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Simple Summary: Surgery is the treatment modality associated with better long-term survival in
patients diagnosed with lung cancer and colorectal cancer. However, as a result of surgery, patients
experience a substantial decline in health-related quality of life (HRQoL) and increased fatigue
symptoms. The purpose of this systematic review was to investigate the effect of pre- and/or
postoperative exercise training on HRQoL and fatigue after surgical resection for lung and colorectal
cancer. Our results showed that exercise training interventions improve the physical domain of
HRQoL and reduce fatigue levels after lung cancer surgery, supporting its use to optimize patients’
recovery. No benefits were found on HRQoL and fatigue after colorectal cancer surgery.

Abstract: Surgical treatment affects health-related quality of life (HRQoL) and increases fatigue
symptoms in patients with lung cancer (LC) and colorectal cancer (CRC). We aimed to systematically
review the effect of exercise training on HRQoL and fatigue after LC and CRC surgery. Randomized
controlled trials published before 21 March 2021, were searched in PubMed, Scopus, Web of Science,
SPORTDiscus and PEDro. Eligible trials compared the effect of exercise interventions initiated
preoperatively or in the first 3 months after surgery versus usual care on postoperative HRQoL and
fatigue. Standardized mean differences (SMD) were pooled using random-effects models. Twelve
studies with a total of 777 patients were included. In LC patients (10 studies, n = 651), exercise
training in general led to a moderate improvement in the physical domain of HRQoL (0.68: 95% CI:
[0.47; 0.89]) and a small reduction in fatigue levels after surgery (SMD = 0.28: 95% CI: [0.02; 0.53]),
while no effects were found in other HRQoL domains. In CRC (two studies, n = 126), exercise training
showed no effects on HRQoL and fatigue after surgery. Exercise training is an effective intervention
to improve physical function and fatigue after LC surgery. Further studies are necessary to clarify the
effects of exercise on HRQoL and fatigue after CRC surgery.

Keywords: aerobic exercise; colorectal cancer; fatigue; lung cancer; meta-analysis; prehabilitation;
quality of life; rehabilitation; resistance exercise; surgical oncology

1. Introduction

The epidemiologic relevance of cancer is growing worldwide, with an incidence of
19.3 million new cancer cases and almost 10.0 million cancer deaths in 2020 [1].
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Lung cancer (LC) and colorectal cancer (CRC) account for over 21% of global cancer
incidence and are the leading causes of cancer death, with numbers in 2020 reaching
1.8 million deaths worldwide by LC (18%) and almost 1 million by CRC (9.4%) [1].

In the early stages of these tumors, surgical resection is the primary treatment modality,
and the intervention associated with better long-term prognosis [2,3]. However, as a result
of surgical resection, there is a significant deterioration in patients’ health-related quality
of life (HRQoL) [4–9].

A study conducted after lobectomy found that 100% of the patients reported being
concerned about the limitations in their physical function and 96% about the levels of
fatigue and pain [10]. Although, in general, HRQoL progressively returns to preoperative
levels between 3 to 6 months after LC surgery, it has been shown that domains like physical
function, fatigue and dyspnea persist significantly worse than at the preoperative phase
for at least 1 to 2 years after surgery [4,7,9,11–13], even in patients selected for LC resection
by video-assisted thoracoscopic surgery (VATS) approaches [4].

With respect to CRC, findings are similar, with HRQoL dropping significantly below
the preoperative values one month following the surgery and fatigue being identified
as the most troublesome problem 1 and 5 weeks postoperatively [6]. Regarding long-
term recovery, approximately 40% of the patients reported a worse HRQoL 6 months
after surgery and about one-third did not return to pre-surgery levels five years after
treatment [14].

Therefore, when aiming to improve patient-centered care, where the individual’s
perspective is emphasized, it becomes important to find interventions that could enhance
HRQoL and reduce fatigue severity following CRC and LC resections [4,14].

One intervention that has been consistently shown to improve cancer patients HRQoL
is exercise training [15–17]. The most recent international consensus about exercise prescrip-
tion in oncology found strong evidence of the therapeutic benefits of exercise programs on
cancer-related fatigue, anxiety, depressive symptoms and physical function, during and
after cancer treatment [15]. The expert panel found that the majority of these cancer health-
related outcomes are improved by doing moderate intensity aerobic exercise thrice-weekly
for 30 min, and that there is also evidence of benefit with a twice-weekly resistance exercise
program [15].

In the context of surgery for CRC and LC, exercise training has been implemented
either as a prehabilitation intervention aiming to optimize the preparation of patients for
tumor resection, or as a rehabilitation strategy to improve postoperative recovery [18].
The results of clinical trials support the benefits of perioperative exercise training on
aerobic capacity and muscle mass/strength, components of physical fitness associated with
better HRQoL in CRC and LC patients [19–22]. A high intensity interval training program
before rectal cancer surgery was found to reverse the decline in aerobic capacity caused
by neoadjuvant chemoradiotherapy [23] and programs involving aerobic plus resistance
exercise have been shown to prevent the decline in muscle strength after lobectomy [24]
and attenuate the skeletal muscle catabolism induced by CRC surgery [25,26]. Moreover,
previous systematic reviews concluded that CRC and LC patients who underwent pre or
postoperative exercise training had better exercise capacity [27–30], which is an important
determinant of postoperative prognosis [31–33]. Despite that, there is no clear evidence
that this improvement in exercise capacity translates into a better HRQoL following CRC
and LC resections [28,34].

HRQoL is a multidimensional construct encompassing patients’ perceptions of do-
mains such as physical, emotional, social, and cognitive functions [35], and these percep-
tions are influenced not only by exercise capacity [20], but also by clinical factors such as the
administration of adjuvant chemotherapy [36,37], specific symptoms such as fatigue and
pain [38–40], the extent of surgical resection [12,13,40,41], and psychosocial determinants
such as anxiety, depression, self-efficacy, and social support [14]. Furthermore, evidence on
the effects of pre- and/or postoperative exercise training on HRQoL has been limited to re-
views that only included preoperative assessments [28,30], have not provided information



Cancers 2021, 13, 4975 3 of 23

on important health dimensions such as global quality of life and cancer-specific symp-
toms such as fatigue [34], and included non-randomized control trials in the quantitative
synthesis [27], which tend to result in larger effect estimates [42].

The first aim of this systematic review was to assess whether exercise training, con-
ducted before and/or after surgery, is an effective intervention to improve postoperative
HRQoL in patients with CRC and LC. The second aim was to investigate the effect of
exercise training on patients’ fatigue, as this is a highly prevalent symptom after surgery,
affecting negatively the HRQoL [4,6,38,39,43].

2. Materials and Methods
2.1. Protocol and Reporting

The present systematic review was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) [44]. The PRISMA checklist is
provided in Table S1.

The protocol was pre-registered on the International Prospective Register of Systematic
Reviews (PROSPERO), registration number CRD42021246953.

2.2. Eligibility Criteria

The eligibility criteria were developed based on the Participants, Intervention, Com-
parator, Outcome and Type of study (PICOS) approach [45], specific for our review question:
In colorectal and lung cancer patients undergoing surgical treatment (P), is pre- and/or
postoperative exercise training (I) more beneficial than usual care (C) to improve postoper-
ative HRQoL and fatigue (O)? Only randomized controlled trials (S) were considered.

A detailed description of the eligibility criteria, based on the PICOS approach, is pro-
vided below.

2.2.1. Types of Studies

This systematic review included only randomized controlled trials (RCTs) published
in English until 21 March 2021. The trials had to allocate participants to a pre- and/or post-
operative exercise training intervention versus a control group. Unpublished manuscripts,
conference abstracts and systematic reviews were excluded.

2.2.2. Type of Participants

Studies conducted in patients with CRC or LC, awaiting or following surgical resection,
were included. Studies recruiting patients with other cancer types were included if data on
HRQoL or fatigue were provided for the subgroup of patients with CRC and LC. Patients
receiving oncological treatment before or after surgery were included (e.g., chemotherapy
and/or radiotherapy).

2.2.3. Type of Intervention

Exercise training, started preoperatively or in the early phase after surgery, i.e., within
three months of CRC or LC resection, because this is the period when the most substantial
deterioration in HRQoL has been documented [4–9]. For research purposes, exercise train-
ing was defined as a type of physical activity that consists of a well-defined and structured
plan aiming to increase or maintain the person’s physical fitness [46]. Training sessions
could be supervised or unsupervised, hospital- or home-based, or a combination of both.
Studies that investigated the effectiveness of inspiratory muscle training alone were also
included. If exercise training was combined with nutritional or psychological interventions,
studies were excluded, because these interventions have also shown beneficial effects on
HRQoL [47] and fatigue [16] in cancer patients and could represent a potential confounding
factor.
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2.2.4. Type of Comparison

The control group could not have performed any type of structured exercise training
in the first 3 months after CRC or LC surgery (only usual care with no exercise training).
General advice about physical activity, without a structured exercise prescription, was
included as a comparison intervention.

2.2.5. Type of Outcome

Primary outcome: HRQoL, measured using a patient-reported outcome measure,
after the end of the exercise training program. The HRQoL measures could be generic
or cancer-specific.

Secondary outcome: Fatigue, measured after the end of the exercise training program,
by a patient-reported outcome measure.

In the case of preoperative exercise programs, the first assessment of HRQoL or fatigue
after surgery was considered. Studies that only reported preoperative values of HRQoL or
fatigue were excluded.

2.3. Information Sources

A systematic electronic search was carried out in the Physiotherapy Evidence Database
(PEDro), PubMed, Scopus, Web of Science and SPORTDiscus, from inception to 21 March 2021.
References from retrieved articles were reviewed for additional studies.

2.4. Search Strategy

The search strategy combined Key Medical Subject Headings (MeSH) and free-text
words related to “colorectal cancer”, “lung cancer”, “surgery”, “exercise training”, “health-
related quality of life”, and “fatigue”, using Boolean operators (OR/AND). The full search
strategies and filters applied to each bibliographic database are presented in Table S2.

2.5. Selection of Studies

The selection of studies started with an independent screening of titles and abstracts
by two independent reviewers (PM and SP). If there were doubts about a potential article
following the inclusion criteria or if there was incomplete information to make a clear
inclusion or exclusion decision, that article was kept for the following phase (analysis of
its full text). The second screening phase was also carried out independently by the same
reviewers. Studies that were identified by mutual consent were included in the systematic
review. In case of disagreement, a third reviewer (JC) was consulted and the final decision
was based on the combination of the three opinions. A record of the excluded articles as
well as the reasons for their exclusion was kept.

The Cohen’s kappa coefficient was calculated to evaluate interrater reliability in the
full text screening [48]. The kappa values can be interpreted as follows: values ≤ 0 as
indicating no agreement and 0.01–0.20 as none to slight, 0.21–0.40 as fair, 0.41–0.60 as
moderate, 0.61–0.80 as substantial, and 0.81–1.00 as almost perfect agreement [48].

2.6. Data Extraction

Data extraction was independently performed by two reviewers (PM and SP) with
any discrepancies being resolved through discussion with a third reviewer (JC). Relevant
extracted data were organized using standardized tables, that included the following
topics: (1) Study characteristics; (2) Participants’ demographic and clinical characteristics;
(3) Exercise training dose based on the FITT principles (frequency, intensity, time, and type) [15]
and adverse events during exercise interventions; (4) HRQoL/fatigue measures and results.
When information regarding any of the above topics was unclear, the authors of the papers
were contacted to provide details.
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2.7. Quality Assessment

Methodological quality of the included studies was assessed by two reviewers
(PM and SP), using the Physiotherapy Evidence Database scale (PEDro scale) [49]. Any dis-
crepancies in judgements were resolved by consensus, with a third reviewer (JC) acting
as a mediator if necessary. The PEDro scale comprises 11 items: Eligibility criteria, ran-
domized allocation, hidden allocation, baseline comparison between groups, participants,
physiotherapists and blind assessors, adequate follow-up, intention to treat the analysis,
comparison between groups and point estimate and variability. Based on these items,
a score of 0 to 10 is attributed to the RCTs [50]. According to the PEDro scale, studies with
a score of 0 to 3 have a “poor” methodological quality, between 4 to 5 “reasonable”, 6 to 8
“good” and 9 to 10 “excellent” [50].

2.8. Data Synthesis and Analysis

Meta-analyses were conducted if data from at least three studies or 100 patients could
be combined, using standardized mean differences (SMDs) and 95% confidence interval
(CI), to allow comparison of data from different instruments [51]. A random-effects model
was used in the meta-analysis, as it combines sampling error and between-study variance
to estimate effect size [52]. The following thresholds were used to interpret the effect sizes:
<0.2 = trivial effect; 0.2–0.5 = small effect; 0.5–0.8 = moderate effect; >0.8 = large effect [53].

The statistical heterogeneity among studies was assessed using the I-squared (I2),
that represents the percentage of variation across studies that is attributable to heterogeneity
rather than chance [54]. We adopted the following thresholds: I2 = 25%: low heterogeneity;
I2 = 50%: moderate heterogeneity; I2 = 75%: high heterogeneity [54]. If substantial statistical
heterogeneity was detected, sensitivity analysis was undertaken by pooling the data of
high-quality studies only (PEDro score ≥ 6). When a HRQoL domain was assessed by
generic and cancer-specific questionnaires, we performed a subgroup analysis to examine
if the exercise training effect was influenced by the type of instrument used.

When not enough data was provided in a study to estimate the exercise training
effect, we contacted the authors to provide the required data (mean and standard deviation
(SD)). When the post-intervention SD was not reported in a study and not provided by the
authors, the pre-intervention SD was used.

All statistical analyses were conducted using the statistical software Comprehensive
Meta-Analysis (CMA) (Biostat, Englewood, NJ, USA, version 3.3.070) [55]. A p-value
of < 0.05 was considered statistically significant.

2.9. Publication Bias

The publication bias was calculated using the software CMA [55], generating a funnel
plot by the standard error (SE) and the standard difference in means to determine whether
the plot was balanced. The risk of publication bias was assessed by the visual inspection of
the funnel plots and using Egger’s test to provide a more objective and accurate assessment
of funnel plot asymmetry than subjective visual assessment [56].

3. Results
3.1. Search Results

A total of 1208 records were obtained from electronic databases. After duplicates
removal, 1067 records were screened for content, from which 12 RCTs involving 777 patients
were included [24,57–67].

The kappa statistics of the agreement between the independent reviewers’ screening
of the full-text was 0.87, showing a strong agreement. The flowchart of the literature search,
screening and selection process is presented in Figure 1.
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3.2. Study Characteristics

A total of ten studies included patients with LC (n = 651) [24,57,58,60,62–64,66,67]
and two studies included CRC patients (n = 126) [59,65]. Two studies involving LC
patients reported results of the same exercise intervention, but with different data [63,66].
One study presented the effects of exercise training on fatigue symptoms 14 weeks after
LC surgery [63], and the other provided additional information on HRQoL [66].

The mean age of LC participants was 65.8 years (ranging from 62.6 to 70.9 years),
and the proportion of men was 52.8%. All patients had non-small cell lung cancer, the ma-
jority with stages I-II (n = 454) [24,58,60–63,67]. A total of 441 patients underwent open
thoracotomy and 207 underwent VATS, with unknown surgical approach in three pa-
tients. Seven studies reported the extent of surgical resection, which was lobectomy in the
majority of participants (n = 414) [24,60–64,67]. Four studies reported administration of
adjuvant treatment after LC surgery, mainly chemotherapy (n = 140) [60,63,64,67]. In one
study conducted in the preoperative phase, exclusion criteria included administration of
neoadjuvant therapy (chemo- or radiotherapy) prior to surgery [57].
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Control groups received usual care without exercise training, consisting in routine
physiotherapy treatments plus airway clearance techniques [24,58], routine outpatient
appointments after discharge plus pain medication [64], and no advice about exercise
training [57,60]. In addition to usual care, the control groups received general instructions
on daily activities and weekly phone calls [67], a pedometer with instructions on how to
record the total number of steps per day [61], a postoperative exercise intervention initiated
14 weeks after surgery (late exercise intervention) [63,66], and advice to perform physical
activity [62]. Two studies reported the levels of physical activity, with no differences
between exercise and control groups in light intensity activity and moderate-to-vigorous
intensity activity [58,67].

Regarding CRC, the mean age of participants was 59.3 years (ranging from 58.1 to
61.1 years), and the proportion of men was 59.5%. A total of 104 patients had colon
cancer (82.5%) and 22 patients had rectal cancer (17.5%), with 18 patients diagnosed with
metastatic disease (14.3%) [59,65]. Surgical procedures were reported in one trial and
included open surgery (n = 18), laparoscopic surgery (n = 13) and unknow procedure
(n = 2) [65]. One study reported that 19.4% of patients (n = 18) were submitted to a
colostomy surgery [59]. Administration of adjuvant treatment was reported in both studies,
mainly chemotherapy (n = 75) [59,65] or chemotherapy plus radiotherapy (n = 35) [59].

Control groups received usual care, that consisted in no exercise training and in-
structions for the continuation of usual activities [59,65]. Levels of physical activity were
measured in both studies conducted in CRC patients [59,65]. One study reported that at
the of the exercise intervention, 88% of the participants in the exercise group performed
at least 210 min of moderate to vigorous activity per week, in contrast with 56% in the
control group [65]. In the other study [59], the authors reported a significant problem with
exercise contamination, because both the exercise and control groups increased their levels
of moderate to vigorous activity per week, with no appreciable differences between the
two groups. At the end of the intervention, 76% of the participants in the exercise group
and 51.6% of the participants in the control group reported more than 60 min of moderate
to vigorous activity per week [59]. Table 1 describes the characteristics of the included
studies.

Table 1. Characteristics of included studies/participants and key findings.

Reference
Sample

Size/Sex/Age
(Mean)

Type of
Cancer/Stage

Surgical
Approach

Timing of
Intervention

Exercise
Group

Control
Group

Primary
Outcome

Assessment
(HRQoL/Fatigue)

Key Findings
(HRQoL/Fatigue)

Courneya et al.,
2003 [59]

E.G (n = 62)
M = 34;
F = 28

59.9 years
C.G (n = 31)

M = 20;
F = 11

61.1 years

CRC
Stage III-IV

(82.4%)
Node stage 0

(60%)
Metastatic

(3.5%)

Not reported
(19.4% of
patients

submitted to
colostomy)

Post-surgery
(mean of
73 days)

Home-based
Aerobic
exercise

Usual care
(no exer-
cise train-

ing)

HRQoL
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Table 1. Cont. 

Reference 
 

Sample Size / 
Sex / Age 

(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-
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Thoracotomy 
(n = 90) 

Unknown (n = 
3) 

Post-Surgery 
(1st postop-
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Laparoscopic 
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(n = 18)  

Unknown (n = 
2) 
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apy) 
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C.G. (n = 16) 
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Laparoscopic 
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gery, during 
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C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  
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QLQ-C30, 
FACT-L and 

FACIT-F 
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group differences 
observed in 
HRQoL and  
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Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 
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Stage not 
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(n = 22) 
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(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 
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care (no advice 
about  
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Significant differ-

ence between 
groups in PCS, 
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exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  

chemother-
apy) 
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terval train-

ing)  
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Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 
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groups in physical 
function and both 
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Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
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66 years 
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M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
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Open  

Thoracotomy 
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(6 to 10 weeks 
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tomy or 4 to 8 
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and HIIT)  
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Exercise capacity 

 
 

SF-36, 
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FACT-L and 

FACIT-F 
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group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 
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Stage not 
reported 
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Pre-surgery 
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assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 
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ercises  
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spirometer) 
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ence between 
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No between-
group
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observed in

HRQoL

Stigt et al.,
2013 [64]

E.G (n = 23)
M = 21; F = 2

63.6 years
C.G (n = 26)
M = 19; F = 7

63.2 years

NSCLC
Stage not
reported

Open
Thoracotomy

(n = 49)

Post-surgery
(4 weeks
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discharge)
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M= 11; F= 5 
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Laparoscopic 
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Open surgery 
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Post-surgery 
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after sur-

gery, during 
adjuvant  
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Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
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Stage I-IIIA 
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[60] 
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after sur-
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muscle train-
ing 

Standard 
postoperative 

care (no advice 
about  

exercise train-
ing) 

Exercise capac-
ity 

 
 

SF-36 and 
EORTC-

QLQ-C30 

 
Significant differ-

ence between 
groups in PCS, 

MCS and dyspnea, 
favoring the  

exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  

chemother-
apy) 

Aerobic  
exercise (In-
terval train-

ing)  
+ Resistance 

Exercise  

Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 

Fatigue 

 
 

EORTC-
QLQ-C30, 

MFI 

 
Significant differ-

ence between 
groups in physical 
function and both 
physical and gen-
eral fatigue, favor-

ing the exercise 
group.  

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex / Age 

(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS, 

favoring the exer-
cise group 

No between-
group

differences
observed in

HRQoL
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Table 1. Cont.

Arbane et al.,
2014 [58]

E.G. (n = 64)
M = 29;
F = 35

67 years
C.G. (n = 67)

M = 43;
F = 24

68 years

NSCLC
Stage I-IV

VATS
(n = 38)
Open

Thoracotomy
(n = 90)

Unknown
(n = 3)

Post-Surgery
(1st postop-
erative day)

Aerobic
exercise +
Resistance

exercise
(In-hospital) +
Home-based

walking
Program

Usual care
(Routine
physio-
therapy

treatments,
airway

clearance
techniques,
mobiliza-
tion, and

upper
limb

activities)

Physical
activity
levels
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Stigt et al., 
2013 [64] 

E.G (n = 23) 
M = 21; F = 2 

63.6 years 
 

C.G (n = 26) 
M = 19; F = 7 

63.2 years 

NSCLC 
Stage not  
reported 

Open  
Thoracotomy 

(n = 49) 

Post-surgery 
(4 weeks af-
ter hospital 
discharge)  

 Aerobic  
exercise +  
Resistance 

exercise 
 

Usual care 
(routine outpa-
tient appoint-

ments  
after discharge, 

pain medication) 

HRQoL 

 
 

SGRQ 
 

 
No between-
group differ-

ences  
observed in 

HRQoL 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
Approach 

Timing of  
Intervention 

Exercise 
Group 

Control Group 
Primary  

Outcome 
 

Assessment 
(HRQoL/ 
Fatigue) 

Key Findings 
(HRQoL/Fatigue) 

Arbane et 
al., 2014 [58] 

E.G. (n = 64) 
M = 29; F =  

35 
67 years 

C.G. (n = 67) 
M = 43; F =  

24  
68 years 

NSCLC  
Stage I-IV 

VATS 
(n = 38) 
Open  

Thoracotomy 
(n = 90) 

Unknown (n = 
3) 

Post-Surgery 
(1st postop-
erative day) 

Aerobic  
exercise +  
Resistance  

exercise  
(In-hospital) + 
Home-based 

walking  
Program 

Usual care 
(Routine physi-

otherapy  
treatments, air-

way  
clearance 

techniques, mo-
bilization, and 

upper limb 
activities) 

Physical activ-
ity  

levels 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS and 

MCS in  
patients with air-
flow obstruction 

Edvardsen 
et al. 2015 

[60] 

E.G. (n = 30) 
M = 13; F =  

17 
64.4 years 

 
C.G. (n = 31) 
M = 15; F =  

16 
65.9 years 

NSCLC 
Stage I-IV 

 

VATS 
(n = 10)  
Open  

Thoracotomy 
(n = 51)  

 

Post-surgery 
(5 to 7 weeks 

after sur-
gery)  

 

HIIT +  
Resistance  
exercise + 

daily  
inspiratory  

muscle train-
ing 

Standard 
postoperative 

care (no advice 
about  

exercise train-
ing) 

Exercise capac-
ity 

 
 

SF-36 and 
EORTC-

QLQ-C30 

 
Significant differ-

ence between 
groups in PCS, 

MCS and dyspnea, 
favoring the  

exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  

chemother-
apy) 

Aerobic  
exercise (In-
terval train-

ing)  
+ Resistance 

Exercise  

Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 

Fatigue 

 
 

EORTC-
QLQ-C30, 

MFI 

 
Significant differ-

ence between 
groups in physical 
function and both 
physical and gen-
eral fatigue, favor-

ing the exercise 
group.  

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex / Age 

(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS, 

favoring the exer-
cise group 

SF-36
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years 

Hoffman et 
al., 2017 

[61] 

E.G (n =  37) 
M = 17: F = 20 

64.4 years 
 

C.G (n = 35) 
M = 15: F:20 
65.6 years 

NSCLC 
Stage I-IV 

VATS 
(n = 13) 
Open  

Thoracotomy 
(n = 59) 

Post-surgery 
(mean of 4 
days after 

hospital dis-
charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-

ence between 
groups in the 
PCS 3 months  

after surgery, fa-
voring the pre-

operative exercise 
group 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

Significant
difference
between

groups in PCS
and MCS in

patients with
airflow

obstruction

Edvardsen et al.
2015 [60]

E.G. (n = 30)
M = 13;
F = 17

64.4 years
C.G. (n = 31)

M = 15;
F = 16

65.9 years

NSCLC
Stage I-IV

VATS
(n = 10)
Open

Thoracotomy
(n = 51)

Post-surgery
(5 to 7 weeks

after
surgery)

HIIT +
Resistance
exercise +

daily
inspiratory

muscle
training

Standard
postoperative

care (no
advice
about

exercise
training)

Exercise
capacity
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years 

Hoffman et 
al., 2017 

[61] 

E.G (n =  37) 
M = 17: F = 20 

64.4 years 
 

C.G (n = 35) 
M = 15: F:20 
65.6 years 

NSCLC 
Stage I-IV 

VATS 
(n = 13) 
Open  

Thoracotomy 
(n = 59) 

Post-surgery 
(mean of 4 
days after 

hospital dis-
charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-

ence between 
groups in the 
PCS 3 months  

after surgery, fa-
voring the pre-

operative exercise 
group 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

SF-36 and
EORTC-QLQ-

C30
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years 

Hoffman et 
al., 2017 

[61] 

E.G (n =  37) 
M = 17: F = 20 

64.4 years 
 

C.G (n = 35) 
M = 15: F:20 
65.6 years 

NSCLC 
Stage I-IV 

VATS 
(n = 13) 
Open  

Thoracotomy 
(n = 59) 

Post-surgery 
(mean of 4 
days after 

hospital dis-
charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-

ence between 
groups in the 
PCS 3 months  

after surgery, fa-
voring the pre-

operative exercise 
group 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

Significant
difference
between
groups in
PCS, MCS

and dyspnea,
favoring the

exercise
group

VanVulpenetal.,
2016 [65]

E.G. (n = 17)
M= 10; F= 7
58.1 years

C.G. (n = 16)
M= 11; F= 5
58.1 years

Colon cancer
Stage M0

Laparoscopic
(n = 13)
Open

surgery
(n = 18)

Unknown
(n = 2)

Post-surgery
(10 weeks

after surgery,
during

adjuvant
chemotherapy)

Aerobic
exercise
(Interval
training)

+ Resistance
Exercise

Usual
Care (no
exercise
interven-
tion and

instruction
for the

continua-
tion of the

usual
activities)

Fatigue
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years 

Hoffman et 
al., 2017 

[61] 

E.G (n =  37) 
M = 17: F = 20 

64.4 years 
 

C.G (n = 35) 
M = 15: F:20 
65.6 years 

NSCLC 
Stage I-IV 

VATS 
(n = 13) 
Open  

Thoracotomy 
(n = 59) 

Post-surgery 
(mean of 4 
days after 

hospital dis-
charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-

ence between 
groups in the 
PCS 3 months  

after surgery, fa-
voring the pre-

operative exercise 
group 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

EORTC-QLQ-
C30, MFI
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Hoffman et 
al., 2017 

[61] 

E.G (n =  37) 
M = 17: F = 20 
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C.G (n = 35) 
M = 15: F:20 
65.6 years 

NSCLC 
Stage I-IV 

VATS 
(n = 13) 
Open  

Thoracotomy 
(n = 59) 

Post-surgery 
(mean of 4 
days after 

hospital dis-
charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-

ence between 
groups in the 
PCS 3 months  

after surgery, fa-
voring the pre-

operative exercise 
group 

Table 1. Cont. 

Reference 
 

Sample Size / 
Sex /Age 
(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

Significant
difference
between
groups in
physical

function and
both physical
and general

fatigue,
favoring the

exercise
group.

Cavalheri et al.,
2017 [67]

E.G. (n = 9)
M= 3; F= 6

66 years
C.G. (n = 8)
M= 2; F= 6

68 years

NSCLC
Stage I-IIIA

VATS
(n = 9)
Open

Thoracotomy
(n = 8)

Post-surgery
(6 to

10 weeks
after

lobectomy or
4 to 8 weeks

after last
chemother-
apy cycle)

Aerobic
exercise

(Continuous
training and

HIIT)
+ Resistance

Exercise

General
Instruc-
tions on

daily
activities +

weekly
phone
calls

Exercise
capacity
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Training 
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(mean) 

Type of  
Can-

cer/Stage 
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approach 

Timing of  
intervention 

Exercise 
Group 

Control Group 
Primary  
outcome 

Assessment 
(HRQoL/Fati

gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

SF-36, EORTC-
QLQ-C30,

FACT-L and
FACIT-F
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E.G (n = 23) 
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63.6 years 
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exercise +  
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(mean) 

Type of  
Can-

cer/Stage 
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Approach 

Timing of  
Intervention 

Exercise 
Group 

Control Group 
Primary  

Outcome 
 

Assessment 
(HRQoL/ 
Fatigue) 

Key Findings 
(HRQoL/Fatigue) 

Arbane et 
al., 2014 [58] 

E.G. (n = 64) 
M = 29; F =  

35 
67 years 

C.G. (n = 67) 
M = 43; F =  

24  
68 years 

NSCLC  
Stage I-IV 

VATS 
(n = 38) 
Open  

Thoracotomy 
(n = 90) 

Unknown (n = 
3) 

Post-Surgery 
(1st postop-
erative day) 

Aerobic  
exercise +  
Resistance  

exercise  
(In-hospital) + 
Home-based 

walking  
Program 

Usual care 
(Routine physi-

otherapy  
treatments, air-

way  
clearance 

techniques, mo-
bilization, and 

upper limb 
activities) 

Physical activ-
ity  

levels 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS and 

MCS in  
patients with air-
flow obstruction 

Edvardsen 
et al. 2015 

[60] 

E.G. (n = 30) 
M = 13; F =  

17 
64.4 years 

 
C.G. (n = 31) 
M = 15; F =  

16 
65.9 years 

NSCLC 
Stage I-IV 

 

VATS 
(n = 10)  
Open  

Thoracotomy 
(n = 51)  

 

Post-surgery 
(5 to 7 weeks 

after sur-
gery)  

 

HIIT +  
Resistance  
exercise + 

daily  
inspiratory  

muscle train-
ing 

Standard 
postoperative 

care (no advice 
about  

exercise train-
ing) 

Exercise capac-
ity 

 
 

SF-36 and 
EORTC-

QLQ-C30 

 
Significant differ-

ence between 
groups in PCS, 

MCS and dyspnea, 
favoring the  

exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  

chemother-
apy) 

Aerobic  
exercise (In-
terval train-

ing)  
+ Resistance 

Exercise  

Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 

Fatigue 

 
 

EORTC-
QLQ-C30, 

MFI 

 
Significant differ-

ence between 
groups in physical 
function and both 
physical and gen-
eral fatigue, favor-

ing the exercise 
group.  
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Sex / Age 

(mean) 
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Can-

cer/Stage 
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approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS, 

favoring the exer-
cise group 

No between-
group

differences
observed in
HRQoL and

fatigue

Garcia et al.,
2017 [57]

E.G (n = 10)
M = 9; F = 1
70.9 years

C.G (n = 12)
M = 11; F = 1

69.4 years

NSCLC
Stage not
reported

VATS
(n = 22)

Pre-surgery
(baseline

assessment
was

54.5 days
before

surgery)

HIIT +
Resistance
Exercise +
Breathing
exercises
(incentive

spirometer)

Usual care
(no exer-
cise train-

ing)

Exercise
capacity
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(mean of 4 
days after 
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charge) 

Home-based 
aerobic exer-
cise + balance 

Training 

Usual care from 
health providers 

plus 
a pedometer with 

instructions on 
how to record the 

total  
number of steps 

per day 

Feasibility and  
acceptability  

 

SF-36 and 
BFI 

 

 
Significant differ-
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groups in the 
PCS 3 months  

after surgery, fa-
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intervention 
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gue) 

Key findings 
(HRQoL/Fatigue) 

Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 

SF-36
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M = 46; F = 64 
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(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
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Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
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C.G (n = 21) 
M = 18; F = 3 

64.8 years 
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Stage I-II 

VATS 
(n = 3) 
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Thoracotomy 
(n = 34) 

Post-surgery 
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QLQ-C30 

 

 
No between-group 
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 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 
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= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 
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ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
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One study implemented the exercise training program before surgery (LC, n = 22) 
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ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
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pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
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[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
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 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
(Functional assessment of cancer therapy—Fatigue); FACT-G (Functional assessment of cancer therapy—General); FACT-
L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 

3.3. Intervention Characteristics 
One study implemented the exercise training program before surgery (LC, n = 22) 

[57]. The remaining studies implemented exercise training in the postoperative phase (n 
= 755), starting between the first postoperative day [24] and 73 days after surgery [59]. 

The exercise training sessions were performed with on-site supervision in eight stud-
ies, that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] 
and in a fitness center [60]. In two studies, the exercise program was initiated at the hos-
pital for one week with on-site supervision (inpatient sessions), and continued at home 
for a period of 12–20 weeks [24,58], with three home visits [24] or weekly telephone su-
pervision [58] by the research staff. In the remaining two studies, the exercise program 
was performed at home, with a weekly telephone supervision [61,64]. 

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention con-
sisted of aerobic exercise performed at home, with patients being allowed to choose the 
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of 
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No between-
group differ-

ences  
observed in 

HRQoL 
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(HRQoL/ 
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Key Findings 
(HRQoL/Fatigue) 

Arbane et 
al., 2014 [58] 

E.G. (n = 64) 
M = 29; F =  

35 
67 years 

C.G. (n = 67) 
M = 43; F =  

24  
68 years 

NSCLC  
Stage I-IV 

VATS 
(n = 38) 
Open  

Thoracotomy 
(n = 90) 

Unknown (n = 
3) 

Post-Surgery 
(1st postop-
erative day) 

Aerobic  
exercise +  
Resistance  

exercise  
(In-hospital) + 
Home-based 

walking  
Program 

Usual care 
(Routine physi-

otherapy  
treatments, air-

way  
clearance 

techniques, mo-
bilization, and 

upper limb 
activities) 

Physical activ-
ity  

levels 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS and 

MCS in  
patients with air-
flow obstruction 

Edvardsen 
et al. 2015 

[60] 

E.G. (n = 30) 
M = 13; F =  

17 
64.4 years 

 
C.G. (n = 31) 
M = 15; F =  

16 
65.9 years 

NSCLC 
Stage I-IV 

 

VATS 
(n = 10)  
Open  

Thoracotomy 
(n = 51)  

 

Post-surgery 
(5 to 7 weeks 

after sur-
gery)  

 

HIIT +  
Resistance  
exercise + 

daily  
inspiratory  

muscle train-
ing 

Standard 
postoperative 

care (no advice 
about  

exercise train-
ing) 

Exercise capac-
ity 

 
 

SF-36 and 
EORTC-

QLQ-C30 

 
Significant differ-

ence between 
groups in PCS, 

MCS and dyspnea, 
favoring the  

exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  

chemother-
apy) 

Aerobic  
exercise (In-
terval train-

ing)  
+ Resistance 

Exercise  

Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 

Fatigue 

 
 

EORTC-
QLQ-C30, 

MFI 

 
Significant differ-

ence between 
groups in physical 
function and both 
physical and gen-
eral fatigue, favor-

ing the exercise 
group.  
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Sample Size / 
Sex / Age 

(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS, 

favoring the exer-
cise group 

No between-
group

differences
observed in

HRQoL
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Quist et al., 
2018 [63] 

and 
Sommer et 

al. 2020 
[66] 

 

E.G (n = 110) 
M = 46; F = 64 

66 years 
 

C.G (n = 101) 
M = 48; F = 53 

65 years 

NSCLC 
Stage IA-IIIB 

VATS 
(n = 110) 

Open  
Thoracotomy 

(n = 101) 
 

Post-surgery 
(14 days after 
surgery: early 
intervention) 

HIIT +  
Resistance  
exercise + 
breathing  
exercises  
combined 

with stretch-
ing and ten-
sion-release  
techniques 

 

Usual care (post-
operative exercise 
initiated 14 weeks 

after  
surgery: late  
intervention) 

Exercise capac-
ity* 

 
 

EORTC-
QLQ-C30 

and  
FACT-L 

 
Significant differ-

ence between 
groups in fatigue 
and HRQoL 14 

weeks after  
surgery favoring 
the early initiated 

intervention 

Messaggi-
Sartor et 
al., 2019 

[62] 

E.G (n = 16) 
M = 8; F = 8 
64.2 years 

 
C.G (n = 21) 
M = 18; F = 3 

64.8 years 

NSCLC 
Stage I-II 

VATS 
(n = 3) 
Open  

Thoracotomy 
(n = 34) 

Post-surgery 
(6-8 weeks af-
ter lung resec-

tion) 

 Aerobic ex-
ercise + Re-

sistance exer-
cise + Respir-
atory muscle 

training 

Advice to per-
form physical ac-

tivity,  
following WHO  
recommenda-

tions. 

Exercise capac-
ity 

 
 

EORTC-
QLQ-C30 

 

 
No between-group 

differences ob-
served in HRQoL 

 Significant differences between the exercise group and the control group;  No between-group differences. * Meas-
urement at 14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G 
(Control Group); CRC (Colorectal cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research 
and Treatment of Cancer questionnaire); FACIT-F (Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F 
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L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity Interval Training); HRQOL (Health-related qual-
ity of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue Inventory); NSCLC (Non-small 
cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health Survey; VATS 
(Video-assisted thoracoscopic surgery); WHO (Word Health Organization). 
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Arbane et 
al., 2014 [58] 

E.G. (n = 64) 
M = 29; F =  

35 
67 years 

C.G. (n = 67) 
M = 43; F =  

24  
68 years 

NSCLC  
Stage I-IV 

VATS 
(n = 38) 
Open  

Thoracotomy 
(n = 90) 

Unknown (n = 
3) 

Post-Surgery 
(1st postop-
erative day) 

Aerobic  
exercise +  
Resistance  

exercise  
(In-hospital) + 
Home-based 

walking  
Program 

Usual care 
(Routine physi-

otherapy  
treatments, air-

way  
clearance 

techniques, mo-
bilization, and 

upper limb 
activities) 

Physical activ-
ity  

levels 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS and 

MCS in  
patients with air-
flow obstruction 

Edvardsen 
et al. 2015 

[60] 

E.G. (n = 30) 
M = 13; F =  

17 
64.4 years 

 
C.G. (n = 31) 
M = 15; F =  

16 
65.9 years 

NSCLC 
Stage I-IV 

 

VATS 
(n = 10)  
Open  

Thoracotomy 
(n = 51)  

 

Post-surgery 
(5 to 7 weeks 

after sur-
gery)  

 

HIIT +  
Resistance  
exercise + 

daily  
inspiratory  

muscle train-
ing 

Standard 
postoperative 

care (no advice 
about  

exercise train-
ing) 

Exercise capac-
ity 

 
 

SF-36 and 
EORTC-

QLQ-C30 

 
Significant differ-

ence between 
groups in PCS, 

MCS and dyspnea, 
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exercise group 

Van Vulpen 
et al., 2016 

[65] 

E.G. (n = 17) 
M= 10; F= 7 
58.1 years 

 
C.G. (n = 16) 
M= 11; F= 5 
58.1 years 

Colon cancer 
Stage M0 

Laparoscopic 
(n = 13) 

Open surgery 
(n = 18)  

Unknown (n = 
2) 

Post-surgery 
(10 weeks  
after sur-

gery, during 
adjuvant  
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apy) 

Aerobic  
exercise (In-
terval train-

ing)  
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Exercise  

Usual Care (no 
exercise inter-
vention and  

instruction for 
the continua-

tion of the 
usual activities) 

Fatigue 
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QLQ-C30, 

MFI 

 
Significant differ-

ence between 
groups in physical 
function and both 
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Table 1. Cont. 

Reference 
 

Sample Size / 
Sex / Age 

(mean) 

Type of  
Can-

cer/Stage 

Surgical  
approach 

Timing of  
intervention 

Exercise 
Group 

Control Group Primary outcome 
Assessment 

(HRQoL/ 
Fatigue)  

Key findings 
(HRQoL/fatigue) 

Cavalheri et 
al., 2017 

[67] 

E.G. (n = 9) 
M= 3; F= 6 
66 years 

 
C.G. (n = 8) 
M= 2; F= 6 
68 years 

NSCLC 
Stage I-IIIA 

VATS 
(n = 9) 
Open  

Thoracotomy 
(n = 8)  

Post-surgery 
(6 to 10 weeks 

after lobec-
tomy or 4 to 8 

weeks after 
last chemo-

therapy cycle) 

Aerobic exer-
cise (Contin-
uous training 

and HIIT)  
+ Resistance 

Exercise  

General Instruc-
tions on daily ac-
tivities + weekly 

phone calls  

Exercise capacity 

 
 

SF-36, 
EORTC-

QLQ-C30, 
FACT-L and 

FACIT-F 

 
No between-

group differences 
observed in 
HRQoL and  

fatigue 

Garcia et 
al., 2017 

[57] 

E.G (n = 10) 
M = 9; F = 1 
70.9 years 

 
C.G (n = 12) 
M = 11; F = 1 

69.4 

NSCLC 
Stage not 
reported 

VATS  
(n = 22) 

Pre-surgery 
(baseline  

assessment  
was 54.5 days 

before sur-
gery) 

 

HIIT + Re-
sistance 

Exercise + 
Breathing ex-

ercises  
(incentive  

spirometer) 

Usual care (no  
exercise training) 

Exercise capacity 

 
 

SF-36 
 

 
Significant differ-

ence between 
groups in PCS, 

favoring the exer-
cise group 

No between-group differences. * Measurement at
14 weeks after surgery (end of the early initiated exercise intervention), BFI (Brief fatigue inventory); C.G (Control Group); CRC (Colorectal
cancer); E.G (Exercise Group); EORTC-QLQ-C30 (European Organization for Research and Treatment of Cancer questionnaire); FACIT-F
(Functional Assessment of Chronic Illness Therapy—Fatigue); FACT-F (Functional assessment of cancer therapy—Fatigue); FACT-G
(Functional assessment of cancer therapy—General); FACT-L (Functional assessment of cancer therapy—Lung); HIIT (High Intensity
Interval Training); HRQOL (Health-related quality of life); M (Male); MCS (Mental Component Summary); MFI (Multidimensional Fatigue
Inventory); NSCLC (Non-small cell lung cancer); F (Female); PCS (Physical Component Summary); SF-36 (Short-Form 36-Item Health
Survey; VATS (Video-assisted thoracoscopic surgery); WHO (Word Health Organization).

3.3. Intervention Characteristics

One study implemented the exercise training program before surgery (LC, n = 22) [57].
The remaining studies implemented exercise training in the postoperative phase (n = 755),
starting between the first postoperative day [24] and 73 days after surgery [59].

The exercise training sessions were performed with on-site supervision in eight studies,
that were conducted at the hospital [57,62,64,65,67], in a rehabilitation center [63,66] and in
a fitness center [60]. In two studies, the exercise program was initiated at the hospital for
one week with on-site supervision (inpatient sessions), and continued at home for a period
of 12–20 weeks [24,58], with three home visits [24] or weekly telephone supervision [58] by
the research staff. In the remaining two studies, the exercise program was performed at
home, with a weekly telephone supervision [61,64].

With respect to CRC patients, in one study (n = 93) [59] the exercise intervention
consisted of aerobic exercise performed at home, with patients being allowed to choose the
mode of exercise they preferred (e.g., swimming, cycling or walking). The frequency of
aerobic exercise was three to five times per week, 20–30 min per session, at an intensity
of 65%–75% of predicted maximal heart rate, during 16 weeks [59]. In the other trial
conducted in CRC (n = 33) [65], each exercise session was supervised by a physiotherapist,
and the exercise training consisted of a combination of resistance exercise (1–2 sets of
10–20 repetitions, 45–75% 1-maximum repetition [1-RM] for all major muscle groups) and
moderate-to-high intensity aerobic exercise (cycle-ergometer, alternating intervals at the
first ventilatory threshold by three sets of 2 min, with lower intensity intervals by three
sets of 4 min), 60 min per session, two sessions per week, over 18 weeks [65].

In LC patients, the total duration of the exercise interventions was approximately
4 weeks in the prehabilitation program (three to five sessions per week, an average of 16
sessions) [57]. In the postoperative phase, the duration of the exercise programs varied
from 6 to 20 weeks, with two or three exercise sessions per week in the facility-based
programs [60,62–64,66,67] and five sessions per week in the home-based program [61].

The most prescribed type of exercise was aerobic training, which was present in
all studies, with the exercise mode consisting of cycling in a cycle-ergometer [57,62–64,
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66], walking [24,61] and a combination of cycling and walking [58,67]. The duration of
aerobic exercise was reported in six studies and varied from 25 to 30 min [57,61–63,66,67].
With respect to the exercise intensity, five studies integrated high-intensity interval training
(HIIT), alternating low intensity intervals at 50–60% of peak workload with higher intensity
intervals at 80% of peak workload or 85–100% of the maximal heart rate measured by a
cardiopulmonary exercise test [57,60,63,66,67]. Six studies included aerobic continuous
training with light intensity in the home-based program [61] and moderate-to-high intensity
in the hospital-based exercise programs [24,58,62,64].

Nine studies included resistance training, with a volume of two to three sets of 5–15
repetitions [24,57,58,60,62–64,66]. The intensity of the resistance training varied between
studies, being prescribed a constant load of 0.5–2 kg [62,67], an intensity of 60–80% of
one-maximum repetition (1-RM) [63,66], 6–12 RM [60] or an intensity corresponding to a
moderate rate of perceived exhaustion according to the OMNI Resistance Scale [57].

In two studies, respiratory muscle training was prescribed [60,62], with a dose of
five sets of 10 repetitions followed by 1–2 min of unloaded recovery breathing at 50% of
maximal inspiratory and expiratory pressures, using a respiratory muscle trainer device at
a rate of 15–20 breaths/min [62].

Four studies (n = 164) reported no adverse events of exercise training [57,61,62,65]
and one study (n = 63) reported a serious adverse event (hip fracture) during balance
exercise [60]. A detailed description of the exercise training interventions is presented in
Table 2.

Table 2. Characteristics of the exercise training interventions (12 studies).

Reference Type of
Supervision

Type/Mode of
Exercise

Time (min/sets)/
Intensity (MET;

% HRmax;
%HRR;% Wpeak;

% 1- RM)

Progression
(Time/Sets/
Intensity)

Session Time
(min)

Frequency
(Sessions Per

Week)

Program
Duration

(Weeks/Sessions)

Adverse
Events (A.E)

Attrition/
Adhrence Rates

Aerobic Exercise

Courneya et al.,
2003 [59]

Telephone
(weekly

telephone
calls)

Aerobic:
Swimming,
cycling or
walking

Aerobic:
20–30 min
65–75% of

predicted HRmax.

Aerobic:
Varied

depending on
motivation

and capability

20–30 min 3–5 times
per week 16 weeks

A.E: NR
Adherence: 76%
Attrition: 10%

Hoffman et al.,
2017 [61]

Mixed
supervision:

presential (two
home visits)

and by
telephone

Aerobic:
Continuous
walking in

place with Wii
Fit Plus
exercise

equipment
Balance

exercises: Wii
balance

exercises

Aerobic: 5 min
each day for

5 days during
week 1

Light intensity
(less than 3.0

METs)

Aerobic:
The walking

time was
increased by
5 min each

week with the
goal of

30 min per day
during week 6

5 min
(1st week) to

30 min
(6th week)

5 times
per week 6 weeks

A.E: No
adverse events
Adhrence:93%
Attrition:3%

Aerobic + Resistance Exercise

Arbane et al.,
2011 [24]

Presential in
hospital and
three home

visits during
the

home-based
program

Aerobic:
Walking

Resistance:
Seated leg
raises and

unspecified
home

resistance
exercises

Aerobic: 60% to
80% HRmax

(220-age
formula)

Resistance
(in-hospital):

Ankle weights of
2 lb.

Resistance
(in-hospital):
Progress to

ankle weights
of 4 lb

NR

In hospital:
5 times

per week/
twice daily

Home-based:
NR

In-Hospital:
5 days

Home-based:
12 weeks

A.E: NR
Adherence:

NR
Attrition: 17%

Stigt et al.,
2013 [64] Presential

Aerobic:
Continuous
training on a

cyclo-
ergometer
Resistance:
Dose not
reported

Aerobic: 60% to
80% of peak

workload
NR 60 min 2 times

per week 12 weeks

A.E: NR
Adherence:

NR
Attrition:26.5%
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Table 2. Cont.

Reference Type of
Supervision

Type/Mode of
Exercise

Time (min/sets)/
Intensity (MET;

% HRmax;
%HRR;% Wpeak;

% 1- RM)

Progression
(Time/Sets/
Intensity)

Session Time
(min)

Frequency
(Sessions Per

Week)

Program
Duration

(Weeks/Sessions)

Adverse
Events (A.E)

Attrition/
Adhrence Rates

Arbane et al.,
2014 [58]

Mixed
supervision:

Presential (In
hospital

program) and
weekly

telephone calls
(home

program)

Aerobic:
Cycling (in

hospital) and
home-based

walking
program
(SPACE)

Resistance:
NR

Aerobic: 30 min
60% to 90% of

HRR
3 or 4 on the
Borg CR10

13 to 15 on the
Borg RPE

Pedalling rate
was held

between 50 and
60 rpm

Resistance:
10-RM (number

of. Sets NR)

NR NR NR

In Hospital:
5 days

Home-based:
20 weeks

A.E: NR
Adherence:

NR
Attrition: 31%

VanVulpenetal.,
2016 [65]

Presential
(In-hospital)

Aerobic:
Interval

training on a
cycle-

ergometer
Resistance:

Exercises for
major muscle
groups (arms,
legs, shoulder

and trunk)

Aerobic
High intensity:

3 sets x 2 min at
the first VT

measured by
CPET

Low intensity:
3 sets x 4 min
below the first

VT
Resistance:

2 sets x 10 reps at
65% of 1-RM

Aerobic
High intensity:
2 sets x 7 min
at the first VT
Low intensity:
1 set x 7 min at

the first VT
Resistance:

1 set x 10 reps
(75% 1-RM)

and
2 sets x 20 reps

(45% 1-RM)

60 min 2 sessions
per week 18 weeks

A.E: No
serious
adverse
events

Adherence: 89%
Attrition:15%

Cavalheri et al.,
2017 [67]

Presential
(In-hospital)

Aerobic:
Continuous
walking on
treadmill or

100-m corridor
+ HIIT on a

cycle-
ergometer
Resistance:

Exercises for
upper and

lower limbs
using hand

weights
(step-ups,

elbow flexion
and shoulder

abduction)

Walking on
corridor—20 min

at 80% of the
average 6MWT

speed
Treadmill

walking—20 min
at 70% of the

average 6MWT
speed

Cycling (HIIT):
14 min

High intensity
(2 × 2 min at

80% of the peak
workload)

Low intensity
(10 min at 60% of

the peak
workload)
Resistance

training: 2–3 sets
of 10 reps; Initial

hand weights:
1.5 kg for women
and 2 kg for men

Aerobic:
Walking speed
was increased
if the patients
were able to

walk for
20 min

continuously
providing

symptoms and
SpO2 were

within
acceptable

limits (≥88%)

60 min 3 sessions
per week 8 weeks

A.E: NR
Adherence: 44%
Attrition: 0%

Garcia et al.,
2017 [57]

Presential
(In-Hospital)

Aerobic: HIIT
on a cycle-
ergometer
Resistance:
6 exercises

using elastic
bands and

body weight,
targeting the
main muscle

groups.

Aerobic: 30 min
High intensity

(1 min at 80% of
peak workload)
Low intensity

(4 min at 50% of
peak workload)

Resistance: 3 sets
of 15 reps
(45” rest)
Moderate
perceived

rate of
exhaustion

(OMNI Scale)

Aerobic: Peak
workload

adjusted based
on an

incremental
cycle test

(10th session)
Resistance:
Number of

sets was
increased to

four if
tolerated

(10th session)

60 min

3–5 times
per week

depending on
the surgery

date

16 sessions
(range 8–25)

A.E: No
adverse
Events

Adherence:
NR

Attrition: 14%
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Table 2. Cont.

Reference Type of
Supervision

Type/Mode of
Exercise

Time (min/sets)/
Intensity (MET;

% HRmax;
%HRR;% Wpeak;

% 1- RM)

Progression
(Time/Sets/
Intensity)

Session Time
(min)

Frequency
(Sessions Per

Week)

Program
Duration

(Weeks/Sessions)

Adverse
Events (A.E)

Attrition/
Adhrence Rates

Quist et al.,
2018 [63]

and
Sommer
et al. [66]

Presential
(Rehabilitation

center)

Aerobic: HIIT
on a cycle-
ergometer
Resistance:
5 exercises

using weight
machines (leg

press, chest
press, leg

extension, pull
to chest, and
pull down)

Aerobic: 25 min
High intensity

(1–2 min at
85%–100% of

HRmax)
Low intensity:
(1-min pauses)

Resistance: 3 sets
of 5 to12 reps at
60–80% of 1-RM

Aerobic:
50–60%

of HRmax.
(first 4 weeks)
and 70–90% of
HRmax (last 8

weeks)
Resistance:
Every two
weeks, the
load was

increased and
the number of

repetitions
reduced to a

final of
3 sets of 8 reps

60 min 2 times
per week

12 weeks
(24 sessions on

nonconsecu-
tive days)

A.E: NR
Adherence:

NR
Attrition: 40%

Aerobic + Resistance + Respiratory Muscle Exercise

Edvardsenetal.,
2015 [60]

Presential
(Fitness
center)

Aerobic: HIIT
(walking
uphill on
treadmill)
Resistance:

Leg press, leg
extension,

back
extension, seat

row, bicep
curls, chest-

and-shoulder
press

Inspiratory
muscle
training

Aerobic: HIIT
achieving

80–95% of the
HRmax.

Resistance
training: 3 sets of

6–12 RM
Inspiratory

muscle training:
NR

Aerobic: The
intensity and
duration of

each interval
was

individually
increased

based on the
patient’s

improvement
and symptoms
of fatigue and

dyspnoea

60 min 3 times
per week 20 weeks

A.E: Hip
fracture

during balance
training

Adherence: 88%
Attrition: 12%

Messaggi-
Sartor et al.,

2019 [62]

Presential
(In-Hospital)

Aerobic:
Continuous
training on a

cycle-
ergometer

IEMT: Using a
respiratory

muscle trainer
at a rate of

15–20 breaths/min
Resistance:
3 exercises
(bicep curl,
chest and

shoulder press

Aerobic: 30 min
60% of peak

workload
IEMT: 5 sets of
10 repetitions
followed by
1–2 min of
unloaded
recovery

breathing (off the
device)

50% of PImax
and PEmax;

Resistance: 3 sets
with a constant
load of 0.5 kg.

Aerobic:
Increased in
workload by

5 watts weekly
if the patient
was able to

tolerate the set
load for
30 min

IEMT: Load
was adjusted

weekly by
10 cmH2O if

tolerated

60 min

3 times
per week

(IEMT: twice a
day)

8 weeks
(24 sessions)

A.E: No
adverse
events

Adherence: >80%
Attrition: 35%

Borg CR-10 (Borg Category-Ratio 10); HIIT (High intensity interval training); HRR (Heart rate reserve); IEMT (Inspiratory and expiratory
muscle training); HRmax (Maximal Heart Rate); MET (Metabolic Equivalent of task); RM (Repetition Maximum); reps (repetitions);
min (minutes); PImax (Maximal inspiratory pressure); PEmax (Maximal expiratory pressure); RPE (Rate of perceived exertion); VT (ventilatory
threshold); 6MWT (6 min walk test).

3.4. Methodological Quality Assessment

The quality assessment showed a mean PEDro score of 6.3, indicating a good method-
ological quality. No studies were excluded based on methodological quality.

Individually, two RCTs showed a reasonable methodological quality (PEDro score
of 5 points) [61,64] and 10 studies a good methodological quality (PEDro scores of 6 and
7 points) [24,57–60,62,63,65–67]. In five studies (42%), a hidden allocation was not per-
formed [59,61,63,64,66]. Owing to the nature of the interventions, blinding of participants
and therapists was not performed in any of the included studies. In five studies (42%)
outcome assessors were not blinded to group allocation [58,60,61,64,65]. In three studies
(25%), intention to treat analysis was not performed [24,57,62]. The methodological quality
of the included studies is presented in Table 3.
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Table 3. Methodological quality assessment using the PEDro scale (12 studies).

Reference Eligibility
Criteria *

Randomized
Allocation

Hidden
Allocation

Baseline
Comparison
Between
Groups

Blind
Participants

Blind
Physical
Therapists

Blind
Assessors

Proper
Follow-

Up

Intention
to Treat

Analysis

Comparison
Between
Groups

Point
Estimate

and
Variability

Total
Score

Courneya
et al.,

2003 [59]

√ √
×

√
× ×

√ √ √ √ √
7/10

Arbane
et al.,

2011 [24]

√ √ √ √
× ×

√ √
×

√ √
7/10

Stigt
et al.,

2013 [64]

√ √
×

√
× × × ×

√ √ √
5/10

Arbane
et al.,

2014 [58]

√ √ √ √
× × × ×

√ √ √
6/10

Edvardsen
et al.

2015 [60]

√ √ √ √
× × ×

√ √ √ √
7/10

Van
Vulpen

et al.,
2016 [65]

√ √ √ √
× × ×

√ √ √ √
7/10

Cavalheri
et al.,

2017 [67]

√ √ √ √
× ×

√
×

√ √ √
7/10

Garcia
et al.,

2017 [57]

√ √ √ √
× ×

√
× ×

√ √
6/10

Hoffman
et al.,

2017 [61]

√ √
×

√
× × × ×

√ √ √
5/10

Quist
et al.,

2018 [63]

√ √
×

√
× ×

√
×

√ √ √
6/10

Messaggi-
Sartor
et al.,

2019 [62]

√ √ √ √
× ×

√
× ×

√ √
6/10

Sommer
et al.,

2020 [66]

√ √
×

√
× ×

√
×

√ √ √
6/10

* Eligibility criteria item does not contribute to total score.

3.5. Synthesis of the Results

A total of 10 studies (n = 651) [24,57,58,60–64,66,67] were pooled to assess the efficacy
of exercise training on HRQoL and fatigue in patients undergoing LC surgery.

A total of two studies (n = 126) [59,65] were pooled to assess the efficacy of exercise
training on HRQoL and fatigue in patients undergoing CRC surgery.

3.5.1. Lung Cancer Surgery: Effect of Exercise Training on HRQoL

One study conducted preoperatively [57] and six studies conducted in the postoperative
phase (initiated between the first postoperative day and 10 weeks after surgery) [24,60–62,66,67]
assessed the physical domain of HRQoL Five studies used the physical component sum-
mary of a generic questionnaire—the Medical Outcomes Study Short Form 36 General
Health Survey (SF-36) [57,58,60,61,67], and two studies used cancer specific-questionnaires–
the European Organization for Research and Treatment of Cancer Quality of Life Question-
naire core 30 (EORTC-QLQ-C30) [62] and the Functional Assessment of Cancer Therapy-
Lung (FACT-L) [66]. The meta-analysis showed an overall moderate effect of exercise
training on the physical domain of HRQoL (SMD = 0.68: 95% CI: [0.47; 0.89]; Z = 6.44; p <
0.01; I2 = 36%) (Figure 2A). Subgroup analysis revealed that the improvement in the physi-
cal domain was small when measured using cancer-specific questionnaires (SMD = 0.39:
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95% CI: [0.07; 0.71]; Z = 2.37; p = 0.02; I2 = 0%) and large when measured by the SF-36
(SMD = 0.88: 95% CI: [0.61; 1.15]; Z = 6.41; p < 0.01; I2 = 0%) (Figure 2A).
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One study conducted preoperatively [57] and four studies conducted in the postoperative
phase (initiated between the first postoperative day and 10 weeks after surgery) [58,60,61,67]
assessed the mental domain of HRQoL using the mental component summary of the
SF-36 questionnaire. The meta-analysis showed no significant effect of exercise training
in the mental domain and evidence of substantial heterogeneity (SMD = 0.43: 95% CI:
[−0.11; 0.97]; Z = 1.57; p = 0.12; I2 = 73%) (Figure 2B). To explore possible causes of
heterogeneity, we undertook a sensitivity analysis including only the studies with good
methodological quality [57,58,60,67] but the non-significant effect and the substantial
heterogeneity were maintained (SMD = 0.24: 95% CI: [−0.42; 0.90]; p = 0.48; I = 74%)
(see Figure S1).

Three studies conducted postoperatively (initiated between 14 days and 10 weeks
after surgery), assessed the emotional domain of HRQoL using the EORTC-QLQ-C30 [62]
and the FACT-L [66,67]. The meta-analysis showed no significant effect of exercise training
in the emotional domain (SMD = 0.23: 95% CI: [−0.07; 0.54]; Z = 1.49; p = 0.14; I2 = 0%)
(Figure 2C).

Five studies conducted postoperatively (initiated between the first postoperative day
and 10 weeks after surgery) assessed the global HRQoL using as summary measure the
total score of the FACT-L [61], the global quality of life of the EORTC-QLQ-C30 [24,62,67],
and the total score of the Saint-George Respiratory Questionnaire (SGRQ) [64]. The meta-
analysis showed no significant effect of exercise training in the global HRQoL (SMD = 0.03:
95% CI: [−0.32; 0.38]; Z = 0.18; p = 0.86; I2 = 41%) (Figure 2D).

3.5.2. Lung Cancer Surgery: Effect of Exercise Training on Fatigue

Four studies conducted postoperatively (initiated between 14 days and 10 weeks after
surgery) assessed fatigue using the EORTC-QLQ-C30 [62,63], the Functional Assessment
of Chronic Illness Therapy-Fatigue subscale (FACIT-Fatigue) [67] and the Brief Fatigue
Inventory (BFI) [61] questionnaires. The meta-analysis showed that exercise training
significantly reduced fatigue symptoms, with a small effect (SMD = 0.28: 95% CI: [0.02; 0.53];
Z = 2.11; p = 0.04; I2 = 2%) (Figure 3).
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3.5.3. Colorectal Cancer Surgery: Effect of Exercise Training on HRQoL

Two studies conducted postoperatively (initiated in the first 10 weeks after surgery), as-
sessed HRQoL using the Functional Assessment of Cancer Therapy-General (FACT-G) [59]
and the EORTC-QLQ-C30 [65]. The meta-analysis showed no significant effect of ex-
ercise training in the physical domain (SMD = 0.14: 95% CI: [−0.22; 0.51]; Z = 0.77;
p = 0.44; I2 = 0%), emotional domain (SMD = 0.31: 95% CI: [−0.21; 0.84]; Z = 1.16; p = 0.78;
I2 = 43%) and global HRQoL (SMD = 0.05: 95% CI: [−0.32; 0.42]; Z = 0.28; p = 0.78; I2 = 1%)
(Figure 4 A–C).
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3.5.4. Colorectal Cancer Surgery: Effect of Exercise Training on Fatigue

Two studies conducted postoperatively (initiated in the first 10 weeks after surgery),
assessed fatigue using the Functional Assessment of Cancer Therapy-Fatigue (FACT-F) [59]
and the Multidimensional Fatigue Inventory (MFI) [65]. The meta-analysis showed no
significant effect of exercise training in fatigue symptoms (SMD = 0.17: 95% CI: [−0.20; 0.54];
Z = 0.92; p = 0.36; I2 = 1%) (Figure 4D).

3.6. Publication Bias

For LC, the funnel plot was asymmetrical in the mental domain of HRQoL, indicating
the possibility of publication bias. The Egger’s test showed an intercept result of −6.49
(SE = 0.88; 95% CI: [−9.28; −3.71]; t = 7.42; p = 0.01), confirming strong evidence of
publication bias. No evidence of publication bias was found for fatigue and for the physical,
mental, emotional and global domains of HRQoL (see Figure S2. For CRC, due to the
limited number of included studies, we were not able to generate funnel plots.

4. Discussion

This meta-analysis aimed to investigate the effect of exercise training on HRQoL and
fatigue after CRC and LC surgery. An improvement was found in the physical domain
of HRQoL and in fatigue symptoms after LC resection, with a moderate and small effect,
respectively. No evidence was found on the effects of exercise training in HRQoL and
fatigue after CRC surgery.

Regarding LC, our results are in agreement with a previous meta-analysis that in-
cluded exercise interventions undertaken in the first 12 months after surgery, which found
beneficial effects in the physical domain of HRQoL, and no evidence of exercise-induced
improvements in the mental component and global quality of life [68]. However, in con-
trast with that meta-analysis which found no effects of exercise training on fatigue [68],
our results showed a significant reduction in fatigue in favor of the exercise groups.
These results could be due to the inclusion of two studies in our meta-analysis (283 partici-
pants) that implemented the exercise interventions in the first month after surgery [61,63],
a period when fatigue levels are more severe [4,5,7]. Therefore, considering that the effect of
exercise interventions is greater in cancer patients with higher fatigue levels [69], the early
initiation of exercise training after LC resection could be an important factor to mitigate
this symptom. This hypothesis is corroborated by a large clinical trial which compared
the effect of an exercise intervention initiated 14 days after LC resection in contrast with
an intervention initiated at week 14, and found a significant difference in fatigue levels in
favor of the early initiated exercise program [63].

Our review thereby contributes to the current literature by providing evidence that
exercise interventions initiated preoperatively or in the first 3 months after surgery lead to
a significant better physical function (pre- or postoperative exercise training) and reduce
fatigue symptoms (postoperative exercise training) when compared to control groups,
with no exercise training.

We have also found that the improvements in the physical domain appear to be
smaller with cancer-specific questionnaires when compared to a generic instrument (SF-36).
This variation in the exercise effect could be partially explained by the low correlation
between the physical component summary of the SF-36 and the physical functioning of
the EORTC-QLQ-C30, as observed in a prospective analysis of LC patients submitted to
surgical resection, suggesting that the two instruments possibly reflet different aspects of
the physical domain and may be complementary [70].

The beneficial effects of exercise training in the physical domain of HRQoL could be
relevant both to address patients’ needs and in terms of survival, because the deterioration
in the physical function is perceived by LC patients as an extremely undesirable conse-
quence of surgery [71], and a 10% decrease in this domain during the first 6 months after
LC surgery was associated with 18% higher risk of death [37].
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Contrary to the substantial deterioration in the physical function and fatigue, the men-
tal/emotional domains tend to return to preoperative levels or even improve after LC
surgery [5,7,11,72], showing less need for exercise interventions. With respect to global
HRQoL, the only trial that found significant improvements of exercise training was im-
plemented 14 days after surgery and used an LC specific module [66], reinforcing the
importance of start exercise interventions earlier after surgery and choose a specific ques-
tionnaire, which is more accurate to detect perioperative changes in LC symptoms [70].

It should be emphasized that only one of the included studies was conducted in
the preoperative phase [57], achieving significant improvements in the physical domain
of HRQoL three months after LC surgery. These results, together with the findings of a
previous meta-analysis showing that higher preoperative levels of physical activity were
significantly associated with better HRQoL after oncological surgery [73], emphasize the
need for further research to investigate if preoperative exercise training can prevent the
detrimental impact of LC resection in HRQoL. This could be particularly relevant for the
subgroup of patients receiving neoadjuvant therapy, that were excluded from this study,
since neoadjuvant chemotherapy was associated with lower preoperative aerobic capacity
and thus impact the short- and long-term outcome of tumor resection [74].

The small number of included studies and the heterogeneity of the exercise training
prescribed prevent us from providing recommendations about a specific exercise dose to
improve HRQoL and fatigue after LC surgery. Nevertheless, consistent improvements in
physical function and fatigue were found in four studies combining HIIT plus resistance
exercise [57,60,63,66] all of them presenting good methodological quality. Additionally, all
these exercise interventions combining HIIT plus resistance exercise improved patients’
aerobic capacity, a predictor of better prognosis after LC surgery [32,75,76] and a factor
associated with better HRQoL in LC patients who previously completed curative intent
treatment [22]. As shown in other cancer types, the therapeutic benefits of HIIT on HRQoL
and fatigue may be mediated by improvements in aerobic capacity [77] and in a short time
frame as the perioperative phase and the prescription of a higher exercise intensity could
be a relevant factor to achieve central and peripheral physiological adaptations [78–80].
Furthermore, higher exercise intensities appear to protect against chemotherapy-related in-
flammation [81], a mechanism involved in the pathogenesis of fatigue [82], which could be
clinically relevant for patients eligible to adjuvant treatment after surgery. This rationale is
supported by a large clinical trial which found that a combination of high-intensity aerobic
and resistance exercise was significantly more effective to reduce physical fatigue com-
pared to low-to-moderate-intensity exercise in cancer patients undergoing (neo-)adjuvant
treatment [83].

As for CRC, no effects of exercise training in postoperative HRQoL and fatigue were
found. However, these results need to be interpreted with prudence because the effect
estimates were only based on two clinical trials with inconsistent findings: a supervised
intervention combining moderate- to vigorous-intensity aerobic plus resistance exercise
achieved beneficial effects in fatigue symptoms and physical function [65], while a home-
based intervention incorporating moderate-intensity aerobic exercise found no benefits
in these clinical outcomes [59]. The lack of significant results in the home-based exercise
intervention [65] may be partially explained by three factors: (1) High contamination rate
(51.6%), with the participants in the control group significantly increasing their levels
of moderate to vigorous physical activity, a factor associated with enhanced recovery in
self-reported physical functioning after CRC surgery [84]; (2) Adherence rates, that were
slightly lower than those observed in the supervised intervention (76% vs. 89%); (3) Type of
exercise prescribed, since the clinical guidelines in oncology indicates that combining
aerobic and resistance training leads to higher benefits in HRQoL compared with programs
involving only aerobic or resistance exercise [15], and the efficacy of resistance exercise
programs appears to be superior than aerobic exercise to reduce fatigue levels among
cancer patients [85], possibly by the attenuation of muscle wasting and disruptions in
muscle metabolism caused by chemotherapy, such as oxaliplatin [82].
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In contrast with our results, a previous systematic review concluded that exercise
training is effective for improving HRQoL and fatigue following a diagnosis of CRC [84].
However, it did not focus on pre- and/or postoperative exercise interventions, including
patients undergoing cancer treatment and long-term survivors [84]. Our review adds
knowledge to this field of research by underlining the need to conduct further studies to
assess the effect of perioperative exercise interventions in these clinical outcomes.

4.1. Implications for Future Research

Considering that the most substantial deterioration in HRQoL and fatigue occurs in the
early phase after surgery [5–7] and based on the positive association between preoperative
physical activity levels and postoperative HRQoL [73], future high-quality trials should
explore if prehabilitation exercise programs could prevent the deleterious effects CRC and
LC surgery in these clinical outcomes.

Future clinical trials should also target patients with lower physical function and
higher fatigue levels, the subgroup of individuals that appears to benefit most from exercise
interventions [69], and use cancer-specific modules such as the EORTC-QLQ-LC13/CR29,
which provides a more detailed evaluation of cancer-specific symptoms in comparison
with generic questionnaires [70]. Finally, more research is warranted to identify the optimal
exercise dose to improve HRQoL after CRC and LC surgery.

4.2. Strengths and Limitations

Strengths of the current review consist of the use of the PRISMA guidelines [85],
the extensive search in multiple databases, the independent and robust screening process,
the provision of a detailed description of the exercise interventions based on the FITT
principles, and a comprehensive quantitative synthesis of the exercise training effects in
the different domains of HRQoL.

There are, however, some limitations that need to be acknowledged. First, only two
RCTs including CRC patients were eligible for inclusion, preventing us to provide more
precise estimates of exercise effects on HRQoL and fatigue after surgery. Second, the major-
ity of patients in the included studies had early-stage disease, being admitted to curative
resection. Therefore, the exercise training effects may not be generalized to patients with
advanced-stage disease selected for palliative surgery. Third, although the eligible studies
had an overall good methodological quality, in five trials a concealed allocation was not
carried out [59,61,63,64,66], which could lead to an overestimation of the exercise training
effects [86]. Lastly, the possibility of language bias should not be neglected because only
studies published in English were considered to inclusion [87].

5. Conclusions

The results of our meta-analysis indicate that exercise training is an effective interven-
tion to improve the physical domain of HRQoL and reduce fatigue levels after LC surgery,
compared with usual care. Considering that these dimensions are especially affected as
a consequence of surgical resection, exercise training could be a relevant supportive in-
tervention to target patients’ needs. Further studies are necessary to clarify the effects of
exercise training on HRQoL and fatigue after CRC surgery.
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Colorectal Cancer. Dig. Surg. 2014, 31, 161–168. [CrossRef]

42. Kunz, R.; Vist, G.; Oxman, A.D. Randomisation to protect against selection bias in healthcare trials. Cochrane Database Syst. Rev.
2007, 2, MR000012. [CrossRef]

43. Gupta, D.; Lis, C.G.; Grutsch, J.F. The Relationship Between Cancer-Related Fatigue and Patient Satisfaction with Quality of Life
in Cancer. J. Pain Symptom Manag. 2007, 34, 40–47. [CrossRef] [PubMed]

http://doi.org/10.1007/s00520-015-2615-y
http://doi.org/10.1055/a-1342-7347
http://www.ncbi.nlm.nih.gov/pubmed/33634458
http://doi.org/10.1002/jcsm.12206
http://doi.org/10.1007/s00520-018-4078-4
http://www.ncbi.nlm.nih.gov/pubmed/29429006
http://doi.org/10.1093/bja/aeu318
http://www.ncbi.nlm.nih.gov/pubmed/25274049
http://doi.org/10.1016/j.lungcan.2010.04.025
http://doi.org/10.1016/j.clnu.2018.06.982
http://www.ncbi.nlm.nih.gov/pubmed/30025745
http://doi.org/10.1007/s12630-014-0274-y
http://www.ncbi.nlm.nih.gov/pubmed/25588775
http://doi.org/10.1177/1534735416645180
http://www.ncbi.nlm.nih.gov/pubmed/27151583
http://doi.org/10.1007/s10151-015-1407-1
http://doi.org/10.1093/icvts/ivw152
http://www.ncbi.nlm.nih.gov/pubmed/27226400
http://doi.org/10.3390/cancers11070944
http://www.ncbi.nlm.nih.gov/pubmed/31284372
http://doi.org/10.1093/bja/aet408
http://doi.org/10.1183/09031936.00069910
http://doi.org/10.1016/j.rmed.2007.02.012
http://doi.org/10.1186/s12957-017-1233-1
http://www.ncbi.nlm.nih.gov/pubmed/28835249
http://doi.org/10.1200/JCO.1994.12.3.608
http://doi.org/10.1016/j.amjsurg.2006.08.019
http://www.ncbi.nlm.nih.gov/pubmed/17071185
http://doi.org/10.1097/JTO.0b013e3182398e82
http://www.ncbi.nlm.nih.gov/pubmed/22089118
http://doi.org/10.1093/annonc/mdm057
http://www.ncbi.nlm.nih.gov/pubmed/17363839
http://doi.org/10.1093/annonc/mdw252
http://www.ncbi.nlm.nih.gov/pubmed/27443634
http://doi.org/10.1111/1759-7714.13819
http://doi.org/10.1159/000363415
http://doi.org/10.1002/14651858.MR000012.pub2
http://doi.org/10.1016/j.jpainsymman.2006.10.012
http://www.ncbi.nlm.nih.gov/pubmed/17532179


Cancers 2021, 13, 4975 22 of 23

44. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

45. Schardt, C.; Adams, M.B.; Owens, T.; Keitz, S.; Fontelo, P. Utilization of the PICO framework to improve searching PubMed for
clinical questions. BMC Med Inform. Decis. Mak. 2007, 7, 6. [CrossRef] [PubMed]

46. Swain, D.P.; Brawner, C.A. ACSM’s Resource Manual for Guidelines for Exercise Testing and Prescription; Wolters Kluwer
Health/Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2014.

47. De van der Schueren, M.A.E.; Laviano, A.; Blanchard, H.; Jourdan, M.; Arends, J.; Baracos, V.E. Systematic review and meta-
analysis of the evidence for oral nutritional intervention on nutritional and clinical outcomes during chemo(radio)therapy:
Current evidence and guidance for design of future trials. Ann. Oncol. 2018, 29, 1141–1153. [CrossRef] [PubMed]

48. McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 22, 276–282. [CrossRef]
49. Sherrington, C.; Herbert, R.D.; Maher, C.G.; Moseley, A.M. PEDro. A database of randomized trials and systematic reviews in

physiotherapy. Man. Ther. 2000, 5, 223–226. [CrossRef] [PubMed]
50. Cashin, A.G.; McAuley, J.H. Clinimetrics: Physiotherapy Evidence Database (PEDro) Scale. J. Physiother. 2020, 66, 59. [CrossRef]
51. Takeshima, N.; Sozu, T.; Tajika, A.; Ogawa, Y.; Hayasaka, Y.; Furukawa, T.A. Which is more generalizable, powerful and

interpretable in meta-analyses, mean difference or standardized mean difference? BMC Med Res. Methodol. 2014, 14, 30.
[CrossRef] [PubMed]

52. Borenstein, M.; Hedges, L.V.; Higgins, J.P.; Rothstein, H.R. A basic introduction to fixed-effect and random-effects models for
meta-analysis. Research synthesis methods 2010, 1, 97–111. [CrossRef]

53. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: London, UK, 1988.
54. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. Bmj 2003, 327, 557–560.

[CrossRef] [PubMed]
55. Borenstein, M.; Hedges, L.; Higgins, J.; Rothstein, H. Comprehensive Meta-Analysis; Biostat: Engelwood, NJ, USA, 2005.
56. Song, F.; Hooper, L.; Loke, Y.K. Publication bias: What is it? How do we measure it? How do we avoid it? Open Access J. Clin. Trials

2012, 5, 71–81. [CrossRef]
57. Sebio García, R.; Yáñez-Brage, M.I.; Giménez Moolhuyzen, E.; Salorio Riobo, M.; Lista Paz, A.; Borro Mate, J.M. Preoperative

exercise training prevents functional decline after lung resection surgery: A randomized, single-blind controlled trial. Clin. Rehabil.
2017, 31, 1057–1067. [CrossRef]

58. Arbane, G.; Douiri, A.; Hart, N.; Hopkinson, N.S.; Singh, S.; Speed, C.; Valladares, B.; Garrod, R. Effect of postoperative physical
training on activity after curative surgery for non-small cell lung cancer: A multicentre randomised controlled trial. Physiotherapy
2014, 100, 100–107. [CrossRef] [PubMed]

59. Courneya, K.S.; Friedenreich, C.M.; Quinney, H.A.; Fields, A.L.A.; Jones, L.W.; Fairey, A.S. A randomized trial of exercise and
quality of life in colorectal cancer survivors. Eur. J. Cancer Care 2003, 12, 347–357. [CrossRef] [PubMed]

60. Edvardsen, E.; Skjønsberg, O.H.; Holme, I.; Nordsletten, L.; Borchsenius, F.; Anderssen, S.A. High-intensity training following
lung cancer surgery: A randomised controlled trial. Thorax 2015, 70, 244–250. [CrossRef] [PubMed]

61. Hoffman, A.J.; Brintnall, R.A.; Given, B.A.; Von Eye, A.; Jones, L.W.; Brown, J.K. Using perceived self-efficacy to improve fatigue
and fatigability in postsurgical lung cancer patients: A pilot randomized controlled trial. Cancer Nurs. 2017, 40, 1–12. [CrossRef]

62. Messaggi-Sartor, M.; Marco, E.; Martínez-Téllez, E.; Rodriguez-Fuster, A.; Palomares, C.; Chiarella, S.; Muniesa, J.M.;
Orozco-Levi, M.; Barreiro, E.; Güell, M.R. Combined aerobic exercise and high-intensity respiratory muscle training in patients
surgically treated for non-small cell lung cancer: A pilot randomized clinical trial. Eur. J. Phys. Rehabil. Med. 2019, 55, 113–122.
[CrossRef]

63. Quist, M.; Sommer, M.S.; Vibe-Petersen, J.; Stærkind, M.B.; Langer, S.W.; Larsen, K.R.; Trier, K.; Christensen, M.; Clementsen, P.F.;
Missel, M.; et al. Early initiated postoperative rehabilitation reduces fatigue in patients with operable lung cancer: A randomized
trial. Lung Cancer 2018, 126, 125–132. [CrossRef] [PubMed]

64. Stigt, J.A.; Uil, S.M.; Van Riesen, S.J.H.; Simons, F.J.N.A.; Denekamp, M.; Shahin, G.M.; Groen, H.J.M. A randomized controlled
trial of postthoracotomy pulmonary rehabilitation in patients with resectable lung cancer. J. Thorac. Oncol. 2013, 8, 214–221.
[CrossRef] [PubMed]

65. Van Vulpen, J.K.; Velthuis, M.J.; Bisschop, C.N.S.; Travier, N.; Van Den Buijs, B.J.W.; Backx, F.J.G.; Los, M.; Erdkamp, F.L.G.;
Bloemendal, H.J.; Koopman, M.; et al. Effects of an exercise program in colon cancer patients undergoing chemotherapy. Med. Sci.
Sports Exerc. 2016, 48, 767–775. [CrossRef] [PubMed]

66. Sommer, M.S.; Vibe-Petersen, J.; Stærkind, M.B.; Langer, S.W.; Larsen, K.R.; Trier, K.; Christensen, M.; Clementsen, P.F.; Missel, M.;
Christensen, K.B.; et al. Early initiated postoperative rehabilitation enhances quality of life in patients with operable lung cancer:
Secondary outcomes from a randomized trial. Lung Cancer 2020, 146, 285–289. [CrossRef] [PubMed]

67. Cavalheri, V.; Jenkins, S.; Cecins, N.; Gain, K.; Phillips, M.J.; Sanders, L.H.; Hill, K. Exercise training for people following curative
intent treatment for non-small cell lung cancer: A randomized controlled trial. Braz. J. Phys. Ther. 2017, 21, 58–68. [CrossRef]
[PubMed]

68. Cavalheri, V.; Burtin, C.; Formico, V.R.; Nonoyama, M.L.; Jenkins, S.; Spruit, M.A.; Hill, K. Exercise training undertaken by people
within 12 months of lung resection for non-small cell lung cancer. Cochrane Database Syst. Rev. 2019, 6, CD009955. [CrossRef]
[PubMed]

http://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://doi.org/10.1186/1472-6947-7-16
http://www.ncbi.nlm.nih.gov/pubmed/17573961
http://doi.org/10.1093/annonc/mdy114
http://www.ncbi.nlm.nih.gov/pubmed/29788170
http://doi.org/10.11613/BM.2012.031
http://doi.org/10.1054/math.2000.0372
http://www.ncbi.nlm.nih.gov/pubmed/11052901
http://doi.org/10.1016/j.jphys.2019.08.005
http://doi.org/10.1186/1471-2288-14-30
http://www.ncbi.nlm.nih.gov/pubmed/24559167
http://doi.org/10.1002/jrsm.12
http://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://doi.org/10.2147/OAJCT.S34419
http://doi.org/10.1177/0269215516684179
http://doi.org/10.1016/j.physio.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24703523
http://doi.org/10.1046/j.1365-2354.2003.00437.x
http://www.ncbi.nlm.nih.gov/pubmed/14982314
http://doi.org/10.1136/thoraxjnl-2014-205944
http://www.ncbi.nlm.nih.gov/pubmed/25323620
http://doi.org/10.1097/NCC.0000000000000378
http://doi.org/10.23736/S1973-9087.18.05156-0
http://doi.org/10.1016/j.lungcan.2018.10.025
http://www.ncbi.nlm.nih.gov/pubmed/30527176
http://doi.org/10.1097/JTO.0b013e318279d52a
http://www.ncbi.nlm.nih.gov/pubmed/23238118
http://doi.org/10.1249/MSS.0000000000000855
http://www.ncbi.nlm.nih.gov/pubmed/26694846
http://doi.org/10.1016/j.lungcan.2020.06.023
http://www.ncbi.nlm.nih.gov/pubmed/32593918
http://doi.org/10.1016/j.bjpt.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/28442076
http://doi.org/10.1002/14651858.CD009955.pub3
http://www.ncbi.nlm.nih.gov/pubmed/31204439


Cancers 2021, 13, 4975 23 of 23

69. Buffart, L.M.; Sweegers, M.G.; May, A.M.; Chinapaw, M.J.; van Vulpen, J.K.; Newton, R.U.; Galvão, D.A.; Aaronson, N.K.;
Stuiver, M.M.; Jacobsen, P.B.; et al. Targeting Exercise Interventions to Patients With Cancer in Need: An Individual Patient Data
Meta-Analysis. J. Natl. Cancer Inst. 2018, 110, 1190–1200. [CrossRef] [PubMed]

70. Pompili, C.; Brunelli, A.; Xiumé, F.; Refai, M.; Salati, M.; Socci, L.; Di Nunzio, L.; Sabbatini, A. Prospective external convergence
evaluation of two different quality-of-life instruments in lung resection patients. Eur. J. Cardio-Thorac. Surg. 2011, 40, 99–105.
[CrossRef] [PubMed]

71. Cykert, S.; Kissling, G.; Hansen, C.J. Patient preferences regarding possible outcomes of lung resection: What outcomes should
preoperative evaluations target? Chest 2000, 117, 1551–1559. [CrossRef] [PubMed]

72. Schulte, T.; Schniewind, B.; Walter, J.; Dohrmann, P.; Küchler, T.; Kurdow, R. Age-related impairment of quality of life after lung
resection for non-small cell lung cancer. Lung Cancer 2010, 68, 115–120. [CrossRef]

73. Steffens, D.; Beckenkamp, P.R.; Young, J.; Solomon, M.; da Silva, T.M.; Hancock, M.J. Is preoperative physical activity level of
patients undergoing cancer surgery associated with postoperative outcomes? A systematic review and meta-analysis. Eur. J.
Surg. Oncol. 2019, 45, 510–518. [CrossRef] [PubMed]

74. Fresard, I.; Licker, M.; Adler, D.; Lovis, A.; Robert, J.; Karenovics, W.; Diaper, J.; Janssens, J.P.; Triponez, F.; Lador, F.; et al. Preoper-
ative Peak Oxygen Uptake in Lung Cancer Subjects With Neoadjuvant Chemotherapy: A Cross-Sectional Study. Respir. Care
2016, 61, 1059–1066. [CrossRef] [PubMed]

75. Brunelli, A.; Belardinelli, R.; Refai, M.; Salati, M.; Socci, L.; Pompili, C.; Sabbatini, A. Peak oxygen consumption during
cardiopulmonary exercise test improves risk stratification in candidates to major lung resection. Chest 2009, 135, 1260–1267.
[CrossRef] [PubMed]

76. Lindenmann, J.; Fink-Neuboeck, N.; Fediuk, M.; Maier, A.; Kovacs, G.G.; Balic, M.; Smolle, J.; Smolle-Juettner, F.M. Preoperative
peak oxygen consumption: A predictor of survival in resected lung cancer. Cancers 2020, 12, 836. [CrossRef]

77. Adams, S.C.; DeLorey, D.S.; Davenport, M.H.; Fairey, A.S.; North, S.; Courneya, K.S. Effects of high-intensity interval training on
fatigue and quality of life in testicular cancer survivors. Br. J. Cancer 2018, 118, 1313–1321. [CrossRef] [PubMed]

78. Sanchez-Lorente, D.; Navarro-Ripoll, R.; Guzman, R.; Moises, J.; Gimeno, E.; Boada, M.; Molins, L. Prehabilitation in thoracic
surgery. J. Thorac. Dis. 2018, 10, S2593–S2600. [CrossRef] [PubMed]

79. Murias, J.M.; Kowalchuk, J.M.; Paterson, D.H. Time course and mechanisms of adaptations in cardiorespiratory fitness with
endurance training in older and young men. J. Appl. Physiol. 2010, 108, 621–627. [CrossRef] [PubMed]

80. West, M.A.; Jack, S.; Grocott, M.P.W. Prehabilitation before surgery: Is it for all patients? Best Pract. Res. Clin. Anaesthesiol. 2021.
[CrossRef]

81. Schauer, T.; Mazzoni, A.S.; Henriksson, A.; Demmelmaier, I.; Berntsen, S.; Raastad, T.; Nordin, K.; Pedersen, B.K.; Christensen, J.F.
Exercise intensity and markers of inflammation during and after (neo-) adjuvant cancer treatment. Endocr.-Relat. Cancer 2021, 28,
191–201. [CrossRef] [PubMed]

82. Yang, S.; Chu, S.; Gao, Y.; Ai, Q.; Liu, Y.; Li, X.; Chen, N. A Narrative Review of Cancer-Related Fatigue (CRF) and Its Possible
Pathogenesis. Cells 2019, 8, 738. [CrossRef]

83. Demmelmaier, I.; Brooke, H.L.; Henriksson, A.; Mazzoni, A.S.; Bjørke, A.C.H.; Igelström, H.; Ax, A.K.; Sjövall, K.; Hellbom, M.;
Pingel, R.; et al. Does exercise intensity matter for fatigue during (neo-)adjuvant cancer treatment? The Phys-Can randomized
clinical trial. Scand. J. Med. Sci. Sports 2021, 31, 1144–1159. [CrossRef]

84. Van Zutphen, M.; Winkels, R.M.; van Duijnhoven, F.J.B.; van Harten-Gerritsen, S.A.; Kok, D.E.G.; van Duijvendijk, P.;
van Halteren, H.K.; Hansson, B.M.E.; Kruyt, F.M.; Bilgen, E.J.S.; et al. An increase in physical activity after colorectal can-
cer surgery is associated with improved recovery of physical functioning: A prospective cohort study. BMC Cancer 2017, 17, 74.
[CrossRef]

85. Brown, J.C.; Huedo-Medina, T.B.; Pescatello, L.S.; Pescatello, S.M.; Ferrer, R.A.; Johnson, B.T. Efficacy of exercise interventions
in modulating cancer-related fatigue among adult cancer survivors: A meta-analysis. Cancer Epidemiol. Biomark. Prev. 2011, 20,
123–133. [CrossRef] [PubMed]

86. Armijo-Olivo, S.; Saltaji, H.; Da Costa, B.R.; Fuentes, J.; Ha, C.; Cummings, G.G. What is the influence of randomization sequence
generation and allocation concealment on treatment effects of physical therapy trials? A meta-epidemiological study. BMJ Open
2015, 5, e008562. [CrossRef] [PubMed]

87. Jia, Y.; Huang, D.; Wen, J.; Wang, Y.; Rosman, L.; Chen, Q.; Robinson, K.A.; Gagnier, J.J.; Ehrhardt, S.; Celentano, D.D. Assessment
of Language and Indexing Biases among Chinese-Sponsored Randomized Clinical Trials. JAMA Netw. Open 2020, 3, 205894.
[CrossRef] [PubMed]

http://doi.org/10.1093/jnci/djy161
http://www.ncbi.nlm.nih.gov/pubmed/30299508
http://doi.org/10.1016/j.ejcts.2010.10.026
http://www.ncbi.nlm.nih.gov/pubmed/21159520
http://doi.org/10.1378/chest.117.6.1551
http://www.ncbi.nlm.nih.gov/pubmed/10858382
http://doi.org/10.1016/j.lungcan.2009.05.019
http://doi.org/10.1016/j.ejso.2018.10.063
http://www.ncbi.nlm.nih.gov/pubmed/30910052
http://doi.org/10.4187/respcare.04299
http://www.ncbi.nlm.nih.gov/pubmed/27165422
http://doi.org/10.1378/chest.08-2059
http://www.ncbi.nlm.nih.gov/pubmed/19029436
http://doi.org/10.3390/cancers12040836
http://doi.org/10.1038/s41416-018-0044-7
http://www.ncbi.nlm.nih.gov/pubmed/29736007
http://doi.org/10.21037/jtd.2018.08.18
http://www.ncbi.nlm.nih.gov/pubmed/30345096
http://doi.org/10.1152/japplphysiol.01152.2009
http://www.ncbi.nlm.nih.gov/pubmed/20056848
http://doi.org/10.1016/j.bpa.2021.01.001
http://doi.org/10.1530/ERC-20-0507
http://www.ncbi.nlm.nih.gov/pubmed/33608485
http://doi.org/10.3390/cells8070738
http://doi.org/10.1111/sms.13930
http://doi.org/10.1186/s12885-017-3066-2
http://doi.org/10.1158/1055-9965.EPI-10-0988
http://www.ncbi.nlm.nih.gov/pubmed/21051654
http://doi.org/10.1136/bmjopen-2015-008562
http://www.ncbi.nlm.nih.gov/pubmed/26338841
http://doi.org/10.1001/jamanetworkopen.2020.5894
http://www.ncbi.nlm.nih.gov/pubmed/32463469

	Introduction 
	Materials and Methods 
	Protocol and Reporting 
	Eligibility Criteria 
	Types of Studies 
	Type of Participants 
	Type of Intervention 
	Type of Comparison 
	Type of Outcome 

	Information Sources 
	Search Strategy 
	Selection of Studies 
	Data Extraction 
	Quality Assessment 
	Data Synthesis and Analysis 
	Publication Bias 

	Results 
	Search Results 
	Study Characteristics 
	Intervention Characteristics 
	Methodological Quality Assessment 
	Synthesis of the Results 
	Lung Cancer Surgery: Effect of Exercise Training on HRQoL 
	Lung Cancer Surgery: Effect of Exercise Training on Fatigue 
	Colorectal Cancer Surgery: Effect of Exercise Training on HRQoL 
	Colorectal Cancer Surgery: Effect of Exercise Training on Fatigue 

	Publication Bias 

	Discussion 
	Implications for Future Research 
	Strengths and Limitations 

	Conclusions 
	References

