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 Introduction

Approximately 50% of all individuals with a cancer diagnosis will ultimately die 
from disease progression [1]. The World Health Organization endorsed palliative 
care as a global health issue in 1990 and defined palliative care as “the active total 
care of patients whose disease is not responsive to curative treatment. Control of 
pain, of other symptoms, and of psychological, social and spiritual problems, is 
paramount. The goal of palliative care is achievement of the best possible quality of 
life for patients and their families” [2]. In parallel with the rising incidence of cancer 
and improved treatment, there is a growing population of survivors living months to 
years longer with advanced chronic cancer, survivors who are not yet palliative or 
appropriate for end-of-life care. Maintaining function and control of symptoms is 
necessary for these survivors to live well for as long as possible [3].

Timely rehabilitation and exercise, at appropriate volumes, shows promise as a 
strategy to optimize functional capacity, symptom management, independence, and 
quality of life (QoL) [3–5]. Evidence suggests that exercise may help to prevent or 
delay declines in aerobic fitness and strength, and maintain adequate physical 
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function to perform daily activities [3]. Moreover, performance status, which is 
used to guide decision-making regarding appropriate treatment for survivors with 
advanced cancer, heightens the importance of exercise to maintain or attenuate 
declines in function and quality of life [6]. The purpose of this chapter is to outline 
the role of exercise in survivors with advanced cancer, who have metastatic disease, 
or who are receiving palliative care. Our aim is to focus on the unique needs of these 
survivors and to highlight the differences in terms of exercise screening, testing, and 
training from those of survivors with curative disease. Table 16.1 includes the defi-
nitions for the terms survivor, palliative care, advanced cancer, metastatic disease, 
and terminal (end of life) cancer.

 Palliative Care

Modern definitions of palliative care are reflective of the ever-changing landscape 
of how palliative care is delivered worldwide. Whereas traditional models of pallia-
tive care were focused on caring for survivors solely in the terminal stage of illness, 
there is a proliferation of evidence in support of integration of palliative care early 
in the disease trajectory [7]. In their 2018 Cochrane review of seven randomized and 
cluster-randomized controlled trials involving a total of 1614 participants, Haun 
et al. showed that early palliative care interventions had beneficial effects on quality 
of life and symptom intensity in survivors with advanced cancer, compared to usual/
standard cancer care alone; despite small effect sizes, these findings were felt to be 
clinically relevant in survivors with advanced stage disease and limited prognosis 
[8]. In their 2017 updated Clinical Practice Guideline, the American Society of 
Clinical Oncology recommends that advanced cancer survivors receive dedicated 
palliative care services, early in the disease course and alongside active treatment of 
their cancer; early palliative care involvement was defined as within 8 weeks of the 
initial diagnosis of advanced cancer [9].

Table 16.1 Key terms and definitions

Key term Definition

Survivor Any person with cancer, from the time of cancer diagnosis, through the 
balance of their life [160]

Palliative care The active holistic care of individuals across all ages with serious health- 
related suffering due to severe illness and especially of those near the end of 
life. It aims to improve the quality of life of survivors, their families, and their 
caregivers [11]

Advanced 
cancer

Incurable malignant disease [13]

Metastatic 
disease

Spread of cancer cells from the primary tumor to other parts of the body, by 
means of the blood or lymphatic system [19]

End of life or 
terminal cancer

Life-limiting malignant disease with irreversible decline and expected survival 
in terms of months or less [23]
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In response to the growing evidence base, the 2017 Lancet Commission argued 
for a new definition that “explicitly rejects any time or prognostic limitation on 
access to palliative care, includes complex chronic or acute, life-threatening, or life- 
limiting health conditions, and considers all levels of the health-care system from 
primary to specialized care and all settings where palliative care can be delivered” 
(p. 1400) [10]. Hence, the International Association for Hospice and Palliative Care 
(IAHPC) developed its own international consensus-based definition of palliative 
care, which is the “active holistic care of individuals across all ages with serious 
health-related suffering due to severe illness, and especially of those near the end of 
life” with the overall aim of improving quality of life for survivors, caregivers, and 
families [11]. The IAHPC contends that palliative care is applicable throughout the 
course of an illness, can be provided concurrently with disease modifying therapies, 
and can positively influence the course of illness.

 Advanced Cancer

Differentiating between the concepts of advanced, metastatic, and terminal (end of 
life) disease remains challenging [12]. The American Society of Clinical Oncology 
defines advanced cancer as incurable, malignant disease [13]. This definition is con-
gruent with that of the National Cancer Institute, for whom advanced cancer is 
“cancer that is unlikely to be cured or controlled with treatment” [14]. The propor-
tion of cases of advanced cancer at diagnosis for lung cancer, for example, is 
approximately 75% [15]. Other reported cancers with high proportions of advanced 
cancers at diagnosis include pancreatic cancer (79%) and non-Hodgkin’s lymphoma 
(64%) [15]. There are clinical circumstances, however, for which these definitions 
do not apply. Locally advanced cancer, or cancer that has grown beyond its initial 
primary site but has not yet spread to distant sites in the body, may be curable, 
depending on the cancer primary [16]. For example, many locally advanced prostate 
cancers are curable [17], whereas most locally advanced pancreatic cancers are not 
curable [18].

 Metastatic Disease

The Canadian Cancer Society defines metastatic cancer as the “spread of cancer 
cells from the primary tumor to other parts of the body, by means of the blood or 
lymphatic system” [19]. This definition is congruent with that of the National 
Cancer Institute, for whom metastatic cancer is “the spread of cancer cells from 
the place where they first formed to another part of the body” [20]. Metastasis 
involves breakdown of intercellular cohesion, tumor cell migration, angiogenesis, 
access to and survival in the systemic circulation, evasion of local immune 
responses, and growth in distant organs [21]. Again, there are clinical 
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circumstances wherein metastatic cancer may not necessarily imply incurable or 
terminal disease. For example, greater than 80% of cases of metastatic testicular 
cancer are curable [22].

 Terminal Disease

There is significant ambiguity and a lack of definitional clarity in the terms “actively 
dying,” “end of life,” “terminally ill,” and “terminal care” [12]. In their 2014 sys-
tematic review, Hui et al. highlighted the key defining features of the terms “end of 
life,” “terminally ill,” and “terminal care,” as being “life-limiting disease with irre-
versible decline and expected survival in terms of months or less” [23]. There are 
clinical circumstances, however, where terminal cancer implies neither advanced 
nor metastatic disease. For example, survivors with high-grade gliomas may have 
terminal disease and no metastases [24].

 Research Evidence Supporting Exercise

Emerging evidence supports the benefits of exercise for survivors with advanced 
cancers [3, 25, 26]. The number and quality of studies looking at the relationship 
between exercise and advanced cancer have greatly increased in number over the 
last decade. Three recent systematic reviews have been performed examining the 
benefits of exercise in advanced cancers (Table 16.2); these reviews comprised 23 
distinct randomized controlled trials (RCTs) and a total of 1787 participants. Of 
these 23 RCTs, 9 studies were performed with mixed cancer types, 5 with lung 
cancer, 4 with hematological cancers, 2 with breast cancer, 1 with gastrointestinal 
cancers, and 2 studies involved survivors with bone metastases. The heterogeneity 
among studies in tumor types, definitions of advanced or terminal cancer, inclusion 
criteria, and exercise prescription variables precludes synthesis of findings, thus 
limiting overall conclusions on benefits. In general, however, findings support fea-
sibility of exercise as assessed by safety (e.g., no serious adverse events), recruit-
ment and completion rates, and adherence (e.g., attendance). The most important 
findings include improvements in cardiopulmonary fitness, muscle strength, and 
physical function [3, 25]. The benefits of exercise alone for quality of life and symp-
toms such as fatigue and dyspnea remain unclear. However, studies involving inter-
disciplinary rehabilitation interventions, for example, have shown benefit for fatigue 
[27, 28], chemotherapy-induced peripheral neuropathy [29], body weight manage-
ment [30], and quality of life [30].

Given the heterogeneity among trials to date, more research is needed to explore 
the optimal regimen in terms of the stage of disease (advanced, metastatic, or end of 
life), as well as exercise mode and parameters of frequency, intensity, time, and 
type. Studies, to date, have mostly involved supervised exercise programs. 
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Home- based exercise is an attractive option for survivors with advanced cancer 
given advantages of time, eliminating the need for travel, and favoring activities of 
daily living; however, concerns exist over the feasibility of this type of program-
ming [31, 32]. Wearable activity monitors, smartphone applications, and virtual 
interventions show promise as e-health solutions for the delivery of supported 
home-based interventions that also allow for exercise supervision and survivor (and 
caregiver) connectedness [33].

 Goals of the Prescribed Physical Activity or Exercise Program

For survivors living with advanced, metastatic, or terminal cancer, exercise goals 
are often quite different from those with early-stage curative disease [34]. 
Symptom control, physical function, and maintenance of independence are pri-
mary reasons for seeking out and taking part in exercise interventions [3]. 
Exercise has the potential to improve function even if the disease is advanced; 
however, the focus of exercise may vary by the cancer type, the survivor’s physi-
cal fitness and functioning, presenting impairments related to cancer or cancer 
treatment, and the presence of other illnesses or conditions. A survivor with 
advanced lung cancer, for example, may struggle with shortness of breath on 

Table 16.2 Systematic review evidence

Author, year, 
and definition

# of studies/
sample size/
designs

Feasibility 
measures Main findings

Negative or 
unclear findings

Dittus, 2017 [3]
“At least one 
third of the 
sample 
population had 
advanced 
cancer”

26 studies
(N = 2038)
14 RCTs
10 pre/post
3 program 
evaluation

Recruitment:
26–86%
Attrition:
11–54%
Attendance:
65–95%

Cardiorespiratory fitness: 
14/19 studies reported 
significant improvement; 
magnitude: +9.1% 
improvement
Muscular strength: 11/12 
studies significant: +7.6%
Physical function: 9/9 
studies reported significant 
improvement

Fatigue
Quality of life

McIntyre, 2019 
[25]
“advanced lung 
cancer”

6 RCTs
(N = 221)

No serious 
AE
8 minor 
Adverse 
Event (AE)

Exercise capacity as 
measured by 6-minute walk 
distance: mean difference 
63.33 m; 95% CI 3.70–
122.96; three studies, 59 
participants

Dyspnea
Quality of life

Heywood, 2017 
[26]
“cancer that is 
unlikely to be 
cured”

25 studies
(N = 1088)
16 RCTs
9 cohort 
studies

6 minor AE
Adherence: 
65–89%
Attendance: 
59–100%

Safety and feasibility of 
general programs across 
cancer tumor groups

Optimal exercise 
parameters 
unclear (i.e., 
frequency, 
intensity, time, 
and type)
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exertion limiting activities of daily living, while a survivor with a brain tumor 
may have deficits in balance, placing them at risk of falling. Thus, exercise pro-
grams need to be personalized and flexible. Moreover, exercise goals may need to 
be revisited periodically as the treatment approach changes, and the disease pro-
gresses. Importantly, the exercise professional must be able to recognize issues 
and determine how best to modify the exercise program as the survivor’s situation 
changes [5]. Outside of the physical and functional goals of exercise, making the 
most of the potential psychosocial benefits from exercise participation should be 
considered, particularly the benefits of social interaction with other survivors in 
a group exercise setting.

For advanced cancer survivors with stable disease who are not receiving active 
treatment, the goals of exercise training may be to maintain or improve fitness and 
function, as well as to manage any effects of the disease and its prior treatments. 
Exercise during this period can also be used as a prehabilitation strategy to optimize 
performance status in preparation for future cancer treatments, that may be neces-
sary either prophylactically, or to address eventual disease progression.

The goal of exercise for survivors with terminal cancer and limited life expec-
tancy is to help maintain independence as the focus of care shifts to living as well as 
possible in the short term. At this stage, an interdisciplinary approach is paramount 
to address symptom management, and consideration should be given to integrating 
exercise into activities of daily living.

 Screening for Exercise Testing and Participation

The goal of exercise screening in survivors with advanced cancer is to reduce the 
risk of any adverse events during fitness assessments or exercise training [35]. 
Screening of the survivor is important to identify existing risks related to exercise 
and should include a medical history covering the cancer diagnosis, current disease 
status and prognosis, treatment received and in process [36, 37], presenting impair-
ments, and other potential comorbid conditions [38]. The screening process allows 
the exercise professional to (i) anticipate potential side effects and adverse events; 
(ii) identify the appropriate level of exercise supervision; (iii) identify the type of 
monitoring needed during exercise sessions; and (iv) identify the optimal type and 
intensity of exercise.

Suggested steps for screening and communication around exercise safety are 
outlined in the Screening and Triage Decision Tree in Fig. 16.1. We recommended 
that medical clearance be obtained prior to the survivor beginning an exercise 
 program. This clearance should be sought from health care providers (HCP) who 
provide cancer care (e.g., oncologist, palliative care specialist) and/or who manage 
comorbid conditions (e.g., family physician, cardiologist). Any pre-exercise evalu-
ation completed as part of the medical clearance is at the discretion of the medical 
provider and may include a physical examination, medical imaging, and/or labora-
tory tests [36]. Comprehensive screening, as outlined in Fig. 16.1, can effectively 
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determine the most appropriate treatment pathway. For example, higher-risk or 
more complex individuals, or those experiencing severe or multiple cancer-related 
adverse effects, may require interdisciplinary cancer-specific rehabilitation support.

 Objective Physical Fitness Assessment

Ideally, all aspects of health-related fitness should be assessed prior to the survivor 
beginning an exercise program including testing aerobic fitness, muscular strength, 
flexibility, and balance. Functional assessments such as the Timed Up and Go test, 
sit-to-stand, or Short Physical Performance Battery can easily be performed in the 
clinical setting and are helpful to inform the survivor’s ability to carry out activities 
of daily living [39, 40]. A number of factors related to the survivor’s status should 
be considered when selecting tests, such as functional status, cancer and treatment 
status, and the presence and extent of any comorbid conditions. These factors should 
be matched with the abilities, effort, and overall demand to complete the selected 
fitness assessments. Moreover, the overall goals of the exercise training program 
should be taken into account to determine what information is actually needed for 
effective exercise prescription, with tests then selected to match the needs and goals 
of the survivor. While gold standard, maximal type fitness assessments can be safely 
completed in individuals with advanced cancer [41, 42], when considering which 
tests to complete, the focus should be on avoiding any undue risk or burden to the 
survivor while still producing sufficient and accurate information to assist in the 

Low risk                        Moderate risk High risk

Stable disease status Undergoing cancer treatment Advanced disease progression
+ OR +

Low symptom burden Fluctuating symptom status High/symptom burden
+ + +/OR 

No/well controlled comorbid conditions  Controlled comorbidities Multiple or uncontrolled comorbities

Referral to supervised
community-based
exercise or home-based
exercise

referral or approval from oncologist for exercise

Referral to
supervised exercise
programming with
interdisciplinary
consult as needed  

Referral to
interdisciplinary cancer
rehabilitation team –
therapeutic exercise/
focus on function and
activities of daily living  

Discussion with oncologist on risk status and
appropriate exercise supervision level

Fig. 16.1 Screening and triage to appropriate exercise programming
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exercise prescription and to monitor changes over time. Depending on the survi-
vor’s status, additional rest time between fitness tests and spreading the assessments 
over multiple days may be necessary.

 Additional Special Tests and Monitoring

The physical assessment of the survivor with advanced cancer should start with 
assessment of vital signs [43]. For a survivor whose status may fluctuate on a daily 
basis (i.e., on treatment or with active progressive disease), we recommend moni-
toring of key vital signs at each visit. These resting physiological measures include 
heart rate, blood pressure, respiratory rate, and oxygen saturation; however, consid-
eration should be given to incorporation of additional measures to monitor symp-
toms, as indicated [36]. For example, it may be useful to obtain heart rate and blood 
pressure readings in the supine, sitting, and standing positions for a survivor report-
ing symptoms of dizziness. This information can inform fall risk and the need for 
modifications in positioning of exercises (e.g., upright positions versus on a floor 
mat), the order of exercises (e.g., avoiding unnecessary or minimizing the number 
of position changes), and teaching the survivor strategies to move safely when 
changing positions (e.g., slowly changing position and pausing with each position 
change to allow for adaptation).

Body weight changes also have implications on the ability of the survivor to 
participate in and gain benefit from exercise. Gains in fat mass, and losses in muscle 
mass related to prescribed corticosteroids, for example, may negatively impact 
function and increase fall risk. A survivor with advanced cancer may become 
cachexic, leading to poor exercise tolerance and increased post-exercise fatigue 
[44]. Across cancer types, negative changes in body weight and composition add 
complexity to the survivor’s programming and necessitate close collaboration with 
the dietician as well as the interdisciplinary team [18]. Furthermore, collaboration 
with specialists in physical medicine and rehabilitation and/or physical therapy may 
be needed for assessment and treatment of other impairments such as peripheral 
neuropathy; lymphedema; gait, ambulation, and fall risk and to address comorbid 
conditions such as arthritis.

 Principles of Exercise

Many of the guiding principles of exercise prescription hold true in the advanced 
cancer exercise setting, with the most important considerations being individualiza-
tion, progressive overload, specificity, and recovery [45]. Individualization of the 
exercise prescription to the survivor’s current status, and modifying the program to 
match any change, is crucial to safe and beneficial exercise. The training overload 
(total volume of training), with FITT parameters of Frequency, Intensity, 
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Time/duration, and Type of training, should be considered, as would normally be 
done in other populations [36]. Progression of the total training volume should be 
gradual and symptom-limited and is best guided by the survivor’s response to train-
ing. Determining the appropriate overload and progression of exercise is a challenge 
in the advanced cancer setting, as cancer treatments and disease progression may 
have a profound effect on physiological systems [46]. Specificity of the training 
program should address areas of need or weakness as determined from the initial 
screening and fitness assessment. Incorporating longer rest time between exercises 
and sets is important to avoid exacerbating symptoms such as fatigue, and the num-
ber of planned training sessions per week should allow for adequate rest and recov-
ery, while also considering the time burden of appointments.

While currently available exercise guidelines for cancer survivors provide a rea-
sonable framework for exercise prescription, a survivor with advanced cancer may 
need and prefer to exercise at lower total volumes and intensities of exercise [41, 
47]. Applying the principles of exercise training and prescription becomes even 
more complex as disease and treatment factors tend to have a greater and growing 
impact on the survivor’s ability to both complete and recover from exercise training. 
Ideally, some combination of aerobic, resistance, core, balance, and flexibility exer-
cises should be included in the training program to benefit all aspects of the survi-
vor’s health-related fitness and functional abilities. We recommend that setting of 
intensities be conservative, particularly when the ability to prescribe specific train-
ing intensities (e.g., % maximum heart rate or one repetition maximum) is not pos-
sible from data obtained from the fitness assessment. The survivor should finish 
exercise sessions feeling better, possibly more energized or comfortably tired, and 
not be exhausted, or require a nap. Depending on the survivor’s presentation and 
risk for adverse events, exercises that are high impact, high intensity, and/or of 
longer duration may need to be avoided [46]. The goal of the exercise prescription 
overall is to create a balance between having a sufficient exercise stimulus to posi-
tively impact the health and fitness of the survivor and not increase fatigue, cause 
pain or injury or exacerbate symptoms. The survivor’s function, symptoms, or the 
disease itself may ultimately limit progression of exercise, and, in fact, the survivor 
do better with dose reduction over time.

The need for ongoing modification of programming should be anticipated to 
ensure that exercise participation is safe and effective. Each training session should 
begin with a conversation with the survivor regarding the response to the previous 
workout in terms of impact on fatigue and symptoms (immediately post-exercise 
and 24 and 48 hours later) to determine any immediate need for modifications to 
programming. Further, the survivor must understand the need to communicate any 
concerns during sessions to allow for in-training modifications. The perceived exer-
tion scale is helpful for monitoring both exercise intensity and symptoms (e.g., dys-
pnea, fatigue, pain scales) [48]. The exercise professional should explain the proper 
use of the rating of perceived exertion scale at the commencement of the survivor’s 
programming. Once trained and practiced, the survivor can effectively perceive 
their level of exertion, muscle fatigue, pain, or breathlessness [49]. Close attention 
to the survivor’s perceived exertion can help to determine if the training volume is 
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set at a manageable level. Given the survivor’s potential fluctuating status, this 
information is beneficial to also obtain feedback on perceived exertion when per-
forming activities of daily living [49].

 Exercise Professional Training

Exercise professionals should have adequate cancer education and experience to 
ensure the safety of the survivor and quality of exercise programming. Professionals 
with certifications, such as the Canadian Society of Exercise Physiology – Certified 
Exercise Physiologist and American College of Sports Medicine (ACSM) Clinical 
Exercise Physiologist, have the ideal combination of education and experience and 
approved scope of practice to work with survivors with advanced cancers [36]. 
Additional cancer-specific practical experience or formal training, such as ACSM/
American Cancer Society Certified Cancer Exercise Trainer, is recommended. 
Other health professionals (medical doctors, nurse practitioners, physical therapists, 
and other rehabilitation staff) working with cancer survivors who also have experi-
ence or training in exercise are well suited to deliver exercise training in an advanced 
cancer setting.

 Special Considerations

 Cancer-Related Fatigue (CRF)

Cancer-related fatigue is a symptom subjectively experienced as a physical, emo-
tional, and/or cognitive tiredness or exhaustion secondary to cancer or cancer treat-
ment, which interferes with usual functioning, and that is distressing, persistent, and 
not proportional to recent activity [50]. There is wide variability in the clinical pre-
sentation of cancer-related fatigue, whose underlying pathophysiology is multifac-
torial and involves somatic, psychosocial, cognitive, and emotional variables [51]. 
Originating in the central nervous system, central fatigue presents as the inability to 
complete physical and mental tasks requiring self-motivation and internal cues, in 
the absence of motor weakness or cognitive failure [52]. Putative central mecha-
nisms include the vagal afferent nerve [53], dysregulation of cytokines [54] or sero-
tonin [55], and disruption of circadian rhythm [56] or the hypothalamic- pituitary-adrenal 
axis [57]. Peripheral fatigue, on the other hand, presents as the inability of muscle 
to perform a task in response to central stimulation, either at the level of muscle or 
the neuromuscular junction [58]. Putative peripheral mechanisms include adenosine 
triphosphate dysregulation [59], contractile properties [60], and muscle metabo-
lism [61].

Fatigue is the most common and distressing symptom. A common physical com-
plaint of CRF is the onset of tiredness and/ or weakness upon sustained exertion or 
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during repetitive tasks [62, 63]. Cancer-related fatigue occurs in up to 40% of survi-
vors at the time of cancer diagnosis, in up to 80% of survivors treated with chemo-
therapy, and in up to 90% of survivors treated with radiotherapy [64]. In a systematic 
review of symptom prevalence in older cancer survivors receiving palliative care, 
fatigue was the most prevalent symptom, occurring in at least 50% [65]. Cancer-
related fatigue negatively impacts activities of daily living and overall quality of life 
[63] and affects survivors more and for longer than any other symptom, including 
pain [66]. In a systematic review of symptoms associated with cancer-related 
fatigue, psychosocial distress had higher overall correlations with cancer-related 
fatigue than symptom distress [67].

Cancer-related fatigue management starts with comprehensive assessment of the 
symptom, its impact on the survivor’s experience, and treatment of any potential 
contributors. Uncontrolled symptoms, such as pain, dyspnea, nausea, anxiety, and 
depression, can exacerbate fatigue in the cancer survivor [68]. Deconditioning due 
to prolonged bed rest and immobility, overexertion, infection, anemia, autonomic 
dysfunction, cachexia, polypharmacy, hypoxia, dehydration, metabolic/endocrine 
disorders, and renal/hepatic/cardiac comorbidities can all further contribute to 
symptoms of fatigue [69].

Commonly used pharmacological agents for the management of cancer-related 
fatigue include corticosteroids, megestrol acetate, psychostimulants, and investiga-
tional agents (e.g., eicosapentaenoic acid, thalidomide, L-carnitine, testosterone, 
melatonin) [70]. Non-pharmacological strategies for the management of fatigue 
include psychological interventions, physiotherapy, and occupational therapy [71]. 
The survivor with moderate to severe CRF may benefit from involvement of the 
interdisciplinary rehabilitation team where interventions may include, for example, 
nutrition counseling and occupational therapy education on energy conservation 
and maximization. For the exercise specialist, careful attention to symptom flares 
and excessive post-exercise fatigue allows for adjustment of the exercise prescrip-
tion [72, 73]. With appropriately prescribed exercise, and monitoring of perceived 
exertion to inform activity pacing, the survivor should notice improved ability to 
complete daily tasks and meaningful activities, even if overall fatigue persists [73]. 
In a meta-analysis comparing pharmacological, psychological, and exercise treat-
ments for cancer-related fatigue, exercise and psychological interventions were 
shown to be effective in reducing cancer-related fatigue both during and after cancer 
treatment and were significantly better than the available pharmacological 
options [74].

 Bone Metastases

Bone is the third most frequent site of metastasis, after lung and liver. Bone metas-
tases are nearly always multiple, and their distribution within the axial skeleton is 
primarily attributed to the red bone marrow therein. Although the overall incidence 
of bone metastases is not known, the incidence of bone metastases is highest in 
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multiple myeloma (up to 95%), followed by prostate cancer (up to 90%), breast 
cancer (up to 75%), lung cancer (up to 64%), thyroid cancer (60%), melanoma (up 
to 45%), bladder cancer (40%), and renal cell carcinoma (up to 25%) [75]. After 
diagnosis of bone metastases, median survival is highest in prostate cancer (up to 
53 months), followed by thyroid cancer (48 months), breast cancer (up to 25 months), 
renal cell carcinoma (12 months), bladder cancer (up to 9 months), lung cancer (up 
to 7 months), and melanoma (6 months) [76]. Table 16.3 provides information on 
diagnostic imaging methods for the detection and evaluation of bone metastases.

There are three main types of bone metastases, which are classified according to 
the putative mechanism of interference with bone remodeling [77]. Osteolytic 
metastases are characterized by osteoclast-mediated destruction of normal bone and 
involvement of parathyroid hormone-related peptide [78]; osteolytic metastases 
comprise the majority of bone metastases in breast cancer and are present in multi-
ple myeloma, renal cell carcinoma, melanoma, non-small cell lung cancer, non- 
Hodgkin’s lymphoma, and thyroid cancer [76]. Osteoblastic (sclerotic) metastases 
are characterized by new bone deposition with transforming growth factor, bone 
morphogenic proteins, and endothelin-1 contributing to osteoblast generation [79]; 
osteoblastic metastases are present in prostate cancer, carcinoid, small cell lung 
cancer, Hodgkin’s lymphoma, and medulloblastoma. Mixed bone metastases refer 
to the survivor having both osteolytic and osteoblastic lesions or if an individual 
metastasis is comprised of both components; mixed bone metastases can occur in 
breast cancer, gastrointestinal cancer, and squamous cell cancers.

Bone metastases confer significant morbidity and mortality in people with 
advanced cancer [80]. Bone pain, the most common type of pain from cancer, may 
have inflammatory (e.g., local release of cytokines and chemical mediators by the 
tumor cells) and mechanical (e.g., related to pressure or mass effect of tumor tissue 
within the bone) components [81]. The high prevalence and incidence of skeletal-
related events (SREs), which include pathological fractures, hypercalcemia, and 

Table 16.3 Imaging for bone metastases

Diagnostic imaging method Detection and evaluation of bone metastases [161, 162]

X-ray 30–50% of bone destroyed before lesion is visible on 
x-ray; if lesion is present can inform stability of lesion

Bone scan Detection of metastatic lesions
Computer tomography (CT) Detection of metastatic lesions

Visualization of trabecular and cortical bone integrity
Single-photon emission computed 
tomography with CT (SPECT-CT)

Bone metabolism
Visualization of trabecular and cortical bone integrity

Positron-emission tomography 
combined with computed tomography

Bone metabolism with high sensitivity and specificity
Visualization of trabecular and cortical bone integrity
Metastases in other organ systems

Magnetic resonance imaging with or 
without contrast

Visualization of bone marrow involvement
Visualization of tumor extension beyond bone
Determination of the extent of spinal involvement – 
relation of lesion to the spinal cord and adjacent 
structures

S. S. Lowe et al.



333

spinal cord injury, contribute to poor performance status and decreased quality of 
life in cancer survivors [82]. Sudden onset back pain and neurological deficits are 
ominous for spinal cord compression, which is a medical emergency requiring mag-
netic resonance imaging, high-dose corticosteroid therapy, and urgent referral for 
surgical decompression and spinal stabilization [83].

External beam radiation therapy is the primary treatment modality for symptom-
atic bone metastases to reduce pain, achieve local tumor control, and improve qual-
ity of life [84]. Radionuclide therapy is the systemic use of radioisotopes for 
palliation of painful bone metastases; radiopharmaceuticals, such as strontium-89, 
are preferentially taken up at sites of bone formation, thus likely being most effica-
cious for osteoblastic metastases [85]. Pathological fractures occur in up to 30% of 
all cancer survivors, with the most common fracture site being proximal parts of the 
long bones, particularly the femur [86]. Movement-exacerbated pain is predictive 
for impending fracture, with primary internal stabilization followed by radiotherapy 
being the treatment of choice. Percutaneous vertebroplasty, wherein polymethyl-
methacrylate is injected into bone by percutaneously inserted needles under radio-
logic guidance, can alleviate pain from and stabilize pathological vertebral body 
fractures [87]. Locoregional techniques such as radiofrequency ablation [88], cryo-
therapy [89], photodynamic therapy [90], endovascular embolization [91], or chem-
ical ablation [92] can facilitate tumor debulking. In select cancer survivors, surgery 
can correct and prevent further deformity through spine stabilization and nerve 
decompression [93].

The most common pharmacological agents for management of bone metastases 
are bisphosphonates, which inhibit osteoclastic bone resorption and are the primary 
treatment for hypercalcemia of malignancy [94]. Recent Cochrane reviews have 
shown that bisphosphonates appear to reduce bone pain, decrease the risk of devel-
oping SREs, and delay the median time to SRE in women with metastatic breast 
cancer that has spread to the bone [95]; reduce pathological vertebral fractures, 
SREs, and pain in multiple myeloma survivors [96]; and probably decrease SREs 
and disease progression in advanced prostate cancer survivors [97]. There is increas-
ing evidence for the use of denosumab, a RANK-ligand inhibitor, in preventing 
SREs in multiple myeloma survivors [98]. Systemic opioids are the mainstay anal-
gesic therapy for painful bony metastases [99]; corticosteroids, such as dexametha-
sone, are commonly prescribed as adjuvant therapy in survivors with limited life 
expectancy and painful bone metastases [100].

There is emerging evidence in support of exercise as a potential non- 
pharmacological intervention in the advanced cancer survivor with bone metasta-
ses. In a randomized controlled trial of a modular multimodal exercise program in 
57 prostate cancer survivors with bone metastases, there were statistically signifi-
cant improvements in self-reported physical function and objectively measured 
lower body muscle strength, with no skeletal complications or increased bone pain 
[101]. In a randomized controlled trial of guided isometric resistance training of the 
paravertebral muscles in 60 survivors with spinal bone metastases undergoing 
radiotherapy, there were statistically significant improvements in functional capac-
ity and fatigue [102]. Larger, high-quality randomized controlled trials are needed 
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to establish the efficacy of exercise training in advanced cancer survivors with bone 
metastases. Table 16.4 includes considerations for screening and exercise training 
for the survivor with bone metastases.

 Dyspnea

Dyspnea is a symptom experienced as “breathing discomfort that consists of 
qualitatively distinct sensations that vary in intensity” and is the consequence of 
complex interactions between psychological, physiological, social, and environ-
mental factors [103]. Multiple sensory inputs can contribute to the subjective 
experience of dyspnea, including (i) the sensations of work or effort, (ii) tight-
ness which is specific to bronchoconstriction and stimulation of airway recep-
tors, and (iii) air hunger/unsatisfied inspiration that arises from imbalances 
between inspiratory drive, efferent activation, and feedback from afferent recep-
tors through the respiratory system [104]. A person with advanced cancer can 
experience both a chronic background level of continuous dyspnea and intermit-
tent, acute episodes of breathlessness [105]. Dyspnea can only be perceived by 
the person experiencing it; therefore, self-report is a critical component of dys-
pnea assessment.

Dyspnea is present in up to 40% of patients at the time of diagnosis of advanced 
cancer [106], increases with disease progression [107], and occurs in up to 70% of 
patients in the last 6 weeks of life [108, 109]. Dyspnea is among the most feared 
symptom, as many report that they are unable to catch a breath or feel they are suf-
focating or drowning [110]. Dyspnea has been associated with fatigue, anxiety, and 
depression and can cause significant suffering in patients and their families [111, 

Table 16.4 Screening and exercise considerations for survivors with bone metastases

Screening considerations [76, 162]
Exercise testing and training considerations [102, 
163–168]

Primary tumor type Caution with/avoidance of passive ROM/stretching, 
ballistic movements

Type of lesion (lytic, blastic, mixed) Consider limiting range of motion
Anatomical site of lesion Consider single-plane movement patterns (i.e., 

avoid twisting/rotational movements)
Pain and other symptoms Avoidance of resistance exercise in unstable or 

high-risk region
Presence of pain with weight-bearing of 
region

Consider weight-bearing restrictions or use of 
assistive devices to reduce weight-bearing or to 
provide support to region (e.g., lumbar support)

Extent of bone destruction – stability of 
lesion

Supported positions with consideration given to site 
of bone lesion

Medical treatment: surgical fixation, 
radiation therapy, pharmaceutical or other 
non-operative management

Physical and occupational therapy involvement: 
teach strategies for living safely with bone 
metastases
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112]. Dyspnea negatively impacts quality of life, including physical functioning and 
interfering with daily life activities [113].

The underlying etiology of dyspnea in people with advanced cancer is multifac-
torial. Pulmonary causes of dyspnea include airway obstruction, atelectasis, infec-
tion, interstitial lung disease, lymphangitic carcinomatosis, metastatic disease, 
pleural effusion, and pulmonary embolism [114]. Systemic causes of dyspnea 
include anemia, congestive heart failure, deconditioning, hypoxemia, pericardial 
effusion/pericarditis, pulmonary hypertension, muscle weakness, neuromuscular 
conditions, sepsis, and uremia [115]. Psychogenic causes of dyspnea include panic 
disorder, anxiety, and psychosocial distress [116]. Dyspnea may also be caused by 
adverse effects of anticancer treatment, including chemotherapy or radiotherapy-
induced pneumonitis and fibrosis [117, 118].

Dyspnea management starts with comprehensive assessment of the symptom, its 
impact on the patient’s experience, and treatment of any reversible etiologies [119]. 
Commonly used pharmacological agents for the management of dyspnea include 
systemic opioids, benzodiazepines, steroids, and oxygen therapy [120]. Non-
pharmacological strategies for the management of dyspnea include anxiety reduc-
tion training, relaxation techniques, breathing exercises, environmental modification, 
and activity pacing and energy conservation [121]. Complex interventions that are 
administered by an interdisciplinary team, and which combine pulmonary rehabili-
tation with cognitive and behavioral management techniques, may be of benefit for 
advanced cancer patients with dyspnea [122, 123].

Exercise is one potential non-pharmacological strategy for the management 
of dyspnea in people with advanced cancer. In their 2019 Cochrane review of 
the effects of exercise training in adults with advanced lung cancer, Peddle-
McIntyre et al. showed that upon completion of the intervention period, there 
was no significant difference in dyspnea between the intervention and control 
groups [25]; the evidence was graded as “low certainty” due to small sample 
sizes and significant risk of bias across the five studies [124–128]. Larger, high-
quality randomized controlled trials are needed to establish efficacy of exercise 
training for dyspnea in patients with advanced lung cancer. Table 16.5 describes 
key considerations for screening, evaluation, as well as exercise testing and 
training.

 Venous Thromboembolism

Venous thromboembolism (VTE) is a clinical syndrome characterized by blood clot 
formation in the veins and is comprised of two types, deep venous thrombosis 
(DVT) and pulmonary embolism (PE) [129]. DVT is the formation of blood clot in 
the body’s large veins, most commonly in the lower limbs; PE results from dis-
lodgement of the blood clot from the blood vessel where it formed and subsequently 
getting blocked in the lung [130]. Risk factors for VTE can be classified into two 
main categories: (i) idiopathic, primary, and unprovoked and (ii) secondary and 

16 Advanced Cancers, Metastatic Disease, and Palliative Care



336

provoked [131]. Idiopathic, primary, and unprovoked risk factors include age 
>65 years, air pollution, cigarette smoking, hypertension, long-haul travel, meta-
bolic syndrome, obesity, thrombophilia (factor V Leiden or prothrombin gene muta-
tion), and no apparent cause. Secondary and provoked risk factors include cancer, 
acute medical illness (e.g., pneumonia, congestive heart failure), immobilization, 
oral contraceptives, postmenopausal hormonal replacement, surgery, pregnancy, 
and trauma.

VTE presentation can be asymptomatic. DVT can present with nonspecific 
symptoms like leg pain/ache/discomfort, sensation of warmth, tenderness, swelling, 
or discoloration, whereas PE can present with chest pain, dyspnea, palpitations, or 
sudden collapse [130]. Diagnosis of VTE begins with a clinical probability assess-
ment, which incorporates clinical history (e.g., individual and familial presenta-
tion), physical examination (e.g., abnormalities in oxygen saturation, symptoms, or 
signs), and diagnostic imaging (e.g., abnormalities in chest radiography or electro-
cardiography) [132]. In survivors identified as having low clinical probability, VTE 
diagnosis can be ruled out by a blood D-dimer test; in those having intermediate or 
high clinical probability, compression ultrasonography or multidetection CT angi-
ography is warranted. For the initial treatment, early maintenance, and long-term 
treatment of established VTE, low-molecular- weight heparins are the mainstay 
pharmacological therapy [133].

Cancer-associated VTE confers significant morbidity and mortality [134]. 
Cancer survivors are six times more likely to develop VTE than noncancer survi-
vors, and survivors with cancer account for greater than 20% of all new VTE 

Table 16.5 Screening and exercise considerations for survivors with dyspnea

Screening considerations  
[103, 104, 113]

Exercise testing and training considerations  
[103, 104, 106, 169]

Dyspnea >4 on Borg 10-point Consider resistance exercise to address muscle mass 
as starting point; introduce interval training within 
tolerance

Oxygen saturation <90% Consider addition of inspiratory muscle retraining 
with respiratory training device

Respiration: note rate and quality: rapid, 
shallow, congested

Training and focus on breathing and control of breath 
during exercise: diaphragmatic, posterior/lateral 
thoracic breathing, pursed lip breathing

Severe dyspnea: respiration rate >14 
breaths/minute at rest

Upright positioning: exercise in positions that allow 
optimal lung expansion and gas exchange (e.g., 
seated with back straight and legs wide apart)

Coughing, wheezing Environment: cooler room temperature, open 
window, or use of fan on low speed to promote air 
flow

Symptoms associated with dyspnea: 
chest pain, pain with breathing, unable 
to get enough air, fear/panic

Teach escape positions to ease breathing (i.e., leaning 
forward in seated position with forearms braced on 
knees or table)
Pacing of exercises: planned balance of rest with 
exercise
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diagnoses [135]. Incident VTE risk is higher in survivors with primary brain tumors 
and pancreatic, stomach, and lung cancers [136]. The use of systemic chemotherapy 
[137], indwelling catheters [138], and supportive therapies (e.g., red blood cell 
transfusions, platelet transfusions, and erythropoiesis-stimulating agents) [139] 
results in increased VTE risk. Increased tumor burden confers higher risk of VTE, 
and the presence of VTE is a poor prognostic sign [140]. After the cancer itself, 
VTE is the second highest cause of death in cancer survivors [140].

The role of exercise in people with cancer-associated VTE is unknown. The 
association between regular physical activity and incident VTE risk has not been 
established in healthy populations [141]. In a randomized controlled trial of adults 
who were receiving therapeutic anticoagulation after a first episode of unprovoked 
VTE, early initiation of exercise training resulted in improvements in physical 
activity and fitness, and symptoms related to postthrombotic syndrome, with no 
adverse events; people with cancer-associated VTE, however, were excluded [142]. 
In a retrospective study of 422 people postacute PE who participated in an inpa-
tient rehabilitation program, there were no recurrent VTE or severe bleeds, and the 
individualized exercise program was deemed safe; however, none of the partici-
pants had cancer [143]. Further research is needed to determine the feasibility, 
safety, and efficacy of exercise in the prophylaxis of, and rehabilitation from, VTE 
in people with cancer.

 Nausea

Nausea is an unpleasant, subjective experience which signals imminent vomiting, 
which may or may not result; vomiting, on the other hand, is an unpleasant symp-
tom objectively experienced as forceful elimination of stomach contents by gas-
tric cardia opening and sustained abdominal muscle contraction [144]. Between 
6% and 68% of people with advanced cancer experience nausea [107], for which 
average intensity scores tend to plateau in the last 6  months of life [112]. In 
patients with advanced cancer who are admitted to hospice, 62% reported nausea 
and vomiting, whereas 34% reported isolated nausea and 4% reported isolated 
vomiting [145]. Vomiting was frequently unbearable (73%) for cancer patients 
within the last 6 months of life, when symptom intensity overall was low [146]. 
Nausea and vomiting contribute to dehydration, electrolyte abnormalities, weight 
loss, and the inability to take medications, and result in complications which 
interfere with treatment and social interaction [147]. In newly diagnosed cancer 
patients undergoing combined modality treatment, approximately two-thirds 
reported co-occurrence of nausea, vomiting, and appetite loss, which synergisti-
cally and negatively impacted overall quality of life (including physical function-
ing, fatigue, and overall health) and psychological distress [148]. Nausea is often 
undertreated in people with advanced cancer, with detrimental effects on quality 
of life [149].
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Nausea and vomiting are centrally mediated by a diffuse, interconnecting neural 
network which results in the emetic reflex. Rather than a discrete vomiting center, 
the emetic complex involves groups of loosely organized neurons which are distrib-
uted between the prodromal-sign center (located in the reticular area dorsally adja-
cent to the semicompact part of the nucleus ambiguous) and the central pattern 
generator center (located dorsomedial to the retrofacial nucleus) [150]. Together, 
the prodromal-sign center (PSC) and central pattern generator center (CPGC) inte-
grate afferent input from different areas throughout the brainstem and medulla: the 
vestibular nuclei and cerebellum, the higher central nervous system (CNS) centers, 
the nucleus tractus solitarius (NTS), and the chemoreceptor trigger zone/area pos-
trema (CTZ/AP). Located in the floor of the fourth ventricle with no blood-brain 
barrier, the CTZ/AP contains chemosensitive nerve cell projections, which are 
directly exposed to noxious agents in the cerebrospinal fluid; drugs/toxins/metabo-
lites in the systemic circulation are detected from the dense vascular network of 
fenestrated local capillaries therein. The major afferent neural pathway from the 
body to the central structures is the vagus nerve, with additional contributions from 
the splanchnic nerves, sympathetic ganglia, and glossopharyngeal nerve [144].

The underlying etiology of nausea and vomiting in people with advanced cancer 
is complex [151]. Cerebral cortical causes of nausea and vomiting include CNS or 
meninges tumors, increased intracranial pressure, anxiety or other conditioned 
responses, and uncontrolled pain [147]. Vestibular/middle ear causes of nausea and 
vomiting include vestibular disease, middle-ear infections, and motion sickness. 
CTZ/AP causes of nausea and vomiting include medications (e.g., opioid analge-
sics, chemotherapy, antibiotics, theophylline, digoxin), metabolic toxins (e.g., renal 
impairment, liver failure, tumor products), hyponatremia, and hypercalcemia. 
Gastrointestinal tract (GIT) causes of nausea and vomiting include irritation by 
medications (e.g., nonsteroidal anti-inflammatory medications, iron, alcohol, anti-
biotics), tumor infiltration, radiation therapy to the GIT, infection (e.g., candida 
esophagitis, colitis, history of radiation therapy), constipation/fecal impaction, 
incomplete tumor obstruction, bowel dysmotility, tube feedings, gag reflex from 
feeding tube, nasopharyngeal bleeding, and thick secretions [147].

Nausea and vomiting management is a mechanistic approach, which is based on 
identifying the likely etiology of nausea and vomiting, the putative pathway by 
which the cause triggers the emetic reflex, and the potentially involved neurotrans-
mitters [152]. Non-pharmacological measures for managing nausea and vomiting 
include small, frequent meals consisting of food that the person desires, avoiding 
foods with unpleasant tastes or strong odors, and drinking frequent, small sips of 
fluid [144]. Treatment of reversible causes of nausea and vomiting includes whole-
brain radiotherapy for brain metastases, antibiotics for middle-ear infections, anti-
fungal therapy for gastrointestinal tract infections, reducing tube feeding volumes, 
laxatives and manual disimpaction for constipation, and hydration and pamidronate 
for hypercalcemia. Commonly used pharmacological agents for the management of 
nausea and vomiting in people with advanced cancer include dexamethasone [153], 
levomepromazine [154], haloperidol [155], olanzapine [156], and metoclopramide 
[157]. In people with advanced cancer not receiving antineoplastic therapy, 
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pharmacological agents associated with a statistically significant decrease in nau-
sea/vomiting were olanzapine, laxatives, corticosteroids, domperidone, and meto-
clopramide [158].

There is emerging evidence regarding exercise as one potential non- 
pharmacological strategy for the management of nausea and vomiting in advanced 
cancer patients. In a randomized controlled trial of a combined nutrition and exer-
cise program in 58 survivors with metastatic or locally advanced gastrointestinal 
and lung tumors, nausea and vomiting increased less in survivors of the intervention 
group than in survivors of the control group (p < 0.01) [159]. Larger, high-quality 
randomized controlled trials are needed to establish the efficacy of exercise training 
for nausea and vomiting in people with advanced cancer.

 Summary

This chapter has described the background information and practical aspects related 
to exercise screening and delivery, including special considerations for the survivor 
with advanced, metastatic, and terminal cancer. The challenges facing the exercise 
specialist are complex and involve identifying symptoms, functional impairments, 
and co-pathologies that may impact exercise risk and tolerance and adapting exer-
cise programming to allow the patient to participate safely, comfortably, and 
effectively.
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