 years)

Postoperative exercise intervention (aerobic 
exercise, resistance exercise, ambulation or 
mobility exercise) initiated within 1 year after 
lung resection

Meta-analysis Exercise has a small-to-moderate effect at short-term follow-up 
on exercise capacity and the physical component of health-
related quality of life in patients operated for lung cancer. The 
long-term effects on exercise capacity are unknown. Early-
initiated exercise programmes (2 weeks postoperation) does 
not show an effect on exercise capacity

Cavalheri et al. (2019) Up to February 2019 8 RCTs (Postoperative) 450 patients with NSCLC who underwent lung 
resection (mean age range 63–71 years)

Exercise training that included aerobic exercise, 
resistance exercise, or a combination of both, 
and started within 12 months of lung resection

Meta-analysis Exercise interventions improve exercise capacity, physical 
HRQoL, capacity of the quadriceps muscle, and reduce 
dyspnoea. The effects on the mental component of general 
HRQoL, disease-specific HRQoL, handgrip force, fatigue and 
lung function are uncertain. There is insufficient evidence for 
improvements in the strength of breathing muscles or feelings 
of anxiety and depression

Rosero et al. (2019) January 1970 to February 
2018

10 RCTs (Preoperative) 676 patients with NSCLC underwent lung 
resection (mean age range 63–72.5 years)

Physical exercise intervention including aerobic 
exercise, strength training and inspiratory 
muscle training

meta-analysis The results show intervention-induced improvement in walking 
endurance, peak exercise capacity, dyspnoea, risk of 
hospitalisation and postoperative pulmonary complications
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the physical component of HRQoL, two reviews (Cavalheri et al., 
2019; Sommer et al., 2018) found statistically significant increases 
in physical HRQoL, while one review (Li et al., 2017) reported no 
significant improvement after postoperative exercise interventions. 
The strongest evidence (low quality) comes from a high-quality 
meta-analysis which found 5.02 (95% CI: 2.30–7.73) points increases 
in physical component of SF-36. One review (Rosero et al., 2019) 
examined the impact on HRQoL and found no significant difference 
after preoperative exercise interventions.

4.4.5  |  Muscle strength

A high-quality meta-analysis (Cavalheri et al., 2019) found a sig-
nificant improvement on quadriceps force (standardised mean 
difference  =  0.75, 95% CI: 0.39–1.10) after postoperative exer-
cise interventions, and the quality of the evidence was moderate 
(Table 6).

4.4.6  |  LOS

Two reviews examined the effects of preoperative exercise inter-
ventions on postoperative length of hospital stay (LOS) and reported 

statistically significant shorter LOS (Cavalheri & Granger, 2017; 
Rosero et al., 2019) (Table 6). The strongest evidence (low quality) 
comes from a high-quality meta-analysis which found significant 
4.24 reduced days (95% CI: −5.43, −3.06) of hospital stay after pre-
operative exercise interventions.

4.4.7  |  Dyspnoea

Two reviews reported the effects on dyspnoea (Cavalheri et al., 
2019; Rosero et al., 2019). A high-quality meta-analysis reported sig-
nificantly less dyspnoea after postoperative exercise interventions 
(standardised mean difference = −0.43, 95% CI: −0.81, −0.05), but 
the quality of evidence was assessed as very low (Cavalheri et al., 
2019). Significantly less dyspnoea was also found after preoperative 
exercise interventions (standardised mean difference = −0.30, 95% 
CI: −0.51, −0.10), and the quality of this meta-analysis is critically low 
(Rosero et al., 2019).

4.4.8  |  Fatigue

Two reviews examined the effects on fatigue (Cavalheri et al., 2019; 
Rosero et al., 2019), and no reviews found significant changes after 

F I G U R E  3  Citation matrix of RCTs included in the systematic reviews (preoperative group). (Morano et al. (2013) and Morano et al. (2014) 
shared the same intervention design but reported different outcomes. AT‐aerobic training; RMT‐respiratory muscle training; RT‐resistance 
training.)

Systematic 
reviews

Reported 
search range

Benzo 
et al., 
2011

Pehlivan 
et al. 
2011 

Stefanelli 
et al. 
2013

Morano 
et 
al.2013

Morano 
et al. 
2014

Lai et al. 
2016

Lai et al. 
2017

Sebio 
Garcia 
et al. 
2017
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et al. 2017

Licker 
et al. 
2017

Huang et 
al. 2017

Lai, 
Huang, 
et al. 
2017

Lai Su et 
al. 2017

Mainini et al. 
2016

May 2013 to 
May 2016
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2016
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AT+RMT AT+RMT RT+AT+
RMT

AT+RMT

Rosero et al. 
2019
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RT+AT+
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AT+RMT RT+AT+
RMT

AT RT+AT AT+RMT AT+RMT AT+RMT

F I G U R E  2  Citation matrix of RCTs included in the systematic reviews (postoperative group). Brocki et al. 2010 is an abstract of Brocki 
2014 study; Cavalheri et al. 2015 is an abstract of Cavalheri et al. 2017 study. AT, aerobic training; RMT, respiratory muscle training; RT, 
resistance training)

Systematic 
reviews

Reported 
search 
range

Brocki 
et al. 
2010

Arbane 
et al. 
2011

Stigt 
et al. 
2013

Arbane 
at al. 
2014

Brocki 
et al. 
2014

Brocki 
et al., 
2016  

Salhi
et al. 
2015

Edvardsen 
et al. 2015

Cavalheri 
et al. 
2015

Hoffman 
et al. 
2016

Cavalheri 
et al. 
2017

Massaggi-Sartor 
et al. 2018

Cavalheri  
et al. 2013

Up to 
February 2013

RT+AT RT+AT RT+AT

Mainini et 
al. 2016

May 2013 to 
May 2016

RT+AT RT+AT RT+AT+RMT RT+AT AT

Li et al. 
2017

Up to 
February 2017

RT+AT RT+AT RT+AT RT+AT RMT RT+AT+RMT

Sommer et 
al. 2018

Up to 
February 2016

RT+AT RT+AT RT+AT RT+AT+RMT

Cavalheri et 
al. 2019

Up to  
February 2019

RT+AT RT+AT RT+AT RT+AT RT+AT RT+AT+RMT RT+AT AT+RMT
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postoperative (Cavalheri et al., 2019) or preoperative (Rosero et al., 
2019) exercise interventions (Table 6).

5  |  DISCUSSIONS

5.1  |  Summary of the evidence

This overview appraised and summarised evidence from seven sys-
tematic reviews assessing the effects of postoperative/preopera-
tive exercise interventions on surgical lung cancer patients. To our 
knowledge, it is the first synthesis of systematic reviews to provide 
a broad perspective on evidence-based perioperative exercise inter-
ventions in lung cancer. The included systematic reviews covered 
the effects of both postoperative and preoperative interventions, 
and varied in inclusion criteria, methodological quality and assessed 
outcomes.

Looking across both the methodological quality of reviews and 
the quality of evidence, there is high/moderate-quality evidence 
supporting that postoperative exercise interventions increase exer-
cise capacity and muscle strength. In addition, low/very-low quality 
evidence suggests that postoperative exercise interventions may 
increase physical component of HRQoL and decrease dyspnoea. 
These findings with low/very-low-quality of evidence should be 
interpreted with caution until more evidence accumulates. With 
respect to the effects of preoperative exercise interventions, no 
robust conclusions could be drawn owing to the low quality of re-
views and/or evidence. Low-quality evidence suggests that preop-
erative exercise interventions may increase exercise capacity and 
pulmonary function, decrease risk of PPCs, LOS and dyspnoea. The 
differences in effectiveness between postoperative and preopera-
tive exercise interventions could be a function of the duration of 
the exercise interventions because the window of opportunity for 
preoperative excise training is much shorter than for postoperative 
exercise training.

It is important to identify whether the differences are clini-
cally significant. We compared the significant mean differences of 
6MWD, VO2 peak, FVC and SF-36 to their minimal clinically im-
portant difference (MCID): (a) 6MWD. The improvement in 6MWD 
after postoperative exercise interventions was 57.26 m (Cavalheri 
et al., 2019), which exceeds the MCID of 42  m for lung cancer 
patients (Granger et al., 2015). However, the 18.23 m increase in 
6MWD after preoperative interventions does not meet the MCID. 
(b) VO2 peak. The improvement in VO2 peak (2.97 ml/kg/min) after 
postoperative exercise interventions may be clinically important, 
since 1  ml/kg/min increase in VO2 peak is associated with a 4% 
reduction in all-cause mortality (Jones et al., 2010), (c) FVC. The 
improvement of 2.97% predict in FVC after preoperative exer-
cise interventions may be clinical significant, since the MCIDs of 
FVC in other lung diseases are 2%–6% (du Bois et al., 2011) and 
3%–5.3% (Kafaja et al., 2018), and (d) SF-36. The increase of 5.02 
points in physical component of SF-36 (Cavalheri et al., 2019) after 
postoperative exercise interventions is considered to be clinically TA
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important as it exceeds the MCID of 3 to 5 points (Samsa et al., 
1999).

5.2  |  Implications for research

As shown in this overview, there exists a considerable body of evi-
dence evaluating the effects of exercise interventions on surgical 
lung cancer patients. However, the quality of the evidence is low 
in terms of most outcomes due to risk of bias in primary studies 
and statistical heterogeneity in the meta-analyses. Some of the 
included systematic reviews have critical methodological limita-
tions. Also, in reviews, outcomes are assessed regardless of the 
heterogeneity of exercise interventions, meaning that exercise in-
terventions of different type and amount are combined to assess 
the outcomes. Rigorous RCTs and systematic reviews are needed to 
provide high-quality evidence for the specificity of exercise inter-
ventions, to more clearly delineate the specific effects of each type 
of exercise and to establish the appropriate volume for each type 
of exercise, with the goal of optimising outcomes for surgical lung 
cancer patients.

5.3  |  Limitations

This overview of systematic review has several limitations. First, 
this overview did not include non-English or grey literatures; sec-
ond, there is overlap among reviews in terms of included RCTs, and 
some RCTs contribute to multiple systematic reviews. To interpret 
the results of this overview, we used figures to visualise the overlap; 
third, we retrieved data from reviews instead of primary studies. The 
reviews could have several weaknesses in methodological quality, 
which would affect the findings of this overview. Thus, we assessed 
the methodological quality of included reviews to show weaknesses. 
When interpreting the evidence, the methodological quality was 
considered.

6  |  CONCLUSIONS

This overview identified and summarised available evidence from 
seven systematic reviews about the effects of perioperative ex-
ercise interventions on lung cancer patients. There is high/mod-
erate-quality evidence that postoperative exercise interventions 
increase the exercise capacity and quadriceps force. Low/very-
low-quality evidence shows that postoperative exercise interven-
tions may increase physical component of HRQoL and decease 
dyspnoea. In addition, low-quality evidence suggests that preop-
erative exercise interventions may increase exercise capacity and 
pulmonary function, decrease risk of PPCs, and reduce LOS. More 
high-quality research is required, to evaluate the effects of differ-
ent types and amounts of exercises on health outcomes for surgi-
cal lung cancer patients.

7  |  RELE VANCE TO CLINIC AL PR AC TICE

This overview of systematic review synthesised evidence to inform 
practitioners and decision-makers about the effects of postopera-
tive and preoperative exercise interventions for surgical lung cancer 
patients. The findings provide evidence to support the implementa-
tion of exercise interventions for surgical lung cancer patients.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

ORCID
Weijiao Zhou   https://orcid.org/0000-0001-6521-9896 
Seoyoon Woo   https://orcid.org/0000-0002-5623-9366 
Janet L. Larson   https://orcid.org/0000-0002-3920-8998 

R E FE R E N C E S
Agostini, P., Cieslik, H., Rathinam, S., Bishay, E., Kalkat, M. S., Rajesh, P. B., 

Steyn, R. S., Singh, S., & Naidu, B. (2010). Postoperative pulmonary 
complications following thoracic surgery: Are there any modifi-
able risk factors? Thorax, 65(9), 815–818. https://doi.org/10.1136/
thx.2009.123083

Arbane, G., Douiri, A., Hart, N., Hopkinson, N. S., Singh, S., Speed, C., 
… Garrod, R. (2014). Effect of postoperative physical training on 
activity after curative surgery for nonsmall cell lung cancer: a multi-
centre randomised controlled trial. Physiotherapy, 100(2), 100–107.

Arbane, G., Tropman, D., Jackson, D., & Garrod, R. (2011). Evaluation of 
an early exercise intervention after thoracotomy for non-small cell 
lung cancer (nsclc), effects on quality of life, muscle strength and 
exercise tolerance: randomised controlled trial. Lung Cancer, 71, 
229–234.

Archer, K., & Ciechanowicz, H. (2019). The effectiveness of preopera-
tive pulmonary rehabilitation in reducing postoperative pulmonary 
complications in lung cancer: a systematic review and meta-analy-
sis. Physiotherapy, 105, e211–e212.

Batarseh, H., Pu, C., Zafron, M., Mador, J., & Ray, A. (2019). Preoperative 
respiratory muscle training for lung cancer patients scheduled for 
surgical resection (Meta-analysis). Chest, 156(4), A1794. https://doi.
org/10.1016/j.chest.2019.08.1557

Benzo, R., Wigle, D., Novotny, P., Wetzstein, M., Nichols, F., Shen, R. K., 
… Deschamps, C. (2011). Preoperative pulmonary rehabilitation be-
fore lung cancer resection: Results from two randomized studies. 
Lung Cancer, 74, 441–445.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, 
A. (2018). Global cancer statistics 2018: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA: A Cancer Journal for Clinicians, 68(6), 394–424. https://doi.
org/10.3322/caac.21492

Brocki, B. C., Andreasen, J. J., Langer, D., Souza, D. S., & Westerdahl, 
E. (2016). Postoperative inspiratory muscle training in addition to 
breathing exercises and early mobilization improves oxygenation 
in high-risk patients after lung cancer surgery: A randomized con-
trolled trial. European Journal of Cardio-Thoracic Surgery, 49(5), 
1483–1491. https://doi.org/10.1093/ejcts/​ezv359

Brocki, B. C., Andreasen, J., Nielsen, L. R., Nekrasas, V., Gorst-Rasmussen, 
A., & Westerdahl, E. (2014). Short and longterm effects of super-
vised versus unsupervised exercise training on health-related qual-
ity of life and functional outcomes following lung cancer surgery – a 
randomized controlled trial. Lung Cancer, 83(1), 102–108.

Brocki, B., Rodkjær, L., Nekrasas, V., Due, K., Dethlefsen, C., & 
Andreasen, J. (2010). Rehabilitation after lung cancer operation; a 

https://orcid.org/0000-0001-6521-9896
https://orcid.org/0000-0001-6521-9896
https://orcid.org/0000-0002-5623-9366
https://orcid.org/0000-0002-5623-9366
https://orcid.org/0000-0002-3920-8998
https://orcid.org/0000-0002-3920-8998
https://doi.org/10.1136/thx.2009.123083
https://doi.org/10.1136/thx.2009.123083
https://doi.org/10.1016/j.chest.2019.08.1557
https://doi.org/10.1016/j.chest.2019.08.1557
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/ejcts/ezv359


    |  4495ZHOU et al.

randomised controlled study [abstract]. Annals ERS Annual Congress 
2010; 331s.

Campbell, K. L., Winters-stone, K. M., Wiskemann, J., May, A. M., 
Schwartz, A. L., Courneya, K. S., Zucker, D. S., Matthews, C. E., 
Ligibel, J. A., Gerber, L. H., Morris, G. S., Patel, A. V., Hue, T. F., 
Perna, F. M., & Schmitz, K. H. (2019). Exercise guidelines for can-
cer survivors: Consensus statement from international multidis-
ciplinary roundtable. Medicine and Science in Sports and Exercise, 
51(11), 2375–2390. https://doi.org/10.1249/MSS.00000​00000​
002116

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical ac-
tivity, exercise, and physical fitness: Definitions and distinctions for 
health-related research. Health Public Reports, 100(2), 126–131.

Cavalheri, V., Burtin, C., Formico, V. R., Nonoyama, M. L., Jenkins, S., 
Spruit, M. A., & Hill, K. (2019). Exercise training undertaken by peo-
ple within 12 months of lung resection for non-small cell lung can-
cer. Cochrane Database of Systematic Reviews, 6, CD009955. https://
doi.org/10.1002/14651​858.CD009​955.pub3

Cavalheri, V., & Granger, C. (2017). Preoperative exercise training for pa-
tients with non-small cell lung cancer. Cochrane Database Systematic 
Review, 6, Cd012020. https://doi.org/10.1002/14651​858.CD012​
020.pub2

Cavalheri, V., Jenkins, S., Cecins, N., Gain, K., Phillips, M. J., Sanders, L. 
H., & Hill, K. (2017). Exercise training for people following curative 
intent treatment for non-small cell lung cancer: A randomized con-
trolled trial. Brazilian Journal ofPhysical Therapy, 21(1), 58–68.

Cavalheri, V., Jenkins, S., Gain, K., Cecins, N., Phillips, M., Sanders, L., & Hill, 
K. (2015). Non-small cell lung cancer: measuring impairment on com-
pletion of curative intent treatment and optimising functional recov-
ery using supervised exercise training. Respirology, 20(Suppl. 2), 32.

Cavalheri, V., Tahirah, F., Nonoyama, M., Jenkins, S., & Hill, K. (2013a). 
Exercise training for people following lung resection for non-
small cell lung cancer—A Cochrane systematic review. Cancer 
Treatment Reviews, 40(4), 585–594. https://doi.org/10.1016/j.
ctrv.2013.11.001

Cavalheri, V., Tahirah, F., Nonoyama, M., Jenkins, S., & Hill, K. (2013b). 
Exercise training undertaken by people within 12 months of lung 
resection for non-small cell lung cancer. Cochrane Database of 
Systematic Reviews, 7, Cd009955. https://doi.org/10.1002/14651​
858.CD009​955.pub2

Crandall, K., Maguire, R., Campbell, A., & Kearney, N. (2014). Exercise 
intervention for patients surgically treated for Non-Small Cell Lung 
Cancer (NSCLC): A systematic review. Surgical Oncology, 23(1), 17–
30. https://doi.org/10.1016/j.suronc.2014.01.001

du Bois, R. M., Weycker, D., Albera, C., Bradford, W. Z., Costabel, U., 
Kartashov, A., King, T. E., Lancaster, L., Noble, P. W., Sahn, S. A., 
Thomeer, M., Valeyre, D., & Wells, A. U. (2011). Forced vital capac-
ity in patients with idiopathic pulmonary fibrosis: Test properties 
and minimal clinically important difference. American Journal of 
Respiratory and Critical Care Medicine, 184(12), 1382–1389. https://
doi.org/10.1164/rccm.201105-0840OC

Driessen, E. J., Peeters, M. E., Bongers, B. C., Maas, H. A., Bootsma, G. 
P., van Meeteren, N. L., & Janssen-Heijnen, M. L. (2017). Effects 
of prehabilitation and rehabilitation including a home-based com-
ponent on physical fitness, adherence, treatment tolerance, and 
recovery in patients with non-small cell lung cancer: A systematic 
review. Critical Reviews in Oncology Hematology, 114, 63–76. https://
doi.org/10.1016/j.critr​evonc.2017.03.031

Edvardsen, E., Skjonsberg, O. H., Holme, I., Nordsletten, L., Borchsenius, F., 
& Anderssen, S. A. (2015). High-intensity training following lung can-
cer surgery: a randomised controlled trial. Thorax, 70(3), 244–250.

Faithfull, S., Turner, L., Poole, K., Joy, M., Manders, R., Weprin, J., … 
Saxton, J. (2019). Prehabilitation for adults diagnosed with cancer: 
a systematic review of long-term physical function, nutrition and 

patient-reported outcomes. European Journal of Cancer Care, 28(4), 
e13023.

Flores, R. M., Park, B. J., Dycoco, J., Aronova, A., Hirth, Y., Rizk, N. P., 
Bains, M., Downey, R. J., & Rusch, V. W. (2009). Lobectomy by vid-
eo-assisted thoracic surgery (VATS) versus thoracotomy for lung 
cancer. Journal of Thoracic and Cardiovascular Surgery, 138(1), 11–18. 
https://doi.org/10.1016/j.jtcvs.2009.03.030

García, R. S., & Yáñez Brage, M. I. (2013). Effect of pre-operative pul-
monary rehabilitation in lung cancer patients. Rehabilitacion, 47(4), 
229–237. https://doi.org/10.1016/j.rh.2013.04.004

Granger, C. L., Holland, A. E., Gordon, I. R., & Denehy, L. (2015). Minimal 
important difference of the 6-minute walk distance in lung can-
cer. Chronic Respiratory Disease, 12(2), 146–154. https://doi.
org/10.1177/14799​72315​575715

Granger, C. L., McDonald, C. F., Berney, S., Chao, C., & Denehy, L. (2011). 
Exercise intervention to improve exercise capacity and health re-
lated quality of life for patients with Non-small cell lung cancer: 
a systematic review. Lung Cancer, 72(2), 139–153. https://doi.
org/10.1016/j.lungc​an.2011.01.006

Ha, D., Ries, A. L., Mazzone, P. J., Lippman, S. M., & Fuster, M. M. (2018). 
Exercise capacity and cancer-specific quality of life following cu-
rative intent treatment of stage I-IIIA lung cancer. Supportive 
Care in Cancer, 26(7), 2459–2469. https://doi.org/10.1007/
s00520-018-4078-4

Handy, J. R., Asaph, J. W., Skokan, L., Reed, C. E., Koh, S., Brooks, G., 
Douville, E. C., Tsen, A. C., Ott, G. Y., & Silvestri, G. A. (2002). What 
happens to patients undergoing lung cancer surgery? Outcomes 
and quality of life before and after surgery. Chest, 122(1), 21–30. 
https://doi.org/10.1378/chest.122.1.21

Harman, N., Brown, J. M., Shackelford, D., & Hayward, R. (2018). Effects 
of an exercise intervention on lung cancer patients who have un-
dergone a lobectomy. Medicine & Science in Sports & Exercise, 50, 
384–385.

Heywood, R., McCarthy, A. L., & Skinner, T. L. (2017). Safety and feasi-
bility of exercise interventions in patients with advanced cancer: a 
systematic review. Supportive Care in Cancer, 25(10), 3031–3050. 
https://doi.org/10.1007/s00520-017-3827-0

Hill, K., Cecins, N. M., Eastwood, P. R., & Jenkins, S. C. (2010). Inspiratory 
muscle training for patients with chronic obstructive pulmonary 
disease: A practical guide for clinicians. Archives of Physical Medicine 
and Rehabilitation, 91(9), 1466–1470. https://doi.org/10.1016/j.
apmr.2010.06.010

Hoffman, A. J., Brintnall, R. A., Given, B. A., von Eye, A., Jones, L. W., & 
Brown, J. K. (2017). Using perceived self-efficacy to improve fa-
tigue and fatigability in postsurgical lung cancer patients. Cancer 
Nursing, 40(1), 1–12. https://doi.org/10.1097/NCC.00000​00000​
000378

Huang, J., Lai, Y., Zhou, X., Li, S., Su, J., Yang, M., & Che, G. (2017). Short-
term high-intensity rehabilitation in radically treated lung cancer: 
A three-armed randomized controlled trial. Journal of Thoracic 
Disease, 9, 1919–1929.

Jones, N. L., Edmonds, L., Ghosh, S., & Klein, A. A. (2013). A review of en-
hanced recovery for thoracic anaesthesia and surgery. Anaesthesia, 
68(2), 179–189. https://doi.org/10.1111/anae.12067

Jones, L. W., Watson, D., Herndon, J. E., 2nd, Eves, N. D., Haithcock, B. 
E., Loewen, G., & Kohman, L. (2010). Peak oxygen consumption and 
long-term all-cause mortality in nonsmall cell lung cancer. Cancer, 
116(20), 4825–4832. https://doi.org/10.1002/cncr.25396

Kafaja, S., Clements, P. J., Wilhalme, H., Tseng, C. H., Furst, D. E., Kim, G. 
H., & Khanna, D. (2018). Reliability and minimal clinically important 
differences of forced vital capacity: Results from the Scleroderma 
Lung Studies (SLS-I and SLS-II). American Journal of Respiratory and 
Critical Care Medicine, 197(5), 644–652. https://doi.org/10.1164/
rccm.201709-1845OC

https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1002/14651858.CD009955.pub3
https://doi.org/10.1002/14651858.CD009955.pub3
https://doi.org/10.1002/14651858.CD012020.pub2
https://doi.org/10.1002/14651858.CD012020.pub2
https://doi.org/10.1016/j.ctrv.2013.11.001
https://doi.org/10.1016/j.ctrv.2013.11.001
https://doi.org/10.1002/14651858.CD009955.pub2
https://doi.org/10.1002/14651858.CD009955.pub2
https://doi.org/10.1016/j.suronc.2014.01.001
https://doi.org/10.1164/rccm.201105-0840OC
https://doi.org/10.1164/rccm.201105-0840OC
https://doi.org/10.1016/j.critrevonc.2017.03.031
https://doi.org/10.1016/j.critrevonc.2017.03.031
https://doi.org/10.1016/j.jtcvs.2009.03.030
https://doi.org/10.1016/j.rh.2013.04.004
https://doi.org/10.1177/1479972315575715
https://doi.org/10.1177/1479972315575715
https://doi.org/10.1016/j.lungcan.2011.01.006
https://doi.org/10.1016/j.lungcan.2011.01.006
https://doi.org/10.1007/s00520-018-4078-4
https://doi.org/10.1007/s00520-018-4078-4
https://doi.org/10.1378/chest.122.1.21
https://doi.org/10.1007/s00520-017-3827-0
https://doi.org/10.1016/j.apmr.2010.06.010
https://doi.org/10.1016/j.apmr.2010.06.010
https://doi.org/10.1097/NCC.0000000000000378
https://doi.org/10.1097/NCC.0000000000000378
https://doi.org/10.1111/anae.12067
https://doi.org/10.1002/cncr.25396
https://doi.org/10.1164/rccm.201709-1845OC
https://doi.org/10.1164/rccm.201709-1845OC


4496  |    ZHOU et al.

Karenovics, W., Licker, M., Ellenberger, C., Christodoulou, M., Diaper, J., 
Bhatia, C., … Triponez, F. (2017). Short-term preoperative exercise 
therapy does not improve long-term outcome after lung cancer 
surgery: A randomized controlled study. The European Journal of 
Cardio-Thoracic Surgery, 52, 47–54.

Kim, S. J., Lee, Y. J., Park, J. S., Cho, Y.-J., Cho, S., Yoon, H. I., Kim, K., Lee, 
J. H., Jheon, S., & Lee, C.-T. (2015). Changes in pulmonary function 
in lung cancer patients after video-assisted thoracic surgery. Annals 
of Thoracic Surgery, 99(1), 210–217. https://doi.org/10.1016/j.athor​
acsur.2014.07.066

Kitsiou, S., Pare, G., & Jaana, M. (2015). Effects of home telemonitoring 
interventions on patients with chronic heart failure: An overview of 
systematic reviews. Journal of Medical Internet Research, 17(3), e63. 
https://doi.org/10.2196/jmir.4174

Lai, Y., Huang, J., Yang, M., Su, J., Liu, J., & Che, G. (2017). Seven-day 
intensive preoperative rehabilitation for elderly patients with lung 
cancer: A randomized controlled trial. Journal of Surgical Research, 
209, 30–36.

Lai, Y., Su, J., Qiu, P., Wang, M., Zhou, K., Tang, Y., & Che, G. (2017). 
Systematic short-term pulmonary rehabilitation before lung can-
cer lobectomy: A randomized trial. Interactive Cardiovascular and 
Thoracic Surgery, 25, 476–483.

Lai, Y., Su, J., Yang, M., Zhou, K., & Che, G. (2016). Impact and effect 
of preoperative short-term pulmonary rehabilitation training on 
lung cancer patients with mild to moderate chronic obstructive 
pulmonary disease: A randomized trial. Zhongguo Fei Ai Za Zhi, 19, 
746–753.

Li, J., Guo, N. N., Jin, H. R., Yu, H., Wang, P., & Xu, G. G. (2017). Effects of 
exercise training on patients with lung cancer who underwent lung 
resection: A meta-analysis. World Journal of Surgical Oncology, 15(1), 
158. https://doi.org/10.1186/s12957-017-1233-1

Li, X., Li, S., Yan, S., Wang, Y., Wang, X., Sihoe, A. D. L., & Wu, N. (2019). 
Impact of preoperative exercise therapy on surgical outcomes in 
lung cancer patients with or without COPD: A systematic review 
and meta-analysis. Cancer Management and Research, 11, 1765–
1777. https://doi.org/10.2147/cmar.S186432

Licker, M., Karenovics, W., Diaper, J., Frésard, I., Triponez, F., Ellenberger, 
C., … Bridevaux, P. O. (2017). Short-term preoperative high-inten-
sity interval training in patients awaiting lung cancer surgery: A ran-
domized controlled trial. Journal of Thoracic Oncology, 12, 323–333.

Liu, W., Pan, Y. L., Gao, C. X., Shang, Z., Ning, L. J., & Liu, X. (2013). 
Breathing exercises improve post-operative pulmonary function 
and quality of life in patients with lung cancer: A meta-analysis. 
Experimental and Therapeutic Medicine, 5(4), 1194–1200. https://
doi.org/10.3892/etm.2013.926

Liu, X., Wang, Y. Q., & Xie, J. (2019). Effects of breathing exercises on 
patients with lung cancer. Oncology Nursing Forum, 46(3), 303–317. 
https://doi.org/10.1188/19.ONF.303-317

Lugg, S. T., Agostini, P. J., Tikka, T., Kerr, A., Adams, K., Bishay, E., Kalkat, 
M. S., Steyn, R. S., Rajesh, P. B., Thickett, D. R., & Naidu, B. (2016). 
Long-term impact of developing a postoperative pulmonary com-
plication after lung surgery. Thorax, 71(2), 171–176. https://doi.
org/10.1136/thora​xjnl-2015-207697

Mainini, C., Rebelo, P. F. S., Bardelli, R., Kopliku, B., Tenconi, S., Costi, S., 
Tedeschi, C., & Fugazzaro, S. (2016). Perioperative physical exercise 
interventions for patients undergoing lung cancer surgery: What is 
the evidence? SAGE Open Med, 4, 205031211667385. https://doi.
org/10.1177/20503​12116​673855

Makwana, N., Makwana, A., & Shetye, N. (2016). Effect of exercise 
training on subjective and objective outcome in lung cancer. Indian 
Journal of Physiotherapy and Occupational Therapy, 10 (2), 14–19.

Messaggi-Sartor, M., Marco, E., Martínez-Téllez, E., Rodriguez-Fuster, 
A., Palomares, C., Chiarella, S., … Güell, M. R. (2019). Combined 
aerobic exercise and high-intensity respiratory muscle train-
ing in patients surgically treated for non-small cell lung cancer: 

a pilot randomized clinical trial. European Journal of Physical 
and Rehabilitation Medicine, 55(1). https://doi.org/10.23736/​
S1973-9087.18.05156-0

Miller, K. D., Nogueira, L., Mariotto, A. B., Rowland, J. H., Yabroff, K. R., 
Alfano, C. M., Jemal, A., Kramer, J. L., & Siegel, R. L. (2019). Cancer 
treatment and survivorship statistics, 2019. CA: A Cancer Journal 
for Clinicians, 69(5), 363–385. https://doi.org/10.3322/caac.21565

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA Group. 
(2009). Preferred reporting items for systematic reviews and me-
ta-analyses: The PRISMA statement. PLoS Medicine, 6(6), e1000097. 
https://doi.org/10.1371/journ​al.pmed1​000097

Morano, M. T., Araújo, A. S., Nascimento, F. B., da Silva, G. F., Mesquita, 
R., Pinto, J. S., … Pereira, E. D. (2013). Preoperative pulmonary re-
habilitation versus chest physical therapy in patients undergoing 
lung cancer resection: A pilot randomized controlled trial. Archives 
of Physical Medicine and Rehabilitation, 94(1), 53–58. https://doi.
org/10.1016/j.apmr.2012.08.206

Morano, M., Mesquita, R., Silva, G., Araujo, A., Pinto, J., Neto, A., … 
Pereira, E. (2014). Comparison of the effects of pulmonary rehabil-
itation with chest physical therapy on the levels of fibrinogen and 
albumin in patients with lung cancer awaiting lung resection: A ran-
domized clinical trial. BMC Pulmonary Medicine, 14, 121.

Nan, W., Li, X., Li, S., Yan, S., Wang, Y., Wang, X., … Yang, Y. (2018). The 
impact of preoperative exercise therapy on the surgical outcomes 
of patients with lung cancer and COPD: A systematic review and 
meta-analysis. Journal of Thoracic Oncology, 13(10), S1015. https://
doi.org/10.1016/j.jtho.2018.08.1941

Ni, H.-J., Pudasaini, B., Yuan, X.-T., Li, H.-F., Shi, L., & Yuan, P. (2017). 
Exercise training for patients pre- and postsurgically treated 
for non-small cell lung cancer: A systematic review and me-
ta-analysis. Integrative Cancer Therapies, 16(1), 63–73. https://doi.
org/10.1177/15347​35416​645180

Pehlivan, E., Turna, A., Gurses, A., & Gurses, H. N. (2011). The effects 
of preoperative short-term intense physical therapy in lung cancer 
patients: A randomized controlled trial. Annals of Thoracic andCar-
diovascular Surgery, 17, 461–468.

Poghosyan, H., Sheldon, L. K., Leveille, S. G., & Cooley, M. E. (2013). 
Health-related quality of life after surgical treatment in patients 
with non-small cell lung cancer: A systematic review. Lung Cancer, 
81(1), 11–26. https://doi.org/10.1016/j.lungc​an.2013.03.013

Pouwels, S., Fiddelaers, J., Teijink, J. A. W., Woorst, J. F. T., Siebenga, 
J., & Smeenk, F. W. J. M. (2015). Preoperative exercise ther-
apy in lung surgery patients: A systematic review. Respiratory 
Medicine, 109(12), 1495–1504. https://doi.org/10.1016/j.
rmed.2015.08.009

Piraux, E., Caty, G., & Reychler, G. (2018). Effects of preoperative com-
bined aerobic and resistance exercise training in cancer patients 
undergoing tumour resection surgery: A systematic review of 
randomised trials. Surgical Oncology, 27(3), 584–594. https://doi.
org/10.1016/j.suronc.2018.07.007

Rodriguez-Larrad, A., Lascurain-Aguirrebena, I., Abecia-Inchaurregui, L. 
C., & Seco, J. (2014). Perioperative physiotherapy in patients under-
going lung cancer resection. Interactive Cardiovascular and Thoracic 
Surgery, 19(2), 269–281. https://doi.org/10.1093/icvts/​ivu126

Rosero, I. D., Ramírez-Vélez, R., Lucia, A., Martínez-Velilla, N., Santos-
Lozano, A., Valenzuela, P. L., Morilla, I., & Izquierdo, M. (2019). 
Systematic review and meta-analysis of randomized, controlled 
trials on preoperative physical exercise interventions in patients 
with non-small-cell lung cancer. Cancers, 11(7), 944. https://doi.
org/10.3390/cance​rs110​70944

Salhi, B., Haenebalcke, C., Perez-Bogerd, S., Nguyen, M. D., Ninane, V., 
Malfait, T. L. A., … van Meerbeeck, J. P. (2015). Rehabilitation in pa-
tients with radically treated respiratory cancer: A randomised con-
trolled trial comparing two training modalities. Lung Cancer, 89(2), 
167–174. https://doi.org/10.1016/j.lungc​an.2015.05.013

https://doi.org/10.1016/j.athoracsur.2014.07.066
https://doi.org/10.1016/j.athoracsur.2014.07.066
https://doi.org/10.2196/jmir.4174
https://doi.org/10.1186/s12957-017-1233-1
https://doi.org/10.2147/cmar.S186432
https://doi.org/10.3892/etm.2013.926
https://doi.org/10.3892/etm.2013.926
https://doi.org/10.1188/19.ONF.303-317
https://doi.org/10.1136/thoraxjnl-2015-207697
https://doi.org/10.1136/thoraxjnl-2015-207697
https://doi.org/10.1177/2050312116673855
https://doi.org/10.1177/2050312116673855
https://doi.org/10.23736/S1973-9087.18.05156-0
https://doi.org/10.23736/S1973-9087.18.05156-0
https://doi.org/10.3322/caac.21565
https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1016/j.apmr.2012.08.206
https://doi.org/10.1016/j.apmr.2012.08.206
https://doi.org/10.1016/j.jtho.2018.08.1941
https://doi.org/10.1016/j.jtho.2018.08.1941
https://doi.org/10.1177/1534735416645180
https://doi.org/10.1177/1534735416645180
https://doi.org/10.1016/j.lungcan.2013.03.013
https://doi.org/10.1016/j.rmed.2015.08.009
https://doi.org/10.1016/j.rmed.2015.08.009
https://doi.org/10.1016/j.suronc.2018.07.007
https://doi.org/10.1016/j.suronc.2018.07.007
https://doi.org/10.1093/icvts/ivu126
https://doi.org/10.3390/cancers11070944
https://doi.org/10.3390/cancers11070944
https://doi.org/10.1016/j.lungcan.2015.05.013


    |  4497ZHOU et al.

Samsa, G., Edelman, D., Rothman, M. L., Williams, G. R., Lipscomb, J., & 
Matchar, D. (1999). Determining clinically important differences in 
health status measures. Pharmacoeconomics, 15(2), 141–155.

Schmidt-Hansen, M., Page, R., & Hasler, E. (2013). The effect of preop-
erative smoking cessation or preoperative pulmonary rehabilita-
tion on outcomes after lung cancer surgery: a systematic review. 
Clinical Lung Cancer, 14(2), 96–102. https://doi.org/10.1016/j.
cllc.2012.07.003

Sebio Garcia, R., Yáñez Brage, M. I., Giménez Moolhuyzen, E., Granger, 
C. L., & Denehy, L. (2016). Functional and postoperative outcomes 
after preoperative exercise training in patients with lung cancer: A 
systematic review and meta-analysis. Interactive Cardiovascular and 
Thoracic Surgery, 23(3), 486–497. https://doi.org/10.1093/icvts/​
ivw152

Sebio García, R., Yáñez-Brage, M. I., Giménez Moolhuyzen, E., Salorio 
Riobo, M., Lista Paz, A., & Borro Mate, J. M. (2017). Preoperative 
exercise training prevents functional decline after lung resec-
tion surgery: A randomized, single-blind controlled trial. Clinical 
Rehabilitation, 31, 1057–1067.

Shea, B. J., Reeves, B. C., Wells, G., Thuku, M., Hamel, C., Moran, J., 
Moher, D., Tugwell, P., Welch, V., Kristjansson, E., & Henry, D. A. 
(2017). AMSTAR 2: A critical appraisal tool for systematic reviews 
that include randomised or non-randomised studies of healthcare 
interventions, or both. BMJ, 358, j4008. https://doi.org/10.1136/
bmj.j4008

Skinner, E. H. (2017). Intensive preoperative rehabilitation improves 
functional capacity and postoperative hospital length of stay in el-
derly patients with lung cancer [synopsis]. Journal of Physiotherapy 
(Elsevier), 63(3), 184–184.

Smith, V., Devane, D., Begley, C. M., & Clarke, M. (2011). Methodology in 
conducting a systematic review of systematic reviews of healthcare 
interventions. BMC Medical Research Methodology, 11, 15.

Sommer, M. S., Staerkind, M. E. B., Christensen, J., Vibe-Petersen, J., 
Larsen, K. R., Holst Pedersen, J., & Langberg, H. (2018). Effect 
of postsurgical rehabilitation programmes in patients oper-
ated for lung cancer: A systematic review and meta-analysis. 
Journal of Rehabilitation Medicine, 50(3), 236–245. https://doi.
org/10.2340/16501​977-2292

Stefanelli, F., Meoli, I., Cobuccio, R., Curcio, C., Amore, D., Casazza, D., 
… Rocco, G. (2013). High-intensity training and cardiopulmonary 
exercise testing in patients with chronic obstructive pulmonary 
disease and non-small-cell lung cancer undergoing lobectomy. 
European Journal of Cardio-Thoracic Surgery, 44(4), e260–e265.

Steffens, D., Beckenkamp, P. R., Hancock, M., Solomon, M., & Young, J. 
(2018). Preoperative exercise halves the postoperative complica-
tion rate in patients with lung cancer: A systematic review of the 
effect of exercise on complications, length of stay and quality of life 
in patients with cancer [with consumer summary]. British Journal of 
Sports Medicine, 52(5), 344.

Stephan, F., Boucheseiche, S., Hollande, J., Flahault, A., Cheffi, A., 
Bazelly, B., & Bonnet, F. (2000). Pulmonary complications following 
lung resection: A comprehensive analysis of incidence and possi-
ble risk factors. Chest, 118(5), 1263–1270. https://doi.org/10.1378/
chest.118.5.1263

Stigt, J. A., Uil, S. M., van Riesen, S. J. H., Simons, F. J. N. A., Denekamp, 
M., Shahin, G. M., & Groen, H. J. M. (2013). A randomized controlled 
trial of postthoracotomy pulmonary rehabilitation in patients with 
resectable lung cancer. Journal of Thoracic Oncology, 8, 214–221.

Surmont, V. F., Salhi, B., Haenebalcke, C., Bogerd, S. P., Nguyen Dang, D. 
M., Colman, R., … Derom, E. (2013). REINFORCE: A randomized trial 
of resistance training in patients with radically treated respiratory 
cancer. Journal of Clinical Oncology, 31(15 suppl), 7541.

Wang, Y. Q., Liu, X., Jia, Y., & Xie, J. (2019). Impact of breathing exer-
cises in subjects with lung cancer undergoing surgical resection: 

A systematic review and meta-analysis [with consumer summary]. 
Journal of Clinical Nursing, 28(5–6), 717–732.

World Health Organization. (2018). Cancer. https://www.who.int/news-
room/fact-sheet​s/detai​l/cancer

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Zhou W, Woo S, Larson JL. Effects of 
perioperative exercise interventions on lung cancer patients: 
An overview of systematic reviews. J Clin Nurs. 
2020;29:4482–4504. https://doi.org/10.1111/jocn.15511

APPENDIX 1 .

SE ARCH S TR ATEGY

PubMed
1. Exercise[Mesh]
2. Exercise therapy[Mesh]
3. Physical therapy modalities[Mesh]
4. Rehabilitation[Mesh]
5. exercise*[Title/Abstract]
6. physical training[Title/Abstract]
7. aerobic training[Title/Abstract]
8. resistance training[Title/Abstract]
9. strength training[Title/Abstract]
10. endurance training[Title/Abstract]
11. muscle training[Title/Abstract]
12. respiratory training[Title/Abstract]
13. respiration training[Title/Abstract]
14. inspiratory training[Title/Abstract]
15. balance training[Title/Abstract]
16. high-intensity interval training[Title/Abstract]
17. high-intensity interval training[Title/Abstract]
18. high-intensity training[Title/Abstract]
19. HIIT[Title/Abstract]
20. physical activit*[Title/Abstract]
21. physical therap*[Title/Abstract]
22. physical education[Title/Abstract]
23. physical condition*[Title/Abstract]
24. physiotherap*[Title/Abstract]
25. rehabilitat*[Title/Abstract]
26. prehabilitat*[Title/Abstract]
27. walk*[Title/Abstract]
28. climb*[Title/Abstract]
29. bicycl*[Title/Abstract]
30. treadmill[Title/Abstract]
31. yoga[Title/Abstract]
32. Tai Chi[Title/Abstract]

https://doi.org/10.1016/j.cllc.2012.07.003
https://doi.org/10.1016/j.cllc.2012.07.003
https://doi.org/10.1093/icvts/ivw152
https://doi.org/10.1093/icvts/ivw152
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.2340/16501977-2292
https://doi.org/10.2340/16501977-2292
https://doi.org/10.1378/chest.118.5.1263
https://doi.org/10.1378/chest.118.5.1263
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
https://doi.org/10.1111/jocn.15511


4498  |    ZHOU et al.

33. #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 OR 
#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32
34. General Surgery[Mesh]
35. Surgical Procedures, Operative[Mesh]
36. surgery[Subheading]
37. Thoracic Surgery[Mesh]
38. Thoracic Surgery, Video-Assisted[Mesh]
39. surg*[Title/Abstract]
40. presurg*[Title/Abstract]
41. postsurg*[Title/Abstract]
42. operati*[Title/Abstract]
43. operable[Title/Abstract]
44. operated[Title/Abstract]
45. preoperat*[Title/Abstract]
46. postoperat*[Title/Abstract]
47. perioperat*[Title/Abstract]
48. resect*[Title/Abstract]
49. lobectom*[Title/Abstract]
50. bilobectom*[Title/Abstract]
51. segmentectom*[Title/Abstract]
52. pneumonectom*[Title/Abstract]
53. thoracotom*[Title/Abstract]
54. VATS*[Title/Abstract]
55. #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 OR #51 OR #52 OR #53 OR #54
56. Lung Neoplasms[Mesh]
57. lung cancer*[Title/Abstract]
58. pulmonary cancer*[Title/Abstract]
59. lung neoplasm*[Title/Abstract]
60. pulmonary neoplasm*[Title/Abstract]
61. NSCLC[Title/Abstract]
62. non-small cell[Title/Abstract]
63. non-small cell[Title/Abstract]
64. non-small cell[Title/Abstract]
65. non-small-cell[Title/Abstract]
66. lung carcinoma*[Title/Abstract]
67. lung tumour*[Title/Abstract]
68. lung tumour*[Title/Abstract]
69. lung malignancy[Title/Abstract]
70. #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR 
#64 OR #65 OR #66 OR #67 OR #68 OR #69
71. #33 AND #55 AND #70
72. Filters: Article Types: Meta-analysis, Systematic Reviews

CINHAL
1. MH "Exercise+"
2. MH "Physical Activity"
3. MH "Exercise Physiology+"
4. MH "Rehabilitation+"
5. TI AB exercise*

6. TI AB physical training
7. TI AB aerobic training
8. TI AB resistance training
9. TI AB strength training
10. TI AB endurance training
11. TI AB muscle training
12. TI AB respiratory training
13. TI AB respiration training
14. TI AB inspiratory training
15. TI AB balance training
16. TI AB high-intensity interval training
17. TI AB high-intensity interval training
18. TI AB high-intensity training
19. TI AB HIIT
20. TI AB physical activit*
21. TI AB physical therap*
22. TI AB physical education
23. TI AB physical condition*
24. TI AB physiotherap*
25. TI AB rehabilitat*
26. TI AB prehabilitat*
27. TI AB walk*
28. TI AB climb*
29. TI AB bicycl*
30. TI AB treadmill
31. TI AB yoga
32. TI AB Tai Chi
33. #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 OR 
#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32
34. MH "Surgery, Operative+"
35. TI AB surg*
36. TI AB presurg*
37. TI AB postsurg*
38. TI AB operati*
39. TI AB operable
40. TI AB operated
41. TI AB preoperat*
42. TI AB postoperat*
43. TI AB perioperat*
44. TI AB resect*
45. TI AB lobectom*
46. TI AB bilobectom*
47. TI AB segmentectom*
48. TI AB pneumonectom*
49. TI AB thoracotom*
50. TI AB VATS*
51. #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. MH "Lung Neoplasms+"
53. TI AB lung cancer*
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54. TI AB pulmonary cancer*
55. TI AB lung neoplasm
56. TI AB pulmonary neoplasm*
57. TI AB NSCLC
58. TI AB non-small cell
59. TI AB non-small cell
60. TI AB non-small cell
61. TI AB non-small-cell
62. TI AB lung carcinoma*
63. TI AB lung tumour*
64. TI AB lung tumour*
65. TI AB lung malignancy
66. #52 OR #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59 OR 
#60 OR #61 OR #62 OR #63 OR #64 OR #65
67. #33 AND #51 AND #66
68. Filters: Publication Type: Meta-Analysis, Meta Synthesis, 
Systematic Review

Embase
1. exercise exp
2. physical activity exp
3. kinesiotherapy exp
4. physiotherapy exp
5. training exp
6. rehabilitation exp
7. exercis* ti,ab,kw
8. physical training ti,ab,kw
9. aerobic training ti,ab,kw
10. resistance training ti,ab,kw
11. strength training ti,ab,kw
12. endurance training ti,ab,kw
13. muscle training ti,ab,kw
14. respiratory training ti,ab,kw
15. respiration training ti,ab,kw
16. inspiratory training ti,ab,kw
17. balance training ti,ab,kw
18. high-intensity interval training ti,ab,kw
19. high-intensity interval training ti,ab,kw
20. high-intensity training ti,ab,kw
21. hiit ti,ab,kw
22. physical activit* ti,ab,kw
23. physical therap* ti,ab,kw
24. physical education ti,ab,kw
25. physical condition* ti,ab,kw
26. physiotherap* ti,ab,kw
27. rehabilitat* ti,ab,kw
28. prehabilitat* ti,ab,kw
29. walk* ti,ab,kw
30. climb* ti,ab,kw
31. bicycl* ti,ab,kw
32. treadmill ti,ab,kw
33. yoga ti,ab,kw
34. tai chi ti,ab,kw

35. #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 OR 
#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR 
#34
36. surgery exp
37. surg* ti,ab,kw
38. presurg* ti,ab,kw
39. postsurg* ti,ab,kw
40. operati* ti,ab,kw
41. operable ti,ab,kw
42. operated ti,ab,kw
43. preoperat* ti,ab,kw
44. postoperat* ti,ab,kw
45. perioperat* ti,ab,kw
46. resect* ti,ab,kw
47. lobectom* ti,ab,kw
48. bilobectom* ti,ab,kw
49. segmentectom* ti,ab,kw
50. pneumonectom* ti,ab,kw
51. thoracotom* ti,ab,kw
52. vats ti,ab,kw
53. #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 OR #51 
OR #52
54. lung cancer exp
55. lung cancer* ti,ab,kw
56. pulmonary cancer* ti,ab,kw
57. lung neoplasm* ti,ab,kw
58. pulmonary neoplasm* ti,ab,kw
59. nsclc ti,ab,kw
60. non-small cell ti,ab,kw
61. non-small cell ti,ab,kw
62. non-small cell ti,ab,kw
63. lung carcinoma* ti,ab,kw
64. lung tumour* ti,ab,kw
65. lung tumour* ti,ab,kw
66. lung malignancy ti,ab,kw
67. #54 OR #55 OR #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR 
#62 OR #63 OR #64 OR #65 OR #66
68. #35 AND #53 AND #67 AND ([cochrane review]/lim OR [sys-
tematic review]/lim OR [meta-analysis]/lim)

Cochrane library
1. MeSH descriptor: [Exercise] explode all trees
2. MeSH descriptor: [Exercise Therapy] explode all trees
3. MeSH descriptor: [Physical Therapy Modalities] explode all trees
4. MeSH descriptor: [Rehabilitation] explode all trees
7. exercis* ti,ab,kw
8. physical training ti,ab,kw
9. aerobic training ti,ab,kw
10. resistance training ti,ab,kw
11. strength training ti,ab,kw
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12. endurance training ti,ab,kw
13. muscle training ti,ab,k
14. respiratory training ti,ab,kw
15. respiration training ti,ab,kw
16. inspiratory training ti,ab,kw
17. balance training ti,ab,kw
18. high-intensity interval training ti,ab,kw
19. high-intensity interval training ti,ab,kw
20. high-intensity training ti,ab,kw
21. HIIT ti,ab,kw
22. physical activit* ti,ab,kw
23. physical therap* ti,ab,kw
24. physical education ti,ab,kw
25. physical condition* ti,ab,kw
26. physiotherap* ti,ab,kw
27. rehabilitat* ti,ab,kw
28. prehabilitat* ti,ab,kw
29. walk* ti,ab,kw
30. climb* ti,ab,kw
31. bicycl* ti,ab,kw
32. treadmill ti,ab,kw
33. yoga ti,ab,kw
34. Tai Chi ti,ab,kw
35. #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 OR 
#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR 
#34
36. MeSH descriptor: [General Surgery] explode all trees
37. MeSH descriptor: [Thoracic Surgery] explode all trees
38. MeSH descriptor: [Thoracic Surgery, Video-Assisted] explode all 
trees
39. surg* ti,ab,kw
40. presurg* ti,ab,kw
41. postsurg* ti,ab,kw
42. operati* ti,ab,kw
43. operable ti,ab,kw
44. operated ti,ab,kw
45. preoperat* ti,ab,kw
46. postoperat* ti,ab,kw
47. perioperat* ti,ab,kw
48. resect* ti,ab,kw
49. lobectom* ti,ab,kw
50. bilobectom* ti,ab,kw
51. segmentectom* ti,ab,kw
52. pneumonectom* ti,ab,kw
53. thoracotom* ti,ab,kw
54. VATS ti,ab,kw
55. #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 OR #51 
OR #52 OR #53 OR #54
56. MeSH descriptor: [Lung Neoplasms] explode all trees
57. lung cancer* ti,ab,kw

58. pulmonary cancer* ti,ab,kw
59. lung neoplasm* ti,ab,kw
60. pulmonary neoplasm* ti,ab,kw
61. nsclc ti,ab,kw
62. non-small cell ti,ab,kw
63. non-small cell ti,ab,kw.
64. non-small cell ti,ab,kw
65. lung carcinoma* ti,ab,kw
66. lung tumour* ti,ab,kw
67. lung tumour* ti,ab,kw
68. lung malignancy ti,ab,kw
69. #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR 
#64 OR #65 OR #66 OR #67 OR #68
70. #35 AND #55 AND #69
71. Filter: Cochrane Reviews.

SPORTDiscus
1. DE REHABILITATION
2. DE EXERCISE
3. DE EXERCISE physiology
4. DE EXERCISE & psychology
5. DE EXERCISE therapy
6. DE CLINICAL exercise physiology
7. DE TREADMILL exercise
8. DE HIGH-intensity interval training
9. DE YOGA
10. DE RESISTANCE training
11. DE PHYSICAL training & conditioning
12. DE AEROBIC exercises
13. DE PHYSICAL therapy
14. DE PHYSICAL activity
15. DE CYCLING
16. TI AB KW exercise*
17. TI AB KW physical training
18. TI AB KW aerobic training
19. TI AB KW resistance training
20. TI AB KW strength training
21. TI AB KW endurance training
22. TI AB KW muscle training
23. TI AB KW respiratory training
24. TI AB KW respiration training
25. TI AB KW inspiratory training
26. TI AB KW balance training
27. TI AB KW high-intensity interval training
28. TI AB KW high-intensity interval training
29. TI AB KW high-intensity training
30. TI AB KW HIIT
31. TI AB KW physical activit*
32. TI AB KW physical therap*
33. TI AB KW physical education
34. TI AB KW physical condition*
35. TI AB physiotherap*
36. TI AB KW rehabilitat*
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37. TI AB KW prehabilitat*
38. TI AB KW walk*
39. TI AB KW climb*
40. TI AB KW bicycl*
41. TI AB KW treadmill.
42. TI AB KW yoga
43. TI AB KW Tai Chi
44. #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 OR 
#26 OR #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
45. DE SURGERY
46. TI AB KW surg*
47. TI AB KW presurg*
48. TI AB KW postsurg*
49. TI AB KW operati*
50. TI AB KW operable
51. TI AB KW operated
52. TI AB KW preoperat*
53. TI AB KW postoperat*
54. TI AB KW perioperat*
55. TI AB KW resect*
56. TI AB KW lobectom*
57. TI AB KW bilobectom*
58. TI AB KW segmentectom*

59. TI AB KW pneumonectom*
60. TI AB KW thoracotom*
61. TI AB KW VATS*
62. #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 
OR #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59 OR #60 
OR #61
63. DE LUNG cancer
64. TI AB KW lung cancer*
65. TI AB KW pulmonary cancer*
66. TI AB KW lung neoplasm
67. TI AB KW pulmonary neoplasm*
68. TI AB KW NSCLC
69. TI AB KW non-small cell
70. TI AB KW non-small cell
71. TI AB KW non-small cell
72. TI AB KW non-small-cell
73. TI AB KW lung carcinoma*
74. TI AB KW lung tumour*
75. TI AB KW lung tumour*
76. TI AB KW lung malignancy
77. #63 OR #64 OR #65 OR #66 OR #67 OR #68 OR #69 OR #70 OR 
#71 OR #72 OR #73 OR #74 OR #75 OR #76
78. #44 AND #62 AND #77

PEDro
Filters: Title/abstract: lung cancer; Method: systematic review

APPENDIX 2

E XCLUDED ARTICLE S

Author, year Title Reasons for exclusion

Archer and Ciechanowicz (2019) The effectiveness of preoperative pulmonary rehabilitation in 
reducing postoperative pulmonary complications in lung 
cancer: a systematic review and meta-analysis

Poster presentation abstract, not 
full-text article

Batarseh, Pu, Zafron, Mador, and Ray 
(2019)

Preoperative respiratory muscle training for lung cancer patients 
scheduled for surgical resection (meta-analysis)

Electronic poster, not full-text 
article

Crandall et al. (2014) Exercise intervention for patients surgically treated for Non-
Small Cell Lung Cancer (NSCLC): a systematic review

Included non-RCTs

Driessen et al. (2017) Effects of prehabilitation and rehabilitation including a home-
based component on physical fitness, adherence, treatment 
tolerance, and recovery in patients with non-small cell lung 
cancer: A systematic review

Included studies that involves 
participants who did 
not undergo surgery 
(chemotherapy or radiation)

Faithfull et al. (2019) Prehabilitation for adults diagnosed with cancer: a systematic 
review of long-term physical function, nutrition and patient-
reported outcomes

Included studies that involves 
participants without lung 
cancer

García and Yáñez Brage (2013) Effect of preoperative pulmonary rehabilitation in lung cancer 
patients

Non-English review
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Author, year Title Reasons for exclusion

Granger, McDonald, Berney, Chao, and 
Denehy (2011)

Exercise intervention to improve exercise capacity and health-
related quality of life for patients with Non-small cell lung 
cancer: a systematic review

Included studies that involves 
participants who didn't 
undergo surgery

Harman, Brown, Shackelford, and 
Hayward (2018)

Effects of an Exercise Intervention on Lung Cancer Patients 
Who Have Undergone a Lobectomy

Abstract, not full-text article

Heywood, McCarthy, and Skinner 
(2017)

Safety and feasibility of exercise interventions in patients with 
advanced cancer: a systematic review

Included studies that involves 
participants who did not 
undergo surgery or without 
lung cancer

Jones, Edmonds, Ghosh, and Klein 
(2013)

A review of enhanced recovery for thoracic anaesthesia and 
surgery

Included studies with other than 
exercise intervention

Li et al. (2019) Impact of preoperative exercise therapy on surgical outcomes 
in lung cancer patients with or without COPD: a systematic 
review and meta-analysis

Included non-RCTs

Liu et al. (2013) Breathing exercises improve postoperative pulmonary 
function and quality of life in patients with lung cancer: A 
meta-analysis

Included non-RCTs

Liu et al. (2019) Effects of Breathing Exercises on Patients with Lung Cancer Included studies that involves 
participants who did not 
undergo surgery

Makwana, Makwana, and Shetye 
(2016)

Effect of exercise training on subjective and objective outcome 
in lung cancer

Included studies that involves 
participants who did not 
undergo surgery

Nan et al. (2018) The Impact of Preoperative Exercise Therapy on the Surgical 
Outcomes of Patients with Lung Cancer and COPD: A 
Systematic Review and Meta-Analysis

Abstract, not full-text article

Ni et al. (2017) Exercise Training for Patients Pre- and Postsurgically Treated 
for Non-Small Cell Lung Cancer: A Systematic Review and 
Meta-analysis

Included non-RCTs

Piraux, Caty, and Reychler (2018) Effects of preoperative combined aerobic and resistance 
exercise training in cancer patients undergoing tumour 
resection surgery: A systematic review of randomised trials

Included studies that involves 
participants without lung 
cancer

Pouwels et al. (2015) Preoperative exercise therapy in lung surgery patients: A 
systematic review

Included non-RCTs

Rodriguez-Larrad et al. (2014) Perioperative physiotherapy in patients undergoing lung cancer 
resection

Included studies with other than 
exercise intervention

Schmidt-Hansen, Page, and Hasler 
(2013)

The effect of preoperative smoking cessation or preoperative 
pulmonary rehabilitation on outcomes after lung cancer 
surgery: a systematic review

Included studies with other than 
exercise intervention

Sebio Garcia et al. (2016) Functional and postoperative outcomes after preoperative 
exercise training in patients with lung cancer: A systematic 
review and meta-analysis

Included non-RCTs

Skinner (2017) Intensive preoperative rehabilitation improves functional 
capacity and postoperative hospital length of stay in elderly 
patients with lung cancer

Abstract, not full-text article

Steffens et al. (2018) Preoperative exercise halves the postoperative complication 
rate in patients with lung cancer: a systematic review of 
the effect of exercise on complications, length of stay and 
quality of life in patients with cancer

Included studies that involves 
participants without lung 
cancer

Wang et al. (2019) Impact of breathing exercises in subjects with lung cancer 
undergoing surgical resection: a systematic review and 
meta-analysis

Included studies with other than 
exercise intervention



    |  4503ZHOU et al.

A
P

P
EN

D
IX

 3

O
U

TC
O

M
E

S 
R

EP
O

R
T

ED
 I

N
 T

H
E 

SY
ST

EM
A

T
IC

 R
E

V
IE

W
S

Sy
st

em
at

ic
 re

vi
ew

s
Ex

er
ci

se
 

ca
pa

ci
ty

Pu
lm

on
ar

y 
fu

nc
tio

n
H

RQ
oL

PP
Cs

M
us

cl
e 

st
re

ng
th

LO
S

D
ys

pn
oe

a
Fa

tig
ue

Th
e 

du
ra

tio
n 

of
 in

te
rc

os
ta

l 
ca

th
et

er
 u

se
Po

st
op

er
at

iv
e 

m
or

ta
lit

y
A

dv
er

se
 

ev
en

t

Fe
el

in
gs

 o
f 

an
xi

et
y 

an
d 

de
pr

es
si

on

C
av

al
he

ri 
et

 a
l. 

(2
01

3)
✔

✔
✔

✔
✔

M
ai

ni
ni

 e
t a

l. 
(2

01
6)

✔
✔

✔

C
av

al
he

ri 
an

d 
G

ra
ng

er
 (2

01
7)

✔
✔

✔
✔

✔
✔

Li
 e

t a
l. 

(2
01

7)
✔

✔
✔

✔

So
m

m
er

 e
t a

l. 
(2

01
8)

✔
✔

C
av

al
he

ri 
et

 a
l. 

(2
01

9)
✔

✔
✔

✔
✔

✔
✔

✔

R
os

er
o 

et
 a

l. 
(2

01
9)

✔
✔

✔
✔

✔
✔

✔

A
bb

re
vi

at
io

ns
: H

RQ
oL

, h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

; L
O

S,
 le

ng
th

 o
f h

os
pi

ta
l s

ta
y;

 P
PC

s,
 p

os
to

pe
ra

tiv
e 

pu
lm

on
ar

y 
co

m
pl

ic
at

io
ns

.

A
P

P
EN

D
IX

 4

M
ET

H
O

D
O

LO
G

IC
A

L 
Q

U
A

LI
TY

 O
F 

SY
ST

EM
AT

IC
 R

EV
IE

W
S 

A
SS

ES
SE

D
 B

Y 
A

M
ST

A
R 

2

Sy
st

em
at

ic
 re

vi
ew

s
Q

1
Q

2
Q

3
Q

4
Q

5
Q

6
Q

7
Q

8
Q

9
Q

10
Q

11
Q

12
Q

13
Q

14
Q

15
Q

16
O

ve
ra

ll 
ra

tin
g

C
av

al
he

ri 
et

 a
l. 

(2
01

3)
Ye

s
Ye

s
N

o
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
H

ig
h

M
ai

ni
ni

 e
t a

l. 
(2

01
6)

N
o

N
o

Ye
s

Pa
rt

ia
l 

ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

N
/A

N
/A

Ye
s

N
o

N
/A

Ye
s

Lo
w

C
av

al
he

ri 
an

d 
G

ra
ng

er
 (2

01
7)

Ye
s

Ye
s

N
o

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

H
ig

h

Li
 e

t a
l. 

(2
01

7)
Ye

s
N

o
N

o
Pa

rt
ia

l 
ye

s
N

o
Ye

s
N

o
Pa

rt
ia

l 
ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
C

rit
ic

al
ly

 
lo

w

So
m

m
er

 e
t a

l. 
(2

01
8)

Ye
s

N
o

N
o

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Lo
w

C
av

al
he

ri 
et

 a
l. 

(2
01

9)
Ye

s
Ye

s
N

o
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
H

ig
h

Ro
se

ro
 e

t a
l. 

(2
01

9)
N

o
N

o
N

o
Pa

rt
ia

l 
ye

s
Ye

s
Ye

s
Ye

s
Ye

s
N

o
Ye

s
Ye

s
N

o
N

o
Ye

s
Ye

s
Ye

s
C

rit
ic

al
ly

 
lo

w



4504  |    ZHOU et al.

Q1. Did the research questions and inclusion criteria for the 
review include the components of PICO? Q2. Did the report of 
the review contain an explicit statement that the review methods 
were established prior to the conduct of the review and did the 
report justify any significant deviations from the protocol? Q3. 
Did the review authors explain their selection of the study de-
signs for inclusion in the review? Q4. Did the review authors use 
a comprehensive literature search strategy? Q5. Did the review 
authors perform study selection in duplicate? Q6. Did the review 
authors perform data extraction in duplicate? Q7. Did the review 
authors provide a list of excluded studies and justify the exclu-
sions? Q8. Did the review authors describe the included studies 
in adequate detail? Q9. Did the review authors use a satisfac-
tory technique for assessing the risk of bias (RoB) in individual 
studies that were included in the review? Q10. Did the review 
authors report on the sources of funding for the studies included 

in the review? Q11. If meta-analysis was performed, did the re-
view authors use appropriate methods for statistical combination 
of results? Q12. If meta-analysis was performed, did the review 
authors assess the potential impact of RoB in individual studies 
on the results of the meta-analysis or other evidence synthesis? 
Q13. Did the review authors account for RoB in primary stud-
ies when interpreting/discussing the results of the review? Q14. 
Did the review authors provide a satisfactory explanation for, and 
discussion of, any heterogeneity observed in the results of the 
review? Q15. If they performed quantitative synthesis did the re-
view authors carry out an adequate investigation of publication 
bias (small study bias) and discuss its likely impact on the results 
of the review? Q16. Did the review authors report any poten-
tial sources of conflict of interest, including any funding they re-
ceived for conducting the review?


