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ARTICLE INFO ABSTRACT

Article history: Objectives: Lung cancer is the second most common cancer diagnosed worldwide, resulting in significant physical
Rece?ved 13 January 2024 and psychological consequences. In this narrative review, we explore the role of exercise as an adjunct therapy to
Received in revised form 24 May 2024 counteract health issues experienced by people before, during and after treatment for lung cancer, and offer rec-
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ommendations for exercise prescription and future research.
Design: Narrative cornerstone review.
Methods: A narrative review was conducted to explore the role of exercise in cancer care for people diagnosed
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fsﬁgﬁ;isc'er with lung cancer.

oncology Results: Improvements in fitness, strength and quality of life have been demonstrated in people with lung cancer
Exercise following participation in exercise programmes before, during and post treatment. Whilst combined aerobic
Physical activity (50-100 % heart rate maximum) and resistance (50-85 % of 1 repetition maximum) training, 2-5 times per
Intensity week across the cancer continuum is typically prescribed, few people with lung cancer currently access exercise
Type services. ‘Optimal’ exercise prescription is unclear, although is likely individual-specific. The immediate priority is

to identify a tolerable starting exercise dosage, with the side effects of lung cancer and its treatment on the respi-
ratory system, particularly shortness of breath (dyspnoea), likely driving the initial maximum threshold for ses-
sion mode, duration and intensity. To date, exercise safety for people with lung cancer has been poorly evaluated
and reported — few trials report it, but those that do report small numbers of serious adverse events.
Conclusions: Recommendations for health professionals prescribing exercise therapy to people with lung cancer
are provided, with consideration of the strengths and limitations of the current evidence base.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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indirect effects of cancer treatment can cumulatively lead to reductions
in exercise capacity and quality of life. There exists epidemiological and
clinical trial evidence which supports exercise as a potential adjunct ther-
apy for people with lung cancer. Interventions to support patients to im-
prove their health are clearly warranted and should be encouraged.>*
Emerging evidence is reporting that specifically higher pre-diagnosis
and post-diagnosis levels of physical activity are associated with
improved survival outcomes in lung cancer.>® Lung cancer and its associ-
ated treatments (e.g. surgery, chemotherapy, radiotherapy) have a direct
impact on the anatomy and function of the respiratory system,” including
changes in respiratory muscles, lung capacity, and gas exchange pro-
cesses. These adverse sequelae also affect exercise capacity and the abil-
ity to partake in activities of daily living. To date the majority of exercise
research has been focused on breast, prostate, colorectal and haemato-
logical cancers. Evidence is emerging on the benefits of physical activity
and exercise (which is categorised as a subgroup of physical activity) in
lung cancer; however, it is not as well understood.’

People with lung cancer experience unique, disease-specific sup-
portive care needs due to the nature of their condition.® Common side
effects of the disease include cough, shortness of breath (dyspnoea),
chest pain, fatigue, weight loss, haemoptysis (coughing up blood), and
pneumonia.’ There is also high prevalence of comorbidities, such as
chronic obstructive pulmonary disease, among people with lung
cancer.'® These comorbidities can significantly impact the treatment
process and overall well-being of patients.!! The side effects associated
with lung cancer treatment can be challenging for patients. These side
effects can vary depending on the specific treatment regimen. It is im-
portant to note that whilst some side effects may be common among
different types of cancer treatments, people with lung cancer may expe-
rience side effects unique to their specific treatment plan such as anxi-
ety and depression (which may relate to the stigma of diagnosis),
radiation damage to the lungs, long-term neuropathy, bone metastases
and hearing loss.'? Treatments including radiotherapy, chemotherapy,
targeted therapy, and immunotherapy can all contribute to different
side effects experienced by people with lung cancer.'® Additionally,
the stigma commonly associated with a lung cancer diagnosis can im-
pact outcomes.'# This stigma, often rooted in the misconception that
lung cancer is solely caused by smoking, can lead to feelings of shame,
guilt, and isolation among patients. These emotions can deter individ-
uals from seeking timely medical care, adhering to treatment plans,
and engaging in supportive care services. Consequently, delayed diag-
nosis, suboptimal treatment adherence, and reduced access to psycho-
social support can collectively contribute to poorer outcomes for
individuals with lung cancer.'*

There is a clear need for the provision of supportive care that has po-
tential to improve health outcomes for this unique subgroup of the
broader cancer population, facing distinct challenges that significantly
impact their physical and functional well-being.>* These challenges
stem from the complex interplay of the disease itself, treatment-
related side effects, and psychosocial factors. Lung cancer often directly
affects the respiratory and cardiovascular systems, leading to reduced
lung function, decreased exercise capacity, and increased breathless-
ness. These physiological impairments can make engaging in physical
activity more difficult and contribute to a downward spiral of decondi-
tioning and functional decline. Lung cancer treatments, such as surgery,
chemotherapy, and radiation therapy, can exacerbate these existing im-
pairments and introduce additional side effects like fatigue, muscle
wasting, and peripheral neuropathy. These treatment-related toxicities
can further impede patients' ability to participate in physical activity,
contributing to a cycle of inactivity and worsening health outcomes.
People with lung cancer can also experience feelings of anxiety, depres-
sion, and isolation that can create barriers to engaging in physical activ-
ity, further complicating the rehabilitation process.

People with lung cancer often have a high number of unmet needs.”
These needs can be physical, emotional, social, intellectual, or spiritual
in nature.'® Physical and psychological challenges that adversely
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influence quality of life are often reported and can include fatigue, anx-
iety, depression, muscle wasting, and reduced physical function.®
Uniquely people with lung cancer also experience pain, breathlessness,
and emotional and psychological distress. Difficulties arise and impact
coping with the impact of diagnosis and its treatments on daily life.'®
Supportive care, which focuses on improving quality of life and provid-
ing support throughout the illness, plays a crucial role in addressing
these needs.!”'® It is important for healthcare professionals, including
clinical exercise physiologists and physical therapists recognise and ad-
dress these specific supportive care needs to improve outcomes for peo-
ple with lung cancer.

Published literature suggests that exercise interventions if tailored
to the specific needs of individuals, could have a positive impact on
various aspects of their health.'®-2> However, it is agreed that the
most effective type and dosage of exercise for patients with lung cancer,
consistent with many other cancer types, remain an area of ongoing
research (Table 1). The optimal exercise prescription for patients
with lung cancer is currently not known, which makes it challenging
when developing personalised exercise interventions. Given this, it is
important to use what we know across other cohorts when prescribing
exercise. Factors such as the cancer stage, treatment modalities, and
individual characteristics must be considered when designing and
delivering exercise programmes for people with cancer.?*?> Moreover,
different exercise modes, including cardiorespiratory exercise, resis-
tance and respiratory muscle training and mindfulness exercises
(e.g. Yoga), as well as at different intensities (e.g. light, moderate, -to-
vigorous, vigorous), may offer distinct advantages in improving
health.?® The advantages of one mode over another needs to be consid-
ered in this context, and should be tailored to individual preferences,
needs and capabilities.

The field of exercise for people with lung cancer is still in its infancy
and exercise programmes for people with lung cancer are uncommon in
clinical practice. This review aims to provide a comprehensive overview
of existing evidence on the role of different exercise modes and dosages
in the care of individuals diagnosed with lung cancer. We aim to also
provide clinical updates for patients, healthcare professionals, and re-
searchers on the potential benefits of exercise interventions for individ-
uals diagnosed with lung cancer to inform future models of care. Finally,
we will discuss the challenges and future directions in this field,
emphasising the need for further research to strive towards embedding
exercise into lung cancer care by optimising exercise prescription as
part of the interdisciplinary approach to care, which will likely improve
the health outcomes and quality and potentially longevity of life in this
population group.

2. Effects of exercise in lung cancer

Exercise aims to improve the patient's physical condition, including
strength, cardiovascular fitness, flexibility, and endurance. This can help
patients better tolerate the physical demands of diagnosis, surgery,
treatment and recovery. Exercise improves lung function, which is a
common concern in patients who have undergone lung resections.?’~2°
In particular breathing exercises (including respiratory muscle training)
have emerged as a valuable adjunctive therapy in the care of patients
with lung cancer.?° The benefits of incorporating breathing exercises
and respiratory muscle training into the management of lung cancer
are multifaceted. Firstly, this type of training has been shown to enhance
respiratory function, improving lung capacity and oxygen exchange,
which can be particularly beneficial for patients experiencing dyspnoea
or compromised lung function due to diagnosis or treatments.>! Addi-
tionally, respiratory training has been shown to lead to a reduction in
anxiety and depression, common among patients with lung cancer. This
occurs by providing a sense of control and empowerment over their
breathing and overall well-being. Furthermore, it plays a pivotal role in
prehabilitation, helping patients optimise physical conditioning prior to
surgery, leading to reduced post-operative pulmonary complications
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and improved postoperative outcomes.>” Importantly, respiratory
training may enhance the tolerance of cancer treatments such as chemo-
therapy and radiation therapy, reducing the risk of treatment discontinu-
ation due to respiratory-related side effects.® Regular cardiorespiratory
exercise has been shown to enhance the heart's ability to pump blood
efficiently, lower blood pressure, reduce cardiovascular risk factors,
enhance blood flow, and improve heart function, all lowering the risk of
cardiovascular complications in lung cancer, including a reduction in
mortality.>* Overall, the current literature underscores the substantial ad-
vantages of integrating respiratory training into the care plan for patients
with lung cancer, offering both palliative relief and opportunities to en-
hance the effectiveness of therapeutic interventions across the cancer
care trajectory.

3. Preoperative exercise in lung cancer

Preoperative patients will present with different fitness levels and co-
morbidities before surgery, which will affect their tolerance to different
exercise types and dosage.?>3435 Patient input into exercise selection is
crucial for the uptake of the programme during this phase.® Healthcare
providers should assess each patient's individual circumstances and fit-
ness level to determine the appropriateness of an exercise programme
to assist with surgery success and recovery from surgery as per the cur-
rent guidelines. To provide the best possible care, patients work with the
team of surgeons, medical oncologists, exercise physiologists, nutrition-
ists, dietitians, and other healthcare professionals. This team creates a
personalised preoperative plan tailored to the patient's needs.>’>°

Preoperative exercise offers a multitude of benefits for lung cancer pa-
tients. Studies have shown it can significantly improve quality of life and
cardiorespiratory fitness.”® Additionally, the American Society of Clinical
Oncology recommends exercise to reduce hospital stays and complica-
tions after surgery. Research suggests a clear advantage for patients
who participate in holistic preoperative care programmes that include
exercise.>>*! These programmes can lead to reduced anxiety, depression,
and fatigue, whilst also boosting mood and overall well-being.*? More
importantly, preoperative exercise programmes may be linked to a signif-
icant decrease in postoperative complications.*>*~#° This translates to
shorter hospital stays?!*34647 and faster recovery,?484° potentially
reducing healthcare costs and improving the patient's experience.?"*° In-
terestingly, shorter and more intensive programmes (5 sessions/week for
3 weeks) seem to be more effective than longer programmes with lower
frequency (3 sessions/week for 5 weeks), although further research is
needed to understand the reasons behind this.>!

4. Postoperative exercise in lung cancer

Postoperative exercise is instrumental in mitigating the potential
functional impairments from lifesaving surgical procedures, particularly
when lung tissue has been excised. Equally as important is the enhanced
efficiency of the skeletal muscle to use oxygen for energy production
achieved with exercise. Muscle size and strength are also critical be-
cause relative intensity of tasks is lower, reducing load on the cardiovas-
cular and pulmonary systems. Furthermore, exercise post-surgery has
the capacity to reduce the incidence of postoperative complications,
such as pneumonia and atelectasis (partial collapse or incomplete infla-
tion of the lung), attenuating common morbidity associated with lung
cancer surgery.?!

Postoperative exercise emerges as a therapeutic path that addresses
the often-debilitating psychological distress experienced by patients
with lung cancer, which may be characterised by anxiety and
depression.>>° It is imperative to adopt an individualised approach
that tailors exercise programmes to the specific goal, as well as the
patient’s overall health and fitness profile. To improve safety and effec-
tive implementation of these programmes, structured rehabilitation ini-
tiatives, commonly offered by cancer centres and supervised by
specialised healthcare professionals (such as clinical exercise
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physiologists) with expertise in exercise oncology, play an essential
role in recovery and improving psychosocial outcomes.

A body of evidence emphasises the potential for less hospital visits
among patients who actively participated in postoperative exercise
programmes, fostering accelerated reintegration back into their daily
routines.>*%°%57 Beyond these benefits, postoperative exercise has
been identified as a potent safeguard against the depletion of muscle
mass that is frequently observed in the aftermath of lung cancer
surgery.”®8 By participating in resistance training programmes, pa-
tients experience less muscle wasting, and a greater preservation of
functional capacity compared to those who do not. Additionally, exer-
cise has been shown to improve pain management, aiding in pain con-
trol and facilitating the restoration of mobility.?>2>>°

Encouragingly, postoperative exercise can also be used well past the
immediate post-surgery period, with benefits emerging displaying im-
proved long-term physical health and psychological well-being, 85860
However, adverse event monitoring and safety precautions are essential
throughout the delivery of exercise, particularly during the early post-
operative phase when patients may be more susceptible to
complications.>?* The precise timing of exercise initiation following
surgery needs individual consideration, a decision best made in consul-
tation with the surgical and medical teams and the individual as evi-
dence is emerging in this space. It is crucial for healthcare providers to
remain up to date on the most recent medical literature and guidelines,
ensuring that exercise interventions prescribed in clinical care align
with the latest evidence-based practices.®!

5. Exercise during treatment in lung cancer

Exercise can play a vital role in promoting cardioprotective effects in
patients with lung cancer>%263 especially during treatment. Integrating
exercise into the treatment could contribute to better cardiovascular
and overall health outcomes and enhance the well-being, length and
quality of life of individuals diagnosed with lung cancer. Chemotherapy
can have various negative effects on the heart, including in people diag-
nosed with lung cancer.®*-%6 These effects may vary depending on the
specific chemotherapy drugs used, the dosage, and the individual pa-
tients' overall health. Some systemic therapies for lung cancer risk
cardiotoxicity e.g., cisplatin based, or targeted drugs against the vascular
endothelial growth factor such as Bevacizumab, as well as immune ther-
apies can have a negative impact.

Patients with lung cancer who engage in regular exercise during
treatment may experience less fatigue, nausea, and discomfort during
treatment.®’~%° Exercise during treatment can also help patients main-
tain muscle mass and function, which is crucial for overall health and
quality of life.57° Importantly, exercise can have a positive impact on
the psychological well-being of patients with lung cancer because it
can reduce anxiety, depression, and stress, providing emotional support
during treatment.?>”"”2 Encouraging patients diagnosed with lung can-
cer to maintain an active lifestyle during treatment can help prevent
disease recurrence and promote long-term health.5>>7> Some studies
have suggested that incorporating exercise into the treatment plan for
patients with lung cancer can help improve tolerance to various treat-
ments, including chemotherapy and radiotherapy.>*”4 This may result
in fewer interruptions and higher treatment adherence.”®”>76

6. Exercise for advanced disease in lung cancer

Patients with advanced-stage lung cancer who may not be candi-
dates for curative treatments can benefit by participating in exercise,
playing an important role when their clinical management begins to
shift towards palliative care.!”>>6-°877.78 Exercise could help manage
cancer-related symptoms such as fatigue, breathlessness, pain, and
muscle weakness, symptoms commonly experienced later in the dis-
ease progression.!”’8 Tailored exercise programmes have been shown
to improve functional capacity and alleviate symptoms.
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Regular exercise has been reported to enhance the overall quality of
life for individuals with advanced-stage lung cancer.>®7? It provides a
sense of accomplishment and normalcy amid the challenges of the dis-
ease. Exercise helps preserve physical function and independence,
allowing patients to continue performing daily activities and maintain-
ing a level of autonomy for as long as they can. It also reduces anxiety
and depression, improves mood, and provides a sense of control and
empowerment. Group exercise should be considered for people with
advanced-stage lung cancer, when feasible, as it can provide social in-
teraction and support, which can be particularly valuable for these indi-
viduals with advanced disease. At this stage of lung cancer, individuals
may find breathing exercises and relaxation techniques useful in help-
ing manage breathlessness, pain and anxiety which is associated with
the disease.!”

7. Exercise for managing cachexia and bone metastases in lung cancer

It is essential for patients with lung cancer and their healthcare pro-
viders to screen and assess for cachexia early to be able to mitigate the
impact on treatment and quality of life.”®%° There is currently a lack of
standardised approaches used to diagnose cachexia. Lung cancer and
its treatments can lead to cachexia, which includes skeletal muscle
wasting.3%2 Cachexia affects up to 80 % of individuals with advanced-
stage cancer.®>®3 It is more frequently observed in small cell lung
cancer (SCLC) and less commonly NSCLC.8%3 The exact mechanisms
of developing cachexia in lung cancer are not fully understood, but it
is believed to result from a complex interplay of factors such as the
presence of tumour-derived factors, systemic inflammation, and
metabolic alterations driven by the cancer.”®#* Given that many pa-
tients with lung cancer can experience cancer cachexia with symp-
toms such as unexplained weight loss, muscle weakness, fatigue,
loss of appetite, and overall decline in physical function, it has been
shown that resistance exercise in combination with other treatments
could be an important intervention to reverse or minimise the impact
of these factors.”980:85

Managing cachexia in patients with lung cancer is complex and
should involve a multidisciplinary approach. Strategies may include nu-
tritional support, appetite stimulants, resistance exercise, and interven-
tions aimed at reducing systemic inflammation.®® Cardiorespiratory
exercise should be limited in volume as this may increase the energy
deficit, accelerating weight loss and might also interfere with the ana-
bolic effects of resistance training.8” In some severe cases, medications
like corticosteroids may be prescribed.®®9 Patients with lung cancer
with cachexia may also experience psychological distress, therefore
psychosocial support, including counselling and support groups, could
potentially help address the emotional and mental health effects of ca-
chexia.

Approximately 20-30 % of lung cancer patients are diagnosed with
bone metastases, and an additional 35-40 % develop them during the
course of their illness.®® The presence of bony metastases in people di-
agnosed with certain types of lung cancer is a predictor of poor overall
survival.°! Exercise may play an important part in the management of
individuals with bony metastases. Exercise has been shown to be safe
and feasible for individuals with lung cancer when it included an ele-
ment of supervision with exercise instruction.”* Historically, health pro-
fessionals have hesitated to prescribe exercise for people with bone
metastases due to concerns about potential complications, such as frac-
tures and spinal compression.”> However, emerging evidence in other
cancer populations suggests that exercise can be safe and well-
tolerated for individuals with bone metastases, contributing to the pres-
ervation of physical function.’? To ensure safety, exercise programmes
must be meticulously designed, considering the specific site of metasta-
ses, and collaboration with specialised health professionals, such as on-
cology physiotherapists or exercise physiologists, is recommended to
tailor individualised exercise programmes for people diagnosed with
lung cancer who have bone metastases.

20

Journal of Science and Medicine in Sport 28 (2025) 16-25
8. Current exercise research recommendations in lung cancer

This review demonstrates that research in exercise and lung can-
cer is growing (Supplementary Table 1), and there is high heteroge-
neity in the exercise interventions in the current body of evidence
and a lack of lung cancer specific exercise guidelines. Specific exer-
cise recommendations for individuals diagnosed with lung cancer
have recently been developing, with recommendations varying
based on the individual's specific condition, treatment stage, and
overall health.?® Generally, the ACSM recommends that individuals
with cancer, including lung cancer, aim for moderate-intensity car-
diorespiratory exercise (30 min 3 x weekly during treatment, 150-
300 min per week post treatment), typically at an intensity between
50 % and 70 % of maximum heart rate.”®°® Common cardiorespiratory
exercise recommendations include brisk walking, cycling and swim-
ming. These activities are often well-tolerated and can help improve
cardiovascular fitness.?

It is well established in both healthy and clinical populations that the
acute and chronic effects of exercise are highly specific to the mode, vol-
ume and intensity of the exercise performed.? Cardiorespiratory exer-
cise training enhances cardiac, circulatory and pulmonary function as
well as the efficiency of skeletal muscles to use oxygen for energy
production.' Resistance training increases capacity and efficiency of
the neuromuscular system resulting in increased strength, power and
functional ability usually underpinned by increased muscle mass.!'°
The ACSM recommends performing resistance exercise in 2-3 sets of
8-12 repetitions for each major muscle group.'®? Resistance training ex-
ercises can involve weight machines, free weights, or resistance bands.
Resistance exercise is particularly important to maintain or build muscle
mass in patients with cancer. It is also suggested that flexibility and bal-
ance exercises be incorporated into the patient's routine as it can help
improve overall physical function and reduce the risk of falls, which
can be an issue for older or mobility-limited patients with lung
cancer®® due to physiological changes experienced and their increased
risk of cachexia.

Given the debilitating effects of lung cancer, exercise programmes
should be carefully individualised and developed in consultation with
healthcare providers who specialise in exercise oncology or rehabilita-
tion for people with lung cancer.>'® The type and dosage of exercise
should be tailored to the patient's specific diagnosis, treatment plan,
and any physical limitations or the side effects that people with lung
cancer are experiencing.>?> It is suggested that exercise programmes in-
corporate the principle of progressive overload,'® where the dosage
and intensity or resistance of the exercises are gradually increased
over time. Depending on the individual's current condition and treat-
ment status, exercise programmes may benefit from close monitoring
and supervision by healthcare professionals or trained exercise
specialists.>?3 This is especially important during active treatment
phases. Exercise programmes should be adapted to address symptoms
and morbidities because individuals with lung cancer may experience
various debilitating symptoms and side effects, such as fatigue, breath-
lessness, and muscle weakness as well as escalation of other chronic dis-
eases such as sarcopenia, osteoporosis, cachexia, and cardiovascular
disease.5®

Patients with lung cancer, particularly those receiving certain treat-
ments, are more susceptible to infections and other complications.'®
Adequate infection control measures and precautions should be taken
in exercise environments to ensure the safety of the patient. Exercise
programmes have many psychosocial benefits, including improved
mood and reduced anxiety and depression.”” Incorporating psychoso-
cial support elements into exercise routines, such as group classes or
counselling, may be a beneficial approach for best outcomes for these
patients.>>1% [t is important to note that individual factors, such as
the stage of cancer, overall health, and treatment specifics, can and
should be taken into consideration and may influence exercise prescrip-
tion, implementation, and monitoring (Supplementary Table 1).
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9. Interdisciplinary care in lung cancer

A successful interdisciplinary patient-centred approach to the care
of people with lung cancer involves the patient, carer, oncologists,
clinical exercise physiologists, dieticians, psychologists, and physical
therapists/physiotherapists. The inclusion of exercise in the care of
this patient population is key and could improve outcomes.®”1%? A coor-
dinated approach ensures that exercise is integrated into the patient's
overall treatment plan.

Exercise for lung cancer should be integrated into a patient's routine
in a way that minimises fatigue and discomfort and fits in with the
individual's needs for that day.!” Incorporating behaviour change tech-
niques into exercise sessions, such as personalised goal setting, action
planning and identification of exercise enablers and barriers is key
given that many people with lung cancer will not have exercised or
been physically active prior to their diagnosis.'®® Integrating the team
of experts working with the individual is key. For example, in advanced
disease exercise plans should be coordinated with the palliative care
team, including physicians, nurses, and other specialists, to ensure
that they align with overall palliative care goals and priorities of the
patient. Assessment of the patient's physical function, symptoms, and
overall well-being could help with adjusting the exercise plan as needed
to address changing needs and capabilities of patients, without being
burdensome. Table 2 has been developed to assist clinicians in iden-
tifying specific clinical exercise considerations for people with lung
cancer.

When exercise programmes are provided in the setting of interdisci-
plinary care, that includes psychosocial support, it can assist with reduc-
ing anxiety, depression, and stress in patients with lung cancer.*®
Group-based exercise sessions may also foster a sense of community
and support which can help improve psychosocial functioning, high-
lighting the potential importance of connecting with family and
friends.'% Effective incorporation of exercise into interdisciplinary
care should be tailored to each patient's specific needs and capabilities
as recommended in the exercise guidelines for people diagnosed with
cancer.29%103 Healthcare providers should consider the patient's
choices, access, stage of cancer, treatment plan, comorbidities, and fit-
ness level when prescribing exercise.

10. Adherence and barriers to exercise in lung cancer

Exercise adherence can be challenging for individuals with lung
cancer due to the physical and emotional impact of the disease and
treatments.' 1112 A lack of financial means to access a prescribed
exercise programme beyond Medicare (in Australia) or funded sessions
could also cause a person not to exercise. It is important that the treating
team supports patients to improve exercise adherence, and respiratory
assessment should be carried out to prioritise and optimise sessions for
those with COPD prior to exercise and also any cardiovascular risk
excluded and managed if a co-existing long-term tobacco history is
reported/known. Healthcare providers should educate patients about
the benefits of exercise and the role in managing cancer-related symp-
toms and side effects. Patients should be informed about the specific
exercise recommendations tailored to their individual goals, condi-
tion and treatment stage. Establishing achievable exercise goals is
essential. Goals should be realistic and adapted to the patient's cur-
rent needs and physical condition.®”"!3 Setting both short-term
and long-term goals could provide motivation and a sense of accom-
plishment for patients. Healthcare providers can provide ongoing and
regular motivation and encouragement to patients to adhere to their
exercise routines.

Exercise plans should be adapted to support different treatment
phases. For example, during active treatment, the intensity and type of
exercise may need to be adjusted to account for fatigue or treatment
side effects. Encouraging patients to engage in recommended activities
that they enjoy can make exercise more enjoyable and sustainable in
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Table 2
Clinical exercise considerations.

Consideration Stakeholder

Moderate to vigorous-intensity cardiorespiratory Exercise professionals
exercise and resistance training are recommended
(detailed in Table 1).

Exercise programmes should incorporate the principle of
progressive overload, where the frequency, dosage and
intensity of exercises are gradually increased over time as
tolerated by the individual or regressed if necessary due
to disease progression or treatment toxicities.

A thorough assessment by healthcare providers,
including oncologists, clinical exercise physiologists, and
physical therapists/physiotherapists, should guide the
development of an exercise plan, with the support of the
multidisciplinary team to ensure it is adhered to and
implemented into care.

Patients with lung cancer may be at increased risk of
certain complications, including infections and blood
clots. Exercise environments should minimise risk of
hazards and be hygienic, especially during active
treatment phases. New and worsening symptoms should
be reported to the treating clinician.

Depending on the individual's health status, close
monitoring and supervision of the exercise programme
by clinical exercise physiologists, other trained exercise
specialists, or healthcare professionals may be required.
Lung cancer can affect respiratory function, and including
breathing exercises (such as inspiratory muscle training)
in the programme can help improve lung capacity and
manage breathlessness and reduce post-operative
pulmonary complications.

Exercise can have positive psychosocial benefits, including
improved mood and reduced anxiety and depression.
Incorporating psychosocial support elements into exercise
routines, such as group classes or counselling, may be
beneficial for patients with lung cancer.

Some patients with lung cancer may be taking
medications or having treatments that can affect exercise
capacity or interact with exercise acute and chronic
effects. It's important to coordinate exercise plans with
medication management and understand any side effects
that may need to be considered.

It is important to ensure that exercise is safe and
appropriate, especially if there are any specific medical
concerns. Referral to an accredited exercise physiologist
is considered best practice.

Encouraging patients with lung cancer to incorporate
physical activity into their daily routines, such as walking
and increasing incidental exercise, can be an effective way
to promote ongoing activity and reduce sedentary time.
Ongoing education to healthcare providers and people
with lung cancer about the potential benefits of exercise
is essential to increase the number of people referred to
or who self-refer to exercise programmes.

Further economic evaluations of exercise programmes
for people with lung cancer are needed. Findings of
cost-effectiveness can be used to support business case
development to increase the number of available exercise
programmes to facilitate the provision of exercise to
people with lung cancer as part of routine care.

Exercise professionals

Healthcare
professionals

Healthcare
professionals

Healthcare

professionals

Exercise professionals

Exercise professionals

Healthcare
professionals

Healthcare

professionals

People diagnosed with
lung cancer

Researchers

Researchers

NB: Due to the extensive and significant impact that lung cancer has on a patient's physical
condition and overall health there are some considerations developed from this review
that clinicians should be mindful of.

the long term. Addressing emotional well-being is crucial, patients
should be encouraged to access psychosocial support, including
counselling or support groups if needed, and this may help support
them to cope with the emotional challenges of lung cancer. Few lung
cancer exercise trials report serious adverse events; however, these
data are often not adequately reported in the literature. Given the signif-
icant proportion of people with lung cancer presenting with advanced
disease consideration is needed regarding the presence of any bony me-
tastases. Expert consensus exercise recommendations for people with
bony metastases include assessing the risk of potential skeletal compli-
cations against the potential benefits of exercise.%®
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11. Breathing exercises and inspiratory muscle training (IMT) in
lung cancer

Breathing exercises and inspiratory muscle training (IMT), whilst
both involving the respiratory system, serve distinct purposes with dif-
fering impacts on cardiorespiratory fitness, particularly for individuals
with lung cancer. Breathing exercises, such as diaphragmatic breathing
and pursed-lip breathing, primarily focus on promoting relaxation,
reducing stress, and managing symptoms like anxiety and dyspnoea,
which are common in this population. These exercises typically have
minimal impact on cardiorespiratory fitness. IMT is a specific form of ex-
ercise designed to strengthen the diaphragm and other respiratory
muscles. For individuals with lung cancer, IMT can be particularly ben-
eficial by improving breathing efficiency, lung function, exercise toler-
ance, and potentially enhancing cardiorespiratory fitness. IMT may
help reduce dyspnoea and fatigue, common side effects of cancer treat-
ment, and may even improve quality of life for this population.

Inclusion of breathing exercises as part of effective exercise prescrip-
tion is particularly important in the pre-operative and immediate post-
operative treatment phases. In a meta-analysis of randomised con-
trolled trials (RCTs) of pre-operative breathing exercises compared to
usual care, the intervention resulted in significantly fewer post-
operative pulmonary complications (including pneumonia) and shorter
hospital length of stay.>? In 8 of 10 RCTs the breathing exercise interven-
tion included IMT. Post-operatively IMT has also been demonstrated to
improve patient outcomes, including respiratory muscle strength.>* IMT
is simple, easy for patients to perform and involves breathing exercises
through a resistance device, such as a Power Breathe. These are com-
monly performed for 10-20 min, twice daily with the level of resistance
increased as the patient progresses.

12. Recommendations from this review

Based on the findings of our review, exercise prescription should in-
volve discussion with the patient and their healthcare team and assess-
ment prior to starting an exercise programme, especially if pre-existing
cardiovascular, pulmonary, endocrine or neurological conditions are
present or if patients are currently undergoing active cancer treatments.
The type, dosage and intensity of exercise should be determined in con-
sultation with the medical team and clinical exercise physiologists or
physical therapists/physiotherapists and include the input of the multi-
disciplinary team. Determining the appropriate exercise intensity is
crucial for people with lung cancer and should also be tailored to the in-
dividual's characteristics, such as overall health, symptoms experienced,
fitness levels and exercise tolerance, however, it appears that most ben-
efits are obtained at moderate or vigorous intensity. It is recommended
for patients with advanced disease that exercise be conducted under su-
pervision or guidance, with careful consideration of any potential risks
or contraindications given the complexities that commonly present in
this stage of diagnosis.'” Table 1 was developed to collate the recom-
mendations from this review to assist clinicians with exercise prescrip-
tion for people diagnosed with lung cancer. Fig. 1 provides a general
overview of exercise for people with lung cancer.

13. Future research and current gaps

Future research in exercise and lung cancer could contribute signifi-
cantly to improving the care and quality of life of individuals affected
by this debilitating disease. Very little exercise evidence in small cell car-
cinoma currently exists with the majority of evidence in non-small cell
lung carcinoma. Health economic analyses should be conducted along-
side future RCTs. More research is needed to determine how exercise
programmes can be further tailored to the unique needs and capabilities
of each individual patient with lung cancer. This includes addressing the
specific challenges faced by different subgroups, such as older adults,
those with comorbidities, or patients with different histological types of
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Fig. 1. The impact of exercise on people with lung cancer.

lung cancer. Research should focus on the safety of exercise interven-
tions, especially during active cancer treatment phases or in people
with bony metastases. This includes understanding the potential interac-
tions between exercise and specific treatments and identifying strategies
to mitigate adverse effects. The current body of evidence has involved the
prescription of multi-modal exercise. Future research should include
head-to-head comparisons of the effects of different training types.
Long-term studies are needed to assess the sustained benefits of exercise
in lung cancer survivors, including the impact on cancer recurrence,
overall survival, and the prevention of cancer-related comorbidities. Un-
derstanding the underlying mechanisms and best practices for symptom
management through exercise is crucial. Researchers should explore
how exercise can complement other treatments and interventions (and
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be delivered adjunctly by qualified professionals — such as clinical exer-
cise physiologists and physiotherapists - as part of the care team), such
as nutritional support, pharmacological agents, and psychosocial inter-
ventions, to enhance overall best practice patient care.

Further research is needed into our understanding of the underlying
mechanisms through which exercise exerts positive effects on lung
cancer outcomes. This could provide insights into potential targets for
therapeutic interventions. Understanding the role of exercise in improv-
ing the quality of life and symptom management in individuals with
advanced lung cancer and in palliative care is an area of importance.
Collaboration between researchers, clinicians, patients, and advocacy
groups is crucial to advancing the field of exercise and lung cancer. By
addressing these research gaps, we can better define the role of exercise
in lung cancer care, target limited resources to responders and develop
evidence-based strategies to optimise the physical and emotional well-
being of individuals living with this disease.

14. Conclusion

Lung cancer is a global health concern with lower survival rates and
significant patient burdens. Given increased treatment options and
gradually improving survival exercise is gaining interest as an adjunct
therapy to improve health outcomes, particularly for patients with
lung cancer. However, their specific needs such as capacity for exercise
and symptoms need to be at the forefront of care. This review provides
new insights into exercise in lung cancer care, emphasising the need for
further research to optimise exercise prescriptions. Whilst patients may
not be routinely referred to services/programmes due to inconsistent
referral pathways, our recommendations encourage the use of moder-
ate-vigorous-intensity cardiorespiratory exercise, resistance training,
and individualised programmes which can be tailored to the resources
available in each clinical setting. Research to date has demonstrated
that exercise has a positive effect in people with lung cancer regardless
of stage, from preoperative to postoperative care, as well as in advanced
cancer. Successful exercise interventions require tailored programmes,
specialised healthcare providers, and a focus on adherence strategies.
Adherence can be improved through education, goal setting, and care-
giver support. Addressing these areas can enhance the well-being of
patients with lung cancer and potentially improve outcomes.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jsams.2024.08.002.
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