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Introduction

Lung cancer is associated with significant morbidity and
mortality and is a substantial burden to healthcare systems.
Physiotherapists play an important role in the management of
people with lung cancer. Advances in research over the past
decade, particularly supporting the use of exercise training, have
rapidly progressed the role of physiotherapy in lung cancer. This
review summarises the burden associated with lung cancer, the
management of lung cancer with a particular focus on physiother-
apy interventions, and future directions for research and clinical
practice.

What is lung cancer?

Cancer is a generic term for a heterogeneous group of diseases
that occur when abnormal cells are not destroyed by normal
metabolic processes, but instead proliferate and metastasise out of
control.! Lung cancer is the leading type of cancer diagnosed in
males worldwide.? In females, lung cancer is the fourth most
common cancer diagnosed behind breast cancer, colorectal cancer
and cancer of the cervix uteri.? Multiple factors are understood to
play a role in the induction of lung carcinogenesis. Tobacco
smoking is the leading cause.® Other risk factors include exposure
to environmental or occupational carcinogens, pulmonary inflam-
mation, airflow limitation, chronic obstructive pulmonary disease
(COPD) and genetic predisposition.'* Weaker evidence links
physical inactivity and poor nutrition to an increased risk of lung
cancer.” Non-small cell lung cancer (NSCLC) is the most common
type of lung cancer and accounts for 85% of new lung cancer
diagnoses.® Small cell lung cancer accounts for a small proportion
of lung cancer diagnoses and is remarkably different to NSCLC in
terms of aetiology, prognosis and treatment.® This review mainly
focuses on NSCLC, which is where the majority of physiotherapy
research exists.

Lung cancer is a disease predominantly seen in the elderly
population; more than 80% of people diagnosed with lung cancer are
aged 60 years or older.® Due to the high incidence of smoking among

http://dx.doi.org/10.1016/j.jphys.2016.02.010

people with lung cancer, multi-morbidities are common.” The most
common of these is COPD, occurring in 40 to 70% of people with lung
cancer.>* Due to the aetiology of lung cancer, the older age of
patients, and presence of multi-morbidities, people with lung cancer
constitute a complex patient population to manage.

Medical management of lung cancer

The medical treatment of lung cancer has improved over recent
decades; however, lung cancer remains the leading cause of cancer
death worldwide and the overall 5-year survival rate is 14%.2
Medical treatments include surgical resection, chemotherapy,
radiotherapy and targeted agents, each of which is associated with
several side effects (Box 1). The choice of treatment combination
depends on the histological type, tumour location, cancer stage and
the patient’s degree of frailty.®

Surgical resection

Surgical resection of the tumour provides the best potential
chance of cure; however, approximately 70% of people present
with advanced inoperable disease and 25% of people with operable
disease are unfit for surgery.® For those people who are able to
undergo surgery, surgical options include pneumonectomy,
lobectomy or sub-lobar resection.” Lobectomy is the preferred
surgical approach over limited pulmonary resection in early stage
NSCLC as it is associated with lower rates of loco-regional
recurrence and improved survival.’ However, limited pulmonary
resection is advantageous in terms of preserving a greater amount
of lung volume, limiting postoperative physiological impairment
and, consequently, reducing postoperative complications and
hospital length of stay.? Video-assisted thoracoscopic surgery is
the preferred approached over a thoracotomy incision and is
associated with: less pain, better shoulder range of motion and
improved function early after surgery; fewer postoperative
complications; decreased risk of intensive care readmission;
shorter hospital length of stay; and less need for inpatient
rehabilitation.®'%!! Following lung resection, clinically important
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Box 1. Common side effects resulting from lung cancer

treatments.

Surgery Chemotherapy Radiotherapy Molecular
targeted
therapies

e pain o fatigue o fatigue o fatigue

e cough e nausea e cough e nausea

o fatigue e infection e oesophagitis e vomiting

e vomiting e nausea e |loss of
e anaemia e vomiting appetite
e diarrhoea e skin e diarrhoea
e constipation erythema e constipation
e loss of e diarrhoea e skin and hair
appetite e loss of changes
e hair loss appetite
e mouth ulcers e hair loss
e weight gain e rigors
or loss o flu-like
symptoms

immediate postoperative pulmonary complications (PPCs) can
include respiratory failure (prolonged mechanical ventilation,
re-intubation or acute respiratory distress syndrome), pneumonia
and atelectasis requiring bronchoscopy.'? Reported rates of PPCs
vary from 3 to 15%; this is partly due to a lack of consensus on a PPC
definition.'*'* Postoperative pulmonary complications are associ-
ated with increased hospital length of stay, intensive care
readmissions and mortality."*

Chemotherapy

Chemotherapeutic agents inhibit cell division in both cancerous
and non-cancerous cells and therefore result in side effects due to
the damage caused to normal cells.'” These side effects include
bone marrow suppression and resultant immunosuppression,
which are worst 2 weeks following treatment,'® and impaired
respiratory function, particularly diffusing capacity.'”

Radiotherapy

External beam radiotherapy works by producing radiation,
which is targeted at the tumour, and results in apoptosis of the
cancerous cells. Side effects of radiotherapy occur due to the
associated formation of free radicals, widespread inflammatory
response and release of cytokines.!® Respiratory function, particu-
larly diffusing capacity, is impaired following radiotherapy.'®

Molecular-targeted agents

Tumours are driven by genomic mutations and, increasingly,
the different genomes in NSCLC are being recognised and targeted
in the treatment of the disease. Targeted agents differ from
chemotherapy agents because they inhibit ‘pathways outside of
the nucleus that are required for malignant proliferation chemo-
therapy agents to act’, whereas chemotherapy agents act in the
nucleus by inhibiting the division of any rapidly dividing cells."®

In summary, lung cancer is associated with adverse physiologi-
cal impairments that arise from multiple causative factors,
including: the disease, treatment, multi-morbidities and pre-
existing harmful lifestyle behaviours. Consequently, this leads to
significant disease burden.

Burden of lung cancer

Lung cancer is associated with higher disease burden, more
physical hardship and greater symptom distress than other cancer
types.5?%2! Important symptoms include dyspnoea, fatigue,

cough, pain and insomnia. These often occur as symptom clusters
and result in high patient distress and interference with daily
activities.??? Distress due to symptoms at the time of diagnosis is
predictive of mortality.?® Avoidance of symptom triggers (namely
physical activity) promotes a vicious cycle of inactivity and
functional decline; a phenomenon that is becoming well described
in the lung cancer literature and a cycle that is important for
physiotherapists to address.?®

Cancer cachexia is a multi-factorial syndrome defined by an
ongoing loss of skeletal muscle mass that cannot be fully reversed
by conventional nutritional support and leads to progressive
functional impairment.?* Clinically, cancer cachexia presents as a
combination of anorexia, metabolic alterations, loss of fat mass,
loss of skeletal muscle protein, loss of weight, impaired muscle
strength and fatigue.?* Important implications include reduced
ability to tolerate surgery, poor response to chemotherapy or
radiotherapy, impaired resilience to treatment, worse health-
related quality of life and increased mortality.>* At diagnosis,
people with lung cancer have reduced peripheral muscle strength
compared to healthy aged-matched peers.>®> Skeletal muscle
dysfunction is likely to significantly contribute to exercise
intolerance, particularly given that 70% of preoperative peak
exercise tests are stopped due to leg discomfort rather than
dyspnoea, and functional capacity is not related to spirometric
measures of lung function in this population.>>?® Peripheral
muscle strength declines further during and after lung cancer
treatment.?> Given the importance of peripheral muscle strength
to overall physical function, this impairment is an important
feature of lung cancer for physiotherapists to manage.

Following diagnosis, functional decline is common and rapid,
and activity limitations and participation restrictions commonly
ensue.>>?7?% At diagnosis, functional capacity is reduced com-
pared to healthy aged-matched peers.>®> Functional capacity
measured preoperatively is predictive of postoperative outcomes,
including: respiratory failure, hospital length of stay, health-
related quality of life and survival.?® Functional capacity is also
predictive of survival in advanced lung cancer. With every 50 m
improvement in the 6-minute walk test, survival improves by 13%
and people who walk at least 400 m before chemotherapy have
greater survival time.*?3! A number of studies have reported that
functional capacity progressively declines after diagnosis; howev-
er, it is possible that this decline may be limited to the inoperable
population. In the surgical literature, most studies report
functional capacity to temporarily decline after lung resection
and then return to baseline by 3 to 6 months postoperatively.>>>3
Conversely, people undergoing a pneumonectomy experience
sustained reductions in functional capacity postoperatively.>3
Deterioration in functional capacity is also observed during
chemotherapy. An Australian study, including people with
operable and inoperable lung cancer, found an overall large
clinically and statistically significant mean decline of 78 m in the 6-
minute walk test over 6 months from diagnosis, suggesting that in
many people, functional capacity does not recover back to pre-
treatment levels in the short term.?®> Not surprisingly, functional
capacity is the most common endpoint targeted by lung cancer
exercise trials to date.?’

Physical inactivity is common and prevalent in lung cancer.
Studies have demonstrated that before surgery or treatment,
physical activity levels are low and less than those of healthy aged-
matched peers; this is based on self-report and objective
measures.>>3#3> United States and Australian data show that
only 26% and 40% of people with lung cancer meet cancer-specific
recommended physical activity levels, respectively.?>>* Impor-
tantly, before treatment, higher physical activity levels are seen in
people with better functional capacity, muscle strength, physical
function, nutritional status and self-determination to exercise, and
less anxiety, depression, distress, fatigue and symptoms.?>->> There
are many reasons why people with lung cancer may be inactive at
diagnosis: they might have been inactive for a large proportion of
their life (this is a risk factor for developing cancer) or physical
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activity levels may have already declined as the cancer progressed
prior to detection; the latter is more likely in the inoperable (more
advanced cancer) group. The cancer cachexia process starts early
and many of the features can progress significantly before
diagnosis.?* Following surgery and treatment, physical activity
levels decline further. Agostini and colleagues>® found very low
levels of physical activity immediately postoperatively during the
inpatient stay (3% of preoperative steps/day); and Novoa and
colleagues®’ found 25% and 49% reductions in steps per day
compared to preoperative values 30 days after lobectomy and
pneumonectomy, respectively. During cancer treatment, only 26%
of people meet the recommended activity levels?’ and higher
physical activity levels are seen in people with better physical
function and health-related quality of life, and with lower
symptoms and depression.>®> Importantly, it is unknown if this
is a causal relationship. It is possible that people are able to be more
active because they have fewer symptoms and better health-
related quality of life; conversely, being active can reduce
symptoms (or desensitise the person to the symptoms) and
enhance quality of life.>® Six months after diagnosis, physical
activity levels remain reduced, with only 31% of survivors meeting
the recommendations.?® Survivors of lung cancer have long-term
reductions in physical activity and health-related quality of life,
and even experience fatigue 5 years following surgery.>94°

In summary, the physical and psychological implications of
lung cancer are severe, disabling and long-standing. They have
significant ramifications for the patient, the family/carers and the
healthcare system. Physiotherapy management is important to
address these issues in lung cancer.

Physiotherapy management of lung cancer

A summary of the physiotherapy interventions that are used in
the management of lung cancer, along with the level of evidence
that underpins their use, is provided in Figure 1. Physiotherapy
interventions vary depending on the stage in disease trajectory and
timing relative to treatment. Physiotherapy services for lung
cancer have historically been hospital-based and focused on PPCs
after surgery.*' Other physiotherapy interventions, such as
exercise training, are less frequently performed as routine clinical
practice, despite the rapid growth of evidence supporting these
interventions over the last decade.

The cornerstone of physiotherapy management in lung cancer
should be prescription and delivery of exercise intervention.
Physical activity and exercise are vital components targeting three
main aspects of the cancer continuum: prevention, mortality and
morbidity. The American Cancer Society recommends that adults
with cancer engage in at least 150 minutes of moderate-intensity
aerobic exercise and two sessions of resistance exercise per week,
which is the same as the guidelines for the general adult
population.*?>*> These recommendations are supported by strong
evidence derived predominantly from other cancer populations.
Higher physical activity levels are protective against developing

Benefit from the intervention

colon, pancreatic, endometrial and prostate cancer.*’> Excessive
sedentary time, independent of moderate and vigorous physical
activity, is associated with increased risk of developing cancer.**
Higher physical activity levels after cancer diagnosis are associated
with reduced cancer-specific and all-cause mortality in breast,
colon and prostate cancer.*>%® Additionally, there is emerging
evidence linking post-diagnosis sedentary time with reduced
cancer-specific mortality as well.** It is important to note that the
evidence, to date, in the general cancer population is limited by
lack of prospective research designs, longitudinal repeated
measurement of physical activity and control for other important
prognostic factors. The mechanisms between these associations
are not well understood. It is hypothesised that exercise modulates
circulating metabolic and sex-steroid hormone concentrations,
immune surveillance, and reduces systemic inflammation/oxida-
tive damage.*’ In lung cancer specifically, there are only a small
number of studies investigating the link between physical activity
and development of lung cancer, and they report conflicting
results. There is a strong rationale for more research to be
conducted in this area, given the high potential clinical significance
of physiotherapy and exercise to target lung cancer prevention and
survival as outcomes.

There is growing evidence for exercise interventions to reduce
cancer morbidity in lung cancer. The role of exercise in this
situation is to prevent deterioration and to maximise or restore
physical status prior to, during and following treatment. A previous
Cochrane review and three systematic reviews have been
conducted in the area of lung cancer specifically.**~>! The majority
of research, to date, has been performed in the preoperative or
postoperative treatment stage of lung cancer, with a smaller
number of studies investigating the role of exercise during
treatment or in advanced disease. The evidence supporting
exercise at these different time points is summarised in subse-
quent sections.

Prehabilitation

Prehabilitation is exercise delivered prior to surgery or
treatment. There are two clinical rationales for this. Prehabilitation
can be used for: operable patients (assessed to be fit for surgery) to
maximise their physical status prior to the insult of surgery and
reduce postoperative morbidity; or inoperable patients (deemed
unfit for surgery based on cardiovascular impairment) to improve
their physical status enough for them to become operable. The
evidence supporting prehabilitation is still in its infancy. Most of
the research to date has been conducted in patients already
deemed operable and, generally, studies are small and limited by
lack of randomisation and/or control groups. Prehabilitation is not
yet part of routine clinical practice worldwide. Until further
research suggests otherwise, in already operable patients, it is
currently not recommended to delay surgery in order to undertake
prehabilitation, but rather use the time waiting for surgery
opportunistically to deliver prehabilitation as able.

No benefit from the intervention

Severe! hlgh-qua“ty Rer _

Single high-quality RCT Prehabilitation |

Early palliative care

Prophylactic postoperative

or several low-quality
RCTs

Shoulder and thoracic cage ROM exercises

respiratory physiotherapy

Uncontrolled trials or Exercise in advanced disease

Mobility training

expert opinion

Breathlessness management

Figure 1. Interventions for the management of lung cancer with associated levels of evidence.

ROM = range of motion, RCT = randomised, controlled trial.
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The three systematic reviews in this area include a small
number of studies and an even smaller number of randomised,
controlled trials. There are nine studies inclusive of five random-
ised trials delivering exercise preoperatively and two studies
inclusive of one randomised trial delivering exercise both
preoperatively and postoperatively.*8°>! To date, meta-analyses
have not been conducted due to lack of robust trials and
heterogeneity of measures and interventions.*®**°>! One random-
ised trial was stopped early due to poor recruitment (n=9);>2
three other randomised trials reported that prehabilitation was
associated with reduced hospital length of stay,’>>* PPCs,>*>>* and/
or days needing a chest tube postoperatively,>? as well as improved
respiratory function immediately post intervention.>>>* One
randomised trial °2 found conflicting results (no effect for hospital
length of stay or PPCs between groups) and currently the evidence
is not definitive. The systematic reviews, inclusive of the evidence
from non-randomised trials (mostly single-group studies), dem-
onstrate that people who undergo prehabilitation experience
improved functional capacity immediately after interven-
tion.*®4%51 There is limited research regarding the impact of
prehabilitation for inoperable patients and only one article
included in the systematic reviews addressed this: Fang and
colleagues®® included both participants who were deemed
operable and inoperable. Notably, their results demonstrated that
59% (n=10/17) of the inoperable group were re-classified as
operable after exercise training and postoperatively there was no
statistical difference in PPC rate between the (initially) operable
group (34%) and (initially) inoperable group (40%). Since the
systematic reviews, one further randomised trial has been
published,® as well as seven more non-randomised trials (mostly
single-group studies), which confirm the previous findings. The
interventions tested in studies to date were predominantly
individual, supervised, outpatient-based and delivered five times
a week for a median of 4 weeks (range: 1 to 10 weeks). All studies
included aerobic exercise training and over half also included
resistance training. Whilst the evidence suggests that prehabilita-
tion is safe, questions remain regarding the feasibility. Generally,
the time between lung cancer diagnosis and surgery is short (<
1 month). Whilst some studies have shown successful effects of
short-term exercise training, the challenge exists in both clinical
and research settings to recruit, assess and commence exercise as
soon as possible after diagnosis, to maximise the length of time
available for exercise training. This issue may challenge the
translation of evidence supporting prehabilitation into clinical
practice.

In summary: the evidence supporting prehabilitation in lung
cancer is emerging, particularly for people already deemed fit for
surgery. The small number of randomised trials conducted to date
provide preliminary evidence that prehabilitation may be benefi-
cial in improving postoperative outcomes such as reduced hospital
length of stay and PPCs. The evidence in this area is limited by lack
of randomised trials and further work is required before
prehabilitation should be translated into routine clinical practice
for people undergoing surgery for lung cancer.

Perioperative management

Physiotherapy management in the immediate postoperative
period aims to treat PPCs, prevent musculoskeletal sequelae, and
facilitate early and safe discharge home. Hospital length of stay
after lung resection is generally short (5 to 6 days), although length
of stay is longer for patients who develop a PPC.'* Physiotherapy
principles include early mobilisation commenced on the first
postoperative day, sitting out of bed and supported coughing.
Shoulder/thoracic cage exercises are prescribed after removal of
the intercostal catheter and are associated with reduced pain and
improved function in the short term.'*>’

There is a lack of evidence to support to use of prophylactic
targeted respiratory physiotherapy interventions for routine
patients managed on a clinical pathway following lung resection.”’

Physiotherapy management of this cohort has changed over the
last decade due to improvements in pain management and the
increasing use of video-assisted thoracic surgery and clinical
pathways. Thoracic surgery clinical pathways incorporate physio-
therapy principles and early mobilisation in daily nursing care and
are associated with reduced hospital length of stay (Box 2).°® The
landmark randomised trial by Reeve and colleagues'® demon-
strated no difference in PPC rate or hospital length of stay for
participants treated with prophylactic targeted respiratory phys-
iotherapy (deep breathing and coughing, mobilisation, progressive
shoulder/thoracic mobility exercises) plus usual care, compared to
usual care alone (no physiotherapy). Usual care included a clinical
pathway with early mobilisation. The PPC rate was low at 3.9% and
hospital length of stay was short at a median of 6 days.'* Whilst
this study is from a single centre in New Zealand and practice may
differ in other countries, it is the most definitive study conducted
to date and the only randomised trial in this area with a ‘no
physiotherapy’ control group.”' A number of other studies have
demonstrated that there is no added benefit of adjuncts to
physiotherapy (incentive spirometry, intermittent positive pres-
sure breathing, flutter, positive pressure devices, or breathing and
coughing exercises) on PPCs or length of stay.”! Therefore, for
hospitals using clinical pathways, physiotherapy services should
be focused on assessment (with or without mobilisation) of
thoracotomy patients on the first postoperative day and ongoing
respiratory physiotherapy for high-risk patients or those who fall
off the clinical pathway (ie, do not achieve set pathway goals or
develop a PPC) (Box 2). Currently, there is no gold standard risk-
prediction tool with which to identify high-risk patients or those
who will develop a PPC; however, the known independent risk
factors for PPC are being aged > 75 years, having a body mass index
> 30 kg/m?, an Anesthesiologists score > 3, a current smoking
history and COPD.!® Independent factors predictive of lower
postoperative physical activity are being aged > 75 years, having a

Box 2. Example clinical pathway for patients after
thoracotomy.>®

Day 1 postoperative
e Sit out of bed in ward chair
e Ambulate > 20 m on ward
+ portable supplemental oxygen if required to keep SpO, >
95%
+ portable suction if large air leak present
+ assistance from one person if required
+ gait aid if patient is unable to ambulate despite assistance
from one person
e Teach supported cough with towel wrap
e Commence respiratory physiotherapy if indicated (high-risk
patient or presence of PPC)

Day 2 postoperative
e Ambulate > 50 m on ward
+ portable supplemental oxygen if required to keep SpO, >
95%
+ portable suction if large air leak present
+ assistance from one person if required
+ gait aid if patient unable to ambulate despite assistance
from one person
e Encourage supported cough
e Commence or continue respiratory physiotherapy if
indicated (high risk or presence of PPC)

Day 3+ postoperative
e Review by physiotherapist only if patient requires ongoing
mobility assistance or respiratory physiotherapy

Once intercostal catheters are removed

e Teach upper limb and thoracic mobility range of motion
exercises

e Physiotherapy completes a discharge mobility assessment
and provides any discharge planning as required for safety
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predicted forced expiratory volume in one second (FEV;) < 70%
and lower self-reported preoperative physical activity;>® this
suggests that these patients may be the ones to not meet clinical
pathway goals. Physiotherapy interventions used to treat PPCs
related to low lung volumes or sputum production/retention
include additional mobilisation, thoracic expansion exercises,
sustained maximal inspirations, active cycle of breathing techni-
ques and continuous positive airway pressure.

Physiotherapists are involved in the assessment of patients’
safety related to mobility for hospital discharge. Most patients
following lung resection are able to be discharged directly home;
however, a small proportion of patients (2% in an Australian
study)®® do not regain a satisfactory degree of independence
required for their social situation and home environment. These
patients can be transferred to a sub-acute inpatient rehabilitation
facility for a period of intensive physiotherapy/rehabilitation
targeting function and mobility.

Exercise following treatment

Exercise following surgery or treatment aims to restore physical
status (addressing loss of functional capacity and muscle strength,
which may occur during treatment) and to maximise function,
physical activity, psychological status and health-related quality of
life in the long term. The Cochrane review of exercise training after
lung resection included three randomised trials involving 178 par-
ticipants; it found significant improvements in functional capacity
in favour of the intervention group (MD 50 m on the 6-minute walk
test, 95% CI 15 to 85).°° A large number of single-group studies
have confirmed this finding and demonstrated reduced symptoms
immediately after the intervention.*®~>! Since the Cochrane review
there has been another randomised trial published;®° this trial
investigated the benefit of high-intensity aerobic and resistance
training in people 5 to 7 weeks following surgery and similarly
found improvements in functional capacity (peak oxygen uptake)
in favour of the intervention group.®® The Cochrane review of post-
lung resection exercise on the outcomes of health-related quality
of life and FEV; was inconclusive.’®®'%? The addition of the
subsequently published trial®® to the meta-analysis continues to
show no significant between-group difference for health-related
quality of life (SMD 0.34, 95% CI -0.14 to 0.81) (Figure 2; see
Figure 3 on the eAddenda for the detailed forest plot). Exercise
following treatment with curative intent has also been researched
in two randomised trials®>®* and a number of single-group
studies.*®%3 Exercise in this situation is also associated with
improvements in functional capacity but not health-related
quality of life.*® Improvements in muscle strength are observed
in people who undergo resistance training.*® Exercise is also

SMD (95% Cl)

Study Random

Arbane3?2
Brocki62 > —
Edvardsen5°b
Stigts1

Pooled

-2 -1 0 1 2

Favours control Favours exercise

Figure 2. Effect of exercise after lung resection on health-related quality of life.

@ Global function of the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire core 30.

b physical component of the Medical Outcomes Study Short Form 36 General Health
Survey.

¢ Total score of the St George’s Respiratory Questionnaire.

associated with reduced cancer symptoms, anxiety and depres-
sion.*8:63

The interventions examined in studies to date are generally
derived from the COPD and pulmonary rehabilitation literature,
which has been extensively tested and implemented into clinical
practice.®® Hence, the majority of studies include both aerobic
(ground walking, treadmill and/or stationary cycle) and resistance
training components and, currently, this combined training
approach is recommended. The addition of other components
such as breathing exercises, dyspnoea management, balance
exercises and stretches are used occasionally; however, the
independent contribution of these training components to the
resultant outcomes is unknown.*®~>! The randomised trial by Salhi
and colleagues investigated the impact of whole body vibration
training as an alternative to resistance training.°* Results
demonstrated significant improvements in functional capacity
and quadriceps muscle strength in the resistance training group;
however, this was not seen in either the whole body vibration
training group or control group, suggesting that whole body
vibration training is not an alternative to resistance training.®*
Generally, exercise programs are supervised, run for 8 to 12 weeks
(range 4 to 14 weeks) and occur in an outpatient setting, although
inpatient and home-based programs have also been used.**=>' The
exercise program should be individually tailored to the patient and
there are a number of factors to consider when prescribing exercise
for this population (Table 1).°6 Careful pre-exercise screening and

Table 1
General contraindications and precautions to exercise training.
Exercise Patient cohort Details
All All Avoid exercise if:
e haemoglobin level < 80 g/l
« neutrophil count < 0.5 x 10°/microlitre
o platelet count < 50 x 10°/microlitre
o fever > 38°C
e extreme fatigue or severe nausea
Upper or lower limb lymphoedema Wear compression garment during exercise
Aerobic Peripheral limitation such as severe cancer cachexia Commence with resistance training and then progress to incorporate
or muscle atrophy aerobic training once muscle bulk and strength is improved
Resistance Known or high risk for bony metastases Prescribe with caution (recommend medical clearance before
commencement particularly for unstable bone or spinal metastases/fractures)
High risk for osteoporosis Prescribe with caution
High risk for bone fracture Prescribe with caution
Cardiorespiratory limitation such as chemotherapy-induced Generally contra-indicated (recommend medical clearance before commencement)
left ventricular dysfunction or severe anaemia
Postoperative patients Care with wound healing - often requires 6 to 8 weeks postoperatively for healing
prior to commencement of resistance exercises (recommend medical clearance
before commencement)
Stretches Postoperative patients Avoid upper-limb stretches until removal of intercostal catheter
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assessment, and monitoring throughout the exercise program is
advised;®® this includes consideration of the patient’s co-morbid-
ities. Tai Chi has been tested as an alternative form of exercise
training;®”"°® a randomised trial involving patients following lung
resection found a 16-week Tai Chi program to be associated with
improved blood immune function.5”%®

In summary, growing evidence suggests that exercise following
surgery/treatment is associated with improvements in physical
and physiological outcomes. Exercise in this setting is not yet
routine clinical practice. In Australia and New Zealand, < 25% of
patients are referred to pulmonary rehabilitation after lung
resection.*! Further randomised trials to strengthen the meta-
analyses conducted to date will assist in the translation of evidence
into routine clinical practice.

Exercise in advanced disease

Exercise for people with advanced lung cancer aims to prevent
deterioration in physical and psychological status and maximise
independence. This is an area that is currently being actively
investigated. Several randomised trials are in progress in Australia,
Denmark, Germany, Belgium and Spain, and they will significantly
add to the body of literature in the near future.®®-72 The
preliminary data from two randomised trials’>’* and five non-
randomised trials (mostly single-group studies)’>~’° published to
date are promising. The randomised trial by Henke and colleagues
demonstrated significant differences in favour of the intervention
group for functional capacity, physical function, muscle strength,
symptoms and health-related quality of life, despite 63% of the
participants completing the trial (n = 29/46).”° Results from some
of the other studies have confirmed these findings and demon-
strated improvements in functional capacity and muscle strength
in study completers. The exception to this are the studies by Temel
and colleagues’® and Jastrzebski and colleagues,”® which found no
statistically significant change in these outcomes; although given
the rapid functional decline that occurs in advanced lung cancer,
maintenance is a positive result. Consistently, studies report no
change in global health-related quality of life.”>~”7 All studies
included patients during treatment. One randomised trial investi-
gated the benefit of exercise during targeted therapy and
demonstrated that exercise was safe and associated with improved
functional capacity, dyspnoea and fatigue.”* The exercise programs
tested were combined aerobic and resistance exercise delivered in
either outpatient,’*”>78 inpatient,”>”° or both in-patient and out-
patient settings.”®’” Neuromuscular electrical stimulation may be
an option for patients with severe symptoms that limit exercise
performance, although a recent randomised trial demonstrated
poor feasibility and no benefit when administered during palliative
chemotherapy.®® Unfortunately, study completion rates in the
studies published to date are poor and range from 44 to 77%.7°~78
Research involving people with advanced lung cancer is particu-
larly challenging, given the progressive nature of disease and short
survival time following diagnosis. A proportion of non-completion
in these studies is due to deaths.

Adherence to exercise training is an important issue in
advanced lung cancer. Adherence rates vary greatly. Adherence
to the exercise training sessions is higher for supervised
hospital-based training (inpatient setting 95%,’¢ outpatient
setting 44 to 77%)’°>7% than for unsupervised home training
(9%).”” However, these adherence rates are from a small number
of pilot studies and home-based training has not been tested in
isolation. Home-based training is a highly appealing option.
People with lung cancer are already required to attend the
hospital frequently for appointments, investigations and treat-
ment, and therefore the ability to deliver physiotherapy/exercise
treatment away from the hospital is important. Home-based
training also allows increased access for people living in rural
areas and those without the ability to commute to the hospital.
Telerehabilitation also poses a potential alternative model
of delivery, where patients exercise at home whilst being

monitored and supervised by health professionals located
elsewhere.8182 Whilst the efficacy of telerehabilitation has
not been investigated in lung cancer,*® recently, Hoffman and
colleagues reported that seven patients with lung cancer
successfully used a movement-sensing gaming console® at
home to complete walking and balance exercises.®> Further
research should investigate whether home-based exercise
training is effective in advanced lung cancer and methods to
promote adherence to unsupervised exercise.

Physiotherapy involvement in palliative care

Early palliative care is important in advanced lung cancer. A
landmark study published in 2010 examined early palliative care
consisting of: structured meetings with palliative care clinicians
discussing physical and psychosocial symptoms; goals; decisions
about treatment; and coordination of care. Compared with
aggressive end-of-life care, this early palliative care improved
survival, health-related quality of life and mood for people with
metastatic lung cancer.?* Physiotherapy management of this
population includes management of breathlessness with breath-
ing retraining, relaxation techniques and activity pacing. In an
uncontrolled study, this was associated with improved breath-
lessness, functional capacity, physical activity levels and health-
related quality of life, and less distress.®> Commonly, patients
are admitted to hospital with significant functional decline
(to a point where the patient or carer cannot manage at home),
or to a hospital/hospice in the end-of-life period for palliation.
At this point in the disease trajectory, the focus of
physiotherapy is on maximising the patient’s physical indepen-
dence and should be driven by his/her own goals and
wishes. Physiotherapy interventions include assistance with
mobilisation, provision of gait aids, and function-directed
exercises such as sit-to-stand practice to optimise daily physical
functioning.

Future directions for research and practice

The landscape of cancer research and treatment has changed
significantly over the past two centuries. Commencing as an
incurable disease with rising incidence and mortality rates,
research and healthcare now allow cancer to be a curable disease
for many, with mortality rates declining and a rise in the number of
people living as cancer survivors in our communities. Unfortu-
nately, the picture for lung cancer specifically is remarkably less
favourable, and despite slight advances in medical treatment,
survival rates remain dreadful. Research is urgently needed to
address the efficacy of new treatments to improve the chance of
cure in lung cancer. In 2005, the first paper was published showing
that exercise improved survival in people with breast cancer.®®
Exercise has the potential to influence inflammation, tumour
morphology, tumour growth and cancer recurrence.®”®® The
question of whether exercise improves survival in lung cancer is
important and remains unanswered. The challenge over the next
few decades is to test and establish the potential role that exercise
may play in treating lung cancer with the ultimate aim of
improving survival.

There are a number of limitations and gaps in the current
literature. The exercise studies are generally small, lack randomi-
sation and control groups, and rarely include long-term follow-up.
The interventions tested vary in terms of timing, exercise type,
duration and delivery. There is an abundance of studies in progress
that seek to address these questions (55 open studies on
ClinicalTrials.gov). Exercise in lung cancer is a growing area of
practice and has the potential to minimise the debilitating physical
and psychological decline that often occurs with lung cancer. As
evidence emerges, an important target for physiotherapy over the
next decade will be to rapidly translate findings of research studies
into clinical physiotherapy practice.
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Footnotes: “Nintendo Wii Fit plus, Nintendo Co, Ltd, Kyoto,

Japan.

eAddenda: Figure 3 can be found online at doi:10.1016/j.jphys.

2016.02.010

Ethics approval: Not applicable.
Competing interests: Nil.
Source(s) of support. Dr Granger is supported in part by a

National Health and Medical Research Council (NHMRC) Translat-
ing Research Into Practice Fellowship, Australia, co-funded by
Cancer Australia.

Acknowledgements: Professor Linda Denehy.
Provenance: Invited. Peer reviewed.
Correspondence: Catherine Granger, Department of Physio-

therapy, University of Melbourne, Australia. Email: catherine.
granger@unimelb.edu.au

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

. World Health Organisation. Cancer, Fact sheet number 297. http://www.who.int/

mediacentre/factsheets/fs297/en/index.html.[accessed 19/09/2015].

. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al. GLOBOCAN

2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No.
11. Lyon, France: International Agency for Research on Cancer 2013. Available
from: http://globocan.iarc.fr.[accessed 1/07/2015].

. Dela Cruz C, Tanoue L, Matthay R. Lung Cancer: Epidemiology, Etiology and

Prevention. Clin Chest Med. 2011;32:605-644.

. Kiri V, Soriano J, Visick G, Fabbri L. Recent trends in lung cancer and its association

with COPD: An analysis using the UK GP research database. Prim Care Respir J.
2010;19:57-61.

. Tardon A, Lee W, Delgado-Rodriguez M, Dosemeci M, Albanes D, Hoover R, et al.

Leisure-time physical activity and lung cancer: a meta-analysis. Cancer Causes
Control. 2005;16:389-397.

. Australian Institute of Health and Welfare. Cancer in Australia: an overview,

2014. Cancer series no. 78. Cat. no. CAN 75. Canberra: AIHW. 2014.

. Smith A, Reeve B, Bellizzi K, Harlan L, Klabunde C, Amsellem M, et al. Cancer,

comorbidities, and health-related quality of life of older adults. Health Care
Financing Rev. 2008;24(9):41-56.

. NCCN. Clinical Practice Guidelines in Oncology (NCCN Guidelines): Non-small Cell

Lung Cancer. Version 7.2015. Nat Comp Cancer Network. 2015.

. De Zoysa M, Hamed D, Routledge T, Scarci M. Is limited pulmonary resection

equivalent to lobectomy for surgical management of stage I non-small-cell lung
cancer? Inter Cardiovasc Thorac Surg. 2012;14:816-820.

Port ], Mirza F, Lee P, Paul S, Stiles B, Altorki N. Lobectomy in Octogenarians
With Non-Small Cell Lung Cancer: Ramifications of Increasing Life Expectancy
and the Benefits of Minimally Invasive Surgery. Annals Thorac Surg. 2011;92:
1951-1957.

Li W, Lee R, Lee T, Ng C, Sihoe A, Wan |, et al. The impact of thoracic surgical access
on early shoulder function: video-assisted thoracic surgery versus posterolateral
thoracotomy. Eur J Cardio-Thorac Surg. 2003;23:390-396.

Benzo R, Kelley G, Recchi L, Hofman A, Sciurba F. Complications of lung resection
and exercise capacity: a meta-analysis. Respir Med. 2007;101:1790-1777.
Agostini P, Cieslik H, Rathinam S, Bishay E, Kalkat M, Rajesh P, et al. Postoperative
pulmonary complications following thoracic surgery: are there any modifiable risk
factors? Thorax. 2010;65:815-818.

Reeve J, Nicol K, Stiller K, McPherson K, Birch P, Gordon I, et al. Does physiotherapy
reduce the incidence of postoperative pulmonary complications following pulmo-
nary resection via open thoracotomy?. A preliminary randomised single-blind
clinical trial. Eur J Cardio-Thorac Surg. 2010;37(5):1158-1166.

Hunt I, Muers M, Treasure T. ABC Lung Cancer [electronic resource]. Malden, Mass,
USA: Blackwell Pub; 2008.

Priestman T. Cancer Chemotherapy in Clinical Practice. London: Springer; 2008.
Leo F, Solli P, Spaggiari L, Veronesi G, de Braud F, Leon M, et al. Respiratory function
changes after chemotherapy: an additional risk for postoperative respiratory
complications? Annals Thorac Surg. 2004;77:260-265.

Zhongxing L. Changes in Pulmonary Function After Three-Dimensional Conformal
Radiotherapy, Intensity-Modulated Radiotherapy, or Proton Beam Therapy for
Non-Small-Cell Lung Cancer. Int ] Rad Oncol Biol Phys. 2012;83:e537-e543.
Heigener D, Reck M, Gatzemeier U. Targeted therapy in non-small cell lung cancer.
Eur Respir Monograph. 2009;44:284-298.

Degner L, Sloan J. Symptom distress in newly diagnosed ambulatory care patients
and as a predictor of survival in lung cancer. ] Pain Symptom Management. 1995;10:
423-431.

Cooley M. Symptoms in adults with lung cancer. A systematic research review. |
Pain Symptom Management. 2000;19:137-153.

Cheville A, Novotny P, Sloan J, Basford J, Wampfler ], Garces Y, et al. The value of a
symptom cluster of fatigue, dyspnea, and cough in predicting clinical outcomes in
lung cancer survivors. | Pain Symptom Management. 2011;42:213-221.

Granger C, McDonald C, Irving L, Clark R, Gough K, Murnane A, et al. Low physical
activity levels and functional decline in individuals with lung cancer. Lung Cancer.
2014;83:292-299.

Muscaritoli M, Bossola M, Aversa Z, Bellantone R, Rossi Fanelli F. Prevention and
treatment of cancer cachexia: new insights into an old problem. Eur J Cancer.
2006;42:31-41.

Nezu K, Kushibe K, Tojo T, Takahama M, Kitamura S. Recovery and limitation
of exercise capacity after lung resection for lung cancer. Chest. 1998;113:
1511-1516.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Morice R, Peters E, Ryan M, Putnam |, Ali M, Roth ]. Exercise testing in the
evaluation of patients at high risk for complications from lung resection. Chest.
1992;101:356-361.

Schmitz K, Courneya K, Matthews C, Demark-Wahnefried W, Galvao D, Pinto B, et
al. ACSM roundtable on exercise guidelines for cancer survivors. Med Sci Sports
Exercise. 2010;42:1409-1426.

PanH, Lin K, Ho S, Liang C, Lee S, Wang K. Factors related to daily life interference in
lung cancer patients: A cross-sectional regression tree study. Eur J Oncol Nurs.
2012;16:345-352.

Granger C, McDonald C, Parry S, Oliveira C, Denehy L. Functional capacity, physical
activity and muscle strength assessment of individuals with non-small cell lung
cancer: a systematic review of instruments and their measurement properties.
BMC Cancer. 2013;13:135.

Kasymjanova G, Correa ], Kreisman H, Dajczman E, Pepe C, Dobson S, et al.
Prognostic value of the six-minute walk in advanced non-small cell lung cancer.
J Thoracic Oncol. 2009;4:602-607.

Jones L, Hornsby W, Goetzinger A, Forbes L, Sherrard E, Quist M, et al. Prognostic
significance of functional capacity and exercise behavior in patients with meta-
static non-small cell lung cancer. Lung Cancer. 2012;76:248-252.

Arbane G, Tropman D, Jackson D, Garrod R. Evaluation of an early exercise
intervention after thoracotomy for non-small cell lung cancer: effects on quality
of life, muscle strength and exercise tolerance: Randomised controlled trial. Lung
Cancer. 2011;71:229-234.

Brunelli A, Xiume F, Refai M, Salati M, Marasco R, Sciarra V, et al. Evaluation of
expiratory volume, diffusion capacity, and exercise tolerance following major lung
resection: a prospective follow-up analysis. Chest. 2007;131:141-147.

Coups E, Park B, Feinstein M, Steingart R, Egleston B, Wilson D, et al. Physical activity
among lung cancer survivors: changes across the cancer trajectory and associations
with quality of life. Cancer Epidemiol Biomarkers Prevention. 2009;18:664-672.
Du-Quiton ], Wood P, Burch ], Grutsch J, Gupta D, Tyer K, et al. Actigraphic
assessment of daily sleep-activity pattern abnormalities reflects self-assessed
depression and anxiety in outpatients with advanced non-small cell lung cancer.
Psycho-Oncology. 2010;19:180-189.

Agostini P, Naidu B, Rajesh P, Steyn R, Bishay E, Kalkat M, et al. Potentially
modifiable factors contribute to limitation in physical activity following thoracot-
omy and lung resection: a prospective observational study. J Cardiothorac Surg.
2014;9:128.

Novoa N, Varela G, Jimenez M, Aranda J. Influence of major pulmonary resection on
postoperative daily ambulatory activity of the patients. Interact Cardiovasc Thorac
Surg. 2009;9:934-938.

Cheville A, Dose A, Basford L, Rhudy L. Insights Into the Reluctance of Patients With
Late-Stage Cancer to Adopt Exercise as a Means to Reduce Their Symptoms and
Improve Their Function. J Pain Symptom Management. 2012;44:84-94.

Huang X, Zhou W, Zhang Y. Features of fatigue in patients with early-stage non-
small cell lung cancer. J Res Med Sci. 2015;20:266-272.

Rauma V, Sintonen H, Rdsdnen J, Salo ], llonen I. Long-term lung cancer survivors
have permanently decreased quality of life after surgery. Clin Lung Cancer.
2015;16:40-45.

Cavalheri V, Jenkins S, Hill K. Physiotherapy practice patterns for patients under-
going surgery for lung cancer: a survey of hospitals in Australia and New Zealand.
Int Med J. 2013;43:394-401.

WHO. Global recommendations on physical activity for health. Geneva: World
Health Organization. 2010;ISBN: 9789241599979:1-58.

Rock C, Doyle C, Demark-Wahnefried W, Meyerhardt ], Courneya K, Schwartz A, et
al. Nutrition and physical activity guidelines for cancer survivors. CA: A Cancer |
Clin. 2013;62:242-274.

Biswas A, Oh P, Faulkner G, Bajaj R, Silver M, Mitchell M, et al. Sedentary time and
its association with risk for disease incidence, mortality and hospitalization in
adults: a systematic review and meta-analysis. Annals Int Med. 2015;162:123-132.
Ballard-Barbash R, Friedenreich C, Courneya K, Siddiqi S, McTiernan A, Alfano C.
Physical activity, biomarkers, and disease outcomes in cancer survivors: a sys-
tematic review. | Natl Cancer Inst. 2012;104:815-840.

Lee I, Wolin K, Freeman S, Sattlemair J, Sesso H. Physical Activity and Survival After
Cancer Diagnosis in Men. | Phys Activity Health. 2014;11:85-90.

McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev Cancer.
2008;8:205-211.

Granger C, McDonald C, Berney S, Chao C, Denehy L. Exercise intervention to
improve exercise capacity and health related quality of life for patients with non-
small cell lung cancer: A systematic review. Lung Cancer. 2011;72:139-153.
Crandall K, Roma Maguire R, Campbell A, Kearney N. Exercise intervention for
patients surgically treated for Non-Small Cell Lung Cancer (NSCLC): A systematic
review. Surg Oncol. 2014;23:17-30.

Cavalheri V, Tahirah F, Nonoyama M, Jenkins S, Hill K. Exercise training undertaken
by people within 12 months of lung resection for non-small cell lung cancer.
Cochrane Database Syst Rev. 2015;7:CD009955.

Rodriguez-Larrad A, Lascurain-Aguirrebena I, Abecia-Inchaurregui L, Seco ]. Peri-
operative physiotherapy in patients undergoing lung cancer resection. Int Cardi-
ovasc Thorac Surg. 2014;19:269-281.

Benzo R, Wigle D, Novotny P, Wetzstein M, Nichols F, Shen R, et al. Preoperative
pulmonary rehabilitation before lung cancer resection: Results from two random-
ized studies. Lung Cancer. 2011;74:441-445.

Pehlivan E, Turna A, Gurses A, Gurses H. The Effects of Preoperative Short-term
Intense Physical Therapy in Lung Cancer Patients: A Randomized Controlled Trial.
Annals Thorac Cardiovasc Surg. 2011;17:461-468.

Morano M, Aradjo A, Nascimento F, da Silva G, Mesquita R, Pinto J, et al. Preopera-
tive Pulmonary Rehabilitation Versus Chest Physical Therapy in Patients Under-
going Lung Cancer Resection: A Pilot Randomized Controlled Trial. Arch Phys Med
Rehab. 2012;94:53-58.

Fang Y, Zhao Q, Huang D, Shufang G, Lv ]. Effects of Exercise Training on Surgery
Tolerability in Lung Cancer Patients with Impaired Pulmonary Function. Life Sci
Journal. 2013;4:1943-1948.


http://dx.doi.org/10.1016/j.jphys.2016.02.010
http://dx.doi.org/10.1016/j.jphys.2016.02.010
mailto:catherine.granger@unimelb.edu.au
mailto:catherine.granger@unimelb.edu.au
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0455
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0455
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0460
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0460
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0460
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0465
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0465
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0465
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0475
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0475
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0475
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0485
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0485
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0485
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0490
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0490
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0490
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0490
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0495
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0495
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0495
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0500
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0500
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0505
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0505
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0505
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0510
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0510
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0510
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0510
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0515
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0515
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0520
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0525
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0525
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0525
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0530
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0530
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0530
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0535
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0535
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0540
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0540
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0540
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0545
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0545
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0550
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0550
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0550
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0555
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0555
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0555
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0560
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0560
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0560
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0565
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0565
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0565
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0570
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0570
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0570
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0575
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0575
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0575
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0580
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0580
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0580
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0585
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0585
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0585
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0585
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0590
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0590
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0590
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0595
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0595
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0595
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0600
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0600
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0600
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0600
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0605
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0605
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0605
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0610
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0610
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0610
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0615
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0615
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0615
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0615
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0620
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0620
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0620
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0620
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0625
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0625
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0625
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0630
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0630
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0630
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0635
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0635
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0640
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0640
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0640
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0645
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0645
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0645
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0655
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0655
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0655
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0660
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0660
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0660
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0665
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0665
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0665
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0670
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0670
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0675
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0675
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0680
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0680
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0680
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0685
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0685
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0685
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0690
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0690
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0690
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0695
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0695
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0695
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0700
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0700
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0700
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0705
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0705
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0705
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0710
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0710
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0710
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0710
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0715
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0715
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0715

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Invited Topical Review 67

Stefanelli F, Meoli I, Cobuccio R, Curcio C, Amore D, Casazza D, et al. High-intensity
training and cardiopulmonary exercise testing in patients with chronic obstructive
pulmonary disease and non-small-cell lung cancer undergoing lobectomy. Eur |
Cardio-Thoracic Surg. 2013;44:260-265.

Reeve ], Stiller K, Nicol K, McPherson KM, Birch P, Gordon IR, et al. A postoperative
shoulder exercise program improves function and decreases pain following open
thoracotomy: a randomised trial. J Physiother. 2010;56:245-252.

Zehr K, Dawson P, Yang S, Heitmiller R. Standardized clinical care pathways for
major thoracic cases reduce hospital costs. Annals Thorac Surg. 1998;66:914-919.
Granger C, Chao C, McDonald C, Berney S, Denehy L. Safety and Feasibility of an
Exercise Intervention for Patients Following Lung Resection: A Pilot Randomized
Controlled Trial. Integrat Cancer Ther. 2013;12:213-224.

Edvardsen E, Skjonsberg O, Holme I, Nordsletten L, Borchsenius F, Anderssen S.
High-intensity training following lung cancer surgery: a randomised controlled
trial. Thorax. 2015;70:244-250.

Stigt ], Uil S, Riesen S, Simons F, Denekamp M, Shahin G, et al. A randomized
controlled trial of postthoracotomy pulmonary rehabilitation in patients with
resectable lung cancer. J Thorac Oncol. 2013;8:214-221.

Brocki B, Andreasen ], Nielsen L, Nekrasas V, Gorst-Rasmussen A, Westerdahl E.
Short and long-term effects of supervised versus unsupervised exercise training on
health-related quality of life and functional outcomes following lung cancer
surgery — A randomized controlled trial. Lung Cancer. 2014;83:102-108.

Chen H, Tsai C, Wu Y, Lin K, Lin C. Randomised controlled trial on the effectiveness
of home-based walking exercise on anxiety, depression and cancer-related symp-
toms in patients with lung cancer. Brit J Cancer. 2015;112:438-445.

Salhi B, Huysse W, Van Maele G, Surmont VF, Derom E, van Meerbeeck |P. The effect
of radical treatment and rehabilitation on muscle mass and strength: A random-
ized trial in stages I-III lung cancer patients. Lung Cancer. 2014;84:56-61.
Spruit MA, Singh S], Garvey C, ZuWallack R, Nici L, Rochester C, et al. An Official
American Thoracic Society/European Respiratory Society Statement: Key Concepts
and Advances in Pulmonary Rehabilitation. Amer | Respir Critical Care Med.
2013;188:E13-E64.

Lakoski S, Eves N, Douglas P, Jones L. Exercise rehabilitation in patients with cancer.
Nat Rev Clin Oncol. 2012;9:288-296.

Wang R, Liu J, Chen P, Yu D. Regular tai chi exercise decreases the percentage of
type 2 cytokine-producing cells in postsurgical non-small cell lung cancer survi-
vors. Cancer Nursing. 2013;36:E27-E34.

Liu ], Chen P, Wang R, Yuan Y, Wang X, Li C. Effect of Tai Chi on mononuclear cell
functions in patients with non-small cell lung cancer. BMC Compl Altern Med.
2015;15:3.

Jensen W, Oechsle K, Baumann H, Mehnert A, Klose H, Bloch W, et al. Effects of
exercise training programs on physical performance and quality of life in patients
with metastatic lung cancer undergoing palliative chemotherapy—A study proto-
col. Contemp Clin Trials. 2014;37:120-128.

Quist M, Langer S, Rarth M, Christensen K, Adamsen L. “EXHALE": exercise as a
strategy for rehabilitation in advanced stage lung cancer patients: a randomized
clinical trial comparing the effects of 12 weeks supervised exercise intervention
versus usual care for advanced stage lung cancer patients. BMC Cancer. 2013;13:1-14.
Sancho A, Carrera S, Arietaleanizbeascoa M, Arce V, Mendizabal Gallastegui N,
March AG, et al. Supervised physical exercise to improve the quality of life of
cancer patients: the EFICANCER randomised controlled trial. BMC Cancer. 2015;
15:1-8.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Dhillon H, van der Ploeg H, Bell M, Boyer M, Clarke S, Vardy J. The impact of physical
activity on fatigue and quality of life in lung cancer patients: a randomised
controlled trial protocol. BMC Cancer. 2012;12:572-578.

Henke C, Cabri ], Fricke L, Pankow W, Kandilakis G, Feyer P, et al. Strength and
endurance training in the treatment of lung cancer patients in stages IIIA/IIIB/IV.
Support Care Cancer. 2014;22:95-101.

Hwang C, YuC, Shih ], Yang P, Wu Y. Effects of exercise training on exercise capacity
in patients with non-small cell lung cancer receiving targeted therapy. Support
Care Cancer. 2012;20:3169-3177.

Quist M, Adamsen L, Rorth M, Laursen ], Christensen K, Langer S. The impact of a
multidimensional exercise intervention on physical and functional capacity, anxi-
ety, and depression in patients with advanced-stage lung cancer undergoing
chemotherapy. Integr Cancer Ther. 2015;4.

Kuehr L, Wiskemann J, Abel U, Ulrich C, Hummler S, Thomas M. Exercise in patients
with non-small cell lung cancer. Med Sci Sports Exer. 2014;46:656-663.

Quist M, Rorth M, Langer S, Jones LW, Laursen JH, Pappot H, et al. Safety and
feasibility of a combined exercise intervention for inoperable lung cancer
patients undergoing chemotherapy: A pilot study. Lung Cancer. 2012;75:
203-208.

Temel ], Greer ], Goldberg S, Vogel P, Sullivan M, Pirl W, et al. A structured exercise
program for patients with advanced non-small cell lung cancer. J Thorac Oncol.
2009;4:595-601.

Jastrzebski D, Maksymiak M, Kostorz S, Bezubka B, Osmanska I, Mtynczak T, et al.
Pulmonary Rehabilitation in Advanced Lung Cancer Patients During Chemothera-
py. Adv Exper Med Biol. 2015;861:57-64.

Maddocks M, Halliday V, Chauhan A, Taylor V, Nelson A, Sampson C, et al.
Neuromuscular electrical stimulation of the quadriceps in patients with non-small
cell lung cancer receiving palliative chemotherapy: a randomized phase II study.
PLoS ONE. 2013;8:e86059.

Coats V, Maltais F, Tremblay L, Saey D. Exercise-based rehabilitation for people
with lung cancer. | Pulmon Rehab Med. 2014;4:.

Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review of clinical outcomes,
clinical process, healthcare utilization and costs associated with telerehabilitation.
Disabil Rehabil. 2009;31:427.

Hoffman A, Brintnall R, Brown ], von Eye A, Jones L, Alderink G, et al. Virtual reality
bringing a new reality to postthoracotomy lung cancer patients via a home-based
exercise intervention targeting fatigue while undergoing adjuvant treatment.
Cancer Nursing. 2014;37:23-33.

Temel ], Greer ], Muzikansjy A, Gailagher R, Admane S, Jackson V, et al. Early
Palliative Care for Patients with Metastatic Non-Small-Cell Lung Cancer. New Engl |
Med. 2010;363:733-742.

Hately ], Laurence V, Scott A, Baker RTP. Breathlessness clinics within specialist
palliative care settings can improve the quality of life and functional capacity of
patients with lung cancer. Pall Med. 2003;17:410-417.

Holmes M, Chen W, Feskanich D, Kroenke C, Colditz G. Physical activity and
survival after breast cancer diagnosis. JAMA. 2005;293(20):2479-2486.

Gleeson M, Bishop N, Stensel D, Lindley M, Mastana S, Nimmo M. The anti-
inflammatory effects of exercise: mechanisms and implications for the prevention
and treatment of disease. Nat Rev Immunol. 2011;11:607-615.

Antoni M, Lutgendorf S, Cole S, Dhabhar F, Sephton S, McDonald P, et al. The
influence of bio-behavioural factors on tumour biology: pathways and mecha-
nisms. Nat Rev Cancer. 2006;6:240-248.


http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0720
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0720
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0720
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0720
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0725
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0725
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0725
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0730
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0730
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0735
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0735
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0735
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0740
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0740
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0740
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0745
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0745
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0745
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0750
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0750
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0750
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0750
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0755
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0755
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0755
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0760
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0760
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0760
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0765
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0765
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0765
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0765
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0770
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0770
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0775
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0775
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0775
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0780
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0780
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0780
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0785
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0785
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0785
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0785
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0790
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0790
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0790
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0790
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0795
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0795
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0795
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0795
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0800
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0800
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0800
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0805
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0805
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0805
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0810
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0810
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0810
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0815
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0815
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0815
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0815
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0820
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0820
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0825
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0825
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0825
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0825
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0830
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0830
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0830
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0835
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0835
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0835
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0840
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0840
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0840
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0840
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0845
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0845
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0850
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0850
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0850
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0855
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0855
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0855
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0855
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0860
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0860
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0860
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0865
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0865
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0865
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0870
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0870
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0875
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0875
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0875
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0880
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0880
http://refhub.elsevier.com/S1836-9553(16)00019-9/sbref0880

	Physiotherapy management of lung cancer
	Introduction
	What is lung cancer?
	Medical management of lung cancer
	Surgical resection
	Chemotherapy
	Radiotherapy
	Molecular-targeted agents

	Burden of lung cancer
	Physiotherapy management of lung cancer
	Prehabilitation
	Perioperative management
	Exercise following treatment
	Exercise in advanced disease
	Physiotherapy involvement in palliative care

	Future directions for research and practice
	References


