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Abstract
The scientific evidence supporting pulmonary rehabilitation (PR) for lung can-
cer patients undergoing cytotoxic chemotherapy is accumulating; however, the
feasibility of outpatient-based PR in these patients has not yet been evaluated
in Korea. We conducted an eight-week outpatient-based PR feasibility study in
a tertiary referral hospital setting. Patients with advanced lung cancer (non-
small cell lung cancer IIIB–IV and small-cell lung cancer extensive disease)
scheduled to undergo first-line cytotoxic chemotherapy underwent PR consist-
ing of 60-minute sessions twice a week under the guidance and supervision of
a physical therapist, for a total of eight weeks. Feasibility was assessed based on
completion of the PR program. In total, 12 patients (median age 68 years) were
enrolled; 11 (91.7%) were male with a history of smoking. Among these
12 patients, 9 (75%) completed the eight-week outpatient-based PR program.
Three patients could not complete the PR program: two were unwilling and
one died from complications of lung cancer. This study showed a 75% comple-
tion rate of an eight-week outpatient-based PR program for advanced lung
cancer patients undergoing cytotoxic chemotherapy, which supports its
feasibility.

Introduction

Despite various treatment efforts, lung cancer remains the
most common cause of cancer death in the world, primar-
ily as a result of late diagnosis.1 The majority of patients
diagnosed with advanced-stage disease undergo systemic
chemotherapy.2 Although new targeted and immunother-
apies are in development, cytotoxic chemotherapy remains
the preferred treatment for advanced-stage lung cancer in
eligible patients. However, it is essential that patients main-
tain good performance status to tolerate the rigors of cyto-
toxic chemotherapy.
Pulmonary rehabilitation (PR) is a multidisciplinary and

comprehensive program for patients with chronic respira-
tory diseases.3 The benefits of PR have been demonstrated
in various lung diseases, including chronic obstructive

pulmonary disease (COPD)4 and restrictive lung diseases.5,6

Evidence supporting the use of PR for lung cancer is accu-
mulating.7,8 In 2013, a Cochrane Review article based on
multiple randomized controlled trials concluded that exer-
cise before lung resection in lung cancer patients was help-
ful for improving postoperative exercise capacity.9 A few
studies have reported the feasibility and safety of PR for
patients with inoperable lung cancer.10,11 These studies
showed improvement or stability of exercise capacities in
patients who completed a PR program. However, in terms
of adherence, outpatient-based PR is considered better
than home-based PR.10 Outpatient-based PR for patients
with advanced lung cancer is a part of multidisciplinary
treatment; thus a feasibility study is necessary because of
the different medical environments across regions and
countries. Accordingly, the aim of the present pilot study
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was to evaluate the feasibility of an eight-week outpatient-
based PR program for advanced lung cancer patients
undergoing cytotoxic chemotherapy at a tertiary referral
hospital in Korea.

Methods

Study design and ethics approval

This single-center, prospective interventional study was con-
ducted at the Seoul National University Hospital (SNUH,

Seoul Korea) from 2014 to 2015. The SNUH institutional
review board (H-1401-116-549) approved the study protocol
and informed written consent was obtained from all
participants.

Subjects

Patients were recruited from among a group of advanced
lung cancer (non-small cell lung cancer [NSCLC] stage
IIIB–IV or small cell lung cancer extensive disease [SCLC-
ED]) patients scheduled to undergo first-line cytotoxic

Figure 1 Representative demonstration of pulmonary rehabilitation: (a) warm-up, (b) strengthening exercise, (c) aerobic exercise, and (d) cool-down.
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chemotherapy. The inclusion criteria were: age > 20 years
and Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) 0–1. Patients with histories of malignancy
within five years, uncontrolled medical disease, or symp-
tomatic bone metastasis to a weight-bearing site (vertebra
and/or femur) were excluded.

Outpatient-based pulmonary
rehabilitation program

Before commencing PR, exercise capacity was evaluated
using a six-minute walk test (6MWT) and a cardiopulmo-
nary test on a cycle ergometer. The outpatient-based PR
program was eight consecutive weeks in duration, with two
sessions per week. Guided and supervised 60 minute exer-
cise sessions were conducted with a maximum of three
patients per group. The physical therapist measured heart
rate and oxygen saturation every 10 minutes to determine
the duration of treatment. A typical session was performed
in the following order: warm-up (10 minutes); strengthening
exercises (20 minutes); aerobic exercise (20 minutes); and
cool-down (10 minutes) (Fig 1). Strengthening exercises
involved dumbbells weighted to 60–80% of the 1 repetition
maximum, which was re-measured every two weeks using
the formula described by Epley12 to adjust the intensity of
exercise. In aerobic exercise, a fixed cycle was used at an
intensity in the range of 65–85% of maximum heart rate,
which was based on age, with 13–15 point intensity accord-
ing to the Borg scale.

Statistical analysis

Statistical analysis was performed using Stata version 13.0
(StataCorp LP, College Station, TX, USA), and representa-
tive values were expressed as median � quartile.

Results

From 2013 to 2014, 14 patients with advanced lung cancer
were screened; two were excluded according to the protocol,
leaving a total of 12 patients (11 men, 1 woman; median age
68 years). All of the men were smokers and 10 patients were
diagnosed with NSCLC (Table 1). The initial ECOG PS
results were 41.7% at PS 0 and 58.3% at PS 1. After mea-
surement of exercise capacity, the eight-week outpatient-
based PR program was started in conjunction with cytotoxic

Table 1 Baseline characteristics of participants

Variables Values

Age (years), median (IQR) 68 (61–72)
Male (%) 91.7
Smoking (%)
Never 8.3
Ever 91.7

ECOG PS (%)
0 41.7
1 58.3

Pathology (%)
Non-small cell lung cancer 83.3
Small cell lung cancer 16.7

Stage (%)
IIIB 8.3
IV 75.0
Extensive disease 16.7

Six-minute walk distance (m) 426 (375–449)
Pulmonary function test
FVC (L) 2.93 (2.85–3.56)
FVC pred. (%) 81.5 (73.5–87.0)
FEV1 (L) 2.24 (1.77–2.50)
FEV1 pred. (%) 82.5 (60.0–86.5)
FEV1/FVC 71.0 (65.5–77.0)

CPET
Work (watts) 60.5 (52.5–77.0)
Work pred. (%) 42.5 (34.5–61.0)
VO2 max (mL/kg/minutes) 20.4 (16.7–23.1)
VO2 max pred. (%) 79.0 (72.5–99.0)
AT (% pred. Max VO2) 42 (33–48)

Values are presented median (IRQ) AT, anaerobic threshold; CPET, car-
diopulmonary exercise test; ECOG PS, Eastern Cooperative Oncology
Group performance status; FVC, forced vital capacity; FEV1, forced expi-
ratory volume in one second; IQR, interquartile range; VO2, maximal
oxygen consumption.

Figure 2 Flowchart of patient selec-
tion process.
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chemotherapy. The median 6MWT distance was 426 m and
the maximal oxygen uptake (i.e. VO2 max) was 20.4 mL/kg/
minutes (79.0%).
Among the 12 patients, 9 successfully completed the pro-

gram (Fig 2). Figure 3 shows the changes in ECOG PS
scores before and after the eight-week PR program. Two
patients refused PR because they were unwilling, and one
died from hemoptysis as a result of lung cancer progression.

Discussion

The benefit of PR is well established for chronic respiratory
disease, and PR should be considered an important part of
an integrated patient management program for COPD.13

In lung cancer, exercise capacity measured according to
6MWT was statistically increased after completion of PR
in patients who underwent curative lung resection.9

Recently, Olivier et al. reported the feasibility and safety of
home-based PR for patients with advanced lung cancer
who were undergoing cytotoxic chemotherapy.11 The
results of a randomized controlled trial are anticipated,14,15

and evidence supporting the use of PR in lung cancer is
accumulating.
Lung cancer patients are usually older and have a history

of smoking, with various co-morbidities including COPD
and/or ischemic heart disease, that affect treatment. PR
may have an influence on physical and psychological
aspects. Possible benefits of PR for lung cancer patients
undergoing cytotoxic chemotherapy include incremental
improvement of exercise capacity and health-related qual-
ity of life,16 and a decrease in cancer-related fatigue.17

Maintaining a good general condition enables patients to
withstand the rigors of additional chemotherapy.
An outpatient-based PR program is a comprehensive

and multidisciplinary treatment, and consumes significant
hospital resources; however, accessibility is important to
maintain a PR program. Accordingly, the aim of the pre-
sent pilot study was to evaluate the feasibility of an eight-
week outpatient-based RP program for lung cancer patients
undergoing cytotoxic chemotherapy. We achieved a com-
pletion rate of 75% (9/12), which we believe supports the
feasibility of such a program. However, there were some
limitations to our study. First, the study population was
small, given that during the two-year study period only
14 patients were screened. The most common reasons for
refusal were accessibility and unwillingness. It was difficult
for patients to participate unless they resided near the hos-
pital. Furthermore, there was considerable resistance to
exercise during chemotherapy, which was not expected. To
improve accessibility, a well-structured home-based PR
program may be a viable alternative.18 Second, we could
not evaluate treatment efficacy in our study population.
The completion rate of an eight-week outpatient-based

PR program for advanced lung cancer patients undergoing
cytotoxic chemotherapy was 75%, which supports its
feasibility.
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