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Abstract
Introduction. Surgical resection in patients with non–small cell lung cancer (NSCLC) may be associated with significant
morbidity, functional limitations, and decreased quality of life. Objectives. The safety and feasibility of a preoperative and
early postoperative rehabilitation program in patients operated for NSCLC was determined in a nonhospital setting,
with focus on high-intensity interval exercise. Methods. Forty patients with biopsy-proven NSCLC stages I to IIIa referred
for surgical resection at the Department of Cardiothoracic Surgery RT, Rigshospitalet, University of Copenhagen, were
randomly assigned to 1 of 4 groups (3 intervention groups and 1 control group). The preoperative intervention consisted
of a home-based exercise program, while the postoperative exercise program comprised a supervised group exercise
program involving resistance and high-intensity interval cardiorespiratory exercise 2 hours weekly for 12 weeks combined
with individual counseling. The study endpoints were inclusion rate, adherence, and number of adverse events. Results.
Forty patients (of 124 screened; 32%) were included and randomized into the 4 groups. The postoperative exercise was
completed by 73% of the patients randomized to this intervention. No adverse events were observed, indicating that
the early postoperative exercise program is safe. The preoperative home-based exercise program was not feasible due
to interfering diagnostic procedures and fast-track surgery that left only 1 to 2 weeks between diagnosis and surgery.
Conclusion. The early postoperative exercise program for patients with NSCLC was safe and feasible, but in a fast-track set
up, a preoperative home-based exercise program was not feasible for this population.
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Introduction
Among the most common cancers, lung cancer has the highest
mortality rate of cancer worldwide.1 Most cases are non–small
cell lung cancer (NSCLC). Accurate staging of NSCLC is crucial for allocation to surgical treatment, which may be curative
in cases of localized disease (stages I and II) and for selected
patients with locally advanced disease (stage IIIA).2 The recommended treatment of disseminated NSCLC and small cell
lung cancer involves chemotherapy and radiation therapy.2
The number of long-term survivors after treatment of
NSCLC is increasing.3 Surgical resection is still associated
with potentially significant morbidity, functional limitations,
and decreased quality of life. Therefore, evidence-based

rehabilitation may be an important tool to improve outcome
and quality of life in this group of patients.4,5
Systematic reviews suggest that pre- and postsurgical
exercise in patients with NSCLC, compared with usual
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care, is associated with improved cardiopulmonary exercise
capacity, increased muscle strength, as well as reduced
fatigue, postoperative complications, and length of hospital
stay.6-8 These reviews emphasize that an optimal exercise
program is still to be determined and that prospective
research in this area is needed.6-8
Preoperative exercise offered to NSCLC patients attracts
attention because it may improve longevity and decrease
risk of postoperative complications, but research in this
field differs in design, type of intervention, and dose of
exercise. The research is primarily based on case studies
and studies with few and heterogeneous patients.9-11 In
addition, recent research highlights the need for psychosocial support during the period from diagnosis to surgery.12
Evidence shows that postoperative exercise for NSCLC
patients is both safe and associated with improvement of
cardiorespiratory capacity and self-reported outcomes such
as health-related quality of life and fatigue.13 Still more
research is required to understand the potential effect of
exercise on NSCLC patients and to determine how individual components such as mode, intensity, frequency, duration, and timing may contribute.7
Barriers for participating in rehabilitation and maintaining lifestyle changes are, for example, high symptom burden, such as side effects to the adjuvant treatment, and high
prevalence of comorbidity, especially chronic obstructive
pulmonary disease.14 The timing of rehabilitation is important when it comes to motivating patients to perform and
sustain lifestyle changes.15 The teachable moment is a term
used to describe a health event that motivates individuals to
positive health behavior change. The time of diagnosis is a
health event that can modify barriers and motivate patients
to adopt to a healthier lifestyle.15
Silver et al defined cancer rehabilitation as
medical care that should be integrated throughout the oncology
care continuum and delivered by trained rehabilitation
professionals who have it within their scope of practice to
diagnose and treat patients’ physical, psychological and
cognitive impairments in an effort to maintain or restore
function, reduce symptom burden, maximize independence
and improve quality of life in this medically complex
population.16(p3636)

Thus, the focus of this article is the evaluation of the exercise part in a rehabilitation program to patients with operable lung cancer.
The advantages of performing exercise during adjuvant
treatment are better physical and mental status and a reduction of side effects to the adjuvant chemotherapy. These
advantages are found in a variety of cancer patients.17-19
To our knowledge, no published research has studied
whether initiating high-intensity interval exercise is safe in
a nonhospital setting as early as 2 weeks after an operation
for NSCLC. Our assumption is that introducing exercise
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before initiation of adjuvant chemotherapy, thereby laying
the groundwork for better adherence to the exercise program, is advantageous compared to an exercise program
initiated during adjuvant chemotherapy. We assume that
NSCLC patients are willing and able to participate in homebased exercise prior to surgery and also hypothesize that
patients attending preoperative home-based exercise are
more prepared to participate in high-intensity interval exercise after surgery.

Aim of the Study
The overall aim of this feasibility study was to investigate
the safety and feasibility of preoperative and early postoperative rehabilitation in a nonhospital setting, with focus on
exercise, in patients undergoing surgery for lung cancer.

Methods
Patients and Settings
The PROLUCA feasibility study included 40 patients (age
≥18 years) with biopsy-proven NSCLC, stages I to IIIa20
assigned for curative surgery at the Department of
Cardiothoracic Surgery, Rigshospitalet, University of
Copenhagen. The inclusion criteria were the following:
assigned for curative lung cancer surgery, at least 18 years
old, performance status 0 to 2 (World Health Organization),21
resident of the City of Copenhagen or a surrounding municipality, able to read and understand Danish, and approval by
primary surgeon. The exclusion criteria were the following:
the presence of metastatic disease or surgical inoperability,
diagnosis of lung cancer not verified by biopsy, severe cardiac disease, and contraindications to maximal exercise
testing as recommended by the American Thoracic Society
and by exercise testing guidelines for cancer patients.22

Procedure
The study was conducted in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
statement for nonpharmacologic interventions and the
World Medical Association Declaration of Helsinki.23,24
Written informed consent was obtained from all patients
prior to initiation of any study procedures. The study was
approved by the Danish National Committee on Health
Research Ethics (File No. H-3-2012-028) and the Danish
Data Protection Agency (File No. 2007-58-0015).
The study design is presented in Figure 1. Using a 4-arm,
randomized design, potential subjects were identified and
screened for eligibility and contacted by the study research
coordinators at the referral departments at Bispebjerg and
Gentofte Hospitals. After referral to surgery, the subjects
were contacted by telephone and informed of the purpose
and design of the study. Next, written informed consent was
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Figure 1. Timeline for the PROLUCA feasibility study.

obtained and baseline assessment was performed at the
Copenhagen Centre for Cancer and Health. At baseline the
following assessments were performed (Table 1): (1)
anthropometric data and tumor node metastasis (TNM)
stage, (2) cardiorespiratory capacity expressed as maximal
oxygen uptake (VO2peak) evaluated by an incremental test
using an electromagnetically braked cycle ergometer (Lode
Corival Ergometer, Groningen, Netherlands) where inspired
and expired gases were analyzed breath-by-breath by a metabolic cart (JAEGER MasterScreen CPX, Care Fusion, San
Diego, CA), (3) 6-minute walk distance (6MWD), (4) muscle strength measured by a 1 repetition maximum (1RM) in
chest and leg press, (5) pulmonary function test (spirometry), and (6) patient-reported outcomes. All baseline assessments were completed as close to the time of diagnosis as
possible and were repeated the day before surgery, postintervention, and at follow-up 6 months and 1 year after surgery. Assessments at pre-intervention were 6MWD,
pulmonary function, and Functional Assessment of Cancer
Therapy–Lung (FACT-L).

Group Allocation (Randomization)
Following the successful completion of baseline assessments, patients were randomized and allocated, on an individual basis, to 1 of the 4 exercise intervention groups:
1.
2.
3.
4.

Preoperative and postoperative exercise initiated 2
weeks after surgery
Preoperative and postoperative exercise initiated 6
weeks after surgery
Postoperative exercise initiated 2 weeks after
surgery
Current standard care, postoperative exercise initiated 6 weeks after surgery

The random allocation sequences were concealed from all
study personnel and performed by Copenhagen Trial Unit,
Centre for Clinical Intervention Research. Randomly allocated patients remained in the same group for the entire
duration of the intervention.
The intention-to-treat analysis included all randomized
participants in their randomly assigned allocations. The
intervention group assignment was not altered based on the
participant’s adherence to the randomly allocated study
arm. Patients who were lost to follow-up were included in
the analysis (intention-to-treat).

Exercise Training Protocols
Preoperative Exercise. Individually designed according to
functional status and comorbidity for each patient randomized to the preoperative intervention, the homebased exercise program consisted of 30 minutes of
cardiorespiratory exercise daily until surgery. The exercise period varied in length due to the time available
before surgery. The preoperative exercise was monitored
by a heart rate monitor and software (Polar Team2, Polar
Electro Oy, Kempele, Finland) and an exercise diary
logbook.
Postoperative Exercise. The postoperative exercise intervention
was a part of the rehabilitation services available at a rehabilitation center described in Figure 2. Every participant was initially screened for rehabilitation needs following a professional
rehabilitation guide covering the following topics: disease
specific, social network, relatives, psychological, existential,
diet, smoking, alcohol, physical activity, sexuality, sleep, and
stress. The rehabilitation guide was based on the theoretical
framework by the World Health Organization on International
Classification of Functioning,25 the “self-efficacy theory” by
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Table 1. Baseline Characteristics.
Variables

Total (N = 40)

Early Exercise (n = 18),
Groups 1 + 3

Age (years), median (range)
68 (36-85)
Female, n (%)
24 (60%)
25 (5)
Body mass index (kg/m2), mean (SD)
Academy professional degree <3 years, n (%)
17 (43%)
Smoking history, N = 40 (groups 1 and 3, n = 18; groups 2 and 4, n = 22)
Currently smoking, n (%)
10 (25%)
Never smoked, n (%)
2 (5%)
Ex-smoker, n (%)
28 (70%)
Years smoking, mean (SD)
41 (15)
Presence of comorbidity (5 patients had none of the comorbidities mentioned below)
Hypertension, n (%)
15 (38%)
Dyslipidemia, n (%)
9 (23%)
Diabetes, n (%)
6 (15%)
Atrial fibrillation, n (%)
2 (5%)
COPD, n (%)
8 (20%)
Rheumatic diseases, n (%)
12 (30%)
Other type of cancer, n (%)
6 (15%)
Depression, n (%)
4 (10%)
Medication, number of drugs, median (range)
3 (1-6)
Pulmonary function
2.4 (0.6)
FEV1 (L/s), mean (SD)
94 (23.7)
FEV1 (L/s), % predicted (SD)
67.4 (8.7)
FEV1/VC (%), mean (SD)
Cardiorespiratory capacity
Fitness (mL/kg/min), mean (SD)
19.4 (5)
Peak oxygen uptake (L/min), mean (SD)
1.40 (0.39)
6MWD, mean (SD)
477 (81)
TNM stage
Stage I (a + b), n (%)
11 (27%)
Stage II (a + b), n (%)
24 (60%)
Stage IIIa, n (%)
5 (13%)

Late Exercise (n = 22),
Groups 2 + 4

67 (36-79)
10 (56%)
25 (5)
6 (33%)

71 (56-86)
14 (64%)
25 (4)
11 (50%)

7 (39%)
1 (6%)
10 (55%)
44 (12)

3 (14%)
1 (5%)
18 (81%)
38 (13)

6 (33%)
4 (22%)
3 (17%)
0
2 (11%)
5 (28%)
4 (22%)
1 (6%)
2 (1-5)

9 (41%)
5 (23%)
3 (14%)
2 (9%)
6 (27%)
7 (32%)
2 (9%)
3 (14%)
3 (2-6)

2.5 (0.5)
95 (26.1)
68 (6)

2.3 (0.6)
93 (22.2)
68 (10)

21.5 (6)
1.53 (0.33)*
497 (92)

17.6 (4)
1.28(0.40)*
461 (70)

5 (28%)
12 (67%)
1 (5%)

6 (27%)
12 (55%)
4 (18%)

Abbreviations: n, number; SD, standard deviation; COPD, chronic obstructive lung disease; FEV1, forced expiratory volume in 1 second; VC,
vital capacity; 6MWD, 6-minute walk distance.
*P > .05.

Bandura,26 and motivational interviewing by Miller.27 The
exercise intervention consisted of 24 group-based exercise
sessions combined with 3 individual counseling sessions and
3 group-based lessons in health-promoting behavior. If the
patients had special needs in terms of smoking cessation,
nutritional counseling, or patient education, this was also
offered as part of the rehabilitation. The postoperative exercise consisted of individually tailored, supervised strength
exercise and group-based cardiorespiratory exercise twice a
week (60 minute/session) on nonconsecutive days for 12
weeks, for a total of 24 sessions. It included the following
exercises.
Warm-up (5 minutes) and cardiorespiratory exercise (25
minutes) on an ergometer bike (BODY BIKE Classic
Supreme, TKO, Houston, TX), individually tailored
strength exercise (25 minutes) carried out using 5 machines

(Technogym, Cesena, Italy), leg press, chest press, leg
extension, pull to chest, and pull down (upper body).
Trained physiotherapists and cancer nurse specialists supervised the training program following principles recommended by the American College of Sports Medicine.28 All
exercise sessions included supervised breathing exercises
combined with stretching and tension-release techniques (5
minutes). All interventions were individually tailored to
each patient and followed the principles of aerobic or resistance training prescription guidelines for adults as recommended by the American College of Sports Medicine.28 The
high-intensity interval exercise consisted of a warmup
period where the participants aimed at reaching a level at
85% of individually determined HRmax (5 minutes) followed by a short rest (1 minute). The duration of the highintensity interval exercises was 25 minutes. In each interval
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Figure 2. Rehabilitation services available between diagnosis and follow-up at the rehabilitation center.

(1-2 minutes), the participants aimed at reaching a level of
85% to 100% of individually determined HRmax in each
interval followed by a short rest (1 minute). The high-intensity interval exercise was followed by a cool down period
(2 minutes).
The ultimate goal for the postoperative exercise was 2
group-based exercise sessions per week, with a cardiorespiratory intensity for the first 4 weeks of approximately 50% to
60% of individual HRmax. In the next 8 weeks, the intensity
was increased to moderate-high intensity at approximately
70% to 90% of individually determined HRmax. The ultimate
goal of the strength exercise program was to exercise with an
intensity of approximately 60% to 80% of 1RM 2 times a
week for 12 weeks. To ensure progression, every other week
the load was progressively increased and the number of repetitions reduced, starting out at 12 repetitions in 3 sets, progressing to 10 repetitions in 3 sets, to a final of 8 repetitions in
3 sets. The protocol study by Sommer et al describes the preand postoperative interventions in further detail.29

Adherence Considerations
To maximize adherence, several strategies were employed:
telephone-based follow-up, free parking in front of the

center, and remuneration for transport expenses. A high
degree of scheduling flexibility allowed patients to perform
tests at a convenient time to allow space for competing
demands such as medical appointments, work, and family
commitments.

Study Endpoint and Assessment
Tracking and Monitoring of Adverse Events. Tracking and
monitoring of adverse events took place as follows: before
every intervention and test session, all patients received
face-to-face supervision by a specialist cancer nurse to discuss any potential negative side effects of the intervention
tasks. All injuries and adverse events (eg, knee pain, back
pain) were recorded as unintended events. In addition, heart
rate and blood pressure were recorded prior to every intervention session and repeated if any adverse events occurred
during exercise.
Adherence to the Program. Reasons for not attending the
program were assessed immediately after the participants
decided not to participate or decided to drop out of the program. The assessment was performed by specially trained
cancer staff and conducted either by phone or face-to-face.
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Adherence to exercise sessions was monitored by trained
staff, and reasons for not attending a session were assessed
immediately after absence from exercise.

Statistical Analysis
Descriptive statistics and paired t tests were calculated
using SAS/STAT software. Statistical significance was set
at P < .05. Baseline values of the study populations were
compared with values measured at postintervention and
1-year follow-up. The values are expressed as mean ± standard deviation (SD). Pared t tests were also performed to
reveal tendencies in patients who exercised for more or less
than 70% of the exercise sessions. Cardiac rehabilitation
normally sets the cutoff for adherence to both the number of
training sessions prescribed and the duration of the prescribed program as at least 80%.30 In cancer rehabilitation,
there is no standard practice on how to set adherence to an
exercise intervention. Based on the small number of participants in this study, we chose a cutoff value for adherence as
at least 70% of the exercise sessions.

Results
Study Population and Characteristics
A total of 180 patients were screened for eligibility, 124 of
whom were eligible. Forty patients (32%) were included and
randomized. Table 1 presents the baseline characteristics of
the 40 patients included and of the pooled subgroups with
either early (groups 1 + 3) or late (groups 2 + 4) exercise
intervention. The 2 most frequent reasons given by patients
for not attending the study were either logistical ones or that
the patients had too much to think about prior to surgery
(Figure 3). The 40 patients included in the study had a mean
age of 68 years, and the majority were retired (Table 1). The
most frequent comorbidities (registered from the medical
records) were hypertension, dyslipidemia, rheumatic disease,
and chronic obstructive pulmonary disease. Five patients had
no comorbidity, and 16 patients were categorized as having
multiple morbidities. At baseline, 70% were ex-smokers, and
25% currently smoked. The baseline cardiopulmonary capacity of the included patients was 19.4 mL/kg/min and a forced
expiratory volume in 1 second (FEV1 at 2.4 L/s and a FEV1/
vital capacity [VC] at 67.4%; Table 1).
The VO2peak and fitness measured at baseline was significant higher in the early exercise group compared to the
late exercise group (Table 1).
Nine patients (22%) underwent open thoracotomy surgery, of which 3 participated in early exercise group and 6
participated in late exercise group. Thirty-one (78%)
patients received video-assisted thoracic surgery and 13
(33%) received adjuvant chemotherapy (9 in early exercise
groups and 4 in late exercise groups).
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The types of operation that were performed were primarily lobectomy (83%); only 1 pneumonectomy was performed (2%). The patient that had a pneumonectomy was
randomized to the early intervention group and had an
adherence to the exercise program of 80%. Other types of
operations performed were bilobectomy (5%), wedge resection (8%), and video-assisted thoracic surgery segmental
resection (2%).

Safety and Adherence to the Perioperative
Exercise
Safety. There were no adverse events reported or observed,
and no patients showed spontaneous or unexpected reactions to initiating exercise 2 weeks after surgery.
Adherence to Home-Based Preoperative Exercise. Twelve out
of 18 patients randomized to preoperative exercise were
instructed in the home-based exercise program. The combination of medical procedures and lack of time prior to operation meant 6 patients did not receive instruction, and 1
patient who had received instruction failed to start due to
lack of motivation. The average number of days possible for
exercise before surgery was 8 days, with a range between 2
and 15 days. It was only possible for 3 out of the 12 patients
to accomplish exercises daily prior to surgery (Table 2).
Adherence to Supervised Group Exercise After Surgery. The
supervised group exercise after surgery was completed by
73% of the patients. Postoperative exercise adherence to 24
group-based sessions was ≥70% in 15 patients out of 29
(Table 2). Four out of the 29 never exercised, but as the
study is designed as an intention-to-treat study, results from
all 29 are provided according to the objectives of the study.
For further in-depth analysis of the potential efficacy of
exercise, analysis of the 25 completers was also carried out.
The results did not change the significance of the results
presented in Table 5, which is why results for the completers
alone are not presented.
The primary reasons for cancelling exercise sessions
were hospitalization/appointments at the hospital, lack of
motivation, or lack of time. There was no difference in
adherence between the groups that initiated exercise 2
weeks after surgery (groups 1 and 3) compared to those who
started exercise 6 weeks after surgery (groups 2 and 4; Table
2). Patients who performed preoperative exercise were
evenly distributed between patients who did at least 70% of
the sessions or who did less than 70% of them.
In the early intervention group (groups 1 and 3), the
average onset of exercise was 18 days postsurgery, with a
range of 13 to 29 days, and in the late intervention group the
average onset of exercise was 47 days, with a range of 22 to
80 days. One patient, in the early intervention group, started
exercise 49 days after surgery, which was around the time
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Figure 3. Flow PROLUCA feasibility study.

the late intervention (groups 2 and 4) was initiated. As a
result, this patient could no longer be categorized in the
early initiation of exercise group.
The distribution of patients who performed preoperative
exercise was even evenly distributed between patients who
exercised for at least 70% or for less than 70% of the postoperative sessions. The mean intensity of the strength exercise was for the chest press 67% (SD 20) of 1RM and for
leg press 69% (SD 22) of 1RM during the 24 exercise sessions. The intensity of the cardiorespiratory exercise for the
first 4 weeks was at 74% (SD 8) of individual determined
maximum heart rate and for the last 8 weeks at 77% (SD 4)
of individual determined maximum heart rate.
Dropouts. Eleven patients dropped out during the intervention, primarily due to either lack of motivation to complete or
side effects to the adjuvant chemotherapy. Patients receiving
adjuvant chemotherapy were evenly distributed between
completers and dropouts (Table 3). The prevalence of patients
receiving adjuvant chemotherapy was lower in patients who
exercised for 70% to 100% of the 24 exercise sessions compared to patients who exercised 0% to 69% (Table 3). There
was no difference between completers and dropouts regarding demographic data, stage of disease, or type of surgery.

Dropouts were evenly distributed between the groups who
initiated exercise 2 and 6 weeks after surgery (Table 2).

Postoperative Complications, Recurrence, and
Mortality
Out of all of the registered pulmonary and cardiac complications, only one occurred during the exercise intervention and
it involved pulmonary pneumatocele and was not evaluated
as an adverse event caused by the exercise. All other pulmonary and cardiac complications occurred before the patients
initiated the exercise intervention. The overall prevalence of
pulmonary postoperative complications within 30 days after
surgery was 23% and was highest in the early exercise group
(groups 1 and 3; Table 4). The prevalence of cardiac complications was 13%, and the distribution of cardiac complications was evenly distributed between early and late exercise.
Two patients experienced recurrence and 3 patients died
within the first year after surgery (Table 4).

Changes in Physiological Capacity
Table 5 shows the results of physiological capacity change
scores from baseline to postintervention and from baseline
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Table 2. Adherence to perioperative exercise.
Preoperative exercise (home-based) (n = 18)
Instruction given to, n (%)
Possible days for exercise, mean (range)
Days of self-reported exercise out of days possible (%) (n = 12)
Exercise ≥70%, n (%)
Exercise <70%, n (%)
Postoperative exercise adherence to 24 sessions (group exercise) (n = 29)
Exercise ≥70%, n (%)
Exercise <70%, n (%)
Participation ≥70% in early and late postoperative interventions (n = 15)
Early exercise, n (%)
Late exercise, n (%)
Dropouts in early and late postoperative interventions (n = 11)
Early exercise, n (%)
Late exercise, n (%)
Initiation of exercise: early (n = 15) and late (n = 16) intervention groups
Early, number of days after surgery, mean (range)
Late, number of days after surgery, mean (range)

12 (67%)
8 (2-15)
8 (67%)
4 (33%)
15 (52%)
14 (48%)
7 (47%)
8 (53%)
5 (45%)
6 (55%)
18 (13-29)
47 (22-80)

Table 3. Distribution of Patients Receiving Adjuvant Chemotherapy in Relation to Postoperative Exercise Adherence (24 Sessions).

Total number, n
Numbers receiving chemotherapy, n (%)

Patients Included

Completed Exercise

Exercise ≥70%

Exercise <70%

Dropout

40
13 (33%)

29
9 (31%)

15
2 (13%)

14
7 (50%)

11
4 (36%)

Table 4. Postoperative Complications, Recurrence, and Mortality.
a

Pulmonary complications, N = 40, n (%)
Early, n = 18, n (%)
Late, n = 22, n (%)
Cardiac complications, N = 40, n (%)a
Early, n = 18, n (%)
Late, n = 22, n (%)
Recurrenceb, N = 40, n (%)
Mortalityb, N = 40, n (%)

9 (23%)
6 (33%)
3 (14%)
5 (13%)
2 (11%)
3 (14%)
2 (5%)
3 (8%)

a

Data collected 30 days after surgery.
Data collected at 1-year follow-up.

b

to 1-year follow-up (VO2peak, fitness, 6MWD, 1RM,
FEV1, and FEV1/VC).
There was a significant increase postintervention in
walking distance (P = .0229) for patients who participated
in at least 70% of the sessions. This effect on walking distance was not reproduced at the 1-year follow-up. There
was a significant improvement in strength for patients who
participated in at least 70% of the sessions. This improvement was found for leg press in both the postintervention
and at the 1-year follow-up (P = .0220 and P = .0443).
Correspondingly, the improvement for chest press was also
significant (P = .0029 and P = .0129).
Independent of adherence to exercise, there was a trend
in mean decrease in fitness of 1.9 mL/kg/min from baseline

to postintervention (P = .0741). This trend was retained at
the 1-year follow-up (P = .0637).

Discussion
This feasibility study showed that rehabilitation with highintensity interval exercise initiated 2 weeks after surgery in
NSCLC patients in a nonhospital setting was safe and feasible. The preoperative home-based exercise was inconsistent and not feasible in the present setup due to the short
time interval between referral and surgery (fast-track surgical program).

Preoperative Home-Based Exercise
To our knowledge only one study has investigated the effect
of a home-based exercise training program prior to surgery
in patients who are potentially candidates for lung resection, but the patients were younger and diagnosed with
early-stage lung cancer compared to the patients in the present study.31 Coats et al found good adherence to a 4-week
home-based exercise intervention as all of the included
patients (n = 16) completed more than 75% of the prescribed exercise sessions.31 In Denmark, the maximum
waiting time for surgery after a diagnosis of lung cancer is,
by law, specified not to exceed 2 weeks. Therefore, a 4-week
preoperative training program would not be possible.
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Table 5. Physiological Capacity Change Scores (Evaluated in Relation to Adherence to Exercise).
Baseline
(N = 40)

Postintervention One Year
(n = 29)
(n = 28)

Difference Between Baseline
and Postintervention

Variable

Mean (SD)

Mean (SD)

Mean (SD)

VO2peak (L/min)
Exercise ≥70%
Exercise <70%
Fitness (mL/kg/min)
Exercise ≥70%
Exercise <70%
6MWD (m)
Exercise ≥70%
Exercise <70%
1RM Leg (kg)
Exercise ≥70%
Exercise <70%
1RM Chest (kg)
Exercise ≥70%
Exercise <70%
FEV1, L/s (SD)
FEV1/VC, % (SD)

1.40 (0.39)
1.45 (0.45)
1.37 (0.35)
19.4 (4.8)
19.2 (5.3)
19.6 (4.5)
477 (81)
495 (63)
465 (90)
107 (39)
112 (41)
104 (39)
34 (13)
33 (12)
34 (15)
2.4 (0.6)
67.4 (8.7)

1.35 (0.54)
1.45 (0.55)
1.21 (0.48)
18.8 (6.4)
18.1(5.7)
19.8 (7.7)
512 (80)
525 (67)
486 (101)
121 (46)
140 (67)
100 (28)
36 (13)
39 (15)
30 (8)
2.2 (0.5)
66.7 (10.9)

1.38 (0.40) −0.12 (−0.27 to 0.03)
1.35 (0.44) −0.08 (−0.26 to 0.11)
1.41 (0.37) −0.19 (−0.50 to 0.12)
18.4 (2.9)
−1.9 (−3.9 to 0.2)
17.7 (3.1)
−1.3 (−3.3 to 0.7)
19.2 (2.5)
−2.8 (−8 to 2.4)
517 (92)
16 (−3 to 35)
507 (113)
28 (4 to 51)
531 (59)
−7 (−43 to 29)
130 (58)
9 (−3 to 22)
133 (51)
30 (5 to 55)
118 (47)
−6 (−21 to 9)
37 (16)
3 (0 to 6)
35 (14)
5 (2 to 8)
40 (18)
−2 (−7 to 4)
2.2 (0.4)
−0.2 (−0.4 to 0)
63.9 (8.4)
−1.3 (−3.8 to 1.2)

Mean (95% CI)

Difference Between Baseline
and 1-Year Follow-up

P Value

Mean (95% CI)

P Value

.1038
.3809
.1876
.0741
.1870
.2393
.0947
.0229
.6659
.1441
.0220
.3526
.0499
.0029
.4746
.0830
.2861

−0.09 (−0.21 to 0.02)
−0.07 (−0.25 to 0.11)
−0.12 (−0.30 to 0.06)
−1.8 (−3.7 to 0.11)
−1.3 (−4.35 to 1.7)
−2.4 (−5.2 to 0.3)
22 (−9 to 53)
20 (−30 to 69)
25 (−16 to 67)
21 (5 to 37)
18 (1 to 36)
10 (−12 to 33)
3 (0 to 6)
4 (1 to 7)
2 (−4 to 7)
−0.2 (−0.3 to 0)
−6.3 (−9.5 to −3)

.1125
.4124
.1714
.0637
.3676
.0782
.1615
.4093
.1977
.0136
.0443
.3431
.0249
.0129
.4703
.0140
.0006

Abbreviations: SD, standard deviation; CI, confidence interval; 6MWD, 6-minute walk distance; FEV1, forced expiratory volume in 1 second; VC, vital capacity.

Some possible advantages of home-based preoperative
programs are greater flexibility and convenience for
patients, low time consumption, and more manageable
financially compared to preoperative interventions in an
outpatient setting.32,33 In our study, 28% of eligible patients
found physical activity before surgery unmanageable in the
fast-track setting. In the present feasibility study, patients
who performed preoperative exercise were evenly distributed between patients who exercised for at least 70% or for
less than 70% of the postoperative sessions, which indicates that preoperative home-based exercise had no
influence.
Preoperative exercise is a component in the emerging
medical discipline called Prehabilitation.34 Silver and
Baima define prehabilitation
as a process on the cancer continuum of care that occurs
between the time of cancer diagnosis and the beginning of
acute treatment and includes physical and psychological
assessments that establish a baseline functional level, identify
impairments, and provide interventions that promote physical
and psychological health to reduce the incidence and/or
severity of future impairments.34(p716)

The potential benefit of prehabilitation to cancer patients
and the research within this area seems promising in
terms of reducing morbidity, improving physical and
psychological function, and decreasing hospital
readmissions.34

Supervised Group Exercise After Surgery
In a nonhospital setting, the present study is the first to demonstrate that supervised, group-based high-intensity interval exercise initiated 2 weeks after surgery is safe in NSCLC
patients. The present study also demonstrates that the
patients could exercise with the average intensity we have
prescribed. The intensity of the cardiorespiratory exercise
was for the first 4 weeks at 73% of individual determined
HRmax. These results indicate that the patients in the present study were able to exercise with a higher intensity than
the 50% to 60% we prescribed.
Previous research concerning early postoperative exercise in operable lung cancer patients is based on studies
with limited intensity and duration of exercise. In the majority of the studies, the exercise is initiated the day after operation and carried out during hospitalization. These studies
find that exercising shortly after an operation for NSCLC is
safe, but the studies are characterized by having small sample sizes.35-37 Recently published research investigated the
efficacy of home-based postoperative exercise, but the
interventions in these studies are characterized by lowintensity exercise interventions.38,39 The present study
found a higher prevalence of pulmonary complications in
the group that initiated exercise 2 weeks after surgery, but
since the complications occurred before exercise was initiated there was no causal relation. The prevalence of pulmonary and cardiovascular postoperative complications in the
present study is comparable to other findings in a cohort
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study by Boffa et al.40 Edvardsen et al carried out a randomized clinical trial (RCT) in NSCLC patients, where the
intervention was initiated 4 to 6 weeks after surgery and
carried out in a fitness center near the patients’ home. In
addition to demonstrating significant improvements in both
physical performance and health-related quality of life, the
study found the intervention to be safe, with only one
adverse event reported (a hip fracture).41 Thus, with regard
to safety their study supports our results.
Missel et al interviewed patients with operable NSCLC
and found that motivation for participation in an exercise
program depended on patient expectations concerning the
physical benefits and the comfort of having health care professionals present.12 This underlines the importance of having specialized cancer nurses and physiotherapists to
manage the exercise instead of attending a public fitness
center.
Seventy-three percent of patients in the present study
completed the supervised group exercise and adherence to
the program exceeded 70% in half of the patients. In the
study by Edvardsen et al, mean adherence to the exercise
intervention was 88%, but technically some participants
could exceed 100%. Other studies reported an adherence of
around 50% to 55%.42,43 The present study found no difference between early and late intervention in terms of adherence or dropouts. Among the patients receiving adjuvant
chemotherapy, only 2 patients (n = 13) managed to exercise
for at least 70% of the sessions, indicating the difficulty of
attending exercise during adjuvant chemotherapy.
In the present study, 33% of the patients received adjuvant
chemotherapy, which is comparable to the NSCLC population in Denmark.3 Edvardsen et al41 found that patients
receiving the last courses of chemotherapy had to postpone
their training sessions until they had completed the adjuvant
treatment. In contrast, Jones et al44 found good adherence in
the same group of patients receiving chemotherapy, but the
effect of the intervention was inferior to the findings in the
study by Edvardsen et al,41 and the second most frequent reason for dropping out of the present study was side effects of
the adjuvant treatment, reported by 27% of the total number
of dropouts. The prevalence of patients receiving adjuvant
chemotherapy was highest in the group with early exercise.
These results show that exercising during adjuvant treatment
is feasible and supported by findings in inoperable lung cancer as well as other cancer diagnoses.17,19
The present study found a significant improvement in
strength for patients who exercised for at least 70% of the
sessions. This improvement was found for leg and chest
press, both postintervention and at the 1-year follow-up and
is comparable to the findings of the RCT by Edvardsen
et al,41 where the same significant improvement in leg press
was found (mean difference at 29.5 kg P > .001). This
improvement is of great importance as muscle strength is
inversely associated with all-cause mortality.45
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Our feasibility study also found a trend toward a mean
decrease in fitness of 1.9 mL/kg/min from baseline to postintervention. These findings are not supported in other
studies published in NSCLC patients. Since the study is
underpowered, the results must be interpreted with
caution.

Strength and Limitations
The strength of this study is the precise surveillance of
adverse events, the reported reasons for dropping out, and
the precise detection of postoperative complications.
Additional strengths are the use of well-validated objective
measurements, blinded professionals collecting data, and
the statistical analysis.
The fact that only 32% of the eligible patients participated in the present study can result in a selection bias
because the present population might not be representative
of the population operated on for NSCLC in Denmark. The
low recruitment rate could also affect possibilities to implement these results in a clinical setting. It might be that the
patients choosing to participate in the present study represents a group with better physical fitness than the group that
did not want to participate in the study. A comparison of the
patients in the present study with cohort studies in patients
with NSCLC reveals similarities regarding age, sex, pulmonary function, and comorbidities.40,46
A methodological weakness of this study is that blinding
participants to their actual treatment allocation was not possible since participants were aware of whether they initiated
preoperative exercise and whether their postoperative exercise started 2 or 6 weeks after surgery. Another limitation in
the present study is the low number of participants and
thereby the risk of finding or not finding statistically significant results when using a t test to analyze the mean difference from baseline to postintervention and from baseline to
1 year after surgery. Therefore, the result from the present
study must be interpreted with caution. It is also very important to emphasize that the t test only allows us to investigate
the effect on a certain time point and we cannot conclude
anything about the effect over time.

Conclusion
This study shows that patients with operable NSCLC are
able to initiate high-intensity interval group exercise 2
weeks after lung resection in a nonhospital setting. Early,
supervised, group-based high-intensity interval exercise is
both safe and feasible. In the study setting, the preoperative
home-based exercise was not feasible due to low recruitment rate and the short time interval between referral and
surgery. Our findings are currently under investigation in an
RCT study examining the effect of a postoperative exercise
intervention initiated either 2 or 14 weeks after surgery. To

Sommer et al
ensure a higher inclusion rate, the preoperative exercise
intervention has been omitted.
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