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Research Article

Introduction

Lung cancer is the most commonly diagnosed type of 
cancer in China and the leading cause of cancer-related 
death.1,2 In 2015, there were an estimated 733 000 new 
lung cancer cases (17% of total cancer incidence) and 
610 000 deaths (21.7% of total cancer mortality) in China 
and the age-standardized lung cancer incidence and mor-
tality rates in China have been steadily increasing since 
1990.1,3

Exercise is beneficial for patients after surgery yet poor 
uptake and adherence to exercise interventions may limit 
their efficacy. The majority of patients with lung cancer do 
not meet the exercise guidelines which recommend moder-
ate-intensity aerobic exercise of at least 150 minutes per 
week and resistance-training at least twice per week.4,5 
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Abstract
Objective: To assess the feasibility, safety, and preliminary effect of a 12-week multi-modal rehabilitation program targeted 
at improving health-related quality of life and physical activity levels of patients with lung cancer following treatment. 
Methods: Patients with stage I to IIIA non-small cell lung cancer were included 6 to 12 weeks following completion of 
treatment. The intervention comprised of aerobic exercise (brisk walking), resistance training and 8-style Tai Chi. The 
12-week program included 2 supervised center-based sessions per week of 90 minutes duration and home-based exercise. 
The primary outcomes were the feasibility and safety of the intervention. Secondary outcomes (assessed pre and post 
program) were physical and patient-reported outcomes. Results: Seventy-eight patients were approached during the 
6-month recruitment period and 17 (22%) consented to the study. Eight participants (47%) met the definition of adherence 
to the program (attending at least 70% of supervised sessions). No serious adverse events occurred. A significant reduction 
in anxiety and depression was observed post-program. In addition, improvements in respiratory function, sleep quality, 
and some health-related quality of life domains were observed post-program. There were no significant differences in 
functional capacity or physical activity levels. Conclusion: This multi-modal exercise training program was safe, although 
the feasibility of the program in its current state is not supported given the low consent rate and low adherence to the 
intervention.
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Studies also report an inverse association between exercise 
after a cancer diagnosis and mortality.6

Exercise in the context of cancer is extremely topical 
in China at present. In 2016, the Chinese government 
approved the Healthy China 2030 plan,7 emphasizing the 
strategic role of health in China’s development. Systematic 
reviews have demonstrated the benefit of aerobic exercise 
and resistance training (similar to traditional pulmonary 
rehabilitation) after lung cancer.8 This type of exercise 
training undertaken by people within 12 months of lung 
resection for non-small cell lung cancer (NSCLC) 
improves exercise capacity, including peak rate of oxygen 
uptake (VO2peak), 6-minute walk test distance (6MWT), 
and quadriceps muscle strength, as well as demonstrating 
improvements in the physical component of health-
related quality of life (HRQoL) and dyspnea. As these 
pulmonary rehabilitation type exercise programs are not 
readily accessible to all patients after lung cancer surgery 
in China (or elsewhere globally), research is required to 
determine feasible models of care to promote patient 
uptake and adherence to exercise in order to achieve the 
aims of the Healthy China plan.

Tai Chi is a traditional Chinese health-promoting exer-
cise which has a supportive broad appeal in China, and it is 
easy to perform in parks or communities. Evidence has 
shown that Tai Chi can improve HRQoL,9 insomnia,10 
fatigue,11 and physical performance outcomes12 in cancer 
survivors. The safety and health benefits of Tai Chi exercise 
have been documented in a large number of clinical studies 
focused on specific diseases and health conditions while in 
cancer populations studies have mainly been conducted in 
individuals with breast cancer.13 There is one published trial 
(and another in progress) demonstrating promising results 
of the benefit of Tai Chi for patients with lung cancer.11,14 
However there is very limited information about the 

combination of Tai Chi with traditional pulmonary rehabili-
tation exercise programs after lung cancer surgery.15

Therefore, the purpose of this study was to investigate 
whether a multi-modal exercise training program comprised 
of aerobic exercise, resistance training and 8-style Tai Chi is 
safe and feasible to integrate into the routine postoperative 
care of patients 6 to 12 weeks after lung cancer surgery in 
China. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines16 were fol-
lowed in reporting this study.

Methods

Design

This was a single center, prospective, phase I feasibility 
study conducted at a tertiary hospital in Nantong, China. 
Recruitment occurred over a 6-month period from 
November 2018 to April 2019. Ethical approval was 
obtained from the Ethics Committee of Affiliated Hospital 
of Nantong University (Number: 2018-K041) and all par-
ticipants provided written informed consent.

Participants and Procedures

The inclusion and exclusion criteria are outlined in Table 1. 
A convenience sample of participants was enrolled using 2 
recruitment and screening methods: (1) posters were dis-
played in hospital departments advertising the study for 
patients or staff to contact researchers; and (2) researchers 
screened hospital systems for discharge records from tho-
racic surgery, radiotherapy, and chemotherapy departments 
to identify eligible patients. Eligible patients were contacted 
by telephone to be informed about the study and invited to 
participate. Patients who consented to the study underwent 

Table 1. Inclusion and Exclusion Criteria.

Inclusion criteria Exclusion criteria

•  Patients with stage I-IIIA NSCLC 6-12 weeks following completion of 
treatment (surgery, chemotherapy, or radiotherapy)

•  Aged 18-75 years old

•  Unable to ambulate 100 m independently ± aid

•  Physician/doctor approval •  Unable to safely complete the home-based 
components of the intervention

•  Physician rated life expectancy greater than 6 months •  Co-morbidity or medical status preventing 
exercise, for example, acute uncontrolled 
cardiovascular or respiratory issues

•  Able to provide informed consent •  Cognitive impairment (determined as not being 
able to provide consent for medical treatment)

•  ECOG performance status of 0 to 2 at study entry •   Prognosis less than 6 months
•  Not already meeting physical activity/exercise guidelines (150 min of 

moderate intensity physical activity and 2-3 resistance sessions per week)
 

•  Able to return to the hospital for study intervention and assessments  

Abbreviations: ECOG, Eastern Cooperate Oncology Group17; NSCLC, non-small cell lung cancer.
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baseline testing prior to commencing the intervention at the 
hospital out-patient rehabilitation department.

Intervention

All participants in the study received a multi-modal training 
program which involved aerobic and resistance exercises 
integrated with traditional Chinese movement Tai Chi. The 
program was conducted at the physical therapy department 
and was guided by 2 new graduate physiotherapists who 
were trained in the intervention protocol. The program ran 
for 12 weeks and participants were encouraged to exercise 
in the physical therapy department (supervised) twice a 
week, 90 minutes per session and exercise at home on the 
other 3 days. The supervised intervention comprised of 3 
parts, and participants were also given a home program:

(1) Resistance training: six different exercises involv-
ing major limb movements were utilized, each exer-
cise included 5 progressions (see Table 2). Exercises 
were prescribed in 3 sets, each set 8 to 15 repeti-
tions, with intensity targeted to Borg 4/10 (some-
what hard).18 Exercises were progressed by first 
increasing repetitions and then increasing weight 
with reduced repetitions. The intensity of the train-
ing was increased with the progression of partici-
pants’ physical strength.

(2) Simplified 8-style Tai Chi: designed in consultation 
with a professional Tai Chi instructor from Nantong 

Aged University with 48 years of teaching experi-
ence and adapted to 8 simple styles from the most 
popular 24-Yang Style Tai Chi.13 These 8 styles 
were selected by the physiotherapists with the inten-
tion of improving lower limb strength and upper 
limb range of motion, as well as to improve general 
mobility. Natural breathing was integrated into the 
training routine. The intervention physiotherapists 
received 3 weeks of training from a professional Tai 
Chi instructor prior to instructing participants. In the 
first week, the physiotherapists gave a 10-minute 
introduction to the participants to let them learn 
some basic principles to practice, and then 5 warm-
up movements were taught. Over the following 
weeks the physiotherapists emphasized the mastery 
of single forms through multiple repetitions; later 
weeks focused on repetitions to enhance balance 
and lower limb strength (see Table 2).

(3) Aerobic exercise (brisk walking): participants were 
instructed to walk on the treadmill for 15 minutes, at 
a pace which was 80% of that recorded during the 
baseline 6MWT. Duration was progressively 
increased to 30 minutes by the end of the program. 
Treadmill speed was increased throughout the pro-
gram to ensure participants exercised at a moderate-
intensity throughout (somewhat hard; Borg 4/10).18

Home program: Participants were provided with educa-
tion about exercise at home. They were instructed to walk at 

Table 2. Resistance Training With Progressions and Tai Chi Exercises.

Resistance training

 Movement 1 Movement 2 Movement 3 Movement 4 Movement 5 Movement 6

Level 1 Seated knee 
extension

Seated shoulder 
flexion: no weight

Shoulder shrug: no 
weight

Seated bilateral shoulder 
row: no weight

Seated heel raise Seated marching 
on the spot

Level 2 1/4 Squat Standing shoulder 
flexion: 500 g can

Standing shoulder 
shrug: 500 g can

Seated bilateral shoulder 
row: theraband

Standing heel raise (with 
upper limb support)

Standing marching 
on the spot

Level 3 Sit to stand Wall push up Standing shoulder 
reach

Single shoulder row Double leg heel raise 
(unsupported)

Walking

Level 4 Full squat Table push up Shoulder press Single shoulder row: 
1 L/1 kg bottle

Single heel raise with 
wall support

Walking

Level 5 Split squat Floor push up: with 
knee support

Single arm shoulder 
press with weight

Single shoulder row: 
2 L/1 kg bottle

Single heel raise with 
weight

Walking

Simplified 8-style Tai Chi

Movement 1 Ye Ma Fen Zong Part the wild horse’s mane on both sides
Movement 2 Lou Xi Ao Bu Brush knee and twist step on both sides
Movement 3 Dao Juan Gong Forearm rolling on both sides (stand still)
Movement 4 Kai He Shi Expansion and contraction of the chest
Movement 5 Dan Bian Single whip
Movement 6 Yun Shou Cloud hands
Movement 7 Lan Que Wei Grasp the bird’s tail both sides
Movement 8 Shi Zi Shou Cross hands
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home for 20 to 30 minutes on any other 3 days of the week 
when they were not attending supervised sessions. The edu-
cation included aspects about (1) the importance of the 
exercise after lung surgery and the amount of the exercise 
and intensity prescribed every week; (2) dietary advice 
according to healthy eating international guidelines19; (3) 
the management of their symptoms such as cough and pain 
in their daily life; and (4) how to overcome exercise barriers 
if the environment at home was not suitable for exercise 
such as bad weather or a lack of space.

Every week when participants returned to the hospital 
for the supervised sessions the therapists checked if they 
had completed the exercises at home and gave them updated 
instructions for the subsequent week depending on their 
performance to date.

Outcomes

Demographic and medical data were recorded at base-
line. This included age, sex, marital status, education 
background, cancer treatment, and hospital length of stay 
following surgery. Participants’ respiratory function was 
measured by their forced expiratory volume in the first 
second (FEV1), body weight (kg) was measured and the 
body mass index (BMI; kg/m2) was calculated. Nutritional 
assessment was assessed using the Mini Nutritional 
Assessment.

The primary outcomes of the study were feasibility and 
safety of delivering the training program. Feasibility was 
assessed using the attendance rate of supervised exercise 
sessions and an attendance rate of ≥70% was considered 
a priori to be adherent. This rate of 70% is based on atten-
dance rates reported in prior exercise training studies in 
the oncology setting. Safety was assessed by the number 
of adverse events occurring during or within 60 minutes 
following the intervention. Serious adverse events were 
defined as any adverse event related to the study that 
resulted in death or was life threatening, requiring hospi-
talization or extended existing length of stay, caused dis-
ability or incapacity. Minor adverse events were those that 
were directly caused by exercise such as: a minor fall, 
increased symptoms, new or progressive pain, transient 
neurological deficits, transient altered mental status, pal-
pitations or progressive fatigue.20,21

Secondary outcomes were measured pre and post-
program (12 weeks) and included a range of objective 
measures of physical function and patient-reported ques-
tionnaires. Physical function was measured using the 
6-minute walk test (6MWT) and Short Physical Performance 
Battery (SPPB). The 6MWT was conducted according to 
standard guidelines.22 Participants performed the test using 
a 30-m corridor, a cone was placed at the 2 turnaround 
points at either end of the corridor. During the test partici-
pants were monitored using portable pulse oximetry. The 

test was not commenced if the participants had high blood 
pressure after 10 minutes of rest (≥140/90 mmHg). The 
SPPB was used to assess balance, gait, strength, and endur-
ance evaluated by examining ability to stand with the feet 
together in the side-by-side, semi-tandem, and tandem posi-
tions, time to walk 8 feet, and time to rise from a chair and 
return to the seated position 5 times.23

Physical activity levels were measured using an elec-
tronic pedometer commonly used in China (Mi Band 3, 
Xiaomi Co., Ltd., China) for a 10-day period.24 The device 
provided a record of the number of daily steps and distance 
walked. Participants were instructed to wear the device for 
8 hours a day. The pedometer data were only included in 
analyses when participants wore the device for a minimum 
of 4 days of 8 hours.25 The 2 time points of wearing the 
devices were within 10 days prior to the start of the exercise 
program and within 10 days after completion of the 12-week 
program. Step count was not visible on devices to partici-
pants to minimize possible changes in their behavior based 
on the number of daily steps they were performing.

Mood was measured using the Self-rated Anxiety 
Scale (SAS) and Self-rating Depression Scale (SDS), 
which are tools to assess the anxiety and depression 
levels of participants. Both scales have 20 items and 
responses are measured on a 4-point scale (rated 1-4).26,27 
Higher total scores represent worse status. The distress 
thermometer was also used.

European Organization for the Research and Treatment 
of Cancer questionnaire and lung cancer module (EORTC-
QLQ-C30 and LC13) was used to measure HRQoL.28 For 
functional domains and global health status/quality of life 
scale, a higher score represents better status, while for 
symptom domains and single-items, lower scores represent 
less symptoms.

The M. D. Anderson Symptom Inventory-Tumor 
(MDASI-T) was used to assess symptoms. This is a ques-
tionnaire for measuring the severity and interference with 
daily life of cancer-related symptoms. The scale has 13 
items, reliability of the Chinese version has been verified. 
Its rating scale is 0 to 10, with higher scores indicating 
greater symptom severity.29

The Pittsburgh Sleep Quality Index (PSQI) was used to 
assess sleep. This is a self-rated questionnaire which 
assesses sleep quality and disturbances over a 1-month time 
interval. Nineteen individual items generate 7 component 
scores. The sum score for these 7 components yields an 
overall global score,30 with higher scores indicating worse 
sleep quality.

Sample Size

As this was a phase I feasibility study there was no a priori 
set sample size. The program was implemented for a 
6-month recruitment period.
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Statistical Analysis

All data analyses were performed using SPSS Windows 
Version 23.0 (SPSS, Chicago, IL, USA). Data were first 
tested for normality using the Shapiro-Wilk statistic. Mean 
and standard deviation (SD) are reported for parametric 
data, while median and inter-quartile range (IQR) are 
reported for non-parametric data. Descriptive statistics 
were used to summarize demographic characteristics of the 
participants and the feasibility and safety outcomes. For 
analyses of changes in secondary outcomes over time, if the 
data conformed to the normal distribution, paired sample 
t-tests were used. For data that did not conform to the nor-
mal distribution, the Wilcoxon signed rank test was used. 
Responsiveness was determined by effect sizes and for non-
parametric data as r = Z divided by the square root of sample 
size. All statistical analyses were exploratory given the fea-
sibility nature of this study. As such, statistical significance 

was understood to be interpretable as a signal rather than a 
formal probability.

Results

Demographic Information

Seventy-eight eligible participants were approached for 
inclusion into the study during the 6-month recruitment 
period (Figure 1). A total of 17 (22%) of these patients con-
sented to the study. The main reasons patients declined to 
participate were because of the distance from their homes to 
the hospital (n = 23/61, 38%) and being too busy with per-
sonal affairs (n = 22/61, 34%). Seventeen participants com-
pleted baseline assessment and 16 (94%) completed the 
follow-up questionnaire assessment (see Figure 1). The 
median (IQR) age of participants was 59 [44-63] years 
(Table 3). The majority of participants were married, 

Figure 1. Participant flow through the study.
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female, and retired and most of them were well-nourished 
at baseline (Table 3). All participants were managed with 
surgery only without adjuvant chemotherapy or radiother-
apy. Lobectomy was the most common surgery type (23.5%, 
n = 4). The mean hospital length of stay (LOS) for surgical 
participants was 14.5 ± 2.7 days, the median time from 
ceasing treatment to study enrollment was 51 [46-65] days.

Feasibility and Safety of the Intervention

Forty-seven percent of participants (8/17) attended at least 
70% of the scheduled supervised exercise sessions. The 

total attendance rate was 53% (181/340 possible supervised 
sessions). The median [IQR] number of intervention ses-
sions attended was 9 [0-20] per participant. Five partici-
pants (29.4%) did not attend at all after the baseline 
assessment. In these 5 participants, 2 stated that they were 
busy with work, 1 was busy taking care of her children and 
1 wasn’t satisfied with the training environment (see Table 
4). Three participants discontinued the intervention, 2 due 
to losing interest and 1 for thyroid surgery.

Safety was monitored throughout the intervention and 
outcome assessments. No serious adverse events occurred. 
There were 3 minor adverse events related to the interven-
tion reported, these included joint pain due to arthritis 
(n = 1) and knee pain (n = 2). Only 1 participant required 
modifications to the prescribed program and initial symp-
toms resolved in all participants.

Secondary Outcomes

Objective measurements. Across the 12 week follow-up 
period, there was a significant improvement in FEV1 
(mean ± SD baseline 1.9 ± 0.5 L vs follow-up 2.1 ± 0.6 L; 
P = .02) but no significant change in the 6MWT 
(mean ± SD baseline 514.2 ± 72.3 m vs follow-up 
569.9 ± 52.9 m; P = .06). For 7-day activity, there was no 
significant improvement in average daily step counts 
(mean ± SD baseline 7565 ± 2054 steps vs follow-up 
8814 ± 3200 steps; P = .330) or walking distance 
(mean ± SD baseline 1.9 ± 0.5 km vs follow-up 
2.1 ± 0.6 km; P = .370). There were no differences in 
SPPB scores between the 2 time points (12.0 [11.5-12.0] 
vs 12.0 [12.0-12.0], respectively; P = 1.00) (Table 5).

Patient reported questionnaires. There was a significant 
improvement in HRQoL including emotional function, 

Table 3. Patient Demographics and Clinical Characteristics.

Variable
n (%) or 

median [IQR]

Baseline status
 Age, years 59 [44-63]
 Sex, male (n%) 5/17 (29.4%)
 Education background
  Senior high school or below 8 (47.1%)
  Junior college or above 9 (52.9%)
 Marital status
  Single 2 (11.8%)
  Married 15 (88.2%)
 Cancer diagnosis
  Adenocarcinoma  

(not otherwise specified)
13 (65%)

  Other 4 (35%)
 BMI, kg/m2 mean ± SD 23.0 ± 3.1
 MNA
  MNA ≥ 24 13 (76.5%)
  17 ≤ MNA ≤ 23.5 4 (23.5%)
 FEV1, liters mean ± SD 1.9 ± 0.5
 FEV1, % predicted 71.5 ± 17.4
 Employment status
  Currently working 6 (35.3%)
  Temporary/permanent sick leave 2 (11.8%)
  Not employed/retired 9 (52.9%)
Treatment details
 Type of surgery
  Lobectomy 8 (47.1%)
  Wedge resection 3 (17.6%)
  Segmentectomy 2 (11.8%)
  Lobectomy + Wedge resection 3 (17.6%)
  Segmentectomy + Wedge resection 1 (5.9%)
 Adjuvant treatment 0
 LOS post-surgery, days 9 [7-10]

Abbreviations: BMI, body mass index; MNA, Mini Nutritional 
Assessment; ECOG PS, Eastern Cooperate Oncology Group-
Performance status; FEV1, forced expiratory volume in the first second; 
IQR, inter-quartile range; kg, kilograms; m, meters; n, number; SD, 
standard deviation; LOS, length of stay.

Table 4. Feasibility and Safety of the Intervention.

Variable
n (%) or 

median [IQR]

Adherence to intervention
 Attended more than 17 sessions (70%) 8 (47.1%)
 Attended less than 17 sessions (70%) 4 (23.5%)
 Declined intervention (0 sessions attended) 5 (29.4%)
 Total intervention sessions undertaken per 

patient
9 [0-20]

Reason for non-attendance
 Busy with work 2 (11.8%)
 Traffic problem 2 (11.8%)
 Housework 2 (11.8%)
 Thyroid surgery 1 (5.9%)
 Lost interest 2 (11.8%)
Serious adverse events 0
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Table 5. Changes in Secondary Outcomes.

Outcome measure n Baseline n Follow-up Mean difference (95% CI) P value Effect size

6MWT, m 14 514.2 ± 72.3 10 569.9 ± 52.7 46.5 (−2.96 to 95.9) .062 0.74
Distance per day, km 16 4.9 ± 1.4 11 5.7 ± 2.1 0.53 (−0.74 to 1.80) .377 0.37
Number of steps per day 16 7565 ± 2054 11 8814 ± 3200 868 (−1024 to 2760) .331 0.40
SPPB 17 12.0 [11.5-12.0] 14 12.0 [12.0-12.0] 1.000 0.00
FEV1, liters 17 1.9 ± 0.5 14 2.1 ± 0.6 0.23 (0.05 to 0.40) .016 0.40
PSQI 17 10.5 ± 4.8 16 7.5 ± 4.7 −3.25 (−5.22 to −1.28) .003 0.76
SAS 17 37.4 ± 6.8 16 31.3 ± 5.8 −6.31 (−9.82 to −2.81) .002 0.97
SDS 17 36.0 [32.0-54.0] 16 31.0 [28.0-35.5] .020 −2.33
Global HRQoL 17 56.9 ± 17.2 16 68.2 ± 16.2 −9.90 (−17.88 to −1.92) 0.018 0.68
EORTCQLQ-C30 domains
 Physical function 17 93.3 [80.0-93.0] 16 93.3 [86.7-100.0] .101 1.64
 Role function 17 83.3 [66.7-100.0] 16 100.0 [87.5-100.0] .047 1.98
 Emotional function 17 83.3 [70.8-95.8] 16 95.8 [85.4-100.0] .012 2.51
 Cognitive function 17 100.0 [83.3-100.0] 16 100.0 [83.3-100.0] .527 0.63
 Social function 17 83.3 [66.7-100.0] 16 100.0 [83.3-100.0] .380 0.88
 Fatigue 17 11.1 [0.0-27.8] 16 0.0 [0.0-30.6] .204 −1.27
 Nausea/vomiting 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .317 −1.00
 Pain 17 16.7 [0.0-33.3] 16 0.0 [0.0-16.7] .154 −1.43
 Dyspnea 17 33.3 [0.0-66.7] 16 33.3 [0.0-33.3] .023 −2.27
 Insomnia 17 33.3 [0.0-66.7] 16 33.3 [0.0-33.3] .132 −1.51
 Appetite loss 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .180 1.34
 Constipation 17 0.0 [0.0-0.0] 16 0. 0 [0.0-0.0] 1.000 0.00
 Diarrhea 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] 1.000 0.00
 Financial problems 17 0.0 [0.0-33.3] 16 0.0 [0.0-0.0] .180 −1.34
LC-13
 Dyspnea 17 11.1 [11.1-33.3] 16 11.1 [2.8-22.2] .157 −1.24
 Coughing 17 66.7 [33.3-66.7] 16 16.7 [0.0-33.3] .008 −2.66
 Hemoptysis 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .317 −1.00
 Sore mouth 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .317 −1.00
 Dysphagia 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .157 −1.41
 Peripheral neuropathy 17 0.0 [0.0-16.7] 16 0.0 [0.0-25.0] .480 −0.71
 Alopecia 17 0.0 [0.0-0.0] 16 0.0 [0.0-33.3] .655 0.45
 Chest pain 17 33.3 [0.0-33.3] 16 16.7 [0.0-33.3] .157 −1.41
 Arm pain 17 33.3 [0.0-50.0] 16 0.0 [0.0-25.0] .112 −1.59
 Other pain 17 0.0 [0.0-33.3] 16 0.0 [0.0-0.0] .096 −1.67
 Medicine taking 17 0.0 [0.0-0.0] 16 0.0 [0.0-0.0] .317 1.00
MDAIS-T
 Symptom severity 17 1.00 [0.46-1.54] 16 0.46 [0.25-1.15] .098 −1.66
 Symptom interference 17 0.67 [0.17-2.08] 16 0.33 [0.00-1.25] .139 −1.48
 Distress thermometer 17 1.0 [0.00-1.50] 16 0.00 [0.00-1.00] .589 −0.54

Abbreviations: 6MWT, 6-Minute-Walk Test; SPPB, Short Physical Performance Battery; EORTC QLQ-C30, European Organization for the Research 
and Treatment of Cancer; LC-13; lung cancer module; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; MDASI-T: M. D. Anderson 
Symptom Inventory-Tumor; PSQI, Pittsburgh Sleep Quality Index.
Higher scores in the EORTC HRQoL and function domains represent better status. Lower scores in the EORTC QLQ-C30 symptom categories, 
LC13, SAS, SDS, MDASI-T, PSQI represent less symptoms. Effect sizes = 0.2 small difference, 0.50 medium difference, 0.80 large difference.
Data are reported as mean ± standard deviation or median [inter-quartile range].

global HRQoL and a decrease in symptoms including dys-
pnea and coughing. In addition, significant improvements 
were also observed in SAS, SDS, and PSQI (Table 5). There 
were no significant changes in other domains of HRQoL or 
the MDAIS-T.

Intervention progress. Participants who attended more 
than 17 sessions all finished learning the 8 styles of Tai Chi. 
At the end of the program, all these participants could walk 
on the treadmill for 20 to 30 minutes. The levels of the resis-
tance exercise protocol prescribed at baseline was 1 to 3 
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level and at the end of the 12-week program, most partici-
pants could reach to the split squat in level 5, except 2 who 
had problems with their knees, the majority were at level 4 
for the other movements. All participants were exercising at 
an intensity of “4- somewhat hard” on the Borg scale during 
aerobic and resistance exercise (refer to Table 2).

Discussion

This study aimed to determine the feasibility and safety of 
a novel 12-week multi-modal exercise program combin-
ing supervised aerobic and resistance exercises, simplified 
8-style Tai Chi and a home-based program for patients fol-
lowing lung cancer treatment in China. There is a strong 
evidence base supporting the efficacy of supervised aero-
bic and resistance training for patients post lung cancer 
surgery,8 however in this study we were interested in 
determining if the addition of traditional Tai Chi exercises 
would facilitate stronger adherence to exercise in a cohort 
of patients in China. Despite concluding that the interven-
tion was safe, unfortunately the feasibility of the interven-
tion was poor, and adherence rates to exercise were low 
and below the defined level of adherence. Promisingly, 
there were signals of improvements in response to exer-
cise in the secondary outcomes of lung function, sleep, 
mood, global HRQoL, and some HRQoL domains for  
participants. However, as there was no control group, 
improvement over time from cancer treatment may be 
responsible.

All recruited participants underwent surgery only. There 
are several factors which made recruitment of patients 
receiving chemotherapy or radiotherapy difficult including: 
uncertainty of treatment completion dates, advice from 
medical staff to avoid crowds following chemotherapy  
and patients living too far from the hospital. In our study, 
the majority of participants were female and they were a 
relatively young cohort compared to the other published 
lung cancer and exercise trials conducted in Western  
countries.8 Similarly, at baseline, most of our participants 
were well-nourished and had good performance on the 
6MWT. Previous trials report baseline 6MWT of 
428.6 ± 101.4 m (control group) versus 454.6 ± 116.7 m 
(intervention group)31 and 407 ± 102 m (control group) ver-
sus 427 ± 124 m (intervention group)32; significantly lower 
than the distances walked at baseline by our trial partici-
pants. These reasons may partially explain the high dropout 
rate; since the patients were younger, more of them may 
have had commitments such as work or caring for relatives 
(such as elderly parents or grandchildren) which made it 
hard for them to take up and adhere to the supervised exer-
cise sessions. It is also possible that patients with poorer 
exercise capacity may have been discouraged by family 
members to participate in our study, as our consent rate was 
very low. The physical activity levels measured in our study 

were higher than data in an operable population from a 
Western country (5818 ± 628 steps/day (10 weeks follow-
ing diagnosis) and 6171 ± 524 steps/day (6 months follow-
ing diagnosis)).5 This phenomenon may be explained by the 
fact that elderly people in China prefer walking as their 
main transportation while in Western countries driving by 
the elderly may be more common.33 The hospital length of 
stay post-surgery observed in our study was similar to that 
previously reported in Western countries (8 [7-13] days).34

Twenty-one percent of eligible participants who were 
contacted about the study consented to participation. In 
part, we attribute this to the fact that few of our patients 
received education about the benefits of exercise after sur-
gery for lung cancer prior to being contacted about the 
study. Patients who had lung surgery did not have access to 
rehabilitation information before or during their hospital-
ization, so most of them were unfamiliar with this concept. 
We think it is necessary to promote this education to patients 
prior to their surgery and during their post-operative inpa-
tient admission in future research and clinical practice.

In China, the Enhanced Recovery After Surgery (ERAS) 
mode has been recognized and accepted widely, so patients 
would be encouraged and assisted by the ward nurse to 
undertake early mobilization post-surgery. During the pre-
operative phase, inconsistencies in physiotherapy services 
exist between hospitals/institutions. Few surgeons in our 
hospital understand the benefits of exercise during the pre-
operative period. The reasons for this have been reported 
previously and include that physicians and nurses were not 
sure about what to advise, where to refer to and the services/
resources available for them/their patients.35 Thus, future 
collaboration and education is warranted for surgeons, 
nurses, and physiotherapists.

In this feasibility study, 47% of participants completed at 
least 17 of the desired 24 supervised sessions (70%), which 
is lower than in previously published trials of exercise inter-
ventions in cancer.36 There are some reasons we may con-
sider for explaining this low adherence rate. First, there 
were no previous randomized controlled trials conducted in 
mainland China focusing on lung cancer rehabilitation 6 to 
12 weeks after surgery.36 Although the enrolled patients’ 
homes were within a reasonable distance to hospital, there 
are still costs associated with travel, parking, and family 
members taking time off work so that participants could 
attend supervised exercise sessions. In the future, studies 
could involve participants’ family members or care givers 
in the decisions around participating in an exercise program 
so that they may have time to support the participant’s 
attendance for the study as needed. Thirdly, more than one 
third of our participants (35.3%) were still working, which 
was higher than the proportion of a similar study in 
Australia, wherein the percentage was 12%.5 Adjusting the 
intervention frequency to once per week or altering times so 
participants can attend after work or on the weekend should 



Lu et al 9

both be considered in the future to ensure the participants 
can participate in the entire program. Two participants dis-
continued the exercise stating it was not enjoyable to them. 
Kampshoff et al found moderate evidence for a positive 
association between exercise history and exercise adher-
ence,37 additionally, Wong et al reviewed exercise program 
preferences among cancer survivors and found a wide vari-
ation of preferences, suggesting that tailored programs may 
optimize program adherence.38 It is important for patients to 
perform exercise they enjoy. Tai Chi, the Chinese martial 
art involving slow and rhythmic movement, is popular 
among middle-aged and older Chinese people.39 There is 
currently limited evidence regarding the benefits of adding 
Tai Chi to pulmonary rehabilitation programs for people 
with lung cancer. A trial of Tai-Chi delivered post lung can-
cer surgery (n = 120) is published as a protocol and is cur-
rently recruiting.14 In the future we could individualize our 
aerobic exercise prescription by initially asking participants 
about their preferred exercise type. Anderson and Taylor40 
also found programs that included regulatory factors (ie, 
self-monitoring, action planning) resulted in the greatest 
levels of program adherence, in future we could utilize 
patient exercise diaries and or activity trackers for patients 
to self-monitor their exercise.

There were no severe adverse events associated with the 
study and only 3 minor events of musculoskeletal nature. 
This finding about safety is consistent with previous reports 
in the literature8 and a review of Tai Chi which concluded it 
was unlikely to result in serious adverse events, but it might 
be associated with minor musculoskeletal aches and pains.41

The promising findings regarding the secondary out-
comes from this study support the future conduct of an 
adequately powered RCT, albeit with improvements to 
address the issues of adherence. Similar to our preliminary 
results for self-reported questionnaires, lung function, some 
domains of HRQoL and subjective sleep quality, previous 
RCTs and systematic reviews report positive improvements 
across several tumor streams,42,43 including 1 meta-analysis 
using a Tai Chi intervention.44

In our study, the changes in 6MWT distance, SPPB and 
steps per day did not reach significance. This was influ-
enced by the small sample size and the large variability in 
measures. It may also have been related to ceiling effects of 
the tests given the good baseline performance and maximal 
score for SPPB obtained. Alternate tests of exercise capac-
ity, and function should be chosen in a future trial in China 
such as the incremental shuttle walk test and 30 second sit to 
stand test.

There are some inherent limitations of our study; first, 
the study is a feasibility study with no control group. We 
cannot therefore attribute the post-program improvements 
to the exercise program as these may be a result of natural 
recovery. Second, the sample of the study was too small to 
show the efficacy of the intervention; third, according to 

previous research, patients who are willing to be enrolled 
into supervised exercise programs may have a better base-
line condition.45 Finally, we did not record the duration of 
incomplete supervised sessions nor the adherence to the 
unsupervised home component of the program. Lack of 
knowledge of these details may weaken the fidelity of the 
program that was delivered. We plan to add use of a patient 
exercise diary to record unsupervised exercise adherence in 
the following RCT. While this study did not include a quali-
tative component, informal feedback from participants will 
be used in modifications made to the interventions investi-
gated in future trials.

The findings from this study will inform changes to the 
design of a future adequately powered multi-site, assessor-
blinded RCT of exercise and Tai Chi to be conducted in this 
population at 2 large centers in Jiangsu Province, China 
(registry number: NCT04185467).

Conclusion

This study demonstrated that a multi-modal exercise train-
ing program was safe when implemented 6 to 12 weeks 
after surgery, although the feasibility of the program in its 
current state is not supported given the low consent rate and 
low adherence to the intervention. Therefore, changes we 
recommend implementing to improve feasibility include: 
expanding the inclusion criteria, promoting education about 
surgery, deep breathing and exercise to patients prior to 
their surgery and/or during their post-operative inpatient 
admission. The positive change in the secondary outcomes 
indicate that this multi-modal exercise program has the 
potential to result in improvements for patients with lung 
cancer. Future large randomized control trials are warranted 
to test its effect.
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