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Abstract
Background: The prognosis of lung cancer is heavily affected by the comorbidity of chronic obstructive
pulmonary disease. The aim of this trial is to investigate whether postoperative exercise training can
improve physical function and lung function of lung cancer patients comorbid with chronic obstructive
pulmonary disease.
Methods: Both groups were given standard postoperative rehabilitation for one week. After that, oxygen
therapy (if needed) and nebulization were given to control group, while patients in exercise group started
to participate in exercise programs on the basis of receiving oxygen therapy and nebulization as same as
in control group. The exercise programs consisted of 24 training sessions. Cardiopulmonary exercise test
and 6-minute walk test were used to assess the physical capacity. Data in pulmonary function test like
force vital capacity and forced expiratory volume in first second were used to assess the overall lung
function.
Results: In both groups, the functional status and the result of pulmonary function test decreased from
baseline to endpoint. But after surgery and intervention program, both the maximal oxygen consumption
in Cardiopulmonary Exercise Test and walking distance in 6-Minute Walk Test in exercise group were
significantly better than control group [13.09(±1.46) mL/kg/min vs 11.89(±1.38) mL/kg/min, P=0.033;
297(46) m vs 243(43) m, P=0.041]. FVC and FEV1 in exercise group were better than control group, but
the differences didn’t meet statistically significant level [1.76(±0.19) L vs 1.60(±0.28) L, P=0.084;
1.01(±0.17) L vs 0.96(±0.21) L, P=0.467].
Conclusions: Postoperative exercise training program can facilitate recovery of functional capacity of
lung cancer patients with comorbidity of chronic obstructive pulmonary disease. Postoperative lung
function appears superior in patients who participated in exercise training, only fails to reach a
statistically meaningful level.
Trial registration: Chinese Clinical Trial Registry, ChiCTR2100042867, Registered 13 May 2021,
https://www.chictr.org.cn/index.aspx.

Highlights
1. Effect of postoperative exercise on physical function and lung function in lung cancer patients
comorbid with chronic obstructive pulmonary disease was examined;
2. Double-blind randomized controlled trial design and intention-to-treat analysis was used;
3. Postoperative exercise was found to improve physical function significantly for lung cancer patients
comorbid with chronic obstructive pulmonary disease;
4. Lung function also improved, but didn’t reach a significant level.

Background
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Chronic obstructive pulmonary disease (COPD) is an important comorbidity of lung cancer. Chronic
obstructive pulmonary disease has been found to be an independent risk factor of lung cancer, estimated
to affect about 55% of lung cancer patients worldwide[1]. The prognosis of lung cancer is heavily
affected by this comorbidity. Higher rates of postoperative pulmonary complications (PPCs) and poorer
survival outcomes in lung cancer patients are associated with chronic pulmonary obstructive disease[2].
Surgical resection remains the best treatment option for lung cancer patients of early stage[3]. Surgical
operation for lung cancer comorbid with chronic pulmonary obstructive disease can be challenging as
chronic pulmonary obstructive disease may increase postoperative morbidities and decrease survival
rate[4]. Even in patients with early-stage chronic pulmonary obstructive disease, the prevalence of
postoperative pulmonary complications is higher than in patients with normal spirometry[5].
Fatigue and shortness of breath are the two most frequently mentioned postoperative complications,
related to decreased physical capacity and pulmonary function[6]. The beneficial effects to reduce
fatigue as well as dyspnea and enhance recovery of postoperative rehabilitation has been studied
recently[7–9]. Postoperative rehabilitation programs consisting of exercise training are considered
effective for unselected lung cancer patients in 2 systematic reviews[10, 11]. But whether postoperative
exercise is beneficial to lung cancer patients comorbid with COPD remains unknown. This category of
patients happens to make a big component of all lung cancer patients who are expected to have worse
physical function and lung function and slower recovery after surgery than patients with normal
spirometry. So the aim of this trial is to investigate whether postoperative exercise training can improve
physical function and lung function of lung cancer patients comorbid with chronic obstructive pulmonary
disease.

Methods
This clinical study was a prospective, randomized controlled trial applying assessor blinding and
intention-to-treat analysis. The study was ratified by the Ethics Committee of West China Hospital,
Sichuan University (No.201264), and was carried out in accordance with the Declaration of Helsinki. It
was registered at Chinese Clinical Trial Registry (ChiCTR2100042867). This trial was conducted from
February 01, 2021 to April 30, 2021 in West China Hospital, Sichuan University, which is responsible for
the integrity and conduct of the current study.
The participant inclusion criteria were: 1) patients aged above 18-year old; 2) patients with proven or
suspected lung cancer waiting for resection surgery; 3) the diagnosis including chronic obstructive
pulmonary disease (forced expiratory volume in 1 second [FEV1]＜80% of the predicted value and FEV1
/forced vital capacity [FVC] ratio＜0.7). The exclusion criteria were: 1) uncontrolled respiratory or
cardiovascular disease; 2) mental or psychiatric disease; 3) unable to participate in exercise (e.g. lower
limb bone fracture or hemiplegia) 4) thoracic surgery medical history before this trial.
After inclusion and exclusion, eligible patients were required to sign informative consents. Consenting
participants were randomized to an exercise group (EG) and a control group (CG) by a nurse who was not
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involving in the later intervention and data collection process using a random number table generated by
computer.
Lung cancer patients with normal spirometry are usually hospitalized for no more than 1 week after
surgery. But for those comorbid with chronic pulmonary obstructive disease, the surgeons considered it
risky to let those patients go home just after this short period and so transferred them to the
Rehabilitation Medicine Center for ongoing postoperative rehabilitation and care.
After surgery, patients in both groups were given standard postoperative rehabilitation for one week in the
surgery department, which included early mobilization, cough and deep-breath technique teaching,
supplemental oxygen therapy and nebulization. After the first week with participant being transferred to
the Rehabilitation Medicine Center and settled in two separate wards, patients in control group received
oxygen therapy (if needed) and nebulization as before, while patients in exercise group started to
participate in exercise programs on the basis of receiving oxygen therapy and nebulization as same as in
control group.
The exercise program consisted mainly of aerobic training. Exercise group patients were asked to ride on
cycle ergometers (Schiller, 911S/L) for 30 minutes each session, twice daily, six days weekly. The exercise
intensity was set at 20% of heart rate reserve (HRR) at the beginning, and gradually increased to 60%-70%
of heart rate reserve. Before each training session, participants had a 5-minute warmup. This 30-minute
training can be break down into two 15 minutes or three 10 minutes depending on patients’ need, with
interval rest less than 5 minutes. Supplemental oxygen was available during exercise if needed. When
patients feel dizziness, moderate chest discomfort and breathing difficulty, or peripheral oxygen
saturation dropping for more than 4 degrees during exercise, they should stop that training session. The
exercise program was adapted from exercise training guidelines for cancer survivors by American College
of Sports Medicine and revised[12]. It lasted two weeks for each participant.
Outcome measurements
Baseline and endpoint tests were carried out 3 days before surgery (baseline) and 1day after end of
exercise program (endpoint). Cardiopulmonary exercise test (CPET) and 6-minute walk test (6MWT) were
used to assess the physical capacity[13, 14]. Higher maximal oxygen consumption (peakVO2) in
cardiopulmonary exercise test and longer walking distance in 6-minute walk test means better functional
capacity. Data in pulmonary function test (PFT) like force vital capacity (FVC) and forced expiratory
volume in first second (FEV1) were used to assess the overall lung function[15, 16].
The primary outcomes were the change in physical capacity, and the second outcomes were the change
in pulmonary function test.
Statistical methods
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Sample size was calculated on G*power software (Version 3.1.9.2) with α=0.05 and statistical
power=0.80, which gave 56 as minimum sample size[17]. In consideration of a 20% dropout rate, 70 was
determined as a proper sample size to generate statistically significant difference between groups.
Statistical software SPSS version 23.0 (SPSS, Inc., Chicago, IL) was used for data processing, and
Kolmogorov-Smirnov test for distribution pattern. Continuous data were presented as mean and standard
deviation (SD), while categorical data as frequency (percentage). Intergroup differences were analyzed by
a two-sided unpaired t-test, Mann-Whitney U test, or χ2 test where appropriate. All statistical tests were
two sided and conducted at the 5% significance level.

Results
Study Population
The flowchart of this trial was showed in Figure 1. A total number of 96 patients diagnosed with both
lung cancer and chronic pulmonary obstructive disease were screened for eligibility, of which 70 provided
consents. After randomization, there were 34 in control group and 36 in exercise group. Six participants
dropped out after exercise program, 1 in control group because of self-unwillingness, 5 in exercise group
because of postoperative pain interacting with training. The remaining 31 patients in exercise group all
completed 24 training sessions. All 70 patients went through baseline assessment, while only 64
undergone endpoint assessment.
Demographic data was showed in Table 1. The two groups didn’t have significant difference regarding to
gender, age, body mass index, marriage status, education length, history of cardiovascular disease,
history of chronic obstructive pulmonary disease, COPD stages and preoperative anti-cancer treatment. In
both groups, the age of participants was 68.9 ± 6.1 years old, with oldest 84 and youngest 55. Twenty
participants (28.5%) were female and the average length (standard deviation) of chronic obstructive
pulmonary disease history is 12.3 ± 2.4 years.
Surgical characteristics were summarized in Table 2. The surgery type and resection sites didn’t differ
significantly, neither did ventilation parameters during surgery procession and postoperatively.

Primary outcome
The functional status and the result of pulmonary function test from baseline to endpoint were shown in
Table 3 and Table 4. Compared with baseline assessment, functional capacity parameters declined
significantly in both groups. But after surgery and intervention program, both the peakVO2 in
cardiopulmonary exercise test and walking distance in 6-minute walk test in exercise group were
significantly better than control group [13.09(±1.46) mL/kg/min vs 11.89(±1.38) mL/kg/min, P=0.033;
297(46) m vs 243(43) m, P=0.041].

Secondary outcome
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Declines in lung function test also occurred after surgery in both group. Still, FVC and FEV1 in exercise
group were better than control group, but the differences didn’t meet statistically significant level
[1.76(±0.19) L vs 1.60(±0.28) L, P=0.084; 1.01(±0.17) L vs 0.96(±0.21) L, P=0.467].

Discussion
This study demonstrates that short-term postoperative exercise training program can facilitate recovery
of functional capacity of lung cancer patients with comorbidity of chronic obstructive pulmonary disease.
Postoperative lung function appears superior in patients who participated in exercise training, only fails
to reach a statistically meaningful level. To our knowledge, this is the first randomized controlled trial
investigating the effect of postoperative exercise on lung cancer patients comorbid with chronic
pulmonary obstructive disease.
Surgical resection causes a 15–30% decrease in VO2 peak, and the presence of chronic pulmonary
obstructive disease may decrease VO2 peak further[18]. Perioperatively speaking, the reduction in
cardiopulmonary exercise test and 6-minute walk test results of both groups were obvious in both groups
as the data above showed. But comparison between groups suggests that patients in exercise group had
substantially less decrease in physical capacity. Before our study, Edvardsen et al. reported that highintensity endurance and strength training can induce clinically significant improvements in peak oxygen
uptake, and functional fitness[19]. Salhi et al. reported that rehabilitation program in patients with lung
cancer significantly improved exercise capacity, and muscle strength[20]. The current trial extends their
findings to reach a conclusion that lung cancer patients comorbid with chronic pulmonary obstructive
disease can also gain physical benefit from postoperative exercise training.
The comparison of lung function test between groups from baseline to endpoint showed an improvement
of clinical data, but that failed to reach statistically significant level. This result coincided with another
trial investigating the effect of postoperative exercise plus inspiratory muscle training on lung cancer
patients, in which respiratory muscle strength didn’t improve to a significant level after intervention, but
the trend was favorable[21].
There are some limitations of our study. First, chronic pulmonary obstructive disease is not the only
comorbidity that may interfere with the recovery of postoperative lung cancer patients. Future studies
should enlarge the high risk patient group, like those with coronary disease and emphysema. Second,
although participants in two groups were hospitalized in two separate wards, the communication
between groups was still impossible to be totally prohibited. Sample contamination is possible, leading to
a reduced inter-group difference.
Compared with patients with normal spirometry, lung cancer patients comorbid with COPD are usually
expected to have a longer recovery process, worse exercise tolerance and dyspnea more frequently in
doing daily activities. These patients usually have a longer postoperative hospital stay. Even so, if the
patients leave the surgery department and directly go home, the postoperative recovery and adaptation
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may be greatly delayed, and eventually resulting in decreased quality of life. Postoperative rehabilitation
exercise training can improve patients' physical fitness and accelerate the postoperative recovery
process. At the same time, it can also improve lung function to a certain extent. Postoperative
rehabilitation exercise training is demonstrated to help lung cancer patients comorbid with COPD to
return to their preoperative living or working state.
Postoperative rehabilitation is underestimated by medical staff working with lung cancer patients, and
the evidence regarding it is very scarce, compared with preoperative rehabilitation which is heavily
studied in recent years. Not just for patients of high risk, patients who were considered to be low risk
before operation may still have the possibility to develop very serious complications postoperatively.
Postoperative rehabilitation can serve as s remedy and improve this situation.

Conclusion
Postoperative exercise training program can facilitate recovery of functional capacity of lung cancer
patients with comorbidity of chronic obstructive pulmonary disease. Postoperative lung function appears
superior in patients who participated in exercise training, only fails to reach a statistically meaningful
level.
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Tables
Table 1. Demographic data and Clinical Characteristics between groups.
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Control Group (n=34)

Exercise Group (n=36)

P-value

Male sex

25（73.5）

25（69.4）

0.407

Age (years)

69.4（4.9）

68.5（4.23）

0.438

BMI (kg/m2)

23.6（2.3）

24.3（1.6）

0.182

Married

23（67.6）

26（72.2）

0.139

Education length (years)

3.5（1.6）

3.2（1.4）

0.597

Diabetes mellitus

6（17.6）

7（19.4）

0.848

Coronary artery disease

5 (14.7)

6 (16.7)

0.792

Hypertension

18 (52.9)

20 (55.6)

0.624

Peripheral arterial disease

6 (17.6)

9 (25.0)

0.201

COPD history (years)

11.3（3.9）

12.8（3.5）

0.231

Stages of COPD

0.212

GOLD I

6(17.6)

9(25.0)

GOLD II

23(67.6)

20(55.6)

GOLD III

5(14.7)

7(19.4)

GOLD IV

0(0.0)

0(0.0)

Preoperative treatment

5（14.7）

8（22.2）

0.109

BMI: body mass index. COPD: chronic obstructive pulmonary disease. GOLD: consensus of the Global
Initiative for Chronic Obstructive Lung Disease, with classification of COPD stages I-IV based on ratio of
FEV1 to predicted value.

Table 2. Surgical Characteristics and Perioperative Data
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Control Group (n=34)

Exercise Group (n=36)

Resection sites

P-value
0.533

Segmentectomy

9（26.5）

13（26.1）

Lobectomy or bilobectomy

24（70.6）

22（61.1）

Pneumonectomy

1（2.9）

1（2.8）

Surgery types

0.571

VATS

24（70.6）

27（75.0）

Thoracotomy

10（29.4）

9（25.0）

Duration of surgery, min

187 (51)

195 (47)

0.312

Duration of anesthesia, min

273 (72)

285 (80)

0.341

VT during TLV, mL/kg PBW

7.9 (1.8)

8.3 (1.7)

0.207

PEEP during TLV, cm H2O

5 (1)

5 (2)

0.839

FIO2 during TLV, %

54 (11)

56 (14)

0.428

VT during OLV, mL/kg PBW

6.0 (1.5)

6.3 (1.8)

0.302

PEEP during OLV, cm H2O

6 (1)

6 (2)

0.697

FIO2 during OLV, %

63 (16)

67 (21)

0.171

PaO2 /FIO2 on POD1, %

34 (15)

31 (17)

0.209

VT, tidal volume; TLV, two-lung ventilation; PBW, predicted body weight; PEEP, positive end-expiratory
pressure; FIO2, fraction of inspiratory oxygen; OLV, one-lung ventilation; POD1, first postoperative day;
PaO2/FIO2, ratio of partial oxygen pressure to inspiratory fraction of oxygen.

Table 3. Functional status and result of pulmonary function test of baseline assessment.
Control Group (n=34)

Exercise Group (n=36)

P-value

CPET (mL/kg/min)

16.13(1.69)

16.72(1.86)

0.391

6MWT (m)

351(52)

366(57)

0.305

FVC (L)

2.16(0.49)

2.02(0.35)

0.152

FEV1 (L)

1.32(0.27)

1.24(0.21)

0.744
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CPET: cardiopulmonary exercise test. 6MWT: 6-minute walk test. FVC: forced vital capacity in pulmonary
function test. FEV1: forced expiration volume in first second in pulmonary function test.

Table 4. Functional status and result of pulmonary function test of endpoint assessment.
Control Group (n=33)

Exercise Group (n=31)

P-value

CPET (mL/kg/min)

11.89(1.38)

13.09(1.46)

0.033

6MWT (m)

243(43)

297(46)

0.041

FVC (L)

1.60(0.28)

1.76(0.19)

0.084

FEV1 (L)

0.96(0.21)

1.01(0.17)

0.467

CPET: cardiopulmonary exercise test. 6MWT: 6-minute walk test. FVC: forced vital capacity in pulmonary
function test. FEV1: forced expiration volume in first second in pulmonary function test.
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Figure 1
Flowchart of the study.
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