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Abstract
Surgical resection appears to be the most effective treatment for early-stage non-small cell lung cancer. Recent studies suggest
that perioperative pulmonary rehabilitation improves functional capacity, reduces mortality and postoperative complications
and enhances recovery and quality of life in operated patients. Our aim is to analyse and identify the most recent evidencebased physical exercise interventions, performed before or after surgery. We searched in MEDLINE, EMBASE, CINAHL,
Cochrane Library and PsycINFO. We included randomised controlled trials aimed at assessing efficacy of exercise-training
programmes; physical therapy interventions had to be described in detail in order to be reproducible. Characteristics of
studies and programmes, results and outcome data were extracted. Six studies were included, one describing preoperative
rehabilitation and three assessing postoperative intervention. It seems that the best preoperative physical therapy training
should include aerobic and strength training with a duration of 2–4 weeks. Although results showed improvement in exercise
performance after preoperative pulmonary rehabilitation, it was not possible to identify the best preoperative intervention
due to paucity of clinical trials in this area. Physical training programmes differed 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. Even though few randomised trials were retrieved, treatment
protocols were difficult to compare due to variability in design and implementation. Further studies with larger samples
and better methodological quality are urgently needed to assess efficacy of both preoperative and postoperative exercise
programmes.
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Introduction
Lung cancer is the leading cause of cancer death in males,
and in females, its mortality burden is as high as cervical
cancer.1 In 2012, an estimated 1.8 million people were diagnosed with lung cancer, resulting in 1.6 million deaths.2 Lung
cancer is the leading malignant cause of death in 93 countries, accounting for one-fifth of the total global burden of
disability-adjusted life years from cancer.2 Non-small cell
lung cancer (NSCLC)2 comprises 85% of all lung cancers.
Up to 63% of patients diagnosed with lung cancer also present chronic obstructive pulmonary disease (COPD).3 If we
consider all stages of NSCLC, the prognosis is poor, with an
overall 5-year survival rate of 15%.4 Lobectomy for initial
stages demonstrates higher survival rates, but only 15%−25%

of patients are surgical candidates because of cardiopulmonary impairment due to coexisting COPD. Therefore, patients
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undergo medical treatment or marginal lung resection, with
minor functional impact but possible ineffective control of
disease.5–7 Furthermore, coexisting COPD is associated with
increased postoperative morbidity and mortality.5,6
Improvements in early diagnosis and surgical techniques
have increased post-surgery survival rates. Therefore, in
recent years, there has been a growing interest towards interventions that aim at improving health-related quality of life
(HRQoL) and lessening morbidity for patients affected by
lung cancer, either before or after surgery.8,9
‘Pulmonary Rehabilitation (PR) is a comprehensive intervention based on a thorough patient assessment followed by
patient-tailored therapies, that include, but are not limited to,
exercise training, education and behaviour change designed
to improve physical and psychological condition of people
with chronic respiratory disease and to promote the longterm adherence to health-enhancing behaviours’.10 PR goals
include minimising symptom burden, maximising exercise
performance, promoting autonomy, increasing participation
in everyday activities, enriching HRQoL and influencing
long-term health-enhancing behaviour change.7,10 It is
widely recognised that physical exercise is the cornerstone in
PR programmes.11
It has been shown that preoperative PR ameliorates functional parameters that establish operability in COPD patients;
therefore, candidates for surgery could benefit from this functional improvement in terms of larger possible lung resection
and lower incidence of postoperative complications.7,11
Recent guidelines by Spruit et al.10 highlight findings of
uncontrolled trials reporting that PR after lung resection
surgery improves walking endurance and peak exercise
capacity, while reducing dyspnoea and fatigue. Likewise,
postoperative PR significantly improves respiratory function and exercise capacity in treated patients, but the effect
on long-term functioning and HRQoL is still under
debate.10,12 Nonetheless, exercise training during cancer
treatment has demonstrated to be safe, feasible and associated with significant improvement in exercise capacity,
symptoms and some domains of HRQoL.7,9,13,14
Furthermore, it has been confirmed that peak oxygen consumption is a strong independent predictor of overall longterm survival for individuals with NSCLC, while low
exercise tolerance is associated with poor thoracic surgical
outcomes.10,15
Lung cancer is one of the most prevalent types of cancer
and research that investigates effects of exercise intervention
or aims at developing PR programmes specific to these
patients is increasing. However, optimal design of exercise
intervention, tailored to lung cancer patients, either pre- or
post-surgery, has yet to be established.9,13
In recent years, Crandall et al.9 have published a systematic review of literature regarding effectiveness of exercise
in patients surgically treated for NSCLC, either pre- or postsurgery. Crandall et al.9 concluded that there is insufficient
evidence to design the most suitable exercise intervention for
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patients surgically treated for NSCLC, suggesting that higher
quality randomised controlled trials (RCTs) are required.9
Furthermore, Cavalheri et al.,16 in 2014, published a
Cochrane review about the effects of postoperative exercise training in NSCLC patients. The authors concluded
that exercise training may potentially increase physical
capacity of individuals following surgery, but their results
should be interpreted with caution due to disparities of
studies, methodologic limitations, significant risk of bias
and small sample sizes of clinical trials analysed in that
review.16
Our final aim is to define and implement the most updated
and evidence-based physical exercise interventions directed
at patients surgically treated for NSCLC, both pre- and postsurgery. These programmes will become part of an experimental intervention in a future clinical trial designed to
investigate the effects of physical therapy on surgical candidates with lung cancer.
The Cochrane Collaboration recommends periodic updating of literature search (e.g. every 2 years) to determine
whether any new relevant information is available.17 Thus,
considering the good methodological quality of the previous
systematic review of Crandall et al.9 and similarities with the
objectives this study, we have chosen to update their review
and to take into consideration the previous results of
Cavalheri et al.16
Accordingly, we have carried out this systematic review,
examining the best evidence regarding PR, focusing mainly
on the physical training component for preoperative and
postoperative interventions in patients with lung cancer
undergoing surgery.

Materials and methods
We searched the following databases from May 2013 to May
2016:
••
••
••
••
••

MEDLINE;
EMBASE;
CINAHL;
Cochrane Library;
PsycINFO.

The search strategy is reported in Appendix 1 and is identical to the strategy used by Crandall et al.9 up to May 2013.

Inclusion criteria
Studies were included in the review according to the following criteria:
Population. Trials that included participants who underwent surgery for NSCLC with curative intent. We
excluded trials which included patients who underwent
exclusively chemotherapy and/or radiotherapy because of
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the impact of these therapies would have on outcome
measures and different prognosis of this population.
Intervention. Any supervised or unsupervised, inpatient
or outpatient or home-based PR exercise-training programme. The exercise programme had to be described in
sufficient detail in order to be reproducible.
Outcome measures. Exercise capacity, lung function,
HRQoL and postoperative pulmonary complications
(PPCs).
Methodology. Since this study investigates treatment efficacy, only RCTs were searched.
Language. Reports published in English, French, Italian,
Portuguese and Spanish.

Study selection
Two reviewers (P.F.S.R., C.M.) reviewed all the records
retrieved in order to check for inclusion criteria. They preliminarily screened titles and abstracts and then retrieved and
analysed the full text of studies judged appropriate for study
purposes. In case of disagreement, the opinion of a third
reviewer was asked (S.C.).

Assessment of methodological quality
Two reviewers (P.F.S.R., C.M.) assessed methodological
quality of each study according to the Cochrane Collaboration
risk of bias tool.18 In case of disagreement, the opinion of a
third reviewer was asked (S.C.).

Data extraction
For every RCT included, two reviewers (P.F.S.R., C.M.)
extracted the following data:
•• Participants: gender, age, type of surgery;
•• Intervention: type of exercise, intensity, length of
intervention, duration of session, frequency, supervision (provided/not provided), individual versus group
session, inpatient versus outpatient and/or homebased regimen;
•• Outcome measures collected;
•• Results.
When essential data were missing, the investigators
requested them from authors.

Figure 1. Flow chart of study selection.

research question, 68 because they did not meet inclusion
criteria, 5 because they were already present in the review by
Crandall et al.9 and 1 study because only protocol was published.19 Of the remaining 21 studies, 2 were editorials20,21
and 5 were published as abstracts22–26 and therefore data
were not complete. Regarding these abstracts, two22,26 were
excluded because they were already included as full texts27,28
in our initial bibliographic research. Concerning the three
remaining abstracts, we contacted the corresponding authors
in order to obtain complete data. In one case,25 the authors
provided the requested data, whereas in the other two cases,
our attempts were unsuccessful.22,23 Consequently, we analysed 15 studies. Upon reading the full text, nine studies
were excluded from our review because they did not meet
inclusion criteria: six studies were not RCTs,29–34 two studies
did not entirely focus on patients who underwent surgery for
NSCLC, as it also included patients receiving exclusively
chemotherapy and/or radiotherapy,35,36 and one study28
because it was only a feasibility study and was not focused
on the effectiveness of exercise training. Therefore, six RCTs
were included in this review.8,25,27,37–39 The flow chart representing selection process of studies is reported in Figure 1.

Characteristics of included studies
Results
Bibliographic search results
We retrieved 556 references without duplicates. After preliminary review of titles and abstracts, we excluded 461
studies because their main subject was not related to our

The included studies were parallel RCTs and participants
were randomised into an experimental intervention group
(IG) or control group (CG).
One of the included studies focused on preoperative PR,37
while the other five focused on postoperative PR.8,25,27,38,39
Detailed study characteristics are presented in Table 1.
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Table 1. Study characteristics.
Reference

PRE/POST
intervention

Patients

Type of surgery

Demographic characteristics
of patients
Age (mean ± SD years)

Stefanelli et al.37
Arbane et al.39
Brocki et al.8
Edvardsen et al.38
Cavalheri et al.25
Hoffman et al.27

PRE
POST
POST
POST
POST
POST

40
131
78
61
17
87

100% thoracotomy
70.3% thoracotomy, 29.7% VATS
76.9% thoracotomy, 23.1% VATS
83.6% thoracotomy, 16.4% VATS
47% thoracotomy, 53% VATS
90% thoracotomy, 10% VATS

IG

CG

65.5 ± 7.4
67 ± 11
64 ± 10
64.4 ± 9.3
66 ± 10
67.4 ± 9.7

64.8 ± 7.3
68 ± 11
65 ± 9
65.9 ± 8.5
68 ± 9
65.6 ± 10.1

PRE: preoperative; POST: postoperative; SD: standard deviation; IG: intervention group; CG: control group; VATS: video-assisted thoracoscopic surgery.

Figure 2. Risk of bias analysis of preoperative study.

Participants
The sample size of preoperative trial consisted of 40 participants with an average age of 65 ± 7 years.37 Overall, the five
postoperative trials included 374 participants (range, 17–
131); 191 were randomised into the experimental IG and 183
into the control one. In all, 278 of the 374 randomised
patients completed follow-up (74.3%). Follow-up took place
at different time points: at 4 weeks after surgery,39 at 6 weeks
after surgery,27 at 8 weeks after baseline assessment,25 at
20 weeks after intervention38 and 1 year after the baseline
assessment.8 In all, 139 of these follow-up patients were
allocated to the IG and 139 to the control one. Studies
recruited both males and females, and average age of participants was 66 ± 10 years.

Methodologic quality
Methodologic quality of the included studies is reported in
Figures 2 and 3.
None of the studies reported blinding of participants and
personnel. Four8,25,27,38,39 out of five27 postoperative studies
reported blinding of outcome assessors, and the preoperative

Figure 3. Risk of bias analysis of postoperative studies.

study37 did not report sufficient information to evaluate this
aspect. However, the studies of Stefanelli et al.37 and
Hoffman et al.27 were deemed as a low risk for detection
bias, since outcomes analysed in these studies are usually
measured in an objective manner. Risk of bias for included
studies is reported in Appendix 2.

Characteristics of PR programmes
Table 2 summarises the characteristics of PR programmes
described by the included studies.
Preoperative rehabilitation programme. Regarding the preoperative PR, Stefanelli et al.37 included incremental highintensity aerobic training, both for lower and upper limbs

IG

Edvardsen
et al.38
(POST)

Arbane
et al.39
(POST)

CG

IG

CG

IG

CG

• Usual care – general information

• Respiratory exercises on bench, mattress pad
and wall bars, respectively;
• AT: upper limbs with rowing ergometer,
lower limbs by means of treadmill and
ergometric bicycle
• Usual care – no exercise
• AT: stationary bike;
• ST: arms (green Thera-band®), trunk
(abdomen, back), legs (step-ups, heel-raises,
sit-to-stands);
• Home exercises (strength training at least
twice a week and a daily 30 m walk or bicycle
ride with intensity of 11–12 RPE);
• Usual postoperative nurse counselling, 3
individual sessions of 1 h 30 min;
• Dyspnoea management techniques
• Home exercises (strength training at least
twice a week and a daily 30 min walk or
bicycle ride with intensity of 11–12 RPE);
• Usual postoperative nurse counselling, three
individual sessions of 1 h 30 min
• AT: bicycle;
• ST: 10 RM using ankle weights
• Usual care: routine physiotherapy treatments,
airway clearance techniques where indicated,
mobilisation and upper limb activities;
• At home: SPACE walking programme for
people with COPD
• Usual care – routine physiotherapy
treatments, airway clearance techniques
where indicated, mobilisation and upper limb
activities
• AT: walking uphill on treadmill;
• ST: progressive resistance training
• IMT

Group Exercise type

CG
Brocki et al.8 IG
(POST)

Stefanelli
et al.37 (PRE)

Reference

Table 2. PR programme characteristics.
Length of
intervention

15 min warm-up;
20 min aerobic
exercise; 15 min
muscle strength
training; 10 min
cool-down/
relaxation
Total 1 h

3h

Session duration

1h

Length of hospital • AT: Starting
from 5 min to
stay (about
30 min in total
5 days);
(with 2 min
SPACE from
warm-up and
discharge
2 min cooldown)

10 weeks

20 weeks
• AT: 80%−95% MHR;
• ST: 3 series of 6–12 RM of leg press,
leg extension, back extension, seat row,
bicep curls and chest-and-shoulder press

• AT: 50–60 r/min with the intensity
increased steadily during the third minute
to achieve a maximum of 60%−90% of
heart rate reserve and to 3 or 4 on BBS
and 13–15 on RPE

• Home exercises: 11–12 RPE

• AT: RPE 11–12 (1–4 sessions); RPE
13–16 (5–10 sessions)
• ST: 6–10 rep, 1–2 sets
• Home exercises: 11–12 RPE

70% of the maximum score reached at CPET 3 weeks
and increased by 10 W when the patient was
able to tolerate the set load for 30 min

Intensity

Supervised/
unsupervised

• AT and ST:
3 sessions/
week;
• IMT: daily

Daily

Individual

Group

Individual

Group/
individual

2 weekly
• AT and ST:
sessions
Supervised;
• IMT: Unsupervised individual;
1 weekly
session
group, if
possible

Supervised
SPACE: unsupervised

1 session/week Supervised
from 3rd week
after surgery to
13th week

5 sessions/week Supervised

Frequency

(Continued)

Out

In
SPACE: Out

Home-based

Out

Out

Inpatient/
outpatient/
home-based
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CG

CG
IG

IG

Intensity

Length of
intervention

• AT: walking along 100-m corridor or on a
• AT: for corridor walking initial speed set 8 weeks
treadmill, or cycle ergometera;
at 80% of the average 6MWT speed; for
treadmill walking, initial speed set at 70%
• ST: step-ups (undertaken within parallel bars)
of the average 6MWT speed. Walking
and exercises with hand weights for the
speed increased when participants were
biceps brachii muscle and deltoid muscle
able to walk 20 min continuously with
symptoms and SpO2 within acceptable
limits (⩾88%)
Cycle ergometera:10 min of endurance
training (initial work rate was set at 60%
of the Wmax achieved during the CPET)
and two periods of 2 min of power training
(initial work rate was set at 80% of the
Wmax achieved during the CPET performed
at the baseline assessment)
• ST: step-ups in 2 sets of 10 repetition;
upper limb training in 3 sets of 10
repetitions (initial weights: 1.5 kg for
women and 2 kg for men)
• Usual care – no exercise
6 weeks
• AT: 5 min during week 1 and continued
• AT: walking in place with the Wii
to build by 5 min/day each week with
• Balance exercises from a menu of
the goal of walking with the Wii of
predetermined Wii balance exercises
30 min/day during week 6. The duration
was increased by 5 min each week if
the participant’s PSE for attaining that
duration was 70% or greater on a
0%−100% scale, with 100% having the
highest PSE
• Usual care – without exercise

Group Exercise type

Supervised/
unsupervised

3 sessions/week Supervised;
cycle ergometera
unsupervised

Frequency

Variable: from 5 to 5 sessions/week Unsupervised
30 min
(5 days a week
for weeks 1–6)

60 min

Session duration

Individual

Individual

Group/
individual

Home-based

Out; cycle
ergometera
home-based

Inpatient/
outpatient/
home-based

IG: intervention group; CG: control group; UL: upper limb; rep: repetitions; AT: aerobic training; IMT: inspiratory muscle training; MIP: maximal inspiratory pressure; CPT: chest physical therapy; CPET: cardiopulmonary exercise test;
ST: strength training; RPE: Borg rating of perceived exertion; SPACE: Self-management Programme of Activity, Coping and Education; COPD: chronic obstructive pulmonary disease; BBS: Borg CR10 Breathlessness Scale; RM: repetition maximum; MHR: maximum heart rate; 6MWT: Six-Minute Walk Test; PSE: perceived self-efficacy.
aIn the event that a participant could only attend two supervised sessions per week, they were provided with a cycle ergometer (OBK600A; Orbit fitness equipment, Perth, WA, Australia) to use at home for one training session per week.

Hoffman
et al.27
(POST)

Cavalheri
et al.25
(POST)

Reference

Table 2. (Continued)
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Table 3. Outcome measures.
Reference

PRE/POST

Exercise capacity

HRQoL

Stefanelli et al.37
Hoffman et al.27
Cavalheri et al.25
Edvardsen et al.38
Arbane at al.39
Brocki et al.8

PRE
POST
POST
POST
POST
POST

VO2 peak (CPET)
6MWT
6MWT and VO2 peak (CPET)
VO2 peak (treadmill)
ISWT
6MWT

SF-36
SF-36 + FACT-L + EORTC QOL C-30
SF-36 + EORTC QOL C-30 dyspnoea
SF-36 + EORTC QOL-LC13
SF-36

PRE: preoperative; POST: postoperative; HRQoL: health-related quality of life; CPET: cardiopulmonary exercise test; 6MWT: Six-Minute Walk Test; SF36: Short Form 36; FACT-L: Functional Assessment of Cancer Therapy – Lung scale; EORTC QOL: European Organisation for Research and Treatment
of Cancer Quality Of Life; ISWT: Incremental Shuttle Walk Test.

and respiratory exercises. The PR programme lasted 3 weeks,
consisting of five supervised individual sessions per week,
conducted in an outpatient setting. The CG received usual
care but further details were not reported.
Postoperative rehabilitation programmes. Postoperative programmes included aerobic and strength or balance training.
Regarding the respiratory component, Edvardsen et al.38
included inspiratory muscle training (IMT), Arbane et al.39
incorporated routine physiotherapy treatments and Brocki
et al.8 incorporated dyspnoea management techniques.
The intervention described by Hoffman et al.27 was a
6-week, home-based, unsupervised, walking and balance
exercise programme using Nintendo Wii Fit Plus. The walking programme started off at 5 min/day for the first 5 days in
week 1. Duration was increased every week in order to reach
the goal of continuous walking for 30 min/day by week 6.
Participants also performed a series of programmed balance
exercises 5 days a week from week 1 to week 6. The CG
performed usual care and was not given any advice concerning exercise.
The intervention programme of Cavalheri et al.25 consisted in an 8-week individual, supervised, inpatient training
3 days/week comprising aerobic and resistance training. If
some participants could only attend two supervised sessions
per week, they were provided with a cycle ergometer
(OBK600A; Orbit fitness equipment, Perth, WA, Australia)
to use at home for one training session per week. The CG
was instructed to continue performing their usual activities;
in addition, they received weekly phone calls from a research
assistant who asked them general questions about their
health and well-being.
The intervention described by Edvardsen et al.38 was a
20-week, high-intensity programme consisting of three outpatient sessions per week, one being a group session, when
possible. Aerobic and strength training were supervised,
whereas IMT was unsupervised and performed daily. CG
performed usual care and was not given any advice regarding exercise, besides routine general information.
The intervention programme of Arbane et al.39 consisted
first in daily inpatient sessions, lasting about 5 days, up to
discharge; after that, patients initiated Self-Management

Programme of Activity, Coping and Education (SPACE) in an
unsupervised and outpatient setting. The CG received usual
care including routine physiotherapy treatments, airway clearance techniques, mobilisation and upper limb activities.
The intervention programme of Brocki et al.8 consisted of
weekly group rehabilitation sessions lasting 10 weeks, starting from the third post-surgery week. Sessions were supervised in an outpatient setting. This programme also included
three individual sessions of postoperative nurse counselling,
lasting one and a half hours, as part of usual care provided
for both groups. Furthermore, the CG was given a homebased exercise programme including aerobic and strength
training.

Outcome measures
Table 3 summarises outcome measures analysed in included
studies.
Preoperative study. Exercise capacity was analysed by Stefanelli et al.37 by means of VO2peak (maximum consumption
of O2 at exercise peak) using the cardiopulmonary exercise
test (CPET).
Regarding lung function, Stefanelli et al.37 analysed
forced expiratory volume in first second (FEV1) and diffusing lung capacity of carbon monoxide (DLCO).
Postoperative studies. All trials measured exercise capacity.
Edvardsen et al.38 analysed VO2peak using a continuous
graded exercise protocol on a treadmill. Brocki et al.8 and
Hoffman et al.27 used Six-Minute Walk Test (6MWT). Cavalheri et al.25 used 6MWT and VO2peak performing also
CPET. Arbane et al.39 measured exercise capacity with Incremental Shuttle Walk Test (ISWT). They also recorded activity levels with an Actiwatch that was given to patients to
wear at least 48 h preoperatively and then for 5 days postsurgery (or until discharge, if earlier). Participants were
given the Actiwatch again 1 week prior to the 4-week postoperative assessment and were asked to wear it for at least
5 days.
Lung function was analysed in three trials. Cavalheri
et al.25 analysed FEV1, functional vital capacity (FVC), total
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lung capacity and DLCO. Edvardsen et al.38 reported FEV1
and DLCO and Brocki et al.8 analysed FEV1 and FVC.
HRQoL was assessed through Short Form-36 questionnaire (SF-36) in all trials8,25,27,38,39 and three of them also
used the European Organisation for Research and Treatment
of Cancer questionnaire (EORTC).25,38,39 Cavalheri et al.25
analysed HRQoL using also the Functional Assessment of
Cancer Therapy – Lung scale (FACT-L).

PR programme effectiveness
Preoperative study. Stefanelli et al.37 trial reported that differences between groups were null at baseline. Instead, at T1
(after preoperative rehabilitation and pre-surgery) and at T2
(60 days post-surgery), it showed a significant difference in
VO2peak between groups in favour of the IG (p < 0.001 and
p < 0.01, respectively). Furthermore, in the IG, they observed
a within-group significant improvement in VO2peak from
baseline to T1. This improvement was not maintained after
surgery, when patients in the IG fell back to their baseline
values. On the contrary, within the CG, VO2peak registered a
continuous decrease at both time points. Significant worsening after surgery brought this group to a level lower than
baseline. Regarding lung function, this trial failed to report
any between-group differences. Yet, it reported a significant
within-group decrease of DLCO and FEV1, from baseline to
T1 and from T1 to T2 for both IG and CG.
Postoperative studies. Regarding exercise capacity, Hoffman
et al.27 reported a significant delta difference in distances at
6 weeks post-surgery versus pre-surgery (p < 0.001). Cavalheri et al.25 reported greater gains favouring IG for VO2peak
(mean difference (95% confidence interval (CI)) 0.19 (0.04–
0.33) L/min), O2 pulse (2 (0–3) mL/beat) and anaerobic
threshold (11 (1–21)% of VO2peak); regarding 6MWT, the
authors reported greater favouring IG for distance walked
(mean difference (95% CI of difference) 52 (12–93) min).
Edvardsen et al.38 reported a significant difference between
groups in VO2peak after postoperative PR (p = 0.02), favouring IG. Arbane et al.39 did not clearly report exercise capacity
levels measured by ISWT. We tried to contact the corresponding author to obtain complete data but our attempts
were unsuccessful. Nevertheless, from data presented graphically in this study, it seems that, after postoperative PR, CG
did not improve exercise capacity, whereas in IG, it improved
by 60 min. However, we do not know if this difference was
statistically significant. Also, using intention-to-treat analysis, they found no between or within-group significant differences for total active time, measured by Actiwatch,
4 weeks post-surgery. Brocki et al.8 showed an improvement
in walking distance 4 months and 1-year post-surgery in both
groups, with no between-group differences at any time.
Lung function, analysed in Cavalheri et al.,25 Edvardsen
et al.38 and Brocki et al.8 trials, did not present significant
changes in FEV1 and FVC; only DLCO, reported by
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Edvardsen et al.,38 presented significant differences between
groups after PR (p = 0.01), supporting IG.
In relation to HRQoL, the study by Hoffman et al.27
showed a within-group improvement in IG after intervention
for mental and physical domains of SF-36, but we cannot
determine if this difference was statistically significant
between groups because data were not completely reported.
The study by Cavalheri et al.25 reported no between-group
differences in the three rating scales used. The study by
Edvardsen et al.38 reported significant differences between
groups after intervention in both physical and mental
domains of SF-36 (p = 0.006 and 0.02, respectively), supporting the experimental programme. Moreover, this trial
analysed dyspnoea dominium of EORTC and found a significant improvement in IG (p = 0.03). The trial conducted by
Brocki et al.8 found no statistical differences between groups
in any of the SF-36 domains, except for the one dealing with
body pain, which revealed a statistically significant improvement favouring IG 4 months post-surgery (p = 0.01). Arbane
et al.39 stated no significant differences in quality of life
between IG and CG, measured either by SF-36 or EORTC.
However, when the subgroup with airflow obstruction was
analysed, they found that the experimental exercise programme significantly prevented a decline in both mental and
physical domains of SF-36 (0.01 and 0.04, respectively).
Table 4 summarises HRQoL data collected by all the included
studies using SF-36.
Appendix 3 summarises detailed results for every outcome collected by the included studies in order to assess
effects of experimental interventions.

Discussion
This systematic review aimed at determining the best evidence-based physical exercise interventions directed at
patients treated surgically for NSCLC, both pre- and
post-surgery.
Regarding preoperative and postoperative PR, our review
demonstrates that in this field literature is lacking a sufficient
number of randomised clinical trials. Therefore, beyond the
previous conclusions of Crandall et al.,9 highlighting the
need for further high-quality RCTs and suggesting that an
optimal rehabilitation programme should include aerobic,
strength and breathing exercises,9 we cannot add any relevant evidence. However, our results allow us to support previous findings of Cavalheri et al.,16 suggesting inclusion of
exercise training in PR programmes after lung resection for
NSCLC.16

Preoperative PR
Concerning the effects of exercise training for people undergoing lung resection, we found only one RCT published in
the last 2 years.37 Moreover, findings of this study should be
analysed with caution due to questionable methodologic

Baseline (before surgery)
Post-surgery
3 weeks post-surgery
6 weeks post-surgery
Baseline (6–10 weeks post-surgery)
8 weeks after baseline
Baseline (4–6 weeks post-surgery)
After PR (20 weeks)
4 weeks post-surgery

Cavalheri
et al.25
Edvardsen
et al.38
Arbane
et al.39a
Brocki et al.8 Baseline (3 weeks post-surgery)
4 months after baseline
1 year after baseline
Hoffman
Baseline (before surgery)
et al.27
Post-surgery
3 weeks post-surgery
6 weeks post-surgery
Cavalheri
Baseline (6–10 weeks post-surgery)
et al.25
8 weeks after baseline
Edvardsen
Baseline (4–6 weeks post-surgery)
et al.38
After PR (20 weeks)
Arbane
4 weeks post-surgery
et al.39b
Brocki et al.8 Baseline (3 weeks post-surgery)
4 months after baseline
1 year after baseline

Hoffman
et al.27

Assessment

41
32
27

38.88 ± 10

41
32
27
37
37
37
37
9
9
30
30
40
45.67 ± 10

48.1 ± 10.6
51.5a
52.5a
57.5
55 ± 6
51 ± 14
46.4 ± 11.1
55.5 ± 5.3
2

48.02 ± 9.3
30.2
41.5a
45.2
46 ± 6
48 ± 8
48.3 ± 9
51.8 ± 5.5
17

Mean ± SD

37
37
37
37
9
9
30
30
40

N

IG

4.4 ± 10.4
5.33 ± 8.7

6.7 ± 8
5.1 ± 11.1

Mean
change from
baseline ± SD
35
35
35
35
8
8
31
31
38

N

CG

37
35
31

37
35
31
35
35
35
35
−4 (−12 to 5) 8
8
31
31
−11.2 to 14.3 38

8.5–26.2

2 (−3 to 6)

95% CI

IG: intervention group; CG: control group; SD: standard deviation; CI: confidence interval; NR: not reported; NS: not significant.
aData estimated, presented graphically.
bData refer to the subgroup with airflow obstruction.

Mental
domain

Physical
domain

Reference

Table 4. SF-36 data.

44.88 ± 9

50 ± 10.4
44.5a
47.4
47
46 ± 6
51 ± 8
45.4 ± 12.1
46.6 ± 14
15

38.99 ± 7

46.1 ± 9.2
32.7
35.5a
38.8
42 ± 5
40 ± 9
48.3 ± 11.9
43.3 ± 11.3
23

Mean ± SD

5.4 ± 9.4
9.6 ± 9

3.1 ± 9.2
7.7 ± 8.5

Mean
change from
baseline ± SD

0.8 to 30

5 (−2 to 12)

10.3 to 35.8

−2 (−7 to 2)

95% CI

NR
−0.03 (−3.7 to 3.6)
−2.15 (−6 to 1.7)

20 (4.6 to 34.6)

−8 (−18 to 2)
NR

NR
3.76 (−0.1 to 7.62)
−1.5 (−5.6 to 2.5)

12 (0.5–23)

4 (−2 to 10)
NR

NR
0.99
0.27

NR
0.06
0.27
0.46
NR
NR
NR
NR
0.10
NS
0.020
0.01

0.35
NR
NR
NR
NR
0.20
NS
0.006
0.04

Between-group
p value
difference (95% CI) IG-CG
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quality, since randomisation method was not clearly described
and attrition and reporting biases are likely to have affected
results. Furthermore, the authors did not provide any information about blinding of assessors. However, outcomes
measured in this study were instrumentally determined by
precise guidelines, consequently blinding of assessors may
not have been so essential. Regarding exercise-training programme, this trial followed current physical activity guidelines for PR in cancer patients (2–4 weeks, 5 times/week).10
This training modality is feasible, although its efficacy has
not yet been clearly confirmed by large sample size studies.10
The trial of Stefanelli et al.37 exhibited a beneficial effect of
preoperative PR on physical performance in patients with
COPD and NSCLC, even if no improvements in lung function were revealed. This result should be interpreted in light
of the fact that exercise training was associated with significant increase in VO2peak, as confirmed by previous studies.40,41
Also, it is well documented that cardiorespiratory fitness is a
strong independent predictor of postoperative complications
and survival in NSCLC patients after lung resection.15,42,43
So, even if Stefanelli et al.37 did not assess PPCs, we may
infer that preoperative PR could reduce postoperative respiratory morbidity, length of hospital stay and health-care costs
due to improvements in cardiorespiratory fitness induced by
enhanced physical performance.44,45
Even though our research focused mainly on exercise
training, we noticed that preoperative PR programmes often
integrate a respiratory component, which frequently includes
IMT.44,45 Indeed, a previous meta-analysis concluded that
preoperative IMT significantly improves respiratory muscle
function.46 Hence, we suggest including this specific component in preoperative PR programmes.

Postoperative PR
Regarding postoperative PR, the five RCTs included in our
review showed a good methodologic quality.8,25,27,38,39 These
five studies were classified at low risk of bias for almost
every parameter, except for the risk of performance bias.
However, it is necessary to point out that, in the rehabilitation field, it is very difficult to guarantee participant and personnel blinding. For this reason, it is critically important to
assure blinding of outcome assessors, as seen in four8,25,38,39
out of five27 studies included in our review.
Concerning the effect of postoperative PR on physical
capacity, the variability in PR programmes and outcome
measures applied in the included studies prevented us from
adding any relevant evidence to the previous systematic
reviews.9,16 One of the included studies showed beneficial
effects on cardiorespiratory fitness after supervised endurance and strength training, measured by VO2peak38 and
another one27 showed an increase in the walking distance up
to preoperative levels. Another study showed beneficial
effects in both CPET and 6MWT.25 These results are in
accordance with the meta-analyses performed by Cavalheri
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et al.,16 supporting increase in physical capacity through
exercise training in this population. Conversely, the other
two trials8,39 revealed no differences between groups for
physical capacity, with similar increases in walking distance
and recovery up to preoperative functional levels in both
groups. However, the results of Arbane et al.39 should be
considered with caution, since this study reported high number of lost to follow-up patients (27% in CG and 17% in IG);
so, the risks of attrition bias and type II error cannot be
entirely excluded. Regarding the trial of Brocki et al.,8 it is
important to point out that some form of physical training
was included in both IG and CG. Indeed, the authors intended
to compare supervised versus unsupervised exercise training
and outpatient versus home-based settings. Their results
were not statistically significant but tended to show a slightly
faster recovery through supervised exercise.
Concerning pulmonary function, our review does not
demonstrate any changes after postoperative PR programmes, in accordance with Crandall et al.9 and Cavalheri
et al.16 reviews and with previous research conducted on
COPD patients.47
Regarding HRQoL, our review suggests that exercise
training could be advantageous. Even if results were not
exactly identical in the included trials, four8,27,38,39 out of
five25 studies reported a certain degree of change in HRQoL
using SF-36, always favouring IG. Certainly, there is still
little evidence concerning the effects of exercise training on
HRQoL, as also observed by Crandall et al.9 and Cavalheri
et al.16 In addition, it has been shown that lung resection for
NSCLC has a greater detrimental impact on quality of life
compared to other major visceral surgeries.4 Perhaps for this
reason, research in this field has started to focus not only on
functional outcome measures but also on quality of life as
perceived by patients. Although NSCLC survivors are
extremely vulnerable and, consequently, need time to recover
from treatment,4 there is now a growing body of evidence
regarding this topic. Possibly, more prolonged treatments
over time may have more decisive effects on this outcome.
The five postoperative trials included in our review presented various forms of PR programmes. They were similar
only in one type of exercise included (aerobic), but each study
also added different kinds of training (strength or balance)
and they also differed in setting, session duration, intensity,
length of intervention and frequency. These dissimilarities
made it difficult to identify the best exercise intervention
design. Even if it was not possible to establish the best evidence-based physical exercise intervention, previous studies
support the inclusion of aerobic exercise training combined
with other forms of exercise,11,31 such as strength training, as
suggested by recent guidelines10 and systematic reviews9,48
on optimal perioperative PR programmes for lung cancer
patients. Considering that the majority of patients affected by
lung cancer also present COPD,3 exercise-training programmes specific for this population are often based on
COPD training programmes and are frequently associated
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with a respiratory component. This component is usually
made up of IMT,12,38 incentive spirometry,49 airway clearance
techniques39 and respiratory exercises.19
Regarding location of exercise intervention, there is no
evidence that allows us to indicate the best setting or any
other features of rehabilitation programmes. In any case, a
recent review by Maguire et al.50 analysed needs of people
living with lung cancer and highlighted the importance of
addressing fatigue, dyspnoea, pain, difficulties in daily activities, psychological distress and return to work issues. These
domains should be included in any rehabilitation programme.
Moreover, educational sessions would be useful in order to
empower people to cope better with their disease. This
review also pointed out difficulties in accessibility to healthcare programmes due to transportation problems. Therefore,
when defining and choosing an intervention programme, it is
of utmost importance to consider patient needs and availability of local health-care services. Thus, the best PR programme
would probably reflect a combination of supervised outpatient and unsupervised home-based training. Furthermore,
bearing in mind the psychological condition of NSCLC
patients, the inclusion of group sessions might be beneficial
for sharing experiences and facilitating social domain.51
Supporting this theme, a study conducted by Swenson et al.52
reported that patients attending group sessions were more
likely to complete the programme. Furthermore, the authors
declare that group setting was acceptable and beneficial for
this population.52
Recent literature has demonstrated that either pre- or
post-operative exercise training for NSCLC patients is safe,
feasible and acceptable.7,9,13 In our review, none of the
included studies reported data regarding safety of the applied
intervention. In all, 96 of the 374 patients randomised
dropped out. Surely, a drop-out rate of 26% might indicate
limited acceptability or feasibility, although in this population a similar rate of withdrawal might be considered normal, as also reported by a recent study of Sommer et al.28
Nevertheless, the majority of patients lost to follow-up were
found in only one study39 and the reason for this drop-out
rate concerned, in most cases, loss of inclusion criteria.
This review has some limitations. First, we only analysed
the last 3 years of published literature; however, we choose not
to search for older publications because two extensive and
well-done systematic review had been published in recent
years.9,16 Second, although we only focused on collecting evidence regarding exercise training programmes, we recognise
that other rehabilitation interventions (i.e. chest physiotherapy,
educational or psychological programmes, nutritional interventions) might be beneficial in this population. Finally, the
clinical trials included in this review showed different quality
levels and were not completely free of risk of bias, although
we know that a certain risk of bias may almost always be present in studies conducted in the field of rehabilitation.
Regardless of different quality levels of evidence, this review
suggests that inclusion of exercise-training programmes

should be considered for this population, both pre- and postsurgery. In particular, exercise training may have an important
role for patients that already have compromised functional
capacity or present comorbidities, such as COPD.9,11,16,53
In conclusion, this review has shown that, because of
insufficient number of RCTs and substantial heterogeneity
between types of interventions, it is not possible to establish the best exercise intervention programme, either preor post-surgery, for patients surgically treated for NSCLC.
Nevertheless, this review further emphasises the complexity of PR for this population. Interventions often include
several interacting components such as exercise training,
IMT, incentive spirometry, airway clearance techniques
and respiratory exercise. This systematic review highlights
the urgent need for additional and larger RCTs with better
methodology, in order to collect stronger evidence and clarify the role of exercise-training programmes for these
patients. Finally, we should highlight the value of both preand post-surgery physical training programmes, implemented in a multidisciplinary environment, that include
aerobic training as the most relevant component to improve
exercise capacity.

Clinical messages
•• Urgent need for additional and larger RCTs with better methodological quality in order to identify the best
physical exercise interventions design for surgically
treated NSCLC patients.
•• Literature suggests inclusion of both aerobic and
strength training in an optimal perioperative PR
programme.
Acknowledgements
We thank Dr Vincent Corsentino and Dr Lorena Palladini for their
skilled linguistic revision of the manuscript.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
research was supported by Italian Ministry of Health. We would
like to thank very much for funding the project ‘Effects of early
pulmonary rehabilitation and long-term exercise on lung function,
quality of life and postoperative outcome in lung cancer patients’
(Project Code: GR-2011-02351711) within Bando Ricerca
Finalizzata e Giovani Ricercatori 2011/2012.

References
1. Rueda JR, Solà I, Pascual A, et al. Non-invasive interventions
for improving well-being and quality of life in patients with
lung cancer. Cochrane Database Syst Rev 2011; 9: CD004282.

12
2. Non-Small Cell Lung Cancer (NSCLC). Union for
International Cancer Control: 2014 review of cancer medicines on the WHO list of essential medicines, http://www.
who.int/selection_medicines/committees/expert/20/applications/NonSmallCellLungCancer.pdf (2014, accessed 14
October 2015).
3. Loganathan RS, Stover DE, Shi W, et al. Prevalence of COPD
in women compared to men around the time of diagnosis of
primary lung cancer. Chest 2006; 129(5): 1305–1312.
4. Schulte T, Schniewind B, Dohrmann P, et al. The extent of
lung parenchyma resection significantly impacts long-term
quality of life in patients with non-small cell lung cancer.
Chest 2009; 135(2): 322–329.
5. Divisi D, Di Francesco C, Di Leonardo G, et al. Preoperative
pulmonary rehabilitation in patients with lung cancer and
chronic obstructive pulmonary disease. Eur J Cardiothorac
Surg 2013; 43(2): 293–296.
6. Schroedl C and Kalhan R. Incidence, treatment options, and
outcomes of lung cancer in patients with chronic obstructive
pulmonary disease. Curr Opin Pulm Med 2012; 18(2): 131–
137.
7. Shannon VR. Role of pulmonary rehabilitation in the management of patients with lung cancer. Curr Opin Pulm Med 2010;
16(4): 334–339.
8. Brocki BC, Andreasen J, Nielsen LR, et al. Short and longterm effects of supervised versus unsupervised exercise training on health-related quality of life and functional outcomes
following lung cancer surgery – a randomized controlled trial.
Lung Cancer 2014; 83(1): 102–108.
9. Crandall K, Maguire R, Campbell A, et al. Exercise intervention for patients surgically treated for Non-Small Cell Lung
Cancer (NSCLC): a systematic review. Surg Oncol 2014;
23(1): 17–30.
10. Spruit MA, Singh SJ, Garvey C, et al. An official American
Thoracic Society/European Respiratory Society statement:
key concepts and advances in pulmonary rehabilitation. Am J
Respir Crit Care Med 2013; 188(8): e13–e64.
11. Nici L. The role of pulmonary rehabilitation in the lung cancer
patient. Semin Respir Crit Care Med 2009; 30(6): 670–674.
12. Cesario A, Ferri L, Galetta D, et al. Post-operative respiratory
rehabilitation after lung resection for non-small cell lung cancer. Lung Cancer 2007; 57(2): 175–180.
13. Granger CL, McDonald CF, Berney S, et al. Exercise intervention to improve exercise capacity and health related quality
of life for patients with Non-small cell lung cancer: a systematic review. Lung Cancer 2011; 72(2): 139–153.
14. Schmitz KH, Courneya KS, Matthews C, et al. American
College of Sports Medicine roundtable on exercise guidelines
for cancer survivors. Med Sci Sports Exerc 2010; 42(7): 1409–
1426.
15. Jones LW, Liang Y, Pituskin EN, et al. Effect of exercise
training on peak oxygen consumption in patients with cancer:
a meta-analysis. Oncologist 2011; 16(1): 112–120.
16. Cavalheri V, Tahirah F, Nonoyama M, et al. Exercise training undertaken by people within 12 months of lung resection
for non-small cell lung cancer. Cochrane Database Syst Rev
2013; 7: CD009955.
17. Moher D, Tsertsvadze A, Tricco AC, et al. When and how
to update systematic reviews. Cochrane Database Syst Rev
2008; 1: MR000023.

SAGE Open Medicine
18. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ 2011; 343: d5928.
19. Sommer MS, Trier K, Vibe-Petersen J, et al. Perioperative
rehabilitation in operation for lung cancer (PROLUCA) –
rationale and design. BMC Cancer 2014; 14: 404.
20. Sebio R, Yáñez-Brage MI, Giménez-Moolhuyzen E, et al.
Impact of a pre-operative pulmonary rehabilitation program
on functional performance in patients undergoing videoassisted thoracic surgery for lung cancer. Arch Bronconeumol
2016; 52(5): 231–232.
21. Dickinson KJ and Blackmon SH. Prehabilitation: prevention
is better than cure. J Thorac Cardiovasc Surg 2015; 149(2):
574–575.
22. Sommer MS, Trier K, Missel M, et al. Postoperative rehabilitation in operations for lung cancer – a randomised clinical trial with blinded effect evaluation: rationale and design
(PROLUCA). Support Care Cancer 2013; 21: S251.
23. Jarosz A, Szlubowski A, Grochowski Z, et al. The evaluation
of utility of preoperative systematized pulmonological physiotherapy among non-small-cell lung cancer patients undergoing
anatomical lung resection. Interact Cardiovasc Thorac Surg
2014; 18: S32.
24. Edvardsen E, Skjonsberg OH, Borchsenius F, et al. Effect of
training on maximal oxygen uptake and muscular strength
after lung cancer surgery – a randomized controlled trial. Eur
Respir J 2013; 42(Suppl. 57): 369.
25. Cavalheri V, Jenkins S, Gain K, et al. Non-small cell lung cancer: measuring impairment on completion of curative intent
treatment and optimising functional recovery using supervised
exercise training. Respirology 2015; 20(Suppl. 2): 32.
26. Hoffman AJ, Brintnall R, Given B, et al. The impact of a
home-based rehabilitation program for cancer-related fatigue
for post-surgical non-small cell lung cancer patients. Cancer
Nurs 2015; 38(4 Suppl.): S30–S31.
27. Hoffman AJ, Brintnall RA, Given BA, et al. Using perceived
self-efficacy to improve fatigue and fatigability in postsurgical lung cancer patients: a pilot randomized controlled
trial. Cancer Nurs. Epub ahead of print 29 April 2016. DOI:
10.1097/NCC.0000000000000378.
28. Sommer MS, Trier K, Vibe-Petersen J, et al. Perioperative
Rehabilitation in Operable Lung Cancer Patients (PROLUCA):
a feasibility study. Integr Cancer Ther. Epub ahead of print 4
May 2016. DOI: 10.1177/1534735416635741.
29. Maeda K, Higashimoto Y, Honda N, et al. Effect of a postoperative outpatient pulmonary rehabilitation program on physical activity in patients who underwent pulmonary resection
for lung cancer. Geriatr Gerontol Int 2015; 16: 550–555.
30. Gao K, Yu P, Su J, et al. Cardiopulmonary exercise testing
screening and pre-operative pulmonary rehabilitation reduce
postoperative complications and improve fast-track recovery after lung cancer surgery: a study for 342 cases. Thorac
Cancer 2015; 6: 443–449.
31. Bradley A, Marshall A, Stonehewer L, et al. Pulmonary rehabilitation programme for patients undergoing curative lung
cancer surgery. Eur J Cardiothorac Surg 2013; 44(4): e266–
e271.
32. Hoffman AJ, Brintnall RA and Cooper J. Merging technology
and clinical research for optimized post-surgical rehabilitation
of lung cancer patients. Ann Transl Med 2016; 4(2): 28.

13

Mainini et al.
33. Charloux A. Clinical case no.3 – role of function testing
and rehabilitation in the preoperative assessment of a lung
cancer. Revue Maladies Respiratoires Actualites 2015; 7(1):
19–23.
34. Kim SK, Ahn YH, Yoon JA, et al. Efficacy of systemic postoperative pulmonary rehabilitation after lung resection surgery. Ann Rehabil Med 2015; 39(3): 366–373.
35. Salhi B, Huysse W, Van MG, et al. The effect of radical treatment and rehabilitation on muscle mass and strength: a randomized trial in stages I-III lung cancer patients. Lung Cancer
2014; 84(1): 56–61.
36. Salhi B, Haenebalcke C, Perez-Bogerd S, et al. Rehabilitation
in patients with radically treated respiratory cancer: a randomised controlled trial comparing two training modalities.
Lung Cancer 2015; 89(2): 167–174.
37. Stefanelli F, Meoli I, Cobuccio R, et al. High-intensity training and cardiopulmonary exercise testing in patients with
chronic obstructive pulmonary disease and non-small-cell
lung cancer undergoing lobectomy. Eur J Cardiothorac Surg
2013; 44(4): e260–e265.
38. Edvardsen E, Skjønsberg OH, Holme I, et al. High-intensity
training following lung cancer surgery: a randomised controlled trial. Thorax 2015; 70(3): 244–250.
39. Arbane G, Douiri A, Hart N, et al. Effect of postoperative
physical training on activity after curative surgery for nonsmall cell lung cancer: a multicentre randomised controlled
trial. Physiotherapy 2014; 100(2): 100–107.
40. Jones LW, Peddle CJ, Eves ND, et al. Effects of presurgical
exercise training on cardiorespiratory fitness among patients
undergoing thoracic surgery for malignant lung lesions.
Cancer 2007; 110(3): 590–598.
41. Bobbio A, Chetta A, Ampollini L, et al. Preoperative pulmonary rehabilitation in patients undergoing lung resection for
non-small cell lung cancer. Eur J Cardiothorac Surg 2008;
33(1): 95–98.
42. Brunelli A, Charloux A, Bolliger CT, et al. ERS/ESTS clinical
guidelines on fitness for radical therapy in lung cancer patients
(surgery and chemo-radiotherapy). Eur Respir J 2009; 34(1):
17–41.
43. Rodriguez-Larrad A, Lascurain-Aguirrebena I, AbeciaInchaurregui LC, et al. Perioperative physiotherapy in patients
undergoing lung cancer resection. Interact Cardiovasc Thorac
Surg 2014; 19(2): 269–281.
44. Benzo R, Wigle D, Novotny P, et al. Preoperative pulmonary
rehabilitation before lung cancer resection: results from two
randomized studies. Lung Cancer 2011; 74(3): 441–445.
45. Morano MT, Araújo AS, Nascimento FB, et al. Preoperative
pulmonary rehabilitation versus chest physical therapy
in patients undergoing lung cancer resection: a pilot randomized controlled trial. Arch Phys Med Rehabil 2013;
94(1): 53–58.
46. Mans CM, Reeve JC and Elkins MR. Postoperative outcomes
following preoperative inspiratory muscle training in patients
undergoing cardiothoracic or upper abdominal surgery: a systematic review and meta analysis. Clin Rehabil 2015; 29(5):
426–438.
47. Spruit MA, Gosselink R, Troosters T, et al. Resistance versus
endurance training in patients with COPD and peripheral muscle weakness. Eur Respir J 2002; 19(6): 1072–1078.

48. Singh F, Newton RU, Galvão DA, et al. A systematic review
of pre-surgical exercise intervention studies with cancer
patients. Surg Oncol 2013; 22(2): 92–104.
49. Agostini P, Naidu B, Cieslik H, et al. Effectiveness of incentive spirometry in patients following thoracotomy and lung
resection including those at high risk for developing pulmonary complications. Thorax 2013; 68(6): 580–585.
50. Maguire R, Papadopoulou C, Kotronoulas G, et al. A systematic review of supportive care needs of people living with lung
cancer. Eur J Oncol Nurs 2013; 17(4): 449–464.
51. Missel M, Pedersen JH, Hendriksen C, et al. Exercise intervention for patients diagnosed with operable non-small cell lung
cancer: a qualitative longitudinal feasibility study. Support
Care Cancer 2015; 23(8): 2311–2318.
52. Swenson KK, Nissen MJ, Knippenberg K, et al. Cancer rehabilitation: outcome evaluation of a strengthening and conditioning program. Cancer Nurs 2014; 37(3): 162–169.
53. Holland AE, Wadell K and Spruit MA. How to adapt the pulmonary rehabilitation programme to patients with chronic
respiratory disease other than COPD. Eur Respir Rev 2013;
22(130): 577–586.

Appendix 1. Strategy research.
S1.
S2.
S3.
S4.
S5.
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S14.
S15.
S16.
S17.
S18.
S19.
S20.
S21.
S22.
S23.
S24.
S25.
S26.
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exp Lung Neoplasms/
lung cancer.mp.
lung neoplasm*.mp.
Non-Small-Cell Lung.mp.
1 or 2 or 3 or 4
exp Exercise/
exp Exercise Therapy/
exp Physical Fitness/
exp Rehabilitation/
exp Physical Therapy Modalities/
exercise.mp.
physical activity.mp.
physical fitness.mp.
rehabilitation.mp.
exercise therapy.mp.
6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15
exp General Surgery/
exp Pulmonary Surgical Procedures/
exp Thoracic Surgical Procedures/
exp Surgical Procedures, Operative/
surg*.mp.
operat*.mp.
resection.mp.
lobectomy.mp.
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24
5 and 16 and 25
remove duplicates from 26

Note that the suffix exp = exploded term, / = MeSH and mp. = title,
abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept, rare disease
supplementary concept and unique identifier (free-text term).

Unclear
High risk

Allocation concealment

Blinding of participants and
personnel
Blinding of outcome assessment

Incomplete outcome data
Selective reporting
Other bias
Postoperative: Cavalheri et al.25
Sequence generation
Allocation concealment
Blinding of participants and
personnel
Blinding of outcome assessment
Incomplete outcome data
Selective reporting
Other bias

Quote: ‘The randomisation sequence was generated and managed by an independent researcher using a computer …’
Quote: ‘… and concealed using sequentially numbered opaque envelopes’
Open label
Assessors were blinded to patient’s group allocation.
Quote: ‘Analyses were undertaken according to the intention-to-treat principle’
All pre-specified outcomes were reported
Study appears to be free of other sources of bias

Low risk
High risk
Low risk
Low risk
Low risk
High risk
Low risk
Low risk
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Low risk

High risk

Blinding of participants and
personnel
Blinding of outcome assessment

Quote: ‘A random-number table was generated by the team statistician to identify whether the potential participant was
assigned to the IG or CG. The random-number table included decimal numbers between 0 and 1’.
Quote: ‘The random allocation was a predefined assigned slot when a patient enrolled in the study. The recruiter used
the next available predefined slot for allocation’
Open label

Comment: blinding of outcome assessment is not reported but the outcomes considered in our review (VO2 peak,
FEV1, FVC, DLCO) are not likely to be influenced by lack of blinding
No defined number of patients at the follow-up
FVC data not reported
Number of patients in IG and CG are not reported

Quote: ‘Patients were randomly assigned to two groups’
Comment: insufficient to be confident that the allocation sequence was genuinely randomised
Quote: ‘Patients were randomly assigned to two groups’
Comment: probably not done, no information about the allocation concealment
Open label

Description

Assessors were not blinded to patient’s group allocation but outcomes considered in this study and extracted for our
review (6MWT, SF-36) are not likely to be influenced by lack of blinding
Quote: ‘All analyses were completed on the randomized groups by intent to treat’
6MWT and SF-36 data are reported incompletely
Study appears to be free of other sources of bias
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Sequence generation

Item

Appendix 2. Risk of bias analysis.

14
SAGE Open Medicine

The allocation sequence was concealed from the researcher who enrolled and assessed the participants
Missing data have been imputed using appropriate methods
Shuttle walk test and EORTC data are reported incompletely
The study appears to be free of other sources of bias
Quote: ‘Computer-generated randomization tables, stratified for pneumonectomy (expected low performance status)
were used’.
Quote: ‘Individual allocations were placed in consecutively numbered and sealed opaque envelopes by an external
person’
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Incomplete outcome data
Selective reporting
Other bias
Postoperative: Brocki et al.8
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Incomplete outcome data
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FEV1: forced expiratory volume in first second; DLCO: diffusing lung capacity of carbon monoxide; FVC: functional vital capacity; IG: intervention group; CG: control group; 6MWT: Six-Minute Walk Test;
SF-36: Short Form 36; EORTC: European Organisation for Research and Treatment of Cancer.

Assessors were blinded to the patient’s group allocation
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provided by the Mental Health and Neurosciences Clinical Trials Unit supplied by King’s College London’
Quote: ‘The allocation sequence was concealed from the researcher who enrolled and assessed the participants. …
This prevent foreknowledge of treatment assignment, and thus shielded those who recruited participants from being
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Quote: ‘The study was open labelled; neither the participants nor the researchers were blinded’.
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likely to be influenced by lack of blinding
Missing data have been imputed using intention-to-treat analysis
All pre-specified outcomes were reported
Study appears to be free of other sources of bias

Low risk

Description

Quote: ‘The randomisation was done in blocks with varying block size (4–6 subjects)’
Quote: ‘… put into sealed opaque envelopes generated by an external statistician’
Open label

Authors’
judgement
Low risk
Low risk
High risk

Postoperative: Edvardsen et al.38
Sequence generation
Allocation concealment
Blinding of participants and
personnel
Blinding of outcome assessment

Item
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Baseline
Before surgery
60 days post-surgery

Stefanelli et al.37
– VO2 peak (mL/
kg/min)
NR

14.9 ± 2.3
17.8 ± 2.1
15.1 ± 2.4
<0.001 versus T1

<0.001

NR

N

p value

N

Mean ± SD

CG

IG

IG: intervention group; CG: control group; SD: standard deviation; NS: not significant; NR: not reported.

Assessment

Reference –
exercise capacity

Preoperative PR
Exercise capacity

Results of the studies selected

Appendix 3

14.8 ± 1.4
14.5 ± 1.2
11.4 ± 1.2

Mean ± SD

<0.001 versus T0 and T1

NS

p value

NS
<0.001
<0.01

p value IGCG
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Assessment
N

MD (95% CI)

N

Mean
Mean ± SD
change from
baseline ± SD

CG

IG

0.2 (0.03 to 0.33)

NR

0.57
0.93

1.31 (−28.18 to 30.8)

NR

2

NR

0.02

NR

0.02

8.33 (−20 to 36.27)

NR

3.4 (1.3 to 5.5)

IG: intervention group; CG: control group; SD: standard deviation; CI: confidence interval; 6MWT: Six-Minute Walk Test; ISWT: Incremental Shuttle Walk Test; NR: not reported.
aMean.

19 ± 6

NR

18.1 ± 5.5

NR

52 (12 to 93)

−8 (−36 to 20)

496 ± 105

477 ± 78

1.03 ± 0.30

NR

−0.05 (−0.15 to 0.05)

1.08 ± 0.40

0.03

p value
IG-CG

<0.001

NR

MD (95% CI)

Between-group
difference (95% CI)

−21% (SD, 19%)

407 ± 64

Mean
Mean ± SD
change from
baseline ± SD

365 ± 91
NR
35
Hoffman et al.27 – Baseline (before 37
6MWT
surgery)
Post-study
37
+15% (SD,
35
(6 weeks post15%)
surgery)
Cavalheri VO2 peak Baseline
6
0.96 ± 0.22
0.14 (−0.01 to 0.28) 8
(L/min) (6–10 weeks
et al.25
post-surgery)
8 weeks after
6
1.96 ± 0.28
8
baseline
6MWT Baseline
6
540 ± 71
45 (6 to 83)
8
(m)
(6–10 weeks
post-surgery)
8 weeks after
6
585 ± 77
8
baseline
Edvardsen et al.38 Baseline
30
19.2 ± 5.1
NR
31
– VO2 peak (mL/ (4–6 weeks postkg/min)
surgery)
After PR
30
23.3 ± 5.5
31
(20 weeks)
Baseline (3 weeks 41 427a ± 124
NR
37 407a ± 102
Brocki et al.8 –
6MWT (m)
post-surgery)
4 months after 32 +61 ± 52
34 +55 ± 45
baseline
1 year after
27 +65 ± 70
29 +60 ± 45
baseline
Arbane et al.39 – Arbane et al. did not report exercise capacity levels measured by ISWT clearly
ISWT

Reference –
exercise capacity

Postoperative PR
Exercise capacity

Appendix 3. (Continued)
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40
41
32
27
40
41
32
27
40
41
32
27
40
41
32
27

9
60.37 ± 25
8.4 ± 21.3
4.8 ± 24.3
32
31.7 ± 29
28.1 ± 33.8
26.4 ± 42.3
28
45.83 ± 28
30.3 ± 24.9
28.4 ± 24.5
7
68.32 ± 21
−1.88 ± 18.7
−2.81 ± 19

38
37
35
31
6.7 to 56.9 38
37
35
31
13.9 to 41.7 38
37
35
31
0 to 13.6
38
37
35
31

−3.8 to 22

N

95% CI

N

Mean
change ± SD

CG

IG

IG: intervention group; CG: control group; SD: standard deviation; CI: confidence interval; NR: not reported.
aData refer to the subgroup with airflow obstruction.

General
health

Bodily pain

Rolephysical

Arbane et al.39a 4 weeks post-surgery
Baseline (3 weeks post-surgery)
Brocki et al.8
4 months after baseline
1 year after baseline
Arbane et al.39a 4 weeks post-surgery
Baseline (3 weeks post-surgery)
Brocki et al.8
4 months after baseline
1 year after baseline
Arbane et al.39a 4 weeks post-surgery
Baseline (3 weeks post-surgery)
Brocki et al.8
4 months after baseline
1 year after baseline
Arbane et al.39a 4 weeks post-surgery
Baseline (3 weeks post-surgery)
Brocki et al.8
4 months after baseline
1 year after baseline

Physical
functioning

Assessment

Reference

Physical
domain

HRQoL
SF-36

Appendix 3. (Continued)

24
59.05 ± 23
6.4 ± 20.1
14.5 ± 20.3
43
36.66 ± 24
15 ± 27.2
34.9 ± 26
28
45.51 ± 24
15.3 ± 34.2
30.8 ± 33.7
1
66.38 ± 19
1.1 ± 12.9
7.74 ± 15.3

−11.4 to 4.2

12.6 to 42.7

13.8 to 72.8

10.5 to 36.8

Mean
95% CI
change ± SD

18 (3 to 32.4)
NR
4.39 (−4 to 12.8)
−4.87 (−13.7 to 4)
24 (−3.8 to 52.7)
NR
12.04 (−1 to 25.1)
−6.93 (−20.7 to 6.99)
3 (−13.3 to 19.5)
NR
15.3 (4 to 26.6)
4.32 (−7.8 to 16.5)
−4 (−16.6 to 9.6)
NR
−2.64 (−10.11 to 4.9)
−10.34 (−18.3 to −2.4)

Between-group
difference (95% CI)

0.02
NR
0.3
0.28
0.13
NR
0.07
0.33
0.69
NR
0.01
0.49
0.85
NR
0.49
0.01

p value
IG-CG
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Arbane
et al.39a
Brocki
et al.8

Arbane
et al.39a
Brocki
et al.8

Arbane
et al.39a
Brocki
et al.8

Arbane
et al.39a
Brocki
et al.8

Vitality

Social
functioning

Roleemotional

Mental
health

Baseline (3 weeks postsurgery)
4 months after baseline
1 year after baseline

Baseline (3 weeks postsurgery)
4 months after baseline
1 year after baseline
4 weeks post-surgery
60.76 ± 18
9 ± 18.9
7.6 ± 13.3

32
27

12.5 ± 43.4
21 ± 41.4
−8

32
27
40
41

56.91 ± 36

13.3 ± 24.4
14.81 ± 27.5
3

32
27
40
41

73.78 ± 27

41

15.94 ± 20
12 ± 24.2
2

32
27
40

Baseline (3 weeks postsurgery)
4 months after baseline
1 year after baseline
4 weeks post-surgery

46.46 ± 18

41

Baseline (3 weeks postsurgery)
4 months after baseline
1 year after baseline
4 weeks post-surgery

12

40

−15.5 to −0.5

−40.6 to 34.5

−17 to 21.5

0 to 24.6

6.6 ± 19.3
14.8 ± 16.2

60.97 ± 17

20.7 ± 31.5
36.81 ± 35
2

53.6 ± 33

9.3 ± 31.9
19.35 ± 26.8
42

73.65 ± 30

14.1 ± 15
22.2 ± 15
10

43.24 ± 16

13

Mean
change ± SD

Baseline (4–6 weeks
post-surgery)
After PR (20 weeks)

33.3
37

30
30

25.3

NR

31

31

N

SD

N

Mean

CG

IG

58

33.3

Mean

−9.3 to 13.6

0.1 to 84.3

−10 to 30

1.9 to 23.4

95% CI

IG: intervention group; CG: control group; SD: standard deviation; CI: confidence interval; NR: not reported; NS: not significant; NR: not reported.

Dyspnoea

Assessment

EORTC. Arbane et al.39 – ‘no significant differences were found between the groups using EORTC QLQ-LC13’.
Edvardsen et al.38

35
31

37

35
31
38

37

35
31
38

37

35
31
38

37

38

N

95% CI

N

Mean
change ± SD

CG

IG

4 weeks post-surgery

Assessment

IG: intervention group; CG: control group; SD: standard deviation; CI: confidence interval; NR: not reported.
aData refer to the subgroup with airflow obstruction.

Reference

Mental
domain
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32.1

NR

SD

3.77 (−2.7 to 110.2)
−3.6 (−10.4 to 3.2)

NR

−11.93 (−14 to 10.1)
3.39 (−16.3 to 9.5)
8 (−3.3 to 18.5)

NR

3.7 (−5.8 to 13.2)
−2.01 (−12 to 7.8)
45 (−0.2 to 89.2)

NR

4.65 (−2.98 to 12.3)
−8.48 (−16.4 to −0.6)
18 (−5.5 to 41)

NR

7 (−5.1 to 18.3)

Between-group
difference (95% CI)

0.03

NS

p value IGCG

0.25
0.3

NR

0.75
0.61
0.16

NR

0.44
0.67
0.05

NR

0.23
0.04
0.13

NR

0.26

p value
IG-CG
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