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Abstract

Background: Patients with advanced lung cancer (LC) or malignant pleural mesothelioma (MPM) exhibit limitation
of exercise capacities and alteration of quality of life (QoL) induced by cancer and its treatment. Few studies
assessed pulmonary rehabilitation (PR) in these chemotherapy-treated patients, and none evaluated a home-based
PR program.

Methods: In this prospective uncontrolled observational pilot study, patients treated by chemotherapy for LC or
MPM were screened for a home-based PR program combining exercise training with global cares including
therapeutic education and psychosocial management. Feasibility and safety were evaluated by attendance and
adherence to PR program. Various exercise tolerance tests, including 6-min walk test (6MWT) and 6-min stepper test
(6MST), were performed before and after PR associated with, QoL and psychological assessment (VSRQ and HAD,
respectively).

Results: 243 patients were considered eligible but only 71 (60.6 ± 8.8 years) started a PR and 47 completed the
program. Refusals to participate were mostly related to lack of motivation whereas withdrawals to PR were related
to cancer-related medical issues. No adverse event related to PR was observed. Baseline 6MWT distance was
associated with performance status (r = − 0.45, p = 0.001) and mMRC dyspnea scale (r = − 0.49, p < 0.001) but not
with lung cancer stage. Post-PR reassessment showed 6MWT stability and 6MST improvement in patients who
completed the program. Daily physical activity (p = 0.007) and anxiety (p = 0.02) scores were significantly improved.

Conclusions: Home-based PR was feasible and safe in patients with advanced LC or MPM. Exercise capacities
stability in patients who completed the PR program suggests that PR might be beneficial. Further studies are
warranted to confirm and to improve the potential value of PR in these patients.
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Background
Lung cancer (LC) is the leading cause of death by cancer
in the world since fewer than 20% of these patients
could benefit from treatments with curative intent. In
fact, at the time of diagnosis, most patients have ad-
vanced or metastatic stage (IIIB-IV) disease. Thus me-
dian overall survival (mOS) is still poor, closed to
12 months for stage IIIB-IV non-small cell lung cancer
patients without activating mutations. The prognosis of
malignant pleural mesothelioma (MPM) patients is also
bleak with mOS of 13 months with standard first line
treatment by cisplatin-pemetrexed chemotherapy,
slightly improved up to 18.8 months in our recently
published phase III trial [1, 2]. These patients with ad-
vanced thoracic cancers, often combined with several
pulmonary and/or cardio-vascular comorbidities, as
chronic obstructive pulmonary disease (COPD), fre-
quently exhibit physical symptoms responsible for al-
tered quality of life (QoL), reduced physical activity and
a decline of their exercise capacities during chemother-
apy [3–5]. Therefore, supportive care is essential in their
treatment to counteract all these adverse effects.
Pulmonary rehabilitation (PR) is a core component of

the management of individuals with chronic respiratory
disease associated with improvement of symptoms, phys-
ical activity and QoL [6]. In COPD, we have previously
shown that home-based PR is as safe and effective as PR
performed in an outpatient rehabilitation center [7, 8]. In
thoracic cancers, multiple small trials have been per-
formed to evaluate benefits of physical activity demon-
strating improvement in symptoms, exercise tolerance
and QoL [9]. However, few of these studies were per-
formed in advanced stages cancers, and none was a full
home-based PR that was not only focused on exercise
training.
Therefore, the aim of our study was to evaluate the

feasibility of home-based PR in the real-life management
of patients with unresectable LC or MPM having
chemotherapy. Secondary objectives were to evaluate the
safety and obtain a preliminary estimate of the effective-
ness of home-based PR in these patients.

Methods
Study design
This prospective, observational study was conducted
from March 2012 to December 2013 in the Pulmonary
and Thoracic Oncology Department of the Lille Univer-
sity Hospital (CHU), in collaboration with the FormAc-
tion Santé, a highly trained team in PR, and supplied by
Santelys, a home health care service provider. This pro-
ject was approved by the observational research protocol
evaluation committee of the French Language Society of
Pulmonology (Comité d’Evaluation des Protocoles de
Recherche Observationnels - CEPRO 2011–036).

Patients
All consecutive patients, 18 years old or over, with con-
firmed histological diagnosis of LC or MPM, and treated
by chemotherapy ± radiotherapy starting at the time of
inclusion were screened by chest physicians and in-
cluded after providing informed written consent. Exclu-
sion criteria were usual contraindications for functional
exercise testing and PR, i.e. symptomatic heart disease
including unstable angina, acute pulmonary edema,
acute myocarditis or pericarditis, severe cardiac rhythm
disorders, musculoskeletal contraindications or other se-
vere conditions according to the clinician advice, onco-
logic contraindications for PR including symptomatic
bone metastasis and/or with a high risk of fracture,
symptomatic brain metastasis, hemoglobin < 8 g/dL or
thrombopenia < 100,000/mm3 and severe cognitive im-
pairment. Patients were free to participate to the study
and may refuse or stop their participations to the PR
program for different reasons, which were collected, as
psychological reasons (lack of motivations, more time to
think needed), medical reasons (general conditions ag-
gravation, tiredness, cancer-related issues, infection, hos-
pital admission) or excess of constraint (patients
difficulties to organize their time between cancer-related
care like chemotherapy and/or radiotherapy, and PR
program).

Data collection
Patients’ assessments were performed at baseline and after
8 weeks of home-based PR. Exercise capacity was evaluated
by the distance in a six-minute walk test (6MWT) and the
number of steps in a six-minute stepper test (6MST)
[10, 11]. The lower limb muscle strength was evalu-
ated by the time to perform a timed Up and Go test
(TUG) and a test of 10 chair stands (10CS) [12, 13].
Immediate dyspnea and lower limb muscle tiredness
was quantify at the beginning and at the end of
6MWT and 6MST by a Borg scale [14]. Chronic dys-
pnea on exertion was quantified by the modified
Medical Research Council (mMRC) scale ranging
from 0 (out of breath with intensive effort) to 4 (too
breathless to leave the house). QoL and psychological
state of each patient were assessed using the Visual
Simplified Respiratory Questionnaire (VSRQ) and the
Hospital Anxiety and Depression scale (HAD) [15–17].

Pulmonary rehabilitation (PR) program
Home-based PR was carried out for 8 consecutive weeks
[8]. After performing a training diagnosis assessment, a
member of the rehabilitation team (nurse, physiotherap-
ist) provided personalized follow-up of the patient once
a week at his/her home for 90 min including exercise train-
ing, resumption of daily living physical activities, thera-
peutic education, psychological counseling, motivational

Olivier et al. BMC Cancer  (2018) 18:178 Page 2 of 8



communication and nutritional advice to facilitate health
behavioral changes and self-management [6]. According to
this first assessment, a patient-tailored re-training program
was built. Patients were educated to recognize the dyspnea
threshold and were encouraged to carry out this daily exer-
cise program independently at least 5 days per week fol-
lowing their personalized action plan. The re-training
program lasted 30 or 45 min a day and included endurance
training on cycle ergometer, muscle strengthening exer-
cises using weights and elastic resistance band, and activity
of daily living, walking and learning to climb stairs, inte-
grated in the everyday life.

Statistical analysis
Real-life feasibility of home-based PR was defined by the
percentage of screened patients who completed a
complete 8 weeks PR program. A description of the up-
take rate defined by the percentage of screened patients
who were included and of the retention rate defined by
the percentage of included patients who complete the
PR program was performed. This analysis was completed
by description of reasons of ineligibility for this program,
reasons for not participating in eligible patients and ana-
lysis of medical and individual causes of premature with-
drawal of PR. Description of exercise capacity and QoL
before PR relates to the 71 evaluable, enrolled patients
who performed the baseline assessment (Fig. 1). Adverse
events and evaluation of their link with PR program
were assessed at each medical visit, i.e. once a week at
home by the rehabilitation team and during each
chemotherapy session by the oncology team. Compari-
son of matched pre- and post-PR assessment relates to
the 47 patients, out of 71, who finished the PR program.
This comparison was performed using a Wilcoxon test
for paired data. The results are expressed as mean ±
standard deviation (SD) or median with interquartile
range (IQR) for quantitative variables according to dis-
tribution of data assessed with the Shapiro-Wilk test,
and as numbers (%) for qualitative variables. The associ-
ation between variables was tested by the Spearman
rank-ordered correlation test. Differences were consid-
ered to be statistically significant when p ≤ 0.05.

Results
Attendance and adherence to home-based PR
During the recruitment period, 253 patients were
screened for eligibility (Fig. 1). Only 6 patients had a
medical contraindication to PR and 4 were considered
ineligible for social reasons (homeless or language bar-
rier); 65.8% of eligible patients refused to participate
mostly because personal lack of motivation or time
needed to think (46.9%) and few because tiredness
(11.3%) or excess of constraint (7.5%). Therefore, 83
patients were included given an initial uptake of

32.8% of screened patients. After being enrolled, 11
additional patients chose to stop their participation
for personal reasons and another one was excluded
because of an aggravation of his medical condition.
Therefore, only 71 patients have been evaluated at
baseline and started the home-based PR. Most of
them were men in their sixties, with smoking history
and advanced lung cancer (Table 1). All of them were
treated with platinum-based chemotherapy, which
was their first line treatment for 52 patients out of
71 (73.2%); 6 patients were benefiting from concomi-
tant radiotherapy, and 5 had an analgesic radiother-
apy combined with chemotherapy. Finally, 24
additional patients stopped PR before the end of the
program mostly for medical reasons (aggravation of
their condition, infection, death) given a retention
rate of 56.6% of included patients (Fig. 1). On the
whole, only 18.6% of screened patients and 19.3% of
eligible patients accepted to participate and finished
the home-based PR.

Fig. 1 Study flowchart
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Baseline assessment before home-based PR
At baseline, advanced lung cancer stage, WHO perform-
ance status (PS) and mMRC scores were associated with
lower exercise performances (Table 2). Significant asso-
ciations were also found for PS and mMRC dyspnea
score but not with lung cancer stage with exercise per-
formances (Table 3). BMI < 20 kg/m2 was not signifi-
cantly associated with lower exercise performances
(− 30 m in the 6MWT, NS) in contrast to blood al-
bumin level < 35 g/L (− 92 m, p = 0.04) and prealbu-
min level < 0.21 g/L (− 135 m, p = 0.02). VSRQ and
HAD total scores shown weak or no significant cor-
relations with exercise performances (Table 3).
Therefore, in our study, general condition, symptoms

and albumin levels, but not disease stage, were pre-
dictive of exercise capacities. The 24 patients leaving
the study after baseline evaluation were younger than
the rest of the study population with more frequent
stages IIIB and IV but were not significantly different
in terms of PS, symptoms, exercise capacities or
quality of life (Additional file 1).

Evolution after home-based PR
After rehabilitation, the 6MWT distance was stable (− 5 m
[− 56, 51], NS) with an increase of the 6MST number of
steps (+ 63 steps [− 6, 118], p = 0.02), especially for MPM
patients (+ 106 steps [96, 132], p < 0.01) (Table 4). At the
end of the 6MWT, there were no significant decrease in
their dyspnea score (±0 [− 2, 0], NS) and in their lower
limb muscle tiredness (− 0.5 [− 2, 0], NS). However, there
was a decrease time needed to achieve the 10CS (− 1.5 s
[− 9, 0], p = 0.04) reflecting an improvement for balance
and quadricipital strength but not to achieve the
TUG (− 1 s [− 2, 0], p = 0.054). Indeed, dyspnea score
was steady during follow-up (±0 [0, 0], NS) (data not
shown). Although QoL improvement was not signifi-
cant in all patients who completed PR program
(VSRQ + 4 points [− 5, 11], p = 0.06), there was a
significant increase of global VSRQ in MPM patients
(+ 9 points [6, 14], p = 0.02) and of the question fo-
cusing on daily activities for all patients (p < 0.01)
(Table 4). Finally, there was a significant decrease of
the HAD anxiety score (− 1 points [− 3, 1], p = 0.03)
without decrease of the HAD depression score (− 1
points [− 3, 1], NS) (Table 4). Beneficial effects on
exercise capacities were mostly observed in PS 0–1
patients whereas PS 2 patients exhibited a decreased
6MWT distance and stable 6MST number of steps
after PR (Table 5). However, the evolution of their
QoL and their anxiety and depression scores did not
differ from other patients. No potential adverse
events related to PR activities were reported.

Discussion
To our best knowledge, this is the first study testing the
feasibility of home-based pulmonary rehabilitation spe-
cifically in patients with advanced LC or MPM treated
by chemotherapy. This study is limited by the small
group size and by its uncontrolled and observational de-
sign due to the lack of evidence in chemotherapy and/or
radiotherapy treated thoracic cancers. However, the pro-
spective design of this pilot study seemed to us the best
way to do a first evaluation of feasibility and efficacy of a
home-based PR in this context. Interestingly, most of
these patients were eligible for rehabilitation but a lot of
them refused to participate more often for lack of motiv-
ation or interest than for reported excess of constraint.
Baseline exercise capacities of patients were correlated

Table 1 Baseline demographic and clinical characteristics of
patients evaluated for pulmonary rehabilitation (n = 71)

Variables

Age (mean ± SD, years) 60.6 ± 8.8

Gender (%)

Male 76.1 (n = 54)

Female 23.9 (n = 17)

BMI (mean ± SD, kg/m2) 25.8 ± 8.8

Smokers (%)

Current smokers 14.1 (n = 10)

Former smokers 56.3 (n = 40)

Non smokers 29.6 (n = 21)

Type of thoracic cancer (%)

Adenocarcinoma 42.3 (n = 30)

Squamous cell carcinoma 16.9 (n = 12)

Small cell carcinoma 5.6 (n = 4)

Mesothelioma (MPM) 23.9 (n = 17)

Others 11.3 (n = 8)

Lung cancer TNM stage (%) excluding MPM

stage IB 1.9 (n = 1)

stage IIA 5.6 (n = 3)

stage IIB 3.7 (n = 2)

stage IIIA 16.7 (n = 9)

stage IIIB 11.1 (n = 6)

stage IV 61.1 (n = 33)

VSRQ total score (mean ± SD) 46.3 ± 17

HAD scale

Anxiety score (median + IQR) 7 [5–10]

Depression score (median + IQR) 6 [3–10]

For quantitative data, results are expressed as mean ± standard deviation (SD)
or median with interquartile range (IQR) according to distribution of data. SD
standard deviation, BMI body mass index, MPM malignant pleural
mesothelioma VSRQ visual simplified respiratory questionnaire global score
ranging from 80 (best health status) to 0 (poorest health status) [15], HAD
Hospital Anxiety and Depression scale ranging from 0 (best psychological
status) to 42 (worse psychological status) [17], IQR interquartile range
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with WHO performance status, symptoms and albumin
levels but not with the extension of the disease. 33.8% of
patients who really started rehabilitation program did
not complete the 8-week program mostly for cancer-
related issues but none for potential adverse events re-
lated to PR. Finally, we globally observed a stability of
patients who completed the program with significant
improvement of reported daily activities and anxiety.
Attendance of patients to PR is known to be partial.

For instance, in COPD 8.3% to 49.6% of referred patients
do not attend PR [18, 19]. Indeed, in our study, only
28.1% of screened patients started the PR program des-
pite few ineligible patients. Interestingly, Quist et al. and
Kuehr et al. reported in a similar population of
chemotherapy-treated advanced lung cancers that only
25.9% and 38.3% of eligible patients started an exercise
training program, respectively [20, 21]. Conversely,
Henke et al. and Cheville et al. reported better

attendance of eligible patients in studies limited to exer-
cise training (62.9% and 71%, respectively) but their
methodology were different [22, 23]. In Henke et al.
study, patients started training under the supervision of
a physiotherapist at the time of initiation of chemother-
apy and ended after completing the third cycle of
chemotherapy [22]. Synchronization of training sessions
and chemotherapy cycles may have helped to increase
acceptability by limiting organizational constraints. On
the other hand, in Cheville et al. study, patients with
metastatic lung or colorectal cancer underwent home-
based exercise training after a single physiotherapy visit
followed by bimonthly telephone calls leaving freedom
to patient to follow this program, which may have in-
creased its adherence [23]. Interestingly, organizational
difficulties as transport problems are identified as factors
limiting PR attendance and some of our patients refused
to participate because of constraints notably when they

Table 2 Exercise capacities of the patients according to their baseline characteristics (n = 71)

6MWT distance (m) 6MST steps (nb) TUG time (s) 10CS time (s)

All evaluated patients together 390 [290–450] 466 [297–572] 9 [7–14] 31 [25–47]

Lung cancer stage

stage II 440 [395–493] 496 [412–516] 13 [11–14] 43 [27–59]

stage III 393 [323–433] 482 [372–578] 6 [5–8] 25 [25–25]

stage IV 342 [260–460] 441 [271–552] 10 [8–15] 36 [27–54]

MPM 445 [420–510] 479 [337–582] 8 [7–9] 24 [21–33]

WHO performance status

stage 0 (n = 24) 430 [385–463] 516 [455–596] 6 [6–12] 23 [18–28]

stage 1 (n = 25) 358 [285–440] 468 [292–572] 9 [7–14] 31 [24–50]

stage 2 (n = 21) 290 [240–420] 282 [148–404] 9 [8–15] 36 [27–47]

mMRC dyspnea stage

stage 0 (n = 4) 460 [448–473] 672 [575–676] NA NA

stage 1 (n = 26) 430 [358–470] 496 [408–579] 8 [7–10] 25 [21–29]

stage 2 (n = 17) 368 [250–435] 542 [466–606] 9 [6–11] 30 [19–40]

stage 3 (n = 9) 285 [240–290] 251 [150–276] 10 [9–14] 39 [31–48]

stage 4 (n = 5) 275 [170–380] 132 [71–303] 16 [11–23] 54 [38–59]

Results are given as medians with interquartile ranges. 6MWT 6-min walk test distance, 6MST 6-min stepper test, TUG: timed Up and Go test, 10CS: ten chair stands
[10–13], MPM malignant pleural mesothelioma, WHO World Health Organization, mMRC modified Medical Research Council dyspnea scale, NA not available

Table 3 Correlations between patients exercise capacities and their baseline characteristics (n = 71)

6MWT distance (m) 6MST steps (nb) TUG time (s) 10CS time (s)

Lung cancer stage NS NS NS NS

WHO performance status r = − 0.45, p = 0.001 r = − 0.49, p < 0.001 NS r = 0.45, p = 0.007

mMRC dyspnea stage r = − 0.50, p < 0.001 r = − 0.50, p < 0.001 NS r = 0.51, p = 0.004

VSRQ total score r = 0.36, p = 0.018 r = 0.41, p = 0.002 NS r = − 0.36, p = 0.03

HAD total score NS r = − 0.28, p = 0.04 NS r = 0.35, p = 0.04

Correlations were tested by the spearman rank-ordered correlation test. Differences were considered to be statistically significant when p ≤ 0.05. 6MWT 6-min walk
test distance, 6MST 6-min stepper test, TUG timed Up and Go test, 10CS ten chair stands [10–13]. WHO World Health Organization, mMRC modified Medical
Research Council dyspnea scale, VSRQ visual simplified respiratory questionnaire global score ranging from 80 (best health status) to 0 (poorest health status) [15],
HAD Hospital Anxiety and Depression scale ranging from 0 (best psychological status) to 42 (worse psychological status) [17], NS not significant
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had concomitant radiotherapy [24]. Furthermore, signifi-
cant proportion of patients refused to be enrolled due to
lack of motivation or by considering PR as vain, which
may be related to both patient- and physician-related
factors [18, 24, 25]. Altogether, this suggests that pa-
tients with chemotherapy-treated lung cancer may asso-
ciate specific psychological conditions and constraints,
which may limit their enrolment in PR and lead to spe-
cific organizational and motivational care to improve it.

In contrast, adherence of our patients to PR was good
as more withdrawals were secondary to cancer-related
issues and few to excess of constraint. Therefore, adher-
ence was not different of reported adherence to PR of
COPD patients [18]. Moreover, none of our withdrawals
was related to potential adverse event of PR confirming
that home-based PR for these patients is safe, as re-
ported in other studies [7, 20]. This is an important re-
sult as we also included patients with brain and/or bone
metastasis who are sometimes excluded from other stud-
ies, suggesting that this management may also be pro-
posed to these patients [20]. On the whole, our results
suggest the feasibility and safety of PR in patients with
advanced thoracic cancers including mesothelioma,
which were not recruited in previous studies.
In the present work, LC or MPM patients exhibited at

baseline a quite preserved exercise capacity, as reflected
by 6MWT and 6MST values, compared to our COPD
patients requiring oxygen and/or non-invasive ventila-
tion included in another PR program study [7]. As
COPD is a slowly evolving disease compared to thoracic
cancer, we hypothesized that functional deconditioning
may occur later in the course of chest malignancies after
diagnosis, emphasizing the potential need to propose
earlier PR in these patients and to integrate it in sup-
portive care [26, 27]. In fact, functional capacity in ad-
vanced lung cancer is an independent predictor of
survival with 13% reduced risk of death per 50 m in-
crease in 6MWT [28]. The observation that the better
predictors of poorer exercise capacities in our study are
the performance status, the mMRC dyspnea stage and
the VSRQ global score, emphasizes that functional cap-
acities reflect general condition and capacities to fight
the disease and support specific treatments.
Interpretation of benefits of our home-based PR pro-

gram is limited by the absence of a control group. More-
over, as most withdrawals of patients were related to
cancer-issues, this could have biased our study by selecting
the more stable patients. Therefore, we cannot affirm that
global stability of our patients in term of exercise capaci-
ties, symptoms and quality of life is secondary to PR. How-
ever, it was demonstrated that 36% of LC patients cancer
reduced or stopped walking exercise over the course of
6 months [29]. Moreover, Shallwani et al. have reported a
45 m decreased of 6MWT distance after two cycles of
chemotherapy whereas Temel et al. have obtained stable
walk distance after an exercise training program suggesting
that stability of this parameter in our study may reflect
positive effects of PR [30, 31]. This hypothesis is strength-
ened by the observation that patients with better PS (0–1)
exhibited a better exercise capacity improvement com-
pared to patients with worse general status (PS 2). Interest-
ingly, there were no difference in terms of quality of life
and psychological characteristics evolution suggesting that

Table 4 Exercise capacities, quality of life and psychological
characteristics assessed before and after pulmonary
rehabilitation (n = 47)

Before PR After PR p-value

6MWT distance (m) 435 [356–461] 433 [365–450] NS

6MST steps (nb) 455 [305–574] 493 [339–609] 0.02

TUG time (s) 9 [8–13] 8.5 [7–10] 0.054

10CS time (s) 27 [24–51] 25 [20–33] 0.04

VSRQ total score 46 [37–57] 53 [39–62] 0.06

HAD total score 11 [8–17] 10 [7–17] 0.054

Anxiety score 7 [5–10] 6 [3–8] 0.03

Depression score 4 [3–9] 5 [2–9] NS

Exercise capacities, quality of life and psychological characteristics before and
after pulmonary rehabilitation (PR) from the 47 patients who completed the
pulmonary rehabilitation program were compared. 6MWT: 6-min walk test
distance [10], 6MST steps: number of steps in the 6-min stepper test [11], TUG:
timed Up and Go test [12], 10CS: ten chair stands [13], VSRQ: visual simplified
respiratory questionnaire global score ranging from 80 (best health status) to
0 (poorest health status) [15], HAD: Hospital Anxiety and Depression scale
ranging from 0 (best psychological status) to 42 (worse psychological status)
[17], NS: not significant. Results are given as medians with interquartile ranges.
Comparisons were performed by a Wilcoxon test for paired data. Differences
were considered to be statistically significant when p ≤ 0.05 (p < 0.1
are detailed)

Table 5 Exercise capacities, quality of life and psychological
characteristics evolution according to performance status (PS)
(n = 47)

PS 0 n = 16 PS 1 n = 15 PS 2 n = 15

6MWT distance (m) 0 [−50, 43] + 5 [− 20, 57] − 90 [− 185, − 39]

6MST steps (nb) + 74 [2, 147] + 96 [52, 113] + 8 [− 10, 36]

TUG time (s) 0 [− 1, 1] − 2 [− 2, − 2] − 1 [− 3, 0]

10CS time (s) +3 [− 1, 4] −6 [− 9, 0] −4 [− 10, − 1]

VSRQ total score + 4 [− 10, 9] + 4 [− 5, 13] + 4 [2, 9]

HAD total score 0 [−5, 1] −3 [− 7, 0] 0 [− 3, 3]

Anxiety score −1 [− 3, 0] −1 [− 3, 1] 0 [− 2, 2]

Depression score 0 [−2, 1] −2 [− 3, 1] 0 [− 3, 3]

Median evolution of exercise capacities, quality of life and psychological
characteristics after pulmonary rehabilitation for the 47 patients who
completed the pulmonary rehabilitation program according to baseline WHO
performance status. 6MWT: 6-min walk test distance [10], 6MST steps: number
of steps in the 6-min stepper test [11], TUG: timed Up and Go test [12], 10CS:
ten chair stands [13], VSRQ: visual simplified respiratory questionnaire global
score ranging from 80 (best health status) to 0 (poorest health status) [15],
HAD: Hospital Anxiety and Depression scale ranging from 0 (best psychological
status) to 42 (worse psychological status) [17]. Results are given as medians
with interquartile ranges
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even patients with poorer PS may benefit of PR that in-
cludes therapeutic education and motivational and psycho-
social cares. In contrast, we were surprised to observe that
patients who withdrew of PR were younger with more fre-
quent highest lung cancer TNM stages suggesting that they
may have more aggressive disease. Consequently, further
research is needed to clarify if patients with rapidly evolv-
ing cancer may benefit of PR in connection with drug ther-
apeutics and earlier supportive cares.
Finally, assessments and outcomes in our study were

standard for PR programs allowing for comparison with
PR programs in other medical conditions. However, as
emphasized by international experts, “PR is a compre-
hensive intervention based on a thorough patient assess-
ment followed by patient-tailored therapies” [6]. In
addition to eliminating the constraints of travelling to a
center, we believe that home-based PR also makes it
possible to adapt this care more efficiently to the pa-
tient’s own environment. This might help patients to
project benefits more easily into their everyday lives and
keep them longer. Standard tools do not evaluate these
outcomes. Therefore, it may be appropriate in future
studies to include other outcomes focused on patient
goals. The patient-generated index in which patients for-
mulate their own responses based on their self-defined
goals or expectations may be a relevant tool to achieve
this evaluation [32].

Conclusions
Home-based pulmonary rehabilitation seems feasible and
safe in patients with advanced LC or MPM. Clinical bene-
fits and physical fitness stability were observed in patients
who completed the PR program, even if these results may
have been partly biased by the withdrawal of the most se-
vere patients. Thus, further research is needed to confirm
these promising preliminary results, and to explore the
best strategy to improve attendance to PR and its effi-
ciency, in conjunction with active anti-tumor treatment
and supportive care. Other trials focusing on patients
treated by innovative treatments such as anti-tumor im-
munotherapy or oral targeted therapies are also warranted.
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Additional file 1: Comparison of patients characteristics according to
the completion or not of the pulmonary rehabilitation (PR) program
(Table S1). (DOCX 23 kb)
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