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Abstract

Lung cancer is the leading cause of cancer-related death worldwide. Patients living with lung cancer often
experience severe physical and psychological symptoms including dyspnea, fatigue, anxiety, decreased exercise
tolerance, muscle weakness and compromised health-related quality of life as a direct consequence of the disease
or as an indirect consequence of the cancer therapy itself. As both screening and treatment modalities improve, the
number of people living with a diagnosis of lung cancer is increasing. Consequently, management of cancer-related
symptoms as well as improvement of overall quality of life and functional status become critical issues in lung cancer
patients. Thus, during the last decade, a wide range of exercise prescriptions and training modalities has been
proposed and an emerging literature has addressed the effects of exercise-based rehabilitation programs along the
continuum of the disease. The aim of this review is to address the latest literature regarding the feasibility and
effectiveness of exercise-based rehabilitation for patients with lung cancer receiving treatments (perioperative,
during chemotherapy/radiation therapy or following them) or for patients with advanced diseases. We also address
how the use of new technologies or training modalities such as home-based telerehabilitation or neuromuscular
electrical stimulation appears to be a promising approach to improve accessibility and participation in exercise-
based rehabilitation programs. Evidence from our review suggests that pre and post-operative exercise-based
rehabilitation appear to be safe and effective approaches to use with patients with lung cancer and for those with
advanced disease receiving chemotherapy/radiation therapy. Larger randomized controlled trials are needed to
confirm the efficacy of exercise interventions in this population.
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Lung cancer is staged using the “TNM” classification system which
is based on the anatomical extent of the disease. The three letters
symbolize the status of the cancerous disease in regard to i) the size of
the primary tumor (T), ii) the lymph node involvement (N) and iii)
the presence of any distance metastases (M) [2]. Based on this
classification, NSCLC can be subdivided in four different stages
according to the extent of disease. Stage I: The cancer is confined to

Introduction

With 1.6 million new cases diagnosed each year and 1.3 million
deaths, lung cancer is the leading cause of cancer-related death
worldwide and constitutes a pressing health issue which generates
significant personal and social costs [1]. By the year 2020, it is
estimated that 2.2 million people will be diagnosed with lung cancer

[1]. In addition, with a 5-year mortality rate of 85-90%, lung cancer is
responsible for more than one quarter of all cancer deaths.

Classification

Two main types of lung cancer can be identified on the basis of
histological criteria: non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC). This classification is clinically relevant for the
prognosis and treatment plan, as these two types of cancers have
different natural histories and therefore need to be treated differently.
NSCLC is the most common type of lung cancer, accounting for about
80% of cases. NSCLC progresses and metastasizes less rapidly and is
associated with a better prognosis [2,3]. In contrast, SCLC is less
common (15-20% of lung cancer cases), but it progresses and
metastasizes more rapidly than NSCLC [3]. At the time of diagnosis,
the risk that SCLC has already spread to involve other organs is quite
high, as about 50% of patients present distant metastasis at the initial
staging assessment [4].

the lungs and has not spread to any lymph nodes. Stage II: The cancer
has spread to nearby lymph nodesStage III: The cancer has spread
considerably in the chest, and generally reached mediastinal lymph
nodes. Stage IV: The cancer has spread to both lungs, to pleural space,
or outside the chest cavity. As SCLC grows and spreads quickly, its
evolution only have two stages: limited, where the cancer cells in
patients with tumor are present on one hemithorax, involving just one
part of the lung and nearby lymph nodes; and extensive; where the
cancer has spread to other regions of the chest or other parts of the
body.

Treatment

Lung cancer can be treated by surgical resection, chemotherapy and
radiation therapy, either alone or in combination. The choice of
treatment is influenced by the therapeutic objectives: to treat the
cancer, to prolong life expectancy or to improve the patient’s quality of
life. Treatment also varies according to the type of lung cancer, the
stage of the disease and the patient’s physiological and psychological
status.
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Surgical resection remains the primary and preferred approach to
the treatment of stage I and II NSCLC [5]. However, only 20-25% of
patients are candidates for lung resection, as surgery is usually only
indicated for small cancers confined to one lung and not extending
beyond stage IITA [2].

Chemotherapy is a systemic treatment designed to destroy
malignant cells derived from the primary tumor. Chemotherapy can
be administered alone or in combination with radiation therapy before
surgery (neoadjuvant chemotherapy) or after surgery (adjuvant
chemotherapy). The type of chemotherapy varies according to several
factors related to the cancer (histological type, tumor size and tumor
site, etc.) or to the patient (functional status, comorbid conditions,
etc.). SCLC usually shows a good response to chemotherapy and is
therefore primarily treated by this modality, either alone or in
combination with radiation therapy [6]. For patients with advanced
lung cancer, it has been demonstrated that chemotherapy was also
beneficial in palliative care [7]. However, these patients are likely to
experience more symptoms and side effects such as nausea, vomiting,
infections, loss of appetite and fatigue, associated with decreased
exercise capacity and muscle strength, as well as impaired quality of
life [8-10].

Radiation therapy is administrated to preventing proliferation of
cancer cells. Radiation therapy is often used concomitantly with
chemotherapy for curative intent in patients with NSCLC who are
ineligible for surgery [11]. Radiation therapy plays an important role
in the curative and palliative care of elderly patients with lung cancer
because these patients often present several comorbidities or a poor
functional status, which exclude surgery and chemotherapy from the
available treatment options [11]. The most common systemic adverse
effects occurring with radiotherapy include loss of appetite, body hair
loss, skin changes in the treated zone and altered sleep patterns. Other
effects such as pain on swallowing (radiation esophagitis) and cough
are more specifically related to chest radiation therapy.

Clinical Manifestations

Patients with lung cancer often experience severe physical and
psychological symptoms such as decreased exercise tolerance, muscle
weakness and compromised health-related quality of life (HRQoL) as a
direct consequence of the disease or as an indirect consequence of
cancer therapy or multiple comorbidities associated with lung cancer
(e.g., COPD) [12-15].

Impaired exercise capacity is well documented in patients with lung
cancer [14]. Recently, Jones et al. [14] reported in a group of patients
with suspected stage I-IIIA NSCLC a mean of peak oxygen uptake and
6 minutes walking distance equivalent to 70% and 68% of predicted,
respectively. Reasons for this impairment are complex and
multifactorial. Firstly, dyspnea, fatigue, pain, anxiety and depression,
which are the most common symptoms for people with lung cancer,
play a key role in the reduction of activities of daily living and
consequently the reduced physical performance and exercise capacity
observed in patients with lung cancer, even at an early stage of the
disease [13,16-22]. Also, supporting the role of cancer therapy on
exercise intolerance, Spruit et al. [17] reported a 63.6% of predicted 6-
min walking distance and a 58.5% of predicted peak cycling load in a
group of patients following intensive treatment for lung cancer. Peak
oxygen uptake has also been observed to be decreased by 13% and 28%
compared to preoperative values 6 months after lobectomy and
pneumonectomy, respectively [23]. Adjuvant therapy such as

chemotherapy was also found to reduce the capacity to deliver or
utilize oxygen and substrates during exercise, thereby contributing to
exercise intolerance [15]. Preserved exercise capacity is important in
people with lung cancer because in addition being the best predictor of
postoperative cardiopulmonary complications exercise capacity is an
important element in the decision-making process regarding the
feasibility of lung resection surgery, especially in patients with low
aerobic capacity. Peak oxygen uptake (VO2peak) has been shown to be
decreased by 13% and 28% compared to preoperative values 6 months
after lobectomy and pneumonectomy, respectively [23]. Adjuvant
therapy such as chemotherapy reduces the capacity to deliver or utilize
oxygen and substrates during exercise, thereby contributing to exercise
intolerance [15]. Finally, cachexia (severe loss of muscle mass) is
another symptom commonly observed in lung cancer patients [24]
that significantly contributes to the increased surgical risk and
decreased tolerance of anticancer therapy and is associated with poor
functional status and exercise capacity [24-27]. Skeletal muscle loss
and weakness appears to be the most significant clinical event in
cancer cachexia [28] and is associated with decreased overall HRQoL,
physical function and fatigue [29].

At the time of diagnosis, patients with lung cancer present impaired
HRQoL and considerable psychological distress, such as feelings of
anxiety and depression [30]. Patients treated by lung resection
demonstrate short-term (4 months) and long-term (4 vyears)
impairment of HRQoL measured by the Quality of Life-Cancer
Survivors tool (QOL-CS) and the Medical Outcomes Study 36-item
short form (SF-36) [31]. Chemotherapy itself frequently induces
further symptoms, including nausea, emesis, polyneuropathy, anemia,
and immune deficiency, leading to impairment of quality of life,
functional status, mobility, and social functioning [32]. Most of these
debilitating symptoms increase as the disease progresses and often
persist for many years after treatment [33-35]. In addition, patients
with lung cancer have a higher prevalence of psychological distress
(present in about 5 to 62% of cases) [36-38] and are reported to have a
lower quality of life than patients with other types of cancer [31,35].

Evidence for the Impact of Exercise Rehabilitation

Several studies have demonstrated the impact of exercise
rehabilitation at various times during the course of lung cancer. For
the purpose of this review we divided the studies according to the stage
of the disease and thus we are going to discuss the evidence for the
impact of exercise rehabilitation for people with early stage lung
cancer (preoperative exercise training and exercise training following
lung resection) and in patients with advanced lung cancer.

People with early stage lung cancer

Preoperative exercise rehabilitation: Some studies have explored the
impact of exercise-based rehabilitation on exercise tolerance in
patients with lung cancer during the pre-operative period and clinical
and statistical significant improvements of maximal oxygen uptake
(VO2max), exercise tolerance, walking distance and muscle strength
have been reported in this setting [12,39-41]. Bobbio et al. [39]
reported an average increase in VO2 max of 2.8 ml/kg/min (13.5 £ 1.3
Vs 16.3 = 1.9 ml/kg/min, p < 0.005) following a 4-week preoperative
exercise rehabilitation program in 12 patients with lung cancer
awaiting pulmonary resection surgery [39]. In a recent investigation,
Coats et al. 41 reported an improvement of 157 + 195 seconds (p <
0.005) in the duration of the cycle endurance test and of 28 + 29 m (p
< 0.005) in the 6MWT distance after a 4-week preoperative home-
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based exercise training program administrated in 13 patients with
NSCLC awaiting for lung resection surgery. Moreover, the strength of
the deltoid, triceps and hamstring muscles was also significantly
improved following the intervention [41]. Cesario et al. [12] also
reported a clinical and statistical significant increase in exercise
tolerance, as reflected by a 79.0 £ 30.4 m (p < 0.005) improvement in
walking distance during the 6-minute walking test following a
preoperative rehabilitation program in 12 patients undergoing lung
resection surgery. The magnitude of improvement in aerobic capacity
after a 4-6 week training program also appeared to be similar to that
observed after a longer rehabilitation program (8-12 weeks) [40],
suggesting that the benefits of rehabilitation can be generated by the
first month of the program.

Exercise rehabilitation following lung resection: Some studies have
investigated the role of exercise-based rehabilitation in patients with
lung cancer following surgery [16]. The first non-randomized
controlled clinical trial to assess the efficacy of a postoperative
inpatient training rehabilitation program was conducted by Cesario et
al. [42]. This program consisted of a 3-hour supervised session five
times a week. While the 6 minute walking distance decreased in the
control group, a clinical and statistical significant improvement of 95
m (from 298 + 71 m to 393 + 111 m; p<0.01) was observed in the
rehabilitation group [42]. Similarly, in a nonrandomized clinical pilot
study (10 patients), Spruit et al. [17] reported a significant 145-meter
(IQR: 65-245; p < 0.05) improvement in the 6-min walking distance
and a 26-Watt (IQR: 16-39; p < 0.05) improvement of peak cycling
power output after participation in an 8-week multidisciplinary
inpatient rehabilitation program. In a study by Jones et al. [15]
including 20 patients of whom a large proportion (42%) were treated
with chemotherapy, significant improvements were observed in
exercise performance, quality of life, and fatigue after a 14 week
supervised exercise-based pulmonary rehabilitation program.
However, patients not receiving chemotherapy appeared to derive a
greater benefit from the program. A good training session adherence
(rate of 85%) was also observed [15].

Patients with advanced lung cancer

Temel et al. [43] were the first to investigate the feasibility and
effectiveness of exercise intervention specifically in patients with newly
diagnosed advanced stage NSCLC. Twenty-five patients receiving
anticancer therapy were recruited and participated in a 12-week
structured outpatient exercise-training program. Only eleven patients
(44%) of this sample completed all of the prescribed sessions.
However, those patients who were able to complete the program
experienced significant improvement in their lung cancer symptoms
(cough, shortness of breath and chest discomfort) and no deterioration
in the 6-min walk test was observed, which can be considered to be a
positive finding in this group of patients in whom deterioration of
exercise tolerance would have been observed without intervention
[16,43]. On the other hand, in view of the low completion rates, the
authors suggested that a less intensive and more accessible program
might be more feasible [43].

Similarly, Quist et al. [44] recently conducted a 6-week hospital-
based, supervised muscle and cardiovascular training program
combined with individual home training in 29 patients with advanced
stage lung cancer. They investigated the impact of this program on
aerobic capacity, muscle strength and quality of life in patients
undergoing chemotherapy. Twenty-five patients with NSCLC (stage
III-1V) and four patients with extensive SCLC were recruited. Clinical

and statistical significant improvements in VO2peak (A 0.09 L/min
(95% CI 0.02 to 0.16)) and six-minute walking distance (A 39 m (95%
CI 13 to 66)) were observed together with increased muscle strength
(A 17% (95% CI 13 to 21)). A significant improvement in “emotional
well-being” (measured by the FACT-L questionnaire) was also
observed, but with no other significant changes in quality of life.
Adherence to the supervised group training was 73.0% and adherence
to the home training program was 8.7% [44]. The authors therefore
concluded that exercise training was safe and feasible in patients with
advanced lung cancer undergoing chemotherapy and that it generated
significant clinical improvements in physical capacity, functional
capacity and emotional well-being [44].

There is also growing interest in exercise-based rehabilitation in the
palliative care setting. The available literature supports the positive
impact of exercise-based rehabilitation on physical function,
symptoms and quality of life [45,46]. Based on a pilot survey of fifty
patients with advanced cancer, 92% of patients would be interested in
and able to participate in a physical activity program 46. Furthermore,
84% of participants would prefer a home-based individual physical
activity program [46]. Jensen et al. [45] are currently conducting a
study designed to investigate various physical training programs
adapted to patients with advanced lung cancer undergoing palliative
chemotherapy or radiation therapy and to evaluate their effects on
physical performance, quality of life, symptom burden, and efficacy of
cancer therapy [45].

Intervention modalities

A wide range of exercise prescriptions and training modalities have
been proposed. The most common types of aerobic exercise used are
bike [12,15,17,39,40,42,43,47-52] and treadmill [12,17,42,43,49-51]
and only a few studies have also prescribed over-ground walking
(40,47,48,53] or stepping [50,51,53].

In addition to the prescribed aerobic exercise, most studies also
included resistance training [17,39,42-44,48-51,53] stretching exercises
[17,39,43,44,50], relaxation [44,54] or education sessions [12,42,51].
Resistance exercises comprised the use of free weights
[12,39,42,43,48,53] or machines [17,44,50,54] with an intensity of
about 60-80% of one maximal repetition.

The prescription of aerobic exercise training can be based on
maximal heart rate, maximal work load or using the Borg perceived
exertion scale. Moderate to high training intensity (between 60 and
80% of maximal work load or 4-6/10 on Borg scale) is the most
commonly targeted intensity [17,39,40,42,47-49,51]. Continuous
training sessions are generally used [12,17,39,42,43,48,50,53,55].
However, interval training (alone or in combination with continuous
training) can also be used in symptomatic individuals to achieve the
target intensity [15,40,51,52]. Higher work intensity can also be
achieved by interval training with prescribed intensities of up to 100%
of baseline VO2peak [40]. The frequency of exercise sessions typically
prescribed is at least two or three sessions per week
[12,15,17,39,40,42,43,47-53,55], each lasting about [10-45] min with a
30-minute exercise time as the standard for most studies
[39,40,42,43,47,49,52,55].

Safety and feasibility

The recent literature shows that patients with lung cancer are able
to safely participate in a training rehabilitation program before or
during cancer treatment [16]. No adverse events were reported in any
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of the studies that tested physical training [12,15,17,39,40,42-44].
Patients also appear to be able to complete the prescribed exercise
program, as the overall adherence rate was between 72% and 85%
[15,40], comparable to the rates reported in COPD [56]. However,
patients with advanced cancer appear to experience greater difficulties
maintaining a high level of adherence to physical rehabilitation
programs provided in the hospital setting [43]. In the study by Temel
et al. [43] conducted on a population of patients with advanced lung
cancer, only 44% of patients completed all sixteen proposed exercises
sessions 43. Nevertheless, a recent study by Quist et al. [44] reported a
completion rate of 79.3%, confirming the feasibility of exercise
training for patients with advanced lung cancer. These findings are
particularly relevant, as some authors have reported correlations
between adhesion and certain cancer-related symptoms such as
dyspnea and fatigue [57].

Future Perspective

Studies addressing the question of the feasibility and efficacy of
exercise-based rehabilitation in patients with lung cancer mainly
concerned in-hospital supervised exercise programs [16,40,43].
However, this modality of rehabilitation could be considered to be
constraining for some patients and was associated with poor
compliance to the program. Accessibility to this type of program may
also be relatively limited in routine clinical settings [58]. There is
therefore an emerging need to develop new modalities of exercise
rehabilitation for patients with lung cancer. Home-based programs or
the use of new technologies to provide rehabilitation at the home may
therefore constitute interesting approaches for the future.

Home-based rehabilitation

After noting the low completion rates in patients with advanced
stages of the disease, home-based rehabilitation has been proposed as
an interesting alternative for patients with lung cancer [43].

Coats et al. [41] recently assessed the feasibility and potential
benefit of a short (4 weeks) home-based exercise training program in
13 patients under investigation for NSCLC and awaiting lung resection
surgery. The main finding of this study was that a short, moderate
intensity, home-based exercise training program was feasible, safe and
well tolerated in this context. Participation in the program generated
physiological effects, including improved cycling endurance, walking
distance and muscle strength. In addition, all patients engaged in the
home-based program completed 75% of the prescribed exercise
sessions. However, the small sample size and the absence of control
group in this study are potential limitations concerning interpretation
of the results.

These results were confirmed in a larger trial of a home-based
exercise intervention in a mixed cancer population (colon and lung
cancer) recently conducted by Cheville et al. [59]. Sixty-six patients
were randomized to usual care or incremental walking and home-
based strength training. Following this 8-week program, the
intervention group reported improved mobility, fatigue and sleep
quality compared with the usual care group [59]. A good adherence
rate was also observed among the intervention group participants with
76.9% of patients meeting the requirements for participation. In
contrast, with a low adherence rate of only 8.7%, Quist et al. [44]
concluded that a home-based exercise intervention used as a
supplement to supervised training for patients with inoperable lung
cancer undergoing chemotherapy was not a realistic option. In

addition, Lowe et al. [44] recently published a case series
demonstrating the challenges of implementing a home-based
functional walking program for advanced cancer patients receiving
palliative care [60]. Further feasibility studies on home-based
rehabilitation are therefore required, particularly in patients with
advanced cancer.

New rehabilitation technologies

The use of new technologies or training modalities such as home-
based telerehabilitation or neuromuscular electrical stimulation
appears to be a promising approach in order to improve accessibility
and participation in rehabilitation programs.

Neuromuscular electrical stimulation (NMES)

Although conventional training interventions are most commonly
used for exercise-based rehabilitation, there is a growing interest in
alternatives such as neuromuscular electrical stimulation (NMES) as a
new exercise training strategy for patients with advanced disease,
including patients with severe COPD and lung cancer [61-63]. NMES
is a technology that induces skeletal muscle contractions by applying
electrical stimulation to the motor neuron or muscle. It can be self-
administered and can induce muscle contraction equivalent to 20-40%
of the patient’s maximum voluntary contraction [64]. Because NMES
is a passive treatment modality, it potentially requires less motivation
and changes in lifestyle than traditional resistance exercises [65,66].
However, despite its potential benefits, only a few studies have
investigated NMES in patients with lung cancer. NMES has been
shown to induce encouraging improvement of quality of life, walking
distance and quadriceps strength in a case study [67] and a pilot study
[66]. However, in a recent randomized study, Maddock et al. [68]
failed to demonstrate any improvement of quadriceps muscle strength,
thigh lean mass, and physical activity level after NMES in patients with
NSCLC receiving palliative chemotherapy [68]. Adherence was also
low, as only 50% patients achieved the minimum level of adherence
(performing NMES 3 times weekly) [68]. Feasibility and efficacy of
NMES in patients with lung cancer therefore still need to be
determined.

Telerehabilitation

Telerehabilitation, which consists of using communication and
information technologies to provide clinical rehabilitation services
from a distance [69], is a method that allows interactive follow-up
between the physiotherapist and the patient and represents an
interesting way to provide efficient pulmonary rehabilitation services
in both urban and rural areas [70]. Real-time interaction allows the
healthcare professional to modify and adjust the intervention from a
distance and to interact with the patient to provide adequate and
personalized supervision [71,72]. The feasibility of a home-based
exercise telerehabilitation program has been demonstrated in many
adult and elderly population [73-77]. The clinical efficacy and
participant’s  adherence to telerehabilitation were recently
demonstrated in a large-scale clinical trial [78,79]. Telehealth
interventions in respiratory medicine are mainly used for monitoring
[80] or teaching [70] to improve self-management of health conditions
[70,80-83]. In lung cancer, telerehabilitation could therefore represent
a response to the difficulties of accessibility and adherence to
rehabilitation interventions for these patients, who experience
declining daily functional capacity and quality of life.
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Game consoles

An emerging literature proposes an approach based on the use of a
Nintendo Wii console as a therapeutic tool. The use of Nintendo Wii
for therapeutic purposes is emerging approach to rehabilitation (Wii-
rehabilitation) due to its low cost, its ease of use and its ability to
increase patient motivation and the time devoted to therapeutic
activities [84,85]. Its potential to improve adherence to the
rehabilitation program has also been recently highlighted [86]. This
technique has now been used in various populations and has been
shown to effectively improve mobility and muscle function of the
upper limb in stroke survivors; balance and functional mobility in
individuals with Parkinson's disease [87] and endurance time in
patients with chronic obstructive pulmonary disease [88]. More
specifically in the cancer setting, in addition to increasing relaxation,
distraction created by the use of computer games has been shown to be
effective to reduce chemotherapy-related side effects [89]. It has also
been recently observed that, in addition to the positive impact on
functional performance, a home-based rehabilitation program using a
Wii console was a feasible, safe and well tolerated modality in patients
with lung cancer treated by lung resection surgery [90]. Although it
has not been extensively studied to date, use of Wii for rehabilitation
appears to be a promising approach in the lung cancer setting.

Conclusion

As both screening and treatment modalities improve, the number
of people living with a diagnosis of lung cancer is increasing.
Management of cancer-related symptoms and improvement of overall
quality of life and functional status have therefore become critical
issues in lung cancer patients. Consequently, there is an emerging
literature about pulmonary rehabilitation for people with lung cancer.
Based on the findings of our review, pre and post-operative exercise-
based rehabilitation appear to be a safe and effective approach to
patients with lung cancer and in patients with advanced disease
receiving chemotherapy/radiation therapy. However, because of the
poor accessibility to rehabilitation programs in lung cancer patients,
new strategies adapted to this challenging population need to be
developed. Larger randomized controlled trials are needed to confirm
the efficacy of exercise interventions in this population.
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