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Objectives: This meta-analysis aimed to demonstrate the impact of preoperative exercise
therapy on surgical outcomes in patients with lung cancer and COPD. Pulmonary function and
muscle capacity were investigated to explore their potential links with outcome improvements
after exercise.
Methods: Articles were searched from PubMed, Embase, and the Cochrane Library with criteria
of lung cancer patients with or without COPD, undergoing resection, and receiving preoperative
exercise training. Key outcomes were analyzed using meta-analysis.
Results: Seven studies containing 404 participants were included. Patients receiving preoperative
exercise training had a lower incidence of postoperative pulmonary complications (PPCs; OR
0.44, 95% CI 0.27–0.71) and shorter length of hospital stay (standardized mean difference –4.23
days, 95% CI –6.14 to –2.32 days). Exceptionally, pneumonia incidence remained unchanged.
Patients with COPD could not obviously benefit from exercise training to reduce PPCs (OR
0.44, 95% CI 0.18–1.08), but still might achieve faster recovery. No significant difference in
pulmonary function was observed between the two groups. However, 6MWD and VO2 peak
were significantly improved after exercise training.
Conclusion: Preoperative exercise training may reduce PPCs for lung cancer patients. However,
for patients with COPD undergoing lung cancer resection, the role of exercise is uncertain, due
to limited data, which calls for more prospective trials on this topic. Rehabilitation exercise
strengthens muscle capacity, but does not improve impaired pulmonary function, which emphasizes the possible mechanism of the protocol design.
Keywords: preoperative exercise, lung cancer, COPD, postoperative pulmonary complications,
6MWD, VO2 peak
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Lung cancer is the most fatal cancer worldwide, with an estimated 1.2 million new
cases and 1.1 million deaths in 2012.1 Lung cancer is also the leading cause of cancer
death in low-urbanization areas for both males and females. The number of deaths
from lung cancer in low-urbanization areas was 35,100, with mortality of 40.71 in
100,000.2 Surgical resection remains the key treatment for patients with lung cancer.
However, many patients referred for surgery may also have comorbidities, such as
COPD or other systematic diseases,3 which increase the risks of postoperative morbidity and mortality. Modern programs for enhanced recovery after surgery often
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include p reoperative exercise training to reduce postoperative
pulmonary complications (PPCs). Although isolated studies have looked at the impact of such preoperative exercise
on patients with lung cancer and COPD, a comprehensive
meta-analysis of the available data has hitherto been lacking.
Some studies have revealed that intense-exercise therapy
delivered in the perioperative period might be effective in
helping patients recover well after lung surgery,4,5 though
the extent of improvement varied among these reports. At
the same time, there have been other studies not showing
positive effects after rehabilitation training.6–8
PPCs are common after abdominal, cardiac, or thoracic
surgery, and are associated with a higher rate of mortality,
higher hospital costs, and prolonged hospital length of stay
(LOS).5 Two systemic reviews have reported that intense
exercise before lung surgery might be applied as an effective
preoperative therapy to decrease the risk of PCs.4,5,9,10 Nevertheless, neither of the reviews conducted a meta-analysis, because
of the substantial heterogeneity among the intervention methods. Although statistical analysis was lacking, the outcomes
described after exercise were clearly supportive of further
meta-analysis. A recently published meta-analysis11 presented
optimistic evidence of the impact of preoperative exercise training on surgical outcomes. However, the unselected targeting
population and limited sample size indicated that more trials
were needed to distinguish the potential benefit.
For the large group of patients with lung cancer and
COPD at diagnosis, the role of preoperative exercise in
this specific group requires further investigation. Several
randomized studies that included patients with COPD for
preoperative rehabilitation were published recently, which
may add more evidence in this regard. More importantly,
detailed exploration of outcome improvement could facilitate protocol design for exercise therapy, such as pulmonary
function rehabilitation or muscle-strengthening training.
Therefore, we designed this meta-analysis with the aim of
determining whether preoperative exercise helps to improve
surgical outcomes in patients with lung cancer and COPD.
Parameters of pulmonary function and muscle capacity were
investigated to explore their potential links with outcome
improvements after exercise training.

Methods
This meta-analysis was conducted according to the Cochrane
Handbook for Systematic Reviews of Interventions and presented based on PRISMA guidance.12 The meta-analyses of
randomized trials adhered to the guidelines outlined in the
PRISMA statement. The protocol for this meta-analysis is
available from PROSPERO (CRD42018088413).
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Eligibility criteria
We only included randomized controlled trials (RCTs) and
prospective trials of preoperative exercise training compared
with no exercise training for lung cancer patients with or without COPD. We considered studies published in any language.
Patients with usual care were set as the control group. After
these preoperative interventions and basic therapy, patients
received video-assisted thoracoscopic surgery or open thoracotomy, as scheduled. Types of surgery included wedge
resection, segmentectomy, lobectomy, and pneumonectomy.
Patients received similar clinical monitoring after surgery,
and PCs were clearly recorded. A subset of patients in the
included trials was diagnosed with mild or moderate COPD,
whose data were extracted for further analysis.

Interventions
Protocols of the included studies varied in terms of exercise
type, frequency, and intensity, ranging from three times
per day for 1 week13 to five times per week for 4 weeks.14
Furthermore, two types of investigation after exercise were
involved in the included studies: muscle capacity and pulmonary function analysis. Exercise programs contained aerobic
exercise, resistance training, inspiratory muscle training, and
education. In some studies, patients were advised to undertake a warm-up before exercise (after a 5-minute warm-up
period, 50% of peak work rate was achieved).15

Outcome measurements
Primary outcomes were PPCs (summarized by type based
on included studies: pneumonia, atelectasis, pulmonary
embolism, respiratory failure, dyspnea, hemorrhagic drainage, empyema, interstitial pneumonia, bronchial stump
dehiscence, bronchospasm, and bronchopleural fistula),
pneumonia after surgery (new infiltrate plus either fever
[>38°C] and white-blood-cell count >11,000 or fever and
purulent secretions),11 duration of chest tube, and postoperative LOS. Secondary outcomes focused on the patients with
lung cancer and COPD, including PPCs and postoperative
LOS. Postintervention pulmonary function enhancement
was also compared to analyze possible reasons linked with
outcome change after preoperative exercise. Three parameters
of exercise capacity were also compared after intervention:
6MWD (representing lower-limb muscle strength), VO2
peak (representing physical performance), and Borg scores
(representing severity of dyspnea).

Search methods
PubMed, Medline, and the Cochrane Library (central) were
searched from the earliest date of each to June 2017. The
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search string used the following keywords and was modified
for each database: (“lung cancer” [MeSH] OR non-small-cell
lung cancer OR small cell lung cancer) AND (lung surgery
OR lobectomy) AND (physical therapy OR physiotherapy OR
physical exercise OR physical therapy modalities).
514 records
identified through
PubMed

69 additional
records identified
through cochrane
library

Study selection
Through reading titles and abstracts, relevant articles were
selected for full-text reading. Before this, two authors checked
the search results and discussed the final list of the included
articles. There was low bias in the included articles (Figure 1).
7 records identified through
other sources

590 articles are included

9 records after duplicates
removed

581 articles left

21 reviews were excluded

560 records
were screened by
titles and abstracts

489 records
were excluded for
lacking of eligible
criteria

62 articles were
assessed for
eligibility

39 articles
excluded for not
meeting our
criteria

24 full texts
included were
analyzed

17 articles were excluded for
the reasons:
1. repeat publication
2. not RCT
3. could not be found

0.4
0.6
0.8
1.0

Standard error

0.2

0.0

7 studies
included in
quantitative
synthesis
(meta-analysis)

0.05

0.10

0.20

0.50

1.00

2.00

Odds ratio
Figure 1 Flow diagram of study selection and funnel plot of studies included.
Abbreviation: RCT, randomized controlled trial.
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Data extraction
Two authors read the articles and abstracted the data independently, and data were recorded using a predefined evidence
table. Outcomes that we concentrated on were PPCs, LOS,
and the duration of chest-tube drainage. We summarized
information for each study in the list, eg, authors, publication
year, type of study, number of participants, specific method
of exercise, and index of pulmonary functions before surgery.
The use of antibiotics was also clearly recorded.

Risk-of-bias appraisal
Risk of bias was assessed using the Cochrane Risk and Bias
Tool, which was developed to evaluate the internal validity of
the included RCTs.16 In RevMan 5.0, the tool contains seven
criteria: random-sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias),
selective reporting (report bias), and other risks of bias. The
seventh criterion includes fraudulent results, other methodological flaws in RCTs, and the potential for industry bias.17

Statistical analyses
Across all outcomes, a meta-analysis was conducted. Effect
estimates are reported as ORs for the dichotomous outcomes.
For continuous data, mean difference (MD) was used if outcomes were measured in the same way between trials, and standardized mean difference (SMD) was applied for combining
trials measuring the same outcome but using different methods.
For primary outcomes, PPCs were evaluated using pooled
RRs with corresponding 95% CIs, and a random-effect model
was used to account for potential clinical heterogeneity.18
Forest plots were constructed with RevMan 5.0, and P<0.05
was regarded as statistically significant. Heterogeneity was
evaluated by I2: if I2>50%, an article was considered to display substantial heterogeneity, requiring subgroup analysis.
To merge the outcomes, the statistic used for analysis was
selected for paired analysis. Not all studies supplied complete
data. Meanwhile, data that were able to be extracted from
existing articles were merged in a forest plot.

Results
Search outcome
Two authors (XL and SLL) performed the literature search,
and NW resolved conflicts and discrepancies. The primary
literature search produced 590 results, including 20 reviews.
After screening of titles and abstracts, 24 studies were found to
be possibly relevant and underwent full-text critical appraisal,
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resulting in 16 exclusions (Table S1). Reasons for exclusion
were outcomes recorded not being PPCs and LOS (n=12), no
single regular intervention given (n=1), therapy was palliative
(n=1), case reports (n=2), and duplicate publication (n=1). We
included seven studies (Karenovics et al’s study was a substudy
of Licker et al) in the final analysis, as shown in Table 1. All
included studies were assessed by the Grading of Recommendations, Assessment, Development, and Evaluations (GRADE)
evidence profile (Table S2). Guidance from GRADE offered a
methodology to evaluate the quality of the evidence.

Primary outcomes: PPCs, hospital LOS,
chest-drain duration, pneumonia after
preoperative exercise
Six studies13,14,19–22 had reported PPCs. Preoperative exercise
reduced the risk of complications after surgery (OR 0.44, 95%
CI 0.27–0.71; Figure 2A). The heterogeneity of this result was
acceptable (I2=0, P<0.0001). Five studies8,13,14,21,22 reported
postoperative pneumonia. Patients who received preoperative exercise before lung cancer resection had no statistically
significant differences in the rate of pneumonia after surgery
compared with those receiving usual care only (OR 0.47,
95% CI 0.24–0.95; Figure 2B). For LOS, five studies13,14,19,21,22
reported that patients receiving preoperative exercise training
had shorter postoperative LOS (SMD –4.23 days, 95% CI
–6.14 to –2.32 days; Figure 2C). Two studies14,19 recorded the
duration of chest-tube drainage after surgery. Compared with
patients receiving preoperative rehabilitation training, patients
receiving usual care had a longer duration of chest-tube drainage (MD –3.28 days, 95% CI –5.21 to –1.36 days; Figure 2D).

Primary outcomes: PPCs and LOS of
patients with lung cancer and COPD
Three studies19,21,22 included patients diagnosed with COPD
and lung cancer simultaneously. Statistically, no significant
difference was found for PPC incidence between the exerciseintervention group and usual-care group (OR 0.44, 95%
CI 0.18–1.08; Figure 3A). Two studies19,22 reported LOS
of patients with COPD and lung cancer. Patients receiving
preoperative exercise had shorter LOS (MD –6.73 days, 95%
CI –9.88 to –3.58; Figure 3B).

Secondary outcomes: impact of training
exercise on pulmonary function capacity
and exercise capacity before surgery
Pulmonary functions of patients in each study are listed in
Table 2 and analyzed in Figure 4. There was little difference
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151 (91/60)

NSCLC and COPD;
lobectomy
NSCLC (stage I–III);
open thoracotomy
or VATS

40 (23/17)
I: 20 (<75)
C: 20 (<75)
I: 74 (64±?)
C: 77 (64±?)

I: 74 (64±?)
C: 77 (64±?)

I: 12 (64.8±8)
C: 12 (68.8±7.3)

Group R: intensive preoperative PRP; group
S, lobectomy only
5-minute warm-up period at 50% of peak
work rate achieved during CPET; two
10-minute series of 15-second sprint intervals

Breathing exercise through the device and
sustaining that effort as long as they were
able, with a goal of 15–20 minutes of daily
use; ten face-to-face sessions of treatment in
1 week (twice a day)
Incentive spirometry, abdominal breathing and
breathing exercises (with pursed lips, huffing
and coughing after nebulizing for 15 minutes
with a bronchodilator five times a day),
pulmonary exercise for 30 minutes in the
rehabilitation room and walking >5,000 steps
every day for 2 weeks preoperatively
5-minute warm-up at 50% peak work rate
achieved during CPET; two 10-minute series
of 15-second sprint intervals

Strength and endurance training; control
group (breathing exercises for lung
expansion)

Preoperative exercise (three times a day),
according to patient’s tolerance to exercise
speed and time; during the walking exercise,
warm-up and cooldown included

Preoperative exercise (7 days) +
pharmacotherapy (atomizing terbutaline,
budesonide, and infusion of ambroxol) +
intense training (respiratory training and
endurance training)

Treatment

Intervention

PPCs
Pneumonia
6MWD

PPCs
LOS in
postanesthesia
care unit
Death
VO2 peak

PPCs
LOS

PPCs
LOS

PPCs
LOS
Pulmonary
function

PPCs
LOS
Pulmonary
function

PPCs
LOS
(postoperative)
Duration of
antibody use

Outcome
measurements

Usual care

Usual care

Usual care

Chest physical
therapy; CPT
– breathing
exercises for
lung expansion
Usual care

Usual care

Usual care

Comparison

Patients in the intervention group had
lower coincidence of PPCs (23%, 17/74 vs
44%, 34/77; P=0.018) and a shorter stay
in the postanesthesia care unit (median 7
hours, IQ25–75 4–10)
Peak VO2 did not change from T0 to T1 and
deteriorated significantly from T1 to T2
Patients in the intervention group had
lower coincidence of PPCs (23%, 27/74 vs
44%, 39/77; P=0.018).

Patients in the intervention group had
lower coincidence of complications
(18.2%, 4/22 vs 28.3%, 17/60), and had
shorter LOS (29.0±9.0 vs 21.0±6.8 days;
P=0.0003)

Patients in the intervention group had
lower coincidence of complications (33%,
3/9 vs 63%, 5/8; P=0.23), and had shorter
LOS (6.3±3.0 vs 11.0±6.3 days)

Patients in the intervention group had lower
incidence of PPCs (8.3%, 2/24 vs 20.8%,
5/24; P=0.416), had shorter postoperative
LOS (6.17±2.91 days vs 8.08±2.21 days,
P=0.013), and duration of antibody use
(3.61±2.53 days vs 5.36±3.12 days, P=0.032)
Patients in the intervention group had
lower incidence of PPCs (3.3%, 1/30 vs
16.6%, 5/30; P=0.04); hospital stay found
to be significantly shortened by intensive
physical therapy (P<0.001)
Patients in the intervention group had
lower coincidence of complications (16.7%,
2/12 vs 77%, 7/12; P=0.01) and had shorter
LOS (7.8±4.8 vs 12.2±3.6 days)

Results

Note: “?”= The number of the male and/or female was not clearly recorded in this published article.
Abbreviations: 6MWD, 6-minute walking distance; C, control; CPT, chest physical therapy; CPET, cardiopulmonary exercise testing; I, intervention; LOS, length of stay; NSCLC, non-small-cell lung cancer; PRP, pulmonary rehablitation
programme; PPCs, postoperative pulmonary complications; VATS, video-assisted thoracoscopic surgery.

Karenovics
et al20
(substudy
of Licker
et al)
Stefanelli
et al24
Karenovics
et al20

NSCLC (stage I–III);
open thoracotomy
or VATS

NSCLC (stage I–IV)
or COPD; open
thoracotomy

151 (91/60)

I: 22 (70.4±4.6)
C: 60 (69.0±5.5)

NSCLC (stage I–IIIA)
and COPD; open
thoracotomy or
VATS

19 (9/10)
Two patients
(one in each
arm) were
missing LOS data
82 (76/6)

Benzo
et al19

Sekine
et al22

I: 10 (70.2±8.61)
C: 9 (72.0±6.69)

NSCLC (stage I–IIIA)
and COPD; open
thoracotomy or
VATS

24 (9/15)

Morano
et al14

I: 30 (54.10±8.53)
C: 30
(54.76±8.45)

NSCLC (stage
IA–IIIB); open
thoracotomy or
VATS

60 (?/?)

Pehlivan
et al13

I: 24 (63.13±6.26)
C: 24
(64.04±8.94)

I: n (age ± SD)
C: n (age ± SD)

NSCLC (stage I–IV)
and COPD; open
thoracotomy or
VATS

Characteristics

48 (28/20)

n (male/female)

Participants

Lai et al21

Studies

Table 1 Overview of included studies
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Pehlivan 2011
Marano 2013
Benzo 2011
Licker 2016
Sekine 2005
Lai 2016

1
2
3
27
4
2

30
12
9
74
22
24

5
7
5
39
17
5

171
Fixed effect model
Heterogeneity: I2=0%, t2=0, P=0.71

OR

95% CI Weight

30
12
8
77
60
24

0.17 (0.02, 1.58) 9.6%
0.14 (0.02, 0.96) 11.5%
0.30 (0.04, 2.20) 7.0%
0.56 (0.29, 1.07) 48.1%
0.56 (0.17, 1.90) 14.8%
0.35 (0.06, 1.99) 9.1%

211

0.44 (0.27, 0.71) 100.0%
0.1

0.5 1 2

10

B
Study

Experimental
Control
Events Total Events Total

Pehlivan 2011
Marano 2013
Benzo 2011
Sekine 2005
Lai 2016
Licker 2016

0
0
1
2
2
8

30
12
9
22
24
74

0
2
2
11
2
15

171
Fixed effect model
Heterogeneity: I2=0%, t2=0, P=0.86

C
Study
Pehlivan 2011
Marano 2013
Benzo 2011
Sekine 2005
Lai 2016

30
9
8
60
24
77
208
0.01

Study
Marano 2013
Benzo 2011

0.1

10

0.0%
10.9%
7.6%
21.5%
7.4%
52.6%
100.0%

100

Mean difference

MD
–4.26
–4.40
–4.70
–8.00
–1.91

95% CI Weight
(–5.72, –2.80)
(–7.79, –1.01)
(–9.49, 0.09)
(–11.64, 0.09)
(–3.37, –0.45)

28.6%
16.5%
10.9%
10.9%
28.6%

–4.23 (–6.14, –2.32) 100.0%
–10

Experimental
Control
Total Mean
SD Total Mean
SD
12 4.50 2.9000 12 7.40 2.6000
8 8.80 5.3000
9 4.30 2.1000

Random effects model 21
Heterogeneity: I2=0%, t2=0, P=0.49

1

30 9.66 3.0900
12 12.20 3.6000
8 11.00 6.3000
60 29.00 9.0000
24 8.08 2.0100

134
Random effects model 97
Heterogeneity: I2=66%, t2=2.7736, P=0.02

D

95% CI Weight

0.12 (0.01, 2.85)
0.38 (0.03, 5.17)
0.45 (0.09, 2.19)
1.00 (0.13, 7.75)
0.50 (0.20, 1.26)
0.47 (0.24, 0.95)

Experimental
Control
Total Mean SD Total Mean SD
30 5.40 2.6700
12 7.80 4.8000
9 6.30 3.0000
22 21.00 6.8000
24 6.17 2.9100

OR

OR

–5

0

5

10

Mean difference

20
–5

0

MD
95% CI Weight
–2.90 (–5.10, –0.70) 76.0%
–4.50 (–8.42, –0.58) 24.0%
–3.28 (–5.21, –1.36) 100.0%

5

Figure 2 Forest plots of comparison: intervention group vs control group in lung cancer patients undergoing resection.
Note: (A) Risk of developing postoperative pulmonary complications; (B) incidence of postoperative pneumonia; (C) postoperative length of hospital stay; (D) duration of
chest drainage.

between the two groups. Three studies analyzed 6MWD,13,14,21
which was considered an index of lower-limb muscle function.23 Patients receiving exercise before surgery reported
an improved 6MWD compared with those receiving usual
care (SMD 71.25, 95% CI 39.68–102.82; Figure 5A). VO2
peak, reflecting ability of oxygen uptake, was investigated to
explore the role of exercise. After training, patients recorded
a higher VO2 peak compared to those without training20,24
(SMD 3.26, 95% CI 2.17–4.35; Figure 5B). Patients were less
likely to improve in their dyspnea after preoperative exercise
therapy13,21,24 (MD –0.15, 95% CI –0.66 to 0.36; Figure 5C).
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Discussion
Numerous studies with large samples have clearly demonstrated
that the presence of COPD is linked with an increase in lung
cancer incidence.25 Many patients with lung cancer and COPD
will face a significant challenge during the perioperative period.
How to guide these patients with COPD before and after cancer
surgery with a proper training protocol to improve surgical outcomes remains to be answered. In this meta-analysis, the results
imply that preoperative exercise for patients with lung cancer
and COPD may be associated with shorter LOS compared with
usual care only, but incidence of PPCs remained unchanged
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Experimental
Control
Events Total Events Total

Study

3
4
2

Benzo 2011
Sekine 2005
Lai 2016

9
22
24

5
17
5
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Fixed effect model

55
Heterogeneity: I2=0%, t2=0, P=0.83

B

OR

Weight

95% CI

8
60
24

0.30 (0.04, 2.20)
0.56 (0.17, 1.90)
0.35 (0.06, 1.99)

22.7%
47.9%
29.4%

92

0.44 (0.18, 1.08)

100.0%

0.1

0.5 1

Experimental
Control
Total Mean SD Total Mean
SD

Study

OR

2

10

Mean difference

Benzo 2011
9 6.30 3.0000 8 11.00 6.3000
22 21.00 6.8000 60 29.00 9.0000
Sekine 2005
Random effect
31
68
model
Heterogeneity: I2=14%, t2=0.7385, P=0.28
–10

MD

95% CI Weight

–4.70 (–9.49, 0.09) 38.5%
–8.00 (–11.64, –4.36) 61.5%
–6.73 (–9.88, –3.58) 100.0%
–5

0

5

10

Figure 3 Forest plots of comparison: intervention group vs control group in lung cancer patients with COPD treated with surgery.
Note: (A) Risk of developing postoperative pulmonary complications; (B) postoperative length of hospital stay.

Table 2 Summary and comparison of pulmonary function in included studies
Pulmonary
function test

Pehlivan et al13

Morano et al14

Usual

Rehab

Usual

FEV1
FEV1%
DLCO
FVC
FVC%

2.8±0.7
–

2.3±0.6
–

21.3±6.1
3.2±0.8
–

21.1±6.9
3.1±0.6
–

1.3±0.3
58.8±13
–
2.1 (1.5–2.4)
71 (63–89)

Karenovics et al20

Sekine et al22

Rehab

Usual

Rehab

Usual

Rehab

1.3±0.6
54.8±4.3
–
1.7 (1.7–2.8)
76 (65–79)

2.45±0.2
87.6±4.3
–

2.3±0.2
85.8±5.1
–

2.0±0.5
71.6±13.8
–

1.8±0.5
63.4±18
–

3.6±0.2
104±5

3.4±0.2
102±4

3.1±0.6
97.7±16

3.1±0.7
94.7±18.5

Note: Rehab, patients who had received preoperative exercise before thoracic surgery; usual, patients who had received usual care.

even after exercise training. Accompanied by outcome improvement, several parameters of exercise capacity were found to be
strengthening after exercise training, such as 6MWD and VO2
peak, because lower-limb muscle capacity was improved with
higher ability of oxygen uptake. However, pulmonary function
was not enhanced after training.
To date, a consistent protocol for preoperative exercise
training has been lacking. Although pulmonary function and
muscle-strength enhancement were commonly recorded in all
the included studies, detailed methods for exercise training
differed in terms of exercise duration and content.
Lai et al21 designed an exercise protocol containing pharmacotherapy and intense-exercise training (respiratory training and endurance training). Notably, the pharmacotherapy
in that study was used to relieve symptoms of dyspnea for
patients with lung cancer and COPD, which helped patients
to complete the exercise training smoothly. In that study, the
small sample and patients in the usual-care group having a
certain extent of exercise both contributed to a degree of bias.
Meanwhile, Morano et al14 concluded that patients receiving preoperative exercise improved more when compared
Cancer Management and Research 2019:11

with those who received chest physical therapy only. The
protocol was carefully designed, and contained less extreme
endurance training and inspiratory muscle training. The
protocol also included flexibility, stretching, and balance
exercises in the warm-up and cooldown sections. At the same
time, medicine was used to optimize the different preintervention conditions for better comparison. However, patients in
the control group received chest physical therapy, which was
different from usual care. Another study conducted by Sekine
et al reported that COPD patients received breathing-exercise
training and walking-exercise training. The reported protocol
contained breathing exercises, such as incentive spirometry,
abdominal breathing, detailed breathing exercises, and walking exercise, such as walking for 5,000 steps every day.22
Although it was prospectively designed, allocation of the
cases in the different groups was not randomized (60 vs 22).
Furthermore, Karenovics et al15 reported an exercise
protocol that included 5 minutes of warm-up and cooldown
exercises. Patients were guided by a professional exercise
physiotherapist. The workload of exercise was adjusted in
each session to target near-maximal heart rate toward the end
submit your manuscript | www.dovepress.com
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Figure 4 Forest plots of comparison of post-intervention pulmonary function: intervention group vs control group in lung cancer patients undergoing resection.
Note: (A) FEV1; (B) FEV1%; (C) FVC%.

of each set of sprints. Notably, all patients were given advice
regarding preoperative education and risk management.
Pulmonary rehabilitation has been proven to benefit
patients with chronic lung disease, such as COPD.26 Patients
with COPD might experience deconditioning and exercise
intolerance; therefore, preoperative rehabilitation should target
these specific issues to obtain maximum effect. However, the
mechanism of effect of exercise on outcome improvement
remains unknown. Theoretically, preoperative exercise training
is supposed to improve both lung function and muscle strength
simultaneously. However, pulmonary function testing in this
meta-analysis showed that most of the investigated parameters
of pulmonary function were comparable or even slightly lower
after exercise, though not significantly. A similar result was
reported in other surgical procedures, such as lung transplantation.27 Irreversible lung function after exercise training might
represent the severity of the baseline condition of the lung
disease and may not be the priority of treatment planning.
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Interestingly, skeletal muscle weakness was reported
commonly in patients with COPD,28 which raised the question whether targeting muscle capacity may benefit surgical
outcome. In this meta-analysis, we found a favorable trend
of exercise capacity after training in the Forest plots, which
might be related to outcome improvement, represented by
improved 6MWD and VO2 peak. A newly published article
reported a strong relationship between peak aerobic capacity, lower-limb muscle function, and lung-diffusion capacity.
6MWD is significantly related to lower-limb muscle function,
but not to pulmonary function.23 Licker et al15 also reported
the importance of VO2 peak in predicting cardiopulmonary
complications. There is a lack of uniform recommendations
for a training protocol before surgery for patients with lung
cancer and COPD; therefore, these results provide positive
evidence that a protocol designed to focus on exercise
capacity in the future might have an impact on postoperative
complications in this group.
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Figure 5 Forest plots of comparison: intervention group vs control group in lung cancer patients undergoing resection.
Note: (A) Postintervention 6MWD (index of lower-limb muscle strength); (B) VO2 peak (reflecting physical performance); (C) Borg scores (representing dyspnea).

Limitations
This study was subject to several limitations. First, PPCs were
set as the main outcome in the analysis. However, different
studies had individual definitions of complications, which
might have caused bias in counting the PPCs. To reduce this
selection bias, we chose those studies defining pneumonia
clearly as a standard complication in the analysis, which
showed a consistent trend with the overall outcome. Second,
the protocol of every study was individually designed and
the duration and intensity of exercise varied among the studies. During the process of meta-analysis, the heterogeneity
of muscle strength and lung function among studies was
still acceptable. Third, the end-point event for preoperative
exercise is still obscure among studies, eg, how to decide
the outcome of exercise, whether improved or declined, and
what the parameters for performance evaluation are, such
as lung function and exercise capacity. Exercise-protocol
design should be based on information that allows evaluation of the efficacy of the procedure. Fourth, the type of
exercise training (aerobic, strength, inspiratory muscle
training) and the optimal duration were not consistent in the
included studies, which should be balanced against the risk
Cancer Management and Research 2019:11

of delaying cancer resection and consequent extension of
the disease. Finally, randomized trials on this topic are still
scarce, especially for those patients with lung cancer and
COPD, which may limit the power of the meta-analysis. In
future, more prospective randomized studies are needed to
accumulate further evidence.

Conclusion
The goal of the preoperative exercise is to decrease the risk of
complications after surgery and enhance recovery, which can
ultimately shorten LOS. This meta-analysis provides some
evidence of the effect of preoperative exercise on enhanced
recovery after surgery for patients with lung cancer and
COPD. Future research should pay attention to details of the
exercise protocol, such as intensity, duration, and methods,
for those patients preparing for surgery.
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Table S1 Studies excluded in this review
Study

Research for exclusion

Cavalheri et al 2015
Edvardsen et al 20142
Maeda et al 20153
Sommer et al 20164
Esteban et al 20175
Cavalheri et al 20176
Nai-WenChang et al 20147
Missel et al 20158
Jones et al 20079
Valérie et al 201310

Research for the postoperative exercise
Research for the postoperative exercise
Duplication; postoperative exercise
Duplication; Included early postoperative exercise training
Not RCT
Lacking proper statistics
Postoperative walking exercise
Postoperative exercise
Preoperative exercise on cardiopulmonary fitness
Lacking proper statistics

Crandal et al 201411

Not RCT

Wiskemann et al 201612

Lacking proper statistics

FANG et al 201413

Not RCT

Loewen et al 200714

Not RCT

Weiner et al 198415

Not RCT and Lacking proper statistics
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Serioush

All plausible residual
confounding would reduce
the demonstrated effect

All plausible residual
confounding would reduce
the demonstrated effect

74

94

66

31

9/55 (16.4%)

21

97

97

171

74

94

66

68

27/92 (29.3%)

17

134

131

211

Placebo

–

–

–

–

–

–

OR 0.45
(0.16–1.25)

OR 0.35
(0.21–0.59)

Relative
(95% CI)

Effect

SMD 0.54 higher (0.19
higher to 0.88 higher)

SMD 0.96 higher (0.66
higher to 1.27 higher)

SMD 0.54 higher (0.19
higher to 0.88 higher)

MD 6.79 lower (9.69
lower to 3.89 lower)

OR 0.44 (0.18–1.08)

MD 3.33 lower (5.35
lower to 1.3 lower)

SMD 1.02 lower (1.31
lower to 0.74 lower)

67 fewer per 1,000
(from 27 more to 106
fewer)

190 fewer per 1,000
(from 108 fewer to 246
fewer)

Absolute
(95% CI)

⊕⊕⃝⃝
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⊕⊕⃝⃝
Low

⊕⊕⊕⊕
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⊕⃝⃝
Very low
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⊕⊕⊕⃝
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⊕⊕⃝⃝
Low

⊕⊕⃝⃝
Low

⊕⊕⊕⊕
High

Certainty

Note: aOne of the studies reported by Sekine et al16 was prospective; bPPCs were not defined clearly; cdetected by the clinical laboratory index; dlength of stay can be influenced by hospital conditions and other nonclinical problems;
e
duration of drainage was not consistent in different clinical institutes; fdifferent institutes had different definition of PPCs; gsmall sample of participants; hdistance walked influenced by many factors.
Abbreviations: MD, mean difference; PPCs, postoperative pulmonary complications; RCT, randomized controlled trial; SMD, standardized mean difference.

Borg scores (representing dyspnea)
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Serious
34,6,9
serious
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Serioush

VO2 peak (reflecting physical performance)
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the demonstrated effect
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Length of hospital stay
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53–7
serious
Days of chest-tube drainage
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PPCs of COPD patients
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Length of hospital stay in patients with COPD
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PPCs
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Preoperative
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Risk of
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Studies,
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Design
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