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Summary

The benefits of exercise for people living with cancer are well established. In advanced
disease, there is a need to examine the potential physical and psychological benefits of
engaging in physical activity. The aim of this thesis was to explore the role of physical
activity for people living with advanced stages of cancer using quantitative and qualitative
methods.

Work for this thesis commenced with a narrative review regarding exercise prescription
for patients with bone metastases (Chapter 1). Exercise interventions were associated
with positive physical and self-reported outcomes in patients with bone metastases. No
association was found between exercise and fracture risk; however, the need to
individualize exercise prescription and adapt exercises to patient ability were reinforced
in all papers reviewed. While exercise prescription to patients with bone metastases does
involve complex decision making, a number of tools are outlined in this review to inform
both the assessment of patients and the prescription of exercise. A systematic review of
exercise trials involving patients with advanced cancer (Chapter 3) found that
recruitment, adherence and attrition rates varied widely among the studies reviewed.
Additionally, definitions and the measurement of exercise adherence varied widely. With
increasing evidence supporting the safety and efficacy of exercise training in oncology
patients with advanced and complex presentations, concentrated efforts are needed to
increase the numbers of patients with advanced cancer, including those with metastatic
cancer, recruited to exercise programmes and to ensure patients recruited are

representative of clinical practice.

Further studies in this thesis (Chapters 5a and 5b) explored the views of clinicians and
physiotherapists in Ireland towards physical activity for patients with advanced cancer.
Both groups felt physical activity is safe and important for this population. However, both
groups demonstrated a need for further education in the area of physical activity and
advanced disease. Similarly, an additional study found patients also have a need for
further information regarding physical activity following diagnosis (Chapter 4). Some of
the challenges to implementing this into clinical practice were highlighted by clinicians
and physiotherapists, who reported many concerns regarding physical activity in the
advanced cancer population. These concerns centred on a risk of pathological fracture
and a risk of spinal cord compression. Patients were perceived by physiotherapists as
highly susceptible to injury due to their advanced stage of disease. This is a significant
issue for patients with advanced stages of disease. There is, however, evidence that

carefully designed physical activity programmes can be safely introduced for patients



with many symptoms of advanced disease, including bone metastases (Chapter 1).
Many patients in Chapter 4 reported a decrease in physical activity levels following a
diagnosis of advanced cancer and did not identify common ‘cues to action’ post-
diagnosis that prompted them to maintain or increase their physical activity level, such
as written information about physical activity or referral for exercise consultations. This
issue was also highlighted by physiotherapists in Chapter 5a, who felt patients with
advanced cancer have limited exposure to factors that may prompt the maintenance or
an increase in physical activity levels. There is a need to increase ‘cues to action’ or
prompts which encourage patients with advanced cancer to engage in physical activity.
These cues to action may take the form of verbal prompts from healthcare staff to
encourage physical activity or visual cues such as pamphlets or posters which focus on
the benefits of physical activity. Recent evidence on the benefits of physical activity for
patients with advanced disease should be disseminated widely to healthcare
professionals. This may encourage discussion around exercise during hospital
consultation and the introduction of exercise rehabilitation referrals as a part of the

standard care of patients with advanced cancer.

A number of barriers to engaging patients with advanced disease in physical activity are
identified in Chapters 3 and 4. Firstly, narrow inclusion criteria for exercise clinical trials
restricts the number of patients with advanced cancer who are eligible for studies
involving physical activity interventions. Inclusion criteria often includes narrow
prognostic criteria or measures of functional performance, excluding many patients with
advanced cancer. Broadening inclusion criteria may increase the recruitment rates to
physical activity programmes. This would ensure patients recruited represent the
advanced cancer population found daily in clinical practice. Additionally, although
patients did not report a cancer diagnosis as a barrier to physical activity, many
symptoms of advanced disease, such as pain and fatigue, were identified are barriers to
these patients participating in physical activity (Chapter 4). Referral to an exercise
specialist should be considered for these patients. Exercise specialists can prescribe
tailored physical activity programmes which consider patients’ individual barriers to
exercise. Indeed, the ExPeCT Trial (Chapter 6) introduced an individualised exercise
programme for patients with metastatic prostate cancer. This trial demonstrated that a
progressive aerobic exercise programme can be introduced to patients living with
metastatic prostate cancer in a multicentre setting. Although the results of the
programme did not result in significant changes in psycho-social self-report measures,
the exercise intervention was well tolerated by participants and did not result in any

adverse events, laying the foundation for further trials in this population.
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1. Chapter 1: Introduction

This thesis will explore the role of physical activity for patients with advanced cancer.
Chapter 3, Chapter 4 and Chapter 5 relate to all patients with advanced cancer, while
Chapter 6 relates specifically to patients living with advanced prostate cancer. For this

reason the following chapter introduces both prostate cancer and advanced cancer.

1.1. Prostate Cancer

1.1.1. The Prostate and Prostate Cancer

The prostate gland is a small gland found only in men and is part of the male reproductive
system. It is the size of a walnut and surrounds the first part of the urethra which carries
urine from the bladder to the penis. The prostate lies close to the rectum through which
it can be closely felt and examined for its size. The function of the prostate is to make

some of the fluid used to carry sperm.

Prostate cancer is cancer of the prostate gland. Cancer is the name given to a collection
of related diseases. In all types of cancer, some of the body’s cells begin to divide without
stopping and spread into surrounding tissues. Cancerous tumours are malignant, which
means they can spread into, or invade, nearby tissues (National Cancer Institute, 2017).
More than 99% of prostate cancers develop in the gland cells within the prostate. This

type of prostate cancer is called adenocarcinoma.

1.1.2. Prostate Cancer Incidence and Aetiology

Prostate Cancer is the most common cancer found in men in the developed world (Ferlay
et al., 2010). It is the second most commonly diagnosed cancer in Ireland, accounting
for 15.6% of all cancer diagnosis from 2015-2017 (National Cancer Registry, 2017). This
equates to over 3,400 men receiving a diagnosis of prostate cancer each year, with
trends showing increasing incidence and decreasing mortality rates (Center et al., 2012)
(Figure 1). Advanced age is the leading risk factor for prostate cancer. The median age
at diagnosis is 66 years however 69% of deaths occur in men aged 275 years (Droz et
al.,, 2017). As the population ages, so will the number of prostate cancer diagnoses
(Dunn and Kazer, 2011). Race is the second most common risk factor for developing

prostate cancer. African-American men are at greatest risk for developing prostate
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cancer, with a lifetime probability of developing prostate cancer of 18.25%, compared to
15.25% for Caucasian men. Many exogenous risk factors also exist, including diet and
environmental agents. For example, fat consumption, especially polyunsaturated fat,
shows a strong, positive correlation with prostate cancer incidence and mortality
(Bostwick et al., 2004). Many of the identified prostate cancer risk factors do not
adequately explain risk in black men, however, racial differences in prostate cancer risk
may be explained by racial variation in the insulin-like growth factor system and its
influence on height (Layne et al. 2018). Total physical activity has not been found to
relate to prostate cancer risk among white men. However, among black men, frequent
physical activity of a moderate to vigorous intensity during young adulthood (i.e. ages 19
to 29 years) is related to a statistically significant 35% reduction in prostate cancer risk
(Moore et al., 2009). The relationship among obesity, its physiologic sequelae, and the
risk of prostate cancer is unclear. Results of studies examining body mass index (BMI)
and prostate cancer risk are conflicting. However, larger studies, notably the Cancer
Prevention Studies of the American Cancer Society, have consistently demonstrated
that obese men have a significantly greater chance of dying of prostate cancer than non-

obese men (Freedland and Aronson, 2004).
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Figure 1 Trends in Irish Prostate Cancer Incidence and Mortality Rates

(Center et al., 2012)



1.1.3. Prostate Cancer Symptoms

Prostate cancer has no symptoms in its early stage. Symptoms often develop after the
cancer has travelled outside of the prostate. Because of the proximity of the prostate
gland in relation to the bladder and urethra, prostate cancer may be accompanied by a
variety of urinary symptoms. These may include, dysuria, urgency, frequency, nocturia,
hesitancy, difficulty with weak or intermittent flow, feeling that the bladder has not
emptied or blood present in the urine. Less common symptoms include trouble having

or keeping an erection and lower back pain or pain in the hips or upper thighs.

1.1.4. Prostate Cancer Diagnosis and Staging

Cancer staging describes the severity of an individual's cancer based on the magnitude
of the original (primary) tumour as well as the extent to which the cancer has spread in
the body. Understanding the stage of the cancer determines prognosis and treatment
plan for individual patients. Prostate cancer can be divided into 4 stages: disease
localised to the prostate gland (Stage |); locally advanced disease with cancer in more
than half of one side of the prostate but still completely contained within the prostate
gland (Stage Il); primary metastatic disease which may have spread to nearly seminal
vesicles (Stage Ill); and hormone refractory prostate cancer (HRPC) or metastatic
castration resistant prostate cancer (Stage IV). The latter describes prostate cancer
which keeps growing even when the amount of testosterone in the body is reduced to

very low levels.

Evidence for an involvement of sex steroids in disease progression is overwhelming in
prostate cancer and this persists in many cases after relapse, when initial anti-hormonal
therapies have failed. Around 75% of metastatic prostate cancers are hormone sensitive,
with the average time for response to androgen (hormone) deprivation estimated at 18
months (Auclerc et al., 2000). A sub-group of patients, who after being managed by
androgen deprivation, have an increasing prostate specific antigen level in the absence
of obvious clinical disease progression, are described as “hormone refractory” at an
earlier state of the disease continuum. This stage can manifest with or without skeletal
metastases and patients may have a very different disease course compared to patients
traditionally diagnosed with prostate cancer (Lindgvist et al., 2006, Chang, 2007) (Figure
2).
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Figure 2 Prostate cancer progression from Stage I-Stage IV

The clinical staging of prostate cancer was devised from the American Joint Committee
on Cancer (AJCC) tumour, node and metastasis (TNM) system (Table I). In the TNM
system the T refers to the size and extent of the main tumour. The main tumour is usually
called the primary tumour. The N refers the number of nearby lymph nodes that have
cancer. The M refers to whether the cancer has metastasised. In comparison the Jewett-
Whitmore staging system has four stages. Stages A and B are considered curable. The
C and D stages are treatable, but their prognosis is not encouraging. In addition, a
number is assigned to describe more specifically each Stage. For example, a tumour

classified as phase B1 is a single nodule of the tumour limited to a lobe of the prostate.



AJCC Prostate Cancer Stage Groupings
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(ng/ml) ¥ Y ¥ Y i y

Table | The American Joint Committee on Cancer Stage Groupings.

Once the T, N, and M are determined, they are combined, and an overall stage of O, I,
I, Ill, IV is assigned. Sometimes these stages are subdivided as well, using letters such
as IlIA and IlIB. In some cancer types such as prostate cancer non-anatomic factors are
required for assigning the anatomic stage/prognostic group. e.g. Gleason Score. These
factors are collected separately from T, N, and M, which remain purely anatomic, and
are used to assign stage groups.

Prostate-specific antigen, or PSA, is a protein produced by normal, as well as malignant,
cells of the prostate gland. The PSA test measures the level of PSA in a man’s
blood. There is no specific normal or abnormal level of PSA in the blood, and levels may
vary over time in the same man. In the past, PSA levels of 4.0 ng/mL and lower were
considered as normal however more recent studies have shown that some men with
PSA levels below 4.0 ng/mL have prostate cancer and that many men with higher levels
do not have prostate cancer (Thompson et al., 2004). If PSA levels rise or a suspicious
lump is detected during a digital rectal exam, the doctor may recommend additional
tests such as a prostate biopsy, however two out of three men with a raised PSA who
proceed to prostate biopsy do not have prostate cancer and in about 18% of patients,
prostate cancer is detected by a suspect DRE alone, irrespective of the PSA level (Richie
et al.,, 1993). Transrectal ultrasound-guided needle biopsy is the most widely used
method for obtaining prostatic tissue (Dunn and Kazer, 2011). The diagnosis of prostate
cancer is accomplished by a histologic evaluation of prostate tissue sampled from a
prostate needle biopsy. The Gleason grading system of adenocarcinoma of the prostate
is an established prognostic indicator. This grading system is based entirely on the
histologic pattern of arrangement of carcinoma cells in sections of prostate biopsies. Five
basic grade patterns are used to generate a histologic score, which can range from 2 to
10. It has been recognised that the grade of a neoplasm is related to its malignant

potential (Humphrey, 2004). An isotope bone scan is recommended for patients with
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prostate cancer with a Gleason score =8, PSA >20ug/L or stage =T3, regardless of
serum PSA (Department of Health, 2015).

1.1.5. Prostate Cancer Prognosis

Between 2008 and 2012 in Ireland, survival rates at one year post-prostate cancer
diagnosis was 99% for those with Stage | disease, compared to 78% for those diagnosed
with Stage IV disease. Survival rates at five years after diagnosis fall to 93% for those
diagnosed with Stage | disease compared to 38% for those diagnosed with Stage IV
cancer (National Cancer Registry, 2017) (Figure 3). The median survival after the
development of hormone-refractory disease is approximately 40 months in patients with
evidence of skeletal metastasis and 68 months in those without skeletal metastasis
(Oefelein et al., 2004). Advances in systemic therapies for cancer have prolonged
survival even in those who cannot be cured, and many people now live with advanced
stages of prostate cancer for longer periods (Conte and Coleman, 2004, Palumbo et al.,
2013).
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Figure 3: 5-year net survival for prostate cancer by stage at diagnosis.

Overall (not age-standardized) and by age-group figures given for 2010-2014 (National
Cancer Registry, 2017)



1.2. Advanced Cancer

A cancer that has spread from the place where it first started to another place in the body
through the blood or the lymph system is called metastatic cancer. A cancer which
cannot be cured or controlled with treatment is often called advanced and the terms
metastatic and advanced are often used interchangeably. At the end of 2015, there were
an estimated 15,271 people living with Stage 1V metastatic or advanced cancer in Ireland
(Irish National Cancer Registry, Table II).

Age atend 2015 Females Males Total
<30 222 259 481
30-49 1,006 938 1,944
50-69 3,302 3,287 6,589
70+ 2,782 3,475 6,257
Total 7,312 7,959 15,271

Table Il Numbers of living cancer patients diagnosed with stage IV/Metastatic Cancer in Ireland at
the end of 2015.

The process by which cancer cells spread to other parts of the body is called metastasis
(Amercian Cancer Society, 2016). Metastasis is a multi-step process encompassing the
() local infiltration of tumour cells into the adjacent tissue, (ii) transendothelial migration
of cancer cells into vessels known as intravasation, (iii) survival in the circulatory system,
(iv) extravasation and (v) subsequent proliferation in competent organs leading to
colonization (Eger and Mikulits, 2005), (Figure 4). Cancer can metastasise to almost any
part of the body, although different types of cancer are more likely to spread to certain
areas than others. For example, prostate, breast and bladder cancer commonly spread
to the bone.
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Figure 4 Metastases of primary tumour cells

Persons with advanced cancer are polysymptomatic. Symptom prevalence is affected
independently by age, gender, and performance status. The effect of age is
unidirectional, unlike gender or performance status (Walsh et al., 2000a). A study of
1,000 patients referred to the Palliative Medicine Program of the Cleveland Clinic
reported that pain, easy fatigue, weakness, anorexia, lack of energy, dry mouth,
constipation, early satiety, dyspnoea, and >10% weight loss were the most prevalent
patient-reported symptoms. The prevalence of these 10 symptoms ranged from 50% to
84% (Walsh et al., 2000a). Patients with higher (worse) performance status scores were
more likely to experience confusion, sedation, blackouts, hallucinations, weakness,
mucositis, anorexia, memory problems, dry mouth and constipation. Many patients with
advanced cancer experience symptom clusters, defined as groups of two or more
concurrent symptoms that co-occur independently of other clusters, which may or may
not share a common aetiology (Dodd et al., 2001). For example, symptoms of pain,
depression, and fatigue have been found to cluster in cachexic patients living with
advanced cancer (Laird et. al. 2011). Symptom clusters are predictive of compromised
patient outcomes such as poor quality of life (QOL) and low functional status (Dong et
al., 2014, Laird et al. 2011). For example, an emotional cluster, (tense-worry-irritable-
depressed) has proven to be the strongest predictor of overall quality of life in advanced
cancer patients, while clusters including fatigue/pain are a stronger predictor of overall
health (Dong et al. 2016).




1.2.1. Advanced Prostate Cancer

About 10% to 20% of men with prostate cancer present with metastatic disease, and in
many others, metastases develop despite treatment with surgery or radiotherapy
(Tannock et al., 2004). Prostate cancer that has spread through the bloodstream most
often spreads firstly to the bones, then to the lungs and liver. Primary tumour cells
generally metastasise to active hematopoietic bone marrow tissue in skeletal areas with
high proportions of trabecular bone, such as the skull, spine, pelvis, femur, and humerus.
These bone lesions lead to a structural weakening of bone which is independently
associated with higher risk of subsequent skeletal related events, disease progression
and death (Conte and Coleman, 2004, Chintalacharuvu et al., 2011, Lee et al., 2011).
Skeletal events may include pathological fracture and metastatic spinal cord
compression (MSCC). MSCC is defined as spinal cord or cauda equine compression by
direct pressure or instability by metastatic spread or direct extension of malignancy that
threatens or causes neurological disability (NICE, 2008). MSCC occurs in 5% to 14%
of all patients with cancer during the course of their disease (Rades et al., 2010), and is
a consequence of metastases from a primary tumour in 85% of cases. Prostate cancer

is second only to lung cancer as a cause of metastatic spinal cord compression in men.

Treatment-related side effects experienced by those with advanced prostate cancer
include sexual dysfunction, pain, fatigue, urinary tract symptoms, and psychosocial
adjustment (Vainio et al., 1996). ASCO recommends that men with metastatic castration-
resistant prostate cancer continue hormone therapy to keep androgen levels in the body
low, regardless of the other treatments used (Basch et al., 2014). Common long-term
side effects associated with Androgen Deprivation Therapy (ADT) include skeletal
complications, metabolic and cardiovascular complications, sexual dysfunction, hot
flashes, periodontal disease, cognition, and mood disorders. These complications are
significant and may be associated with increased overall morbidity, skeletal, metabolic,
and cardiovascular complications which have a large impact on morbidity as well as
mortality (Shahinian et al., 2006). In one study patients with metastatic prostate cancer
reported more severe pain than those with other metastatic cancers (Heim and Oei,
1993). Clark et al. (1997) interviewed men treated for metastatic prostate cancer with
castration and found that men’s experiences ranged from not being at all worried to being
very distressed by bodily changes such as loss of muscle tone, weight gain, breast
enlargement, loss of body hair, and hot flushes (Clark et al., 1997). Patients with
incurable and life-limiting metastatic conditions are now living longer with serious

disease. In contrast to the predictable rapid progression that once typified experiences
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of advanced cancer, this phase can now be characterised by an illness trajectory and
prognosis that is relatively long and uncertain (Thorne et al., 2013). This thesis will focus
on survivorship issues, particularly exercise participation and prescription, in patients

with advanced cancer.

1.2.2. Treatment of Advanced Prostate Cancer

Treatment options for men with prostate cancer vary based on staging. For advanced
prostate cancer, treatment may include external beam radiotherapy, hormone therapy,

such as ADT, and chemotherapy (Figure 5).

External Beam Radiotherapy for the treatment of prostate cancer usually occurs 5 days
a week for 4 to 6 consecutive weeks. The goal of radiation therapy is to deliver a curative
dose of radiation to the prostate without damaging surrounding tissues such as the
bladder, rectum, and bowel. Depending on risk, men may receive radiation to the
prostate with or without treatment to the seminal vesicles and with or without androgen
deprivation therapy. Complications of external beam radiotherapy include urinary
urgency and frequency, dysuria, diarrhoea, erectile dysfunction and urinary incontinence
(Jacobs et al., 2014).

The goal of hormone therapy, such as ADT, is to reduce the levels of male hormones
called androgens in the body, or to stop them from affecting prostate cancer cells.
Androgens stimulate prostate cancer cells to grow. The main androgens in the body are
testosterone and dihydrotestosterone (DHT). Most of the androgens are made by the
testicles, but the adrenal glands also make a small amount. Lowering androgen levels
or stopping them from getting into prostate cancer cells often makes prostate cancers
shrink or grow more slowly for a time. Castration may also be accomplished surgically
with orchiectomy or chemically with luteinizing hormone-releasing hormone (LHRH)
agonists. ADT is accompanied with acute and long-term side effects that may
significantly impact quality of life. Acute toxicities include fatigue and hot flashes.As
described previously, long-term consequences of ADT include hyperlipidemia, insulin
resistance, cardiovascular disease, anaemia, osteoporosis, sexual dysfunction, and
cognitive deficits (Loblaw et al., 2007). In one clinical trial, 456 prostate cancer survivors

were randomised to receive radiation therapy, or radiation therapy and androgen
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deprivation therapy (Pilepich et al., 2001). At follow-up, androgen deprivation was
associated with improvement in local control (p=0.016), reduction in distant metastases
(p=0.04), disease free survival (p<0.0001), and cause-specific mortality (p=0.05)
(Pilepich et al., 2001). Many of the musculoskeletal deficits experienced by those
undergoing androgen deprivation therapy, including losses in muscle strength and

osteoporosis, may be amendable to exercise therapy/training.

Chemotherapy is also used to treat men with hormone refractory metastatic prostate
cancer, with docetaxel-based regimens as standard of care. Adverse effects associated
with docetaxel include myelosuppression, hypersensitivity reaction, gastro-intestinal
upset, and peripheral neuropathy. For men who have progressed on docetaxel,
cabazitaxel may be offered, accompanied by discussion of toxicity risk (Basch et al.,
2014). Patients with hormone refractory prostate cancer and those with bone metastases
will also be considered for bisphosphonate therapy with zoledronic acid (Perry and
Figgitt, 2004), discussed in section 1.4.2. Additional treatment options for patients with
hormone refractory metastatic prostate cancer include observation, maximum androgen
blockade, withdrawal of antiandrogen and varying specific antiandrogens (e.qg.
bicalutamide, flutamide, nilutamide). Patients may be eligible for clinical trials or
investigational therapies (Chang, 2007). In addition, there are many emerging therapies
for this patient group including abiraterone acetate, an oral androgen biosynthesis
inhibitor, and denosumab, a monoclonal antibody (Osanto and Van Poppel, 2012). In
2015, the CHAARTED and STAMPEDE-Docetaxel (chemotherapy) studies
demonstrated marked survival benefit with the addition of docetaxel to ADT in the
metastatic hormone sensitive prostate cancer setting, leading to a change in the
standard-of-care for metastatic hormone sensitive prostate cancer. The recent
LATITUDE and STAMPEDE-Abiraterone trials showed similar substantial
improvement in survival with the addition of abiraterone plus prednisone to ADT in this
space (McNamara et al., 2017). Abiraterone used with corticosteroid Prednisone, an
oral, synthetic corticosteroid used for suppressing the immune system and inflammation,
has the capacity to lower circulating testosterone levels to less than 1 ng/dL (i.e.,
undetectable) (Small, 2014). Denosumab targets the receptor activator of nuclear factor
kB ligand (RANKL), a major contributor to the development and progression of bone

metastases.
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Figure 5 Current Treatment Landscape in Prostate Cancer

Drugs with different mechanisms of action now populate the treatment landscape for prostate cancer. (W.K.,
2012).

LHRH: luteinizing hormone-releasing hormone

Over the past 20 years advances in the understanding of tumour biology have led to the
development of improved treatment strategies for many cancers. Advances in systemic
therapies for cancer have prolonged survival even in those who cannot be cured and
many people now live with advanced stages of cancer for longer periods (Weinstein,
1992, Conte and Coleman, 2004). Given that major improvements have been made in
our ability to detect, diagnose, and treat prostate cancer in the last two decades, many
patients now die with, rather than from prostate cancer. Additionally, many men present
with locally advanced or metastatic cancer for whom curative surgery is inappropriate
(Jani, 2006). For these men, increases in progression free and overall survival and QOL
are the primary management objectives, and new therapies and assisting lifestyle
alterations are increasingly needed.

Treatment modalities used specifically in the management of metastatic bone disease
will be discussed in section 1.4.2.
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1.3. Exercise and Cancer

Exercise is described as physical activity that is planned, structured, repetitive, and
purposive in the sense that improvement or maintenance of one or more components of
physical fitness is an objective (Caspersen et al., 1985). In the last two decades, it has
become clear that exercise plays a vital role in cancer prevention and control. Despite
the success of recent cancer treatments, as illustrated by improvements in 5-year
survival rates, survivors may experience persistent symptoms and side effects of either
their cancer, or oncologic treatments (Schmitz et al., 2010). Historically, clinicians
advised cancer patients to rest and to avoid activity; however, established research on
the benefits of exercise for cancer survivors has challenged this recommendation
(Schmitz et al., 2010). Physical activity has emerged as a powerful adjunct to improve
the deleterious sequelae experienced during cancer treatment, such as fatigue,
muscular weakness and deteriorations in functional capacity (Brown et al., 2012).
Exercise may induce positive physiological changes by reducing hormones which
promote cell growth and increasing mechanisms which protect the cell. It can also boost
the immune system, reduce inflammation and boost antioxidants’ pathways (Thomas et
al., 2017).

Although there are specific factors associated with cancer treatments that need to be
considered with exercise prescription in cancer survivorship, there is consistent evidence
that exercise is safe during and after cancer treatment (Schmitz et al., 2010). For adults
to gain substantial health benefits, the American College of Sports Medicine suggests at
least 150 min/week of moderate-intensity activity or 75 min/week of vigorous-intensity
activity (or an equivalent combination). Systematic reviews and meta-analysis have
found exercise training—induced improvements in aerobic fitness, muscular strength,
QOL, and fatigue can be expected in many cancer types including prostate cancer.
Systemic reviews are described as the most reliable source of evidence to guide clinical
practice, and are a tool to consume, examine and apply research evidence (Figure 6)
(Murad et al. 2016). The American College of Sports Medicine consensus statement on
cancer and exercise, concluded that a grade A level of evidence existed for
cardiorespiratory benefits from exercise during cancer treatment (Schmitz et al., 2010).
In addition, the consensus panel graded the effect of exercise on muscular strength
during treatment for breast and prostate cancer survivors as level ‘A’, with all studies
showing marked improvements in muscular strength (Schmitz et al., 2010). Moreover,
exercise offers many health benefits to cancer survivors, many of whom remain at

increased risk for other chronic diseases including diabetes and heart disease in
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survivorship (Schmitz et al., 2010). In addition, a systematic review and pooled analysis

of twenty-six studies reported that cancer survivors (mostly with breast, colorectal, and

Figure 6 Evidence-based medicine pyramid.

prostate cancer) who exercised the most had a 37% lower risk of dying from cancer than
did survivors who exercised the least (hazard ratio: 0.63; 95% confidence interval: 0.54
to 0.73) (Friedenreich et al., 2016).

Efforts to help survivors avoid inactivity and progress to meeting the exercise
recommendations are key to the long-term physical and psychological health of cancer

survivors.

1.3.1. Exercise and Prostate Cancer

Exercise is emerging as a successful non-pharmalogical treatment to achieve significant
improvements in prostate cancer morbidity and mortality and to work alongside standard
treatments such as hormone therapy. A landmark paper in this area reported that men
with prostate cancer who exercised vigorously (e.g. cycling, tennis, jogging, swimming)
for three or more hours per week had a 61% lower risk of death from prostate cancer
compared to men who exercised vigorously for less than one hour per week (Kenfield et
al., 2011). Multiple epidemiological studies have suggested that obesity is also
associated with increased prostate cancer mortality (Allott et al.,, 2013) and may
represent a key component of the hypothesised mechanisms underpinning the
relationship between physical activity and prostate cancer outcome. Patients with
prostate cancer, especially those on ADT, may experience many debilitating symptoms
from treatment, including changes in body composition. One prospective evaluation

following 79 men with non-metastatic prostate cancer from commencement of ADT for
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12-months reported significant increases in weight (1.8%, s.e. 0.5%) and fat mass
(11.0%, s.e. 1.7%) and decreased lean mass (3.8%, s.e. 0.6%) over the observed period
(Smith, 2004). The loss of lean mass and increase in fat mass associated with ADT has
major implications for functional independence and the co-morbid disease risk status of
patients living with prostate cancer. Exercise may provide a reasonable strategy to
counteract the many adverse symptoms of prostate cancer disease and treatments such
as ADT as exercise programmes are efficacious in improving body composition, exercise
capacity, physical function and QOL in patients with prostate cancer (Bourke et al.,
2015). Engaging patients in regular exercise has the potential to improve patient
outcomes post-prostate cancer diagnosis and optimise health during treatment (Thune
and Smeland, 2000).

1.3.2. Exercise and Advanced Prostate Cancer

Patients with advanced or metastatic prostate cancer live with a considerable disease
burden that may have a profound impact on everyday physical function and quality of
life (Charalambous and Kouta, 2016). Exercise guidelines for people with cancer, as well

people with bone metastases are outlined in Table X.
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Table Il Exercise Prescription for Patients with Advanced Cancer

Exercise Type

Patients Living with Advanced Cancer (No bone metastases)

Aerobic

Strength

Flexibility

Current Guidelines

Exercise Type

At least 150 minutes of moderate aerobic
activity OR 75 minutes of vigorous aerobic

activity

Patients Living with Bone Metastases

Strength exercises on two or more
days a week that work all the major
muscles

Stretch major muscle groups and
tendons on days other activities are
performed.

Aerobic

Strength

Flexibility

Current Guidelines

At least 150 minutes of moderate aerobic
activity OR 75 minutes of vigorous aerobic

activity, adapted to Metastases Site:

Strength exercises on two or more
days a week that work all the major

muscles, adapted to Metastases Site:

Stretch major muscle groups and
tendons on days other activities are

performed, adapted to Metastases Site:

Metastases Site WB NWB Py Trunk el Static
Body Body

Pelvis v ' ' VE* v

Axial Skeleton v v v N

(lumbar)

Axial Skeleton o ok k

(thoracic/ribs) v v v v v

Proximal Femur v v v V** v

All regions v V¥ VE* NEEES
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For patients with bone metastases it is advised that exercise guidelines are modified to
avoid metastatic sites at risk of pathologic fracture and in accordance with what is
realistic for each person (Macmillan.org.uk, 2019). Patients with advanced cancer
experience a median of 11 (range 1-27) symptoms of advanced disease (Walsh et al.,
2000), some of which may be barriers to engaging in physical activity. However, not all
persons with metastatic or advanced cancer are in the palliative or end-of-life phase and
many have a great need to maintain good functional capacity. Up to 92% of patients with
advanced cancer are interested in completing physical activity programmes (Lowe et al.,
2010), however the majority of this patient group are physically inactive (Coleman,
2006). As patients are now living longer with metastatic cancer (Palumbo et al., 2013),
the need for physical rehabilitation is increasing, to help counteract the adverse effects
of long-term systemic treatments on strength, fatigue and physical functioning.
Additionally, exercise is emerging as a synergistic medicine (i.e. increasing the potency
or effectiveness of concomitantly applied therapies) and targeted medicine (i.e. exerting
its own systemic and localised anticancer effects, independent of other therapies) to
underpin delays in disease progression and improvements in survival for advanced
cancer patients (Hart et al., 2017). Therefore it is essential to devise and implement
exercise interventions suitable for all patients with advanced cancer, including those

previously excluded from participation such as patients with bone metastases.

1.3.3. Considerations for Exercise Prescription in Patients with Bone
Metastases

A major consideration when prescribing exercise to patients with advanced cancer is the
presence of bone metastases. The incidence of bone metastases varies with different
primary cancer tumours, ranging from 14% in melanoma to 100% in patients with
multiple myeloma. In patients with breast and prostate cancer, the incidence of bone
metastases ranges 65-75% (Lipton et al.,, 2009). As a result of the increased life
expectancy of this patient group, the incidences of skeletal metastasis continues to rise,
with more than 1.5 million patients worldwide affected by bone metastases alone
(Capanna, 2005).
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It is essential that physical capacity and independence with activities of daily living in
patients with bone metastases are maintained for as long as possible in order to
maximise QOL (Santiago-Palma and Payne, 2001). Patients with bone metastases
receive long-term systemic treatments which have a significant attritional impact on
muscle strength, fatigue and physical functioning. Physical rehabilitation involving
exercise and physical activity has a considerable role in counteracting these changes.
Patients with bone metastases respond well to rehabilitative treatment (Bunting and
Shea, 2001) with evidence from systematic reviews of exercise interventions reporting
improvements in functional capacity, lower fatigue levels and increased QOL (Beaton et
al., 2009, Salakari et al., 2015).

Despite the known benefits of physical activity for patients living with cancer, exercise
prescription in patients with metastatic disease is challenging. Exercise is often
perceived as a contraindication in the presence of bone metastases due to concerns
about aggravating skeletal related events (SREs) (Porock et al., 2000, Cormie et al.,
2013, Nadler et al. 2017). In Chapter 5 of this thesis the views of clinicians and
physiotherapists will be explored to provide a greater understanding of the concerns
surrounding exercise prescription to patients with advanced disease. The consequences
of SREs, such as pathological fractures and extradural spinal cord compression, include
severe pain, increased health care costs, reduced QOL and increased mortality (Saad,
2013). Amongst patients however, interest in physical activity is high. As mentioned
previously, one cross-sectional study of 50 patients living with a high burden of
metastatic bone disease reported that 92% of patients were interested in completing
exercise programmes and felt able to do so (Lowe et al., 2010). Despite this only 29%
of patients with bone metastases meet the current aerobic exercise guidelines for cancer
survivors (Zopf et al., 2017), suggesting that despite a keen interest, physical activity

levels in this population are suboptimal.

1.4. Narrative Literature Review

This thesis specifically examines exercise prescription in patients with advanced
prostate cancer. The ExPeCT randomised controlled trial will recruit men with prostate
cancer to a six month exercise intervention (Chapter 6). As a large number of patients
advanced prostate cancer present with bone metastases, the prescription of exercise to

this patient group requires careful consideration.
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The following section provides an overview of factors for consideration with exercise
prescription in metastatic bone disease. The evidence from trials of exercise prescription
in this population will be reviewed to address the challenges with exercise prescription
in this population. The manuscript to accompany this narrative review is currently in
press in the Physical Medicine and Rehabilitation Journal. The review will examine (i)
the physical sequelae of bone metastases to determine the non-lethal long-term
adverse effects occurring in patients living with bone metastases (ii) factors to consider
with exercise prescription, given the negative effects of treatment and the associated co-
morbidities, and (iii) a comprehensive literature review of structured exercise training in

patients with metastatic bone disease to synthesise the evidence in this area (Figure 7).

1. Physical Profile of Patient 2. Exercise Considerations
Muscle Strength Bone Health
Physical Function Pain
Physical Activity Oncologic Treatment
Patient
Centred
Exercise

" Prescription

3. Exercise Medicine Evidence
Clinical Studies

Animal Studies

Figure 7 Exercise Prescription Considerations for patients with Metastatic Bone Disease

1.4.1. Section One: The Physical Profile of the Patient

Metastatic cancer and its associated treatment have a considerable attritional impact on
multiple components of physical performance including muscle strength, physical
function and physical activity. The following section provides an overview of the unique

and multifaceted clinical profile of this patient cohort.
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1.4.1.1. Muscle Strength

Skeletal muscle loss and muscle weakness are a well-described sequela of early-stage
cancers (Galvao et al., 2009, Klassen et al., 2017). While less is known about skeletal
muscle impairment in metastatic bone disease, it is associated with treatment toxicity
and time-to-tumour progression (Prado et al., 2009), and therefore it is of considerable
clinical importance. A small number of cohort studies have reported suboptimal muscle
strength in patients with metastatic bone disease (Massy-Westropp et al., 2011,
Oldervoll et al., 2011, Trosclair et al., 2011). In one example in metastatic breast cancer
(n=71) both relative and adjusted grip strength (26.6 (6.0) vs 30.2 (6.4)kg (p=0.001) and
0.38 (0.09) vs 0.46 (0.11) kg.kg™ (p<0.001) respectively), and leg strength ((53.5 (23.7)
vs. 76.0 (27.4) kg (P<0.001) and 0.76 (0.31) vs 1.15 (0.45) kg.kg*(P<0.001)) were
significantly lower than matched healthy controls (Yee et al., 2014). Hand grip strength
is negatively associated with physical frailty and low scores are predictive of disability in
older people (Dudzinska-Griszek et al., 2017). The absolute values and precision of grip
strength measurements can be influenced by aspects such as allowance for hand size
and dominance, posture, joint position, effort and encouragement, frequency of testing
and time of day, and training of the assessor (Roberts et al. 2011). Despite this, hand-
held dynamometry can be a reliable assessment technique when practiced by a single

experienced tester (Bohannon 1986).

Additionally, measures of lower limb muscle function, such as 30 second sit-to-stand
(STS) test scores, are impaired in metastatic cohorts, with patients completing
approximately half the number of STS repetitions (11.5 (4)) in comparison to matched
controls (22 (7)) (Oldervoll et al., 2011, Millor et al., 2013). In patients with spinal
metastases, pre-intervention data from an exercise study reported baseline STS
repetitions as low as 5.1 (1.4) (intervention) and 4.6 (2.0) (control), however this outcome
was amenable to rehabilitation, with the intervention arm increasing to 9.0 (2.6)
repetitions following 3-months of isometric spinal strengthening (Rief et al., 2014). Of
concern, in older healthy cohorts (>60 years old), 30s-STS <15 repetitions is predictive
of falls risk and fracture risk and therefore the consequences of the low STS repetition
values observed in patients with metastatic bone disease may be considerable (Jones
et al., 1999).
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1.4.1.2.  Physical Function

Physical function involves the performance and co-ordination of various physiological
systems, all of which may be impaired as a result of cancer treatment (Garber et al.,
2010, Brown et al., 2015). Physical function may be measured in a number of different
ways, including both subjective and objective physical performance measures, which
show comparable levels of validity, sensitivity and responsiveness (Latham et al., 2008,
Reiman and Manske, 2011).

Subjective measures of physical function are commonly used for patients with metastatic
bone disease, such as the physician-completed Musculoskeletal Tumour Society Score
(MTSS) and the patient completed Patient-Reported Outcome Measurement Information
Systems (PROMIS) Physical Function Cancer questionnaire, a superior measure of
physical function in patients with lower extremity bone metastases due to its validity,
brevity and reliability over a wide range of ability levels (Janssen et al., 2016). Patients
diagnosed with cancer report a mean PROMIS Physical Function (short form) score of
44.9, one half standard deviation lower than the overall U.S. population mean, while
patients with lower extremity bone metastases report lower median scores of 36 (IQR
31-43) (Jensen et al., 2015, Janssen et al., 2016).

Measurement tools that incorporate objective measures of physical function, such as the
short physical performance battery and fast gait speed, are predictive of premature
mortality in all cancer survivors (Brown et al., 2015). In metastatic non-small cell lung
cancer, one prospective study (n=118) reported that six-minute walk distance (6MWD)
was independently predictive of survival, with patients achieving 6MWD <358.5 having
greater chance of all-cause mortality compared to 6MWD 358.5-450 (adjusted hazard
ratio (HR) 0.61 (95% ClI, 0.34-1.07) and 6MWD >450 0.48 (95% ClI, 0.24-0.93) (Jones
et al., 2012).

1.4.1.3.  Physical Activity

Current evidence suggests many health benefits from physical activity during and post-
cancer treatments (Speck et al.,, 2010). Studies in patients with metastatic disease
however, have shown that this patient group are at significant risk of low physical activity

levels. In a cross-sectional study of 55 patients living with metastatic bone disease using
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subjective methods of physical activity assessment, 71% of participants were
insufficiently active and did not meet the current aerobic exercise guidelines for cancer
survivors (Zopf et al., 2017). When measured using objective methods, physical activity
levels are considerably lower. In a cross-sectional analysis of 71 patients with metastatic
breast cancer (n=19 bone-only metastases) physical activity levels were significantly
lower than healthy counterparts, achieving only 56% of the steps completed by controls
each day (5,434 (3,174) vs 9,635 (3,327) of steps/day (p<0.001)) (Yee et al., 2014).
Objective PA levels in patients receiving radiotherapy for bone pain are comparable to
physical activity levels in patients receiving chemotherapy (Ferriolli et al., 2012). As
objective physical activity scores correlate significantly with QOL of patients with cancer,
there is a need for strategies to increase physical activity levels in metastatic patients
(Ferriolli et al., 2012).
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1.4.2. Section Two: Exercise Considerations for Patients with Metastatic
Bone Disease

As described in section 1.3 all cancer survivors, including patients living with bone
metastases, are advised to engage in 150min of weekly moderate-intensity aerobic
exercise and to include strength and flexibility training in their programme (Schmitz et
al., 2010). For patients with bone metastases however, achieving these guidelines may
prove challenging. Even when encouraging patients to be as physically active as their
abilities and conditions allow, exercise prescription is complicated by several factors
associated with bone lesions including compromised bone health, risk of pathological
fracture and increased pain levels. Considerations for exercise prescription in the
presence of these complications is considered below.

1.4.2.1. Bone Health

Osteoporosis
Osteoporosis and osteopenia are a common sequela for patients with bone metastases.

This is due to the direct effects of cancer cells on the skeleton and to deleterious effects
of cancer-specific therapies on bone cells (Drake, 2013). In a case controlled analysis
of 174 hormone naive men with advanced prostate cancer, 42% were osteoporotic and
37% were osteopenic at diagnosis compared to a 27% incidence of osteoporosis
amongst peer-matched controls (p=0.02) (Hussain et al., 2003). Additionally, steroid
use, often used in advanced cancer for disease control and symptom management, is a
strong independent risk factor for fractures (Wooldridge et al., 2001, Caro et al., 2004).
Osteoporosis often arises as a side-effect of cancer therapies such as ADT for prostate
cancer, aromatase inhibition for breast cancer, or chemotherapy-induced ovarian failure
(Winters-Stone et al., 2014). ADT, the most commonly used therapeutic strategy for men
with advanced prostate cancer, increases bone turnover and decreases bone mineral
density (BMD), leading to a 20% - 45% increase in relative fracture risk (Mohler et al.,
2010). Additionally, a large randomised study examining the effects of hormone
treatment the bone health in patients with metastatic breast cancer found that, relative
to baseline, endocrine therapy independently resulted in BMD declines at the lumbar
spine (-11.3%) and hip (-7.3%) over 36 months (Drake, 2013).

Osteoporosis management involves a multimodal approach comprising pharmacological

and conservative interventions. Conservatively, education about potentially fracture-risk
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activities such as heavy lifting or high-impact activities, and the introduction of
individualised exercise programmes for muscle strengthening and falls prevention are
recommended (Kanis et al., 1997). A large retrospective study has shown that
abandoning general corset use in patients with spinal metastases does not increase
rates of pathological fracture in patients with spinal bone metastases after radiotherapy
(Rief et al., 2015). Functional loading activities such as walking exert a positive influence
on bone mass (Cosman et al., 2014). Changes in bone mass occur more rapidly with
unloading than with increased loading (Kohrt et al., 2004). Therefore, patients with bone
metastases experiencing osteopenia and osteoporosis should be encouraged to, at the
very least, maintain PA levels for as long as possible in order to preserve bone mass.

Pathological Fracture
A fracture that develops in an area of bone pathology, such as a secondary metastases,

is termed a pathologic fracture, the consequences of which include severe bone pain,
mobility limitations and the possibility of surgery and hospitalisation (Sonmez et al.,
2008). The incidence of pathological fracture ranges from 43% in patients with multiple
myeloma to 17% in patients with metastatic lung cancer (Saad et al., 2007). Risk factors
for pathological fracture include the size of the lesion and higher pain scores, however
little is known about the influence of PA on fracture rates. In one prospective study of 54
patients with bone metastases receiving inpatient rehabilitation, 16 fractures occurred in
12 patients, with only one fracture associated with rehabilitation. Patients in the fracture
group were significantly more likely to be female, younger, have a larger number of
metastatic sites and a previous occurrence of pathologic fracture (Bunting et al., 1985).
Additionally, lytic metastases (those that break down bone), common in myeloma or
renal cell carcinoma, were more likely to develop into fractures when compared with
osteoblastic metastases (those that stimulate bone growth), common in prostate cancer.
If patients are referred to rehabilitation following a pathological fracture, hypercalcemia
and administration of parenteral narcotics suggest a poor rehabilitation outcome. Despite
this, patients with pathologic fractures secondary to metastatic disease are considered

excellent candidates for intensive rehabilitation programs (Bunting et al., 1992).

In consideration of the multifaceted nature of fracture risk, algorithms such as Mirel’s
Classification Scoring system can provide a useful measure of fracture risk. Mirel’s
Classification is physician led, and is one of the most common methods of assessing
risk in clinical practice, although the use of CT based methods with increased specificity
is increasing (Benca et al. 2016). This system encompasses multiple details including

the site of metastases, patient reported pain level, x-ray appearance and size of the
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lesion (Figure 8). A resulting score >8 suggests prophylactic fixation is required. The

system has good sensitivity but relatively poor specificity (Jawad and Scully, 2010).

Score 1 2 3

Site Upper Limb Lower Limb Trochanteric
Pain Mild Moderate Functional
X-Ray appearance Blastic Mixed Lytic

Size of Lesion <1/3 cortex 1/3-2/3 cortex >2/3 cortex

Figure 8 Mirel's scoring system for pathological fracture prediction

While not currently used widely in exercise oncology, assessing patients for risk of
fracture using tools such as Mirel’'s criteria could form a useful basis for exercise
prescription. The scoring system has potential be used as a decision tool for selecting
patients suitable for exercise interventions and also be used as an aid the selection of
suitable exercises for completion. Just one study in patients with multiple myeloma, a
cohort similar to metastatic bone disease, has used Mirel’s Classification to screen for
fracture risk and exercise suitability. In this analysis there were 13 (21.6%) screen
failures from a total of 75 eligible participants due to fracture risk, typically large lytic
lesions of the long bones or extensive lytic disease in the pelvis. Those not at risk were
recommended for exercise, while others deemed at risk underwent cross-sectional
imaging with CT or MRI and were referred for surgery and/or radiotherapy before

embarking on the exercise programme (Smith et al., 2015).

Other fracture screening tools such as the WHO screening tool (FRAX) (Adler, 2011)

may also be useful. The FRAX calculator, (www.shef.ac.uk/FRAX/), identifies 10-year

fracture risk. The FRAX accounts for hormone therapy by classifying it as secondary
osteoporosis and is considered superior to using measures of bone mineral density
alone to determine fracture risk (Saylor et al., 2010). A number of recent studies have
investigated the value of CT based-Finite Element three-dimensional modelling and CT-
based structural rigidity analysis in predicting fractures. Both methods may considerably
advance the accuracy of pathological femur fracture prediction (Goodheart et al., 2015,
Damron et al., 2016), however in clinical practice where this level of radiological analysis
is not available Mirel’'s classification can provide an extremely meaningful and cost-

effective measure of fracture risk.
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Pain

Bone pain is usually the earliest and most common symptom of bone metastases
(Sabino and Mantyh, 2005). Up to 83% of patients with metastatic bone disease
complain of cancer induced bone pain, with wide variations in pattern and severity (Laird
et al., 2011). Incident or breakthrough pain (BTP), defined as an abrupt, short-lived, and
intense flare of pain in the setting of chronic pain, may be a significant factor affecting
exercise prescription (Ghosh and Berger, 2014). The Brief Pain Inventory, which
evaluates pain severity and the resulting functional interference, is a valid and reliable
tool for pain measurement in patients with bone metastases (Chow et al., 2010, Wu et
al., 2010). Using this tool, patients with bone metastases (n=258) report substantial pain-
related interference in activity; despite the classification of pain levels as mild or
moderate (Wu et al., 2010). Therapists should be aware that unidimensional measures
of pain (e.g. Numerical rating scales) do not always correlate with physical function.
Measures such as the BPI ensure both pain severity and pain interference on function
are measured. Relatively mild pain intensity scores (~2 points) could conceal clinically
important functional impairments in patients with lower body metastases, and attention

to activity function is critical during assessment.

Pain associated with functional activity is associated with higher risk of pathological
fracture, and hence is an integral component of risk prediction models such as Mirel's
classification. In one study of 66 consecutive patients with 100 metastases in long bones,
only six out of 57 bone lesions that were classified by patients as mildly or moderately
painful later fractured, however all lesions in which pain was aggravated by function
subsequently fractured (Fidler, 1981). Therefore, while many of this patient group will
receive regular analgesia for bone pain, those experiencing BTP, particularly associated
with functional activity, should be investigated fully prior to commencing exercise
programmes. Exercise studies in patients with bone metastases have monitored pain
levels closely, modifying the intervention if pain increases (Cormie et al., 2014). If pain
persists, orthopaedic opinion may be required prior to the continuation of exercise and
in cases of severe pain, before the patient can resume activities of daily living. Pain is
also a predictor of metastatic spinal cord compression (MSCC) (Figure 9), present in 83
-95% of patients at the time of diagnosis (NICE, 2008).

Current methods of predicting fracture risk do not consider the absolute amount of weight
that is placed on the bone, however, it has been proposed that greater patient body
weight leads to greater fracture risk (Bunting and Shea, 2001). There is uncertainty

around the level of weight bearing a patient with bone metastases can be permitted. In
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one study of 38 patients with 78 long bone lesions, there were no differences in the rate
of pathological fracture between patients completing weight bearing versus non-weight
bearing activity, indicating patients should be encouraged to engage in pain-free weight
bearing activity (Mirels, 1989, Riccio et al., 2007). Conversely, pain with weight-bearing
activities can indicate pathologic fracture, particularly in the lower extremities, and
therefore weight bearing activities should be avoided in the presence of pain. This further
emphasises the need to monitor pain throughout exercise sessions and modify
treatments accordingly.

Clinical vigilance must be exercised with rehabilitation and exercise prescription to these
patients. Any worsening of pain and neurological symptoms should be recorded,
reported and medical advice sought. If pain or neurological symptoms worsen during
rehabilitation, the activity should be stopped, and the patient returned to a spinal
protective position where these changes reverse.

Medical Emergency: Metastatic Spinal Cord Compression

e Pain, usually severe local back pain, at the level of the lesion, which
progressively increases in intensity, is usually the first symptom of MSCC (NICE,
2008).

¢ The Gain Guidelines for the Rehabilitation of Patients with Metastatic Spinal Cord
Compression suggest that stability of the spine and the level of mobility allowed
should be agreed by the multi-disciplinary team (GAIN, 2014).

¢ Clinical vigilance must be exercised with rehabilitation and exercise prescription.
Any worsening of pain and neurological symptoms should be recorded, reported
and medical advice sought.

¢ If pain or neurological symptoms worsen during rehabilitation, the activity should
be stopped, and the patient returned to a spinal protective position where these

changes reverse.

Figure 9 Metastatic Spinal Cord Compression

1.4.2.2. Oncologic Treatment

The main goal of treatment for bone metastases is to reduce the incidence of skeletal
related events (SREs) and improve QoL and mobility. In addition to standard anti-cancer

therapies such as chemotherapy and hormone therapy, discussed in section 1.2.2.
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above, modern treatment of metastatic bone disease includes analgesics, radiation
therapy, surgery and bisphosphonate drugs (Yang and Du, 2015). The following section
will discuss each of these treatments, as well as describing the impact each will have on
patients’ physical function and performance. All treatments will alter rehabilitative goals
and patient suitability for particular interventions and therefore awareness of each of the

following treatments will guide therapists to tailor exercise prescription.

Analgesics
Effective analgesia is fundamental to a patient’s ability to participate in exercise.

Adequate pain relief significantly increases mobility and general activity in patients with
bone metastases (Petcu et al., 2002). The pharmacologic approach to the treatment or
palliation of painful osseous metastases follows the World Health Organization (WHO)
analgesic stepladder. This "triple opioid therapy approach” involves 1) Controlled release
opioids (to control background constant pain), 2) Immediate release opioids (to control
gradual onset breakthrough pain), and 3) Rapid-onset opioids (to control sudden
increases in pain). Analgesic agents may include: non-opioid analgesics (e.g. non-
steroidal anti-inflammatory drugs), adjuvants (e.g. antidepressants, muscle relaxants),
and opioids/opioid-like analgesic agents (Smith and Mohsin, 2013). It is particularly
difficult to achieve pain control when bone metastases cause pain on movement (Petcu
et al.,, 2002). Often nonsteroidal anti-inflammatory drugs and opioid analgesics are

ineffective and further interventions, such as those detailed below, are required.

Radiation Therapy
Palliative radiotherapy can successfully relieve symptoms of advanced cancer, with the

most common indication for its use being localised, uncomplicated painful bone
metastases (Lutz et al., 2010). Large multi-institutional randomised trials have
demonstrated that 80% of patients receiving radiotherapy for osseous metastases will
experience complete to partial pain relief, typically within 10-14 days of the initiation
therapy (Tong et al., 1982). Pain and pain interference have been shown to cluster with
nausea when patients are receiving radiation therapy (Ganesh, 2018). Pain reduction,
measured with the BPI, is associated with positive changes in physical function (Wu et
al., 2006). In contrast, neither location of bone metastases nor radiotherapy dose predict
pain response or functional interference following radiation treatment (Zeng et al., 2012).
Studies prescribing exercise for patients receiving palliative radiation treatment report
no adverse events (Oldervoll et al., 2011, Litterini et al., 2013, Rief et al., 2014a). The

only documented precaution specific to exercise prescription in patients following
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radiotherapy is a severe tissue reactions such as dryness, itching, blistering, or peeling,

leading to increased risk of infection (Stefani et al., 2017).

Surgical Intervention
Surgical interventions for metastatic bone lesions are completed to relieve pain or

neurological symptoms, stabilise fractures, restore function, enable ambulation and
overall increase patient QOL (Zore et al., 2009). A pathologic fracture exposes patients
to extreme pain, urgent hospitalisation, and the risk of emergency surgery with
compromised outcome. Thus, predicting impending fracture and prophylactic fixation in
an elective setting are critical to avoid debilitating complications.

In patients who experience pathological fracture, surgical intervention can lead to
significant improvements in physical function and activity levels (Zore et al., 2009). For
example, in a study of 67 patients who underwent surgery for long bone fractures caused
by metastatic tumours, significant improvements in physical function were reported in
measures of activities of daily living such as washing and dressing (Zore et al., 2009).
For patients with malignant spinal tumours, percutaneous vertebroplasty and
kyphosplasty are effective minimally invasive procedures which provide analgesia and
spinal stabilisation that restore or preserve ambulation (Gokaslan et al., 1998, Saliou et
al., 2010, Qian et al., 2011). Weight bearing status may vary post-operatively depending
on bone quality and types of fracture pattern as well as surgical procedure, and therefore
a collaborative approach to post-operative mobilisation involving the surgical and

physiotherapy team is advised (Carlin et al., 2016).

Bone modifying agents

Bone modifying agents have some analgesic effect and reduce the risk of SREs, while
reducing the need for palliative radiotherapy and surgery (Hortobagyi, 2011, Serpa Neto
et al., 2012). Two classes of agents used are the bisphosphonates (pamidronate,
zoledronic acid (ZA), clodronate and ibandronate) and the RANK ligand inhibitor,
denosumab (NCCC, 2008, Narayanan, 2013, Hayes, 2016). Bisphosphonates are
associated with acute-phase reactions in approximately 15%-20% of patients (primarily
after the first one or two infusions), which are characterised by mild to moderate flu-like
symptoms such as low-grade fever, fatigue, arthralgia or myalgia, increased bone pain
and nausea (Zojer et al., 1999). This can begin days or months after starting treatment.
Patients may require additional analgesia and adaptions to exercise programmes until

symptoms improve (Coleman, 2005). Intravenous bisphosphonates are the treatment
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of choice for the initial management of hypercalcaemia (Figure 10) (Ralston, 1992). The
effect of exercise was compared to the effects of bisphosphonates (ZA) in one
randomised controlled trial. At 12 months, spine, total hip, and total body BMD increased
in the ZA group by 1.6%, 0.8%, and 0.8%, respectively, however BMD decreased in the
PA group by 6.0%, 3.4%, and 3.3%, respectively (P values < 0.0001 for all group
comparisons). ZA protected patients with breast cancer against bone loss during initial
treatment, whereas home-based physical activity interventions were less effective in
preventing bone loss (Swenson et al., 2009).

Medical Emergency: Hypercalcemia

o Hypercalcaemia is an abnormally large amount of calcium in the blood which
affects up to 10% of patients with advanced cancers (Mirrakhimov, 2015).

e The clinical features of hypercalcemia include neurological changes, cognitive
changes, gastrointestinal, renal and cardiovascular symptoms (Mirrakhimov,
2015).

e Asymptomatic or mildly symptomatic individuals with hypercalcemia may not
require immediate therapy. However, hypercalcemia with malignancy usually
presents with markedly elevated calcium levels (>3.5 mol/L) and therefore is
usually severely symptomatic and is considered on oncological emergency
(Mirrakhimov, 2015).

Figure 10 Hypercalcemia
1.4.3. Section Three: Exercise Medicine Evidence

Given the potential for exercise to enhance function, ameliorate the side-effects of
treatment or act as an adjunct to modern anti-cancer treatments, the purpose of this
comprehensive literature review was to synthesise the available evidence concerning

exercise programmes involving patients with metastatic bone disease.
1.4.3.1. Methods

Papers were identified through a search of the following databases: CINHAL, EMBASE,
Medline, PubMed, SCOPUS and Web of Science on 23 March 2017. The search terms

used included combinations of physical activity or exercise and key words related to
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bone metastases, including 'bone metastases', 'spine metastasis', ‘advanced cancer’,
‘advanced neoplasm’, ‘bone neoplasms’, ‘spinal neoplasms’, ‘pelvic neoplasms’, ‘spine
metastases’, ‘spontaneous fracture’, ‘pathologic fracture’, ‘bone pain’ and ‘fragile bone’.
In addition, studies retrieved from journal publication reference lists, and any other
published studies known to the authors were also included. The search included the

literature up to April 2017. No limits were applied to the searches.

Studies which met the following criteria were included:
e Studies involving adults living with bone metastatic disease,
¢ Included Participants with metastases resulting from solid primary tumours,

e The intervention which included a supervised exercise programme

Studies involving paediatric patients were not included. Where it was unclear if patients

with bone metastases were included or were eligible for inclusion, the authors of the
paper were contacted for clarification. The results of the literature search were screened
by two authors for inclusion in the current review. A flow diagram of the literature search
and selection is presented in Figure 11. Details relating to exercise programmes
prescribed, adverse events and outcomes related to physical activity, physical function
and QOL were extracted from studies.

Given the complexity of biological systems, the use of animal models has provided a
significant understanding of the various adaptive mechanisms undergoing acute and
chronic physical exercise (Angelis et al., 2017). Studies examining the effect of exercise

training in animal models with metastatic bone disease were also included.
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Figure 11 Comprehensive Literature Search Flowchart

1.4.3.2. Results of Comprehensive Literature Review

Eleven studies, described in 18 papers, relating to exercise prescription in patients with
bone metastases were considered eligible for inclusion; seven randomised controlled
trials, three single-arm studies and one multi-arm interventional study. Aerobic and/or
resistance exercise training was prescribed by all studies. Five studies examined aerobic
and resistance training as a multimodal intervention and one study compared an aerobic
training intervention to a resistance training intervention. In addition, three studies

prescribed resistance training only, while two studies prescribed aerobic training only.
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Animal studies included for review prescribed exercise or lower limb training
interventions.

All studies reviewed included patients with metastatic bone disease. In six studies,
participants had a diagnosis of primary prostate cancer, while four studies included
participants who had a mixture of primary cancer diagnoses. One study included only
patients with metastatic breast cancer. In total, studies involved 593 patients with
metastatic disease, of which 347 were prescribed exercise. The remaining 246 patients
served as control subjects. Participant age ranged from 49 to 73.1 years and BMI ranged
from 26.6 to 29.3kg/m-.

1.4.3.3.  Studies Involving Aerobic Exercise

Two studies reviewed prescribed aerobic exercise as a uni-modal intervention.

The first prescribed a 12-week, RCT of football training programme for men undergoing
ADT for advanced or locally advanced prostate cancer (n=57), 11 of whom had
metastatic bone disease (Ligibel et al.,, 2016). The football training group (n=29)
practiced 2—3 times per week for 45—-60 minutes while a standard care control group
(n=28) were instructed to maintain their baseline activity levels. Post-intervention, the
football group demonstrated favourable between group differences in total body bone
mineral content [26.4 (95% Confidence Interval (Cl): 5.8—-46.9g; p=0.013], leg bone
mineral content [13.8 (95% CI: 7.0-20.5g; p<0.001)] and markers of bone formation.
Knee extensor strength (LRM) demonstrated a mean group difference of 6.7 kg (95% CI
2.8-10.7; P < 0.001), in favour of the football group. There were no changes in aerobic
fitness or body fat percentage (Uth et al., 2016b). In relation to adverse events, two
fibular fractures were reported in the football arm however they did not involve patients
with bone metastases and were considered as accidental and unrelated to metastatic
disease (Uth et al., 2016a).

The second intervention prescribed a 16-week programme of moderate intensity
exercise in patients with metastatic breast cancer (Ligibel et al., 2016). Participants were
randomised to either an intervention arm (n=48) or a waiting-list control group (n=53).
The intervention group completed individual exercise sessions at a local gym, with a
target weekly exercise goal of 150 minutes moderate intensity exercise. In contrast to
the prostate study described above, this training programme did not result in

improvements in weekly exercise, physical functioning or aerobic fitness.
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1.4.3.4. Studies Involving Resistance Exercise

Three studies reviewed prescribed resistance exercise as a uni-modal intervention.
Cormie et al. examined the feasibility of resistance exercise interventions for patients
with metastatic bone disease in two papers, a RCT and single-group (uncontrolled)
longitudinal study (Cormie et al., 2013, Cormie et al., 2014). In the first, twenty men with
established bone metastases secondary to prostate cancer were randomly assigned to
a 12-week resistance exercise programme (n=10) or usual care group (n=10).
Participants had significant disease load with 65% of participants presenting with two or
more regions affected by bone metastases. Exercise was prescribed to avoid loading
bones and minimise sheer forces on areas of the body with metastatic lesions (Figure
12).

Metastases Site Exercise mode
Resistance Aerobic Flexibility
Upper Trunk Lower WB NWB Static
Pelvis v v VE* v v
Axial Skeleton (lumbar) v v v VEF*
Axial Skeleton
v* v \ v YHEE
(thoracic/ribs)
Proximal Femur \ \ VE* v \4
All regions v* VE* v YHE*

Figure 12 Guide for prescribing exercise for patients with bone metastases

\ = Target exercise region; * = exclusion of shoulder flexion/extension/abduction/adduction — inclusion of
elbow flexion/extension; ** = exclusion of hip extension/flexion — inclusion of knee extension/flexion; WB
weight bearing (e.g. walking); NWB non weight bearing (e.g. cycling); *** = exclusion of spine

flexion/extension/rotation (Galvao et al. 2017)

Exercise prescribed using this approach was well tolerated and did not increase the
incidence of skeletal complications. At three months, muscle strength, measured by leg
extension 1RM increased significantly with a mean adjusted group difference of 7.6 kg
(p=0.016). Submaximal exercise capacity and ambulation also improved, with a mean
group difference of -13.7 seconds in a 400m walk (p=0.010) and a mean group difference

of -0.55s in a 6m walk (p<0.001). Low intensity exercise participation, measured with
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accelerometers, increased from 341.7 +143.3 min/week to 356.7 £112.6 min/week in the
intervention group (p=0.003). No significant between-group differences were observed
for fatigue, QOL or psychological distress. In the second study by this author (n=20), a
3-month resistance exercise intervention, followed by a 6-month follow up assessment,
found that gains in ambulation (p=0.046), increases in weekly minutes of resistance
exercise (p=0.003) and whole body lean mass (p=0.039) were maintained at follow-up
in the intervention arm (Cormie et al., 2014).

Using a different approach, Rief et. al. (2014) examined the effect of isometric resistance
exercise training of the paravertebral muscles compared to breathing exercises in a
group of patients with spinal bone metastases receiving radiotherapy (n=60). The
intervention involved 30 minutes of exercises which were performed on each day of
radiotherapy treatment over a 2-week period, and continued three times a week for 6
months (Rief et al., 2014). Pain scores reduced from 48/100 at baseline to 16/100 post-
intervention in the intervention arm compared to no change (51/100 to 50/100) in the
control group (p < .001) (Rief et al., 2014). No differences in fracture rate was found
between groups after either 3 (p=0.59) or 6 months (p=0.60). Furthermore, survival
analysis detected no difference in overall survival or progression-free survival between
the two arms of the trial (Rief et al., 2016). Additionally, pyridinoline and beta-isomer of
carboxy-terminal telopeptide of type | collagen, biomarkers of bone turnover, decreased
significantly in the resistance arm in comparison to the control group. These biomarkers
may be used as a complementary tool for predicting local response to treatment, and for
avoiding SRE (Rief et al., 2016).

1.4.3.5. Studies Comparing Aerobic to Resistance Exercise

One randomised trial assigned 66 patients with metastatic cancer, including patients with
bone metastases, to a programme of either individualised resistance (n=34) or aerobic
exercise (n=32) (Litterini et al., 2013). At 10 weeks there were significant improvements
in Short Physical Performance Battery (SPPB) total score (P<.001), gait speed (p=.001),
and fatigue (p=.05) in both groups. Analyses of SPPB scores found that regardless of
group, gait (p=0.002) and chair stand (p<0.001) sub scores improved significantly over
time, however balance sub scores did not change in either group. Neither resistance nor
aerobic training aggravated fatigue or pain. There did not appear to be a substantial

differential effect of one mode of exercise compared with the other.
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1.4.3.6.  Studies Prescribing both Aerobic and Resistance Exercise

Five studies examined the effects of multimodal interventions prescribing both aerobic

and resistance programmes to patients with metastatic bone disease.

A recent randomised controlled trial examined the effects of a multi-modal exercise
programme of resistance, aerobic and flexibility exercise on physical function in patients
(n=57) with metastatic prostate cancer. The exercise intervention, undertaken three
times per week, resulted in self-reported improvements in physical function (p=0.028)
and objectively measured lower body muscle strength (p =0.033), with no skeletal
complications or increased bone pain (Galvao et al., 2017). The largest programme
reviewed (n=231), randomised patients to an 8-week aerobic and resistance programme
or to a usual care control group. The supervised exercise intervention lasted 60 minutes
and included a warm up, circuit training with six stations, stretching and five minutes of
relaxation. Clinically and statistically significant between-group effects were found in
shuttle walk test scores (estimated mean difference of 60m (95% CI, 16.0 —103.4 m; p=
.008) and hand grip strength scores (estimated mean difference of 2.0kg (95% CI 0.4—
3.5) in favour of the exercise group post intervention. However, no significant between
group effects in the primary outcome, fatigue were reported (Oldervoll et al., 2011).

In contrast, a single-arm feasibility study of a lifestyle intervention for sedentary men with
advanced cancer receiving ADT found significant within-group improvements in FACT-
F scores (p<0.001) at 12 weeks. Participants completed 30 minutes of supervised
resistance and aerobic exercise twice weekly for the initial six weeks and then once
weekly for the following six weeks. Positive changes were maintained at a six month
follow up assessment (mean difference: 3.9 points (95% CI, 1.1-6.8); adjusted p =
0.007) (Bourke et al., 2011, Bourke et al., 2014). Similarly, when the intervention was
tested as an RCT, the intervention arm experienced clinically relevant improvements in
FACT-F scores at 12 weeks compared to the control arm (mean difference: 5.3 points;
95% ClI,2.7-7.9; adjusted p < 0.001). Changes were maintained following withdrawal of
supervision at six months (mean difference: 3.9 points; 95% CI, 1.1-6.8; adjusted p =
0.007). However, clinically relevant improvements in disease specific QOL at three
months (adjusted mean difference: 8.9 points; Cl 3.7-14.2) were not sustained after the
cessation of the supervised period (adjusted mean difference: 3.3 points; 95% CI, 2.6 to
9.3).
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1.4.3.7. Animal Studies

Jones et al. (2012) investigated the effects of exercise on cancer progression and
mechanisms of metastasis in an orthotopic model of murine prostate cancer. Mice were
randomly assigned to exercise group who completed voluntary wheel-running, (n = 28)
or a non-intervention control (n = 31) groups. Median running distance ranged from ~4
to ~6 km/day. The primary tumour growth rate, measured by the modulation of
circulating host levels of metabolic and sex-steroid hormone levels, improvements in
immune surveillance, and reduced systemic inflammation and oxidative damage, was
comparable between the exercise and control group across the entire course of the
experiment, demonstrating that exercise did not inhibit primary cancer progression.
However, exercise did favourably alter genes responsible for metastatic dissemination
in the primary tumour, with a shift toward reduced metastasis (Jones et al., 2012a).

A second study used an in vivo model to investigate the role of skeletal mechanical
stimuli on the development and osteolytic capability of secondary breast tumours. For
loading, the left limbs of mice were subjected to dynamic compressive loading for two or
six weeks using an established protocol (1200 cycles at 4 Hz, 5 days/week); non-loaded
control mice only underwent anaesthesia. Mechanical loading was found to inhibit the
growth and osteolytic capability of secondary breast tumours (Lynch et al., 2013). There
may also be an application of the findings of this study in human populations, where
compressive loads (induced by specific loading exercise programmes) inhibit the growth

of tumours, however this area requires further exploration.

1.4.4. Discussion

Studies prescribing exercise for patients living with metastatic cancer report high levels
of patient tolerance, acceptability and adherence. Importantly, no adverse events related
to exercise interventions were reported among any of the interventions reviewed.
Statistically significant and clinically meaningful improvements in exercise behaviour,
muscle strength, aerobic fitness, walking speed and muscle mass were observed with
several different exercise training modalities. Importantly, these benefits occurred
without aggravating symptoms such as fatigue and bone pain. Physical exercise

programmes tailored to the individual patient are safe, efficacious and feasible in this
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population. This review has identified key factors which should be considered when

prescribing exercise to patients living with bone metastases.

Patient Assessment and Eligibility
As advised in patients with early stage cancer, a review of each patient’s history and

physical examination of cardiac, pulmonary, neurological, and musculoskeletal signs
and symptoms should be used to assess the safety of exercise interventions, or the need
for further evaluation (Jones et al., 2010). In particular, a pain assessment should also
be included for patients with bone metastases, including pain interference with function
which may be measured using the BPI. Fracture risk is a key consideration. Studies
reviewed reporting adverse events did not find a high fracture incidence with exercise
versus control or an association between exercise and fracture risk. However, fracture
risk assessments would allow greater risk stratification for this group of patients and may
allay the fears of health professionals regarding exercise prescription. Tools such as
Mirel's Classification Score or the FRAX calculator may prove useful for determining
suitability to exercise, however as seen in the exercise interventions reviewed, such tools
are rarely used to guide patient eligibility for exercise interventions. Instead, performance
scales or predictions of survival length are commonly utilised in order to determine
participant eligibility, which may exclude patients who can exercise safely and stand to
gain from increasing activity levels. A number of studies considered for inclusion in this
review listed evidence of bone metastases in the hip or spine (Segal et al., 2003,
Stevinson and Fox, 2006, Galvao et al., 2010, Winters-Stone et al., 2014), or evidence
of bone metastases in the spine alone (Kuehr et al., 2014) (but included other stage IV
participants), brain or bone metastases (Quist et al.,, 2012, Quist et al., 2015) as
exclusion criteria for participation. The inclusion of patients with bone metastases in
exercise studies would have greatly increased the generalisability of results to all
patients at this stage of disease. Additionally, a number of exercise studies in advanced
cancer did not specify if patients with metastatic bone disease were included (Oldervoll
etal., 2006, Rummans et al., 2006, Cheville et al., 2010) or specify the site of metastases
(Carson et al., 2007). Further detail regarding patients’ disease status would enable
clinicians to ascertain the applicability of study results to specific patient populations in

practice.

Exercise Prescription and Instruction
Papers reviewed describe a number of approaches to exercise prescription in this

population. The key concepts underpinning individualised exercise prescription and

adapting exercises to patient ability were reinforced in all papers reviewed. The
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heterogeneity of patients presenting with bone metastases means that exercise
prescription will vary widely according to the patient's presentation. Some patients
present late in the course of their metastatic disease, after failing all treatment modalities,
whereas others present without a known primary diagnosis. The purpose of exercise
prescription or desired outcomes will inform the programme prescribed. Furthermore,
patients with metastatic bone disease experience pain, compromised bone health etc.
which, as discussed, complicate exercise prescription. For patients living with metastatic
prostate cancer, autoregulation has been introduced as a novel concept. This allows
patients to self-determine their capabilities at each session collaboratively with the
supervising exercise specialist (Hart et al., 2017). It is clear therefore that individualised
exercise prescription is required when treating patients with bone metastases to manage
unique patient presentations and multifaceted issues.

From the exercise interventions reviewed, different approaches to exercise
individualisation are described. The most prescriptive approach outlines a systematic
method of prescribing resistance exercise based on the location of bone metastases to
ensure affected regions are not targeted and mechanical force at areas of metastases
is minimised (Figurel2) (Galvédo et al., 2011, Cormie et al., 2013). This approach has
considerable potential to be used to guide exercise programmes in the clinical setting.
Additionally, circuit exercise classes tailored to individuals and exercise programme
determined by baseline functional ability have also been prescribed with no exercise
related adverse events (Oldervoll et al., 2011, Litterini et al., 2013). This emphasises the
importance of clinical reasoning to inform exercise adaptation suitable for metastatic

bone disease.

Tailored exercise instructions were described in many studies, such as providing tuition
on correct exercise techniques, monitoring effective techniques and providing guidance
on exercise intensity by monitoring heart rate and perceived exertion (Porock et al.,
2000, Oldervoll et al., 2006, Bourke et al., 2011). Litterini et al. (2013) advised numerous
safety precautions to accommodate patients’ medical history, comorbidities, treatment-
related side effects, venous access devices, peripheral neuropathy, pathologic fracture
risk, immunosuppression, lymphedema risk, and/or cardiopulmonary issues (Litterini et
al., 2013). For example, participants who had pain with lower extremity weight bearing
or who had compromised spinal integrity exercised by walking in a lap in a pool. This
also emphasises the role that clinical exercise specialists such as physiotherapists can
play in exercise prescription for patients with bone metastases. Given the expertise

required to ensure safe exercise practice in this cohort, large scale exercise
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interventions, e.g. community exercise referral schemes, may have a limited role in this
population. The elements of study design described above appear essential in providing
exercise programme for patients with bone metastases, namely the use of oncology-
trained exercise specialists who are able to complete complex assessments and
evaluations of patient response to exercise. In the absence of consensus guidelines,
these specialists may be best placed to apply research knowledge into clinical practice
and individually tailor exercise for this complex cohort.

Future Areas for Exploration
Exercise may have a role in improving the bone health of patients with metastatic cancer.

Where previously exercise was assumed to cause an increased risk of fracture, there is
the possibility and transference that undertaking individual prescribed exercise could
lower fracture risk in patients. Interventions in the current review describe improvements
in bone mineral content and bone turnover markers with both aerobic and resistance
exercise training (Rief et al., 2016). Additionally, animal studies suggest that the
mechanical loading of bone involved with exercise may inhibit osteolytic capability and
formation of metastatic tumours. Findings indicate the exciting possibility of prescribing
exercise to attenuate the progression of bone metastatic disease (Lynch et al., 2013).
There is a need to look at the effect of exercise on markers of bone turnover and
radiological imaging in subsequent studies involving human participants with bone
metastases in order obtain a greater understanding of skeletal adaptions to exercise in

this population.

Future trials involving larger sample sizes of patients living with bone metastases are
planned to expand these preliminary findings of feasibility studies included in this review
(Galvéo et al., 2011). A study protocol for a randomised pilot trial involving differentiated
resistance training of the paravertebral muscles in patients with unstable spinal bone
metastases under concomitant radiotherapy is currently ongoing. The planned trial aims
to show that strengthening of the paravertebral musculature does not only have positive
effects on the perception of pain, but may also improve QOL and fatigue in patients with
unstable spinal metastases (Welte et al., 2017). A protocol for another trial exploring
resistance exercise and the suppression of tumour growth in advanced prostate cancer
patients with sclerotic bone metastases has also been published (Hart et al., 2017). This
study will further enhance knowledge surrounding the effect of exercise on systemic
markers of metastases. The forthcoming INTERVAL Trial, part of the Movember Global
Prostate Cancer, Exercise and Metabolic Health Initiative, may also contribute much

knowledge in the area of exercise and metastatic disease (Saad et al., 2016). This
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initiative will involve a global multi-centre exercise trial for men with advanced cancer
looking at overall survival as an endpoint. Additional endpoints will include measures of
strength, physical function and physical activity and will focus on the mechanisms of
action underpinning the relationship between physical activity and the biology of

advanced disease.

1.4.5. Conclusion

Exercise interventions for patients with bone metastases are associated with positive
physical and self-reported outcomes and a low rate of adverse events. Exercise
prescription in patients with bone metastases does involve complex decision making
however a number of tools are available which may inform both assessment and
exercise prescription. There is a need for further studies involving exercise interventions
for patients with metastatic cancer. There is also a need for studies of greater duration,
which assess the effects of longer term exercise interventions, to assess the
sustainability of exercise interventions in this population. Additionally, there is a need to
examine both supervised and non-supervised exercise interventions in this population,

and determine the effect of both interventions on patients’ quality of life.

Despite the need for further studies in this area, exercise appears to be an effective
adjunct therapy in the advanced cancer context, however, evidence of effectiveness
alone does not imply that an intervention should be adopted in clinical practice. The
decision about whether an intervention should be implemented in clinical practice should
be based on large, randomized, controlled trials and thresholds for risk and safety
(Sheldon et al. 1998). Knowledge distillation, that is the synthesis of findings from the
most rigorous research available on a specific topic into systematic reviews and
guidelines, has begun in the area of physical activity and metastatic disease, with the
publication of the Physical Activity Guidelines for Patients with Metastatic Cancer
(Macmillan.org.uk, 2019, Straus et al. 2009). Although there remains gaps in the
literature, the publication of Macmillan guidelines, and the evidence synthesised within,
forms the basis for closing the evidence-practice gap around physical activity and

advanced cancer (Morris et al. 2011).
Healthcare professionals such as clinicians and physiotherapists may be instrumental in

recommending exercise to patients and referring patients to exercise services. The

literature completed in the previous section identified patients with bone metastases are
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often excluded from exercise interventions. Further exploration of the views of healthcare
professionals is necessary, to ensure current knowledge reflects the growing body of

evidence supporting the benefits of exercise in the metastatic population.

1.5. Thesis Aims and Objectives

There is a growing body of evidence supporting the health benefits associated with
physical activity in advanced stages of cancer (Titz et al., 2016). However, a central
issue for understanding the potential impact of physical activity exposure, or dose, on
health outcomes in an advanced cancer population is the ability to engage these patients
in physical activity programmes. Therefore, it iS necessary to examine the evidence
surrounding the recruitment and adherence of patients with advanced cancer to exercise
trials. In addition, as exercise intervention studies are labour, cost, and time-intensive,
and there is a need to examine the attrition of patients living with advanced cancer on
exercise interventions in order to optimise future study designs (Chapter 2). It is also
important to identify the factors which may play a role in the illness experience of
metastatic cancer patients and which may contribute to physical inactivity. As this patient
group are living with incurable cancer, the perceived burden of exercise may differ from
patients living with earlier stage cancer, and can be further complicated by long-term
treatment related side effects. Barriers and facilitators to physical activity will be explored
through qualitative interviews examining the views of men diagnosed with metastatic
prostate cancer (Chapter 4). This may help to identify factors which can encourage
increased physical activity participantion post advanced cancer diagnosis (Orji et al.,
2012), such as exericse consultations and advice. While there is increasing evidence to
support the therapeutic benefits of exercise clinically there are many barriers to exercise
prescription and participation and referral pathways for cancer rehabilitation are scarce.
Most clinicians do not routinely discuss physical activity with patient’s post-cancer
diagnosis (Daley et al., 2008) and referral to physical rehabilitation is not a part of the
standard care of patients diagnosed with cancer in Ireland. Health professionals such as
consultants and physiotherapists may be important sources of motivation, encouraging
patients with advanced cancer to increase physical activity levels, and there is a need to
investigate the attitudes of health professionals working in Ireland towards
recommending physical activity to the advanced cancer cohort (Chapters 5a and 5b).
With the increasing emphasis placed on survivorship in the new national cancer strategy,
increased knowledge in the area of cancer rehabilitation for patients with all stages of

disease will inform the implementation of research findings into clinical practice.
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As described previously, patients with bone metastases are often excluded from
exercise programmes due to concerns of pathological fracture. There is a need for
further exercise trials in the advanced cancer cohort to explore mechanisms behind the
psychological and physical effects of exercise (Chapter 6). Biological samples will be
collected from the ExPeCT trial, recruiting participants living with metastatic cancer. This
thesis will examine on the secondary outcomes of the trial, specifically investigating if a
low-cost, accessible 6 month exercise programme can improve the QoL and other
lifestyle factors of men with advanced cancer. This evidence may strengthen the
argument for all patients with metastatic disease to undertake physical activity
programmes.

Overall Aim: To investigate the role of physical activity in metastatic

disease.

1. To determine if patients with advanced cancer can adhere optimally to exercise

interventions in order to gain maximum benefits.

Objective:

- To systematically review the recruitment, adherence and attrition rates of
patients with metastatic cancer participating in exercise interventions and
examine components of exercise programmes that may affect these rates
(Chapter 2).

2. To examine the attitudes and beliefs of health professionals and patients

towards physical activity and advanced cancer.

Objectives:
- To examine the attitudes of patients living with advanced prostate cancer
towards physical activity (Chapter 4).
- Toinvestigate Irish chartered physiotherapists’ views regarding physical activity
and advanced cancer, with a specific focus on providing physical activity

recommendations (Chapter 5a).
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- To determine the beliefs of a national sample of oncologists regarding physical
activity and patients with advanced cancer, to explore any potential concerns

clinicians have in relation to physical activity in this population (Chapter 5b).

3. To determine if the evasion of immune editing by circulating tumour cells is an

exercise-modifiable mechanism in obese men with prostate cancer.

Objectives:

- To determine the effects of a six month exercise intervention on the quality of
life of men with advanced prostate cancer (Chapter 6).

- To determine the effects of a six month exercise intervention on sleep, pain,
depression, stress, physical function and physical activity levels in men with
advanced prostate cancer (Chapter 6).

- To determine the adherence of men with advanced prostate cancer to a six
month exercise intervention (Chapter 6).

*Note: This thesis will examine secondary outcomes of the ExPeCT trial. The primary
outcome of the trial is circulating tumour cells, and the aims and objectives of the larger
EXPECT trial are:
To determine whether
- Platelet cloaking of PrCa circulating tumour cells is more prominent in men with
- obesity than without.
- The degree of platelet cloaking varies with levels of systemic and primary
tumour inflammation and coagulability.
- Expression of an obesity-associated lethality gene signature leads to variation
in platelet cloaking.
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2. Chapter 2: Materials and Methods

This chapter will describe the study designs, sampling methods and measurement
methods to be investigated in the studies in this thesis. An introduction to data analysis
is also presented. Details of the methodologies of individual studies are presented in the
results chapters (Chapters 4 to 6).

2.1. Qualitative Methodology

Descriptive studies, including qualitative and mixed method designs, were used in this
thesis (Chapters 4 and 5). Qualitative research in its most basic form involves the
analysis of any unstructured data or "any kind of research that produces findings not
arrived at by means of statistical procedures or other means of quantification" (Corbin
and Strauss, 1990). After determining a research question the next step is to choose the
most useful study methodology or way to collect and treat data (Grbich, 2012).
Qualitative methodologies are not a single research approach, but different
epistemological perspectives and pluralism have created a range of approaches such
as grounded theory, phenomenology, ethnography, action research, narrative analysis,
and discourse analysis (Vaismoradi et al., 2013). Qualitative methods were used in
Chapter 4 to explore the views of patients living with bone metastases towards exercise.
While qualitative methodologies are primarily exploratory and descriptive, quantitative
investigations test for group differences, variable relationships, and causal explanations
(Blessing and Forister, 2012). The two approaches are often complementary in
healthcare studies. When both types of investigation are employed concurrently, the
study is termed a mixed-methodological study (JW, 2012). This is an emergent
methodology which is increasingly used by health researchers, especially within health
services research (Tarig and Woodman, 2013). The underlying assumption of mixed
methods research is that it can address some research questions more comprehensively
than by using either quantitative or qualitative methods alone. Additional advantages of
a combined approach include enhancing the validity of research findings and increasing
the capacity to cross check one data set against another. Mixed methods research was
used in this thesis to explore the views of healthcare professionals on the role of physical

activity for patients with advanced cancer (Chapter 5a and 5b).
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2.1.1. Study Designs

There are many approaches to data collection in qualitative research, with interview and
observation being the most common. Qualitative interviews were used in this thesis.
Interviews can be carried out as the primary research strategy or in conjunction with
observation or other techniques. In most qualitative research, the degree to which
interviews and observations are structured varies. For example, when conducting
interviews, the researcher could use a very detailed interview protocol, a general topic
guide with eight to 12 broad questions and probes, or utilise neither (e.g. conduct a very
open-ended interview) (Devers and Frankel, 2000). The advantages of interviews over
other qualitative methods is that the interviewer has the opportunity to probe or ask
follow-up gquestions and, while they are time consuming and resource intensive for the
researcher, they are generally easier for the respondent, particularly when opinions or

impressions are being sought.

Several factors influence the degree of structure or type of instrumentation used in a
qualitative research study. The first factor is the purpose of the study. When the study is
more exploratory or attempting to discover and/or refine theories and concepts, a very
open-ended protocol may be appropriate. The second is the extent of existing knowledge
about a subject. How much is known and how transferable is the knowledge to the case
being studied? Unstructured interviews can be time-consuming and difficult to
manage, and to participate in, as the lack of predetermined interview questions
provides little guidance to participants (Gill et al. 2008). The third factor, the resources
available, particularly subjects’ time, and the number and complexity of cases, can affect
the degree of structure or instrumentation. Finally, the type of feedback or mode of
sharing research results agreed upon and the timeframe for doing so, may affect the
instrumentation required. Structured instruments facilitate quicker data analysis and
reporting of results. The danger in highly structured studies however, is finding what is

expected and/or settling upon an explanation too early (Devers and Frankel, 2000).

The study presented in Chapter 4 of this thesis used semi-structured interviews,
organised around an interview guide. An interview guide often contains topics, themes
or areas to be covered during the course of the interview. Questions are designed to be
open ended and flexible, and are directed towards discovering the who, what where and
how of events and experiences (Sandelowski, 2000). This allowed participants to tell

their own story in their own way and prevented structures being put on answers. An
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alternative methods of data collection is to conduct focus groups, group discussions on
the topic of physical activity and cancer. However, it was felt participants may not have
discussed their feelings and opinions openly in this forum. Additionally, given the wide
geographical dispersion and varying occupational statuses of potential participants
included in the Chapter 4, individual interviews, as opposed to focus groups, were

deemed the most feasible data collection method in this population.

2.1.2. Qualitative Sampling

Sampling in qualitative research, as in the quantitative approach, is focused on the
application of findings beyond the research sample. Qualitative research does not aim
at securing confidence intervals of studied variables around exact values in a population
but typically tries to sample broadly enough and to interview deeply enough that all the
important aspects and variations of the studied phenomenon are captured in the sample
(Miles and Gilbert, 2005).

As for the sample size, qualitative research does not use power analysis to determine
the needed n, but instead most commonly uses the criterion of saturation (Strauss and
Corbin, 1998), which means adding new cases to the point of diminishing returns, when
no new information emerges. In order to satisfy the saturation criterion, the most
common sampling strategy used in qualitative research is purposeful sampling. This
allows the identification and selection of information-rich cases related to the
phenomenon of interest. Criterion sampling, a type of purposeful sampling strategy, is
most commonly used in implementation research (Palinkas et al., 2015). Purposive
sampling strategies are designed to enhance understandings of selected individuals or
groups’ experience(s) or for developing theories and concepts. Researchers seek to
accomplish this goal by selecting “information rich” cases, that is individuals, groups,
organisations, or behaviours that provide the greatest insight into the research question
(Devers and Frankel, 2000). This sampling type was used for studies in this thesis
(Chapter 4). While quantitative methods rely on established formulae for avoiding Type
| and Type Il errors, qualitative methods often rely upon precedents for determining the
number of participants based on type of analysis proposed (e.g. 3-6 participants
interviewed multiple times in a phenomenological study versus 20-30 participants
interviewed once or twice in a grounded theory study), level of detail required, and
emphasis of homogeneity (requiring smaller samples) versus heterogeneity (requiring

larger samples) (Guest et al., 2006).
48



2.1.3. Qualitative Reliability and Validity

Reliability refers to the degree to which an outcome measurement is free of random error
(McDowell, 2006). If a measurement lacks reliability, then the data obtained may be
useless because of error (Blessing and Forister, 2012). Reliability is based on the idea
that knowledge is relative and dependant on all of the contextual features of the people,
place, time and other circumstances (Taylor and Francis, 2013). Reliability can be
addressed in qualitative research in several ways (Silverman 2005). For example,
reliability can be enhanced if the researcher obtains detailed field notes, uses tape
recording, and transcribes the tape recording. In qualitative health science research
reliability often refers to the stability of responses to multiple coders of data sets
(Creswell and Poth, 2017). Intercoder agreement should be assessed between coders
on transcript data, either as agreement on code names, the coded passages, or the

same passages coded the same way.

Writers have searched for and found qualitative equivalents that parallel traditional
gquantitative approaches to validation (Creswell and Poth, 2017). Measures for ensuring
validity in qualitative research involve asking the participants to confirm that the
interpretations represent, faithfully and clearly, what the experience was/is like for the
people acting as sources of information in the research. Four primary validation criteria
proposed are credibility (Are the results an accurate interpretation of the participants’
meaning?); authenticity (Are different voices heard?), criticality (Is there a critical
appraisal of all aspects of the research?); and integrity (Are the investigators self-
critical?) (Whittemore et al., 2001). These questions encourage the researcher to raise
questions about the ideas developed during a research study.

2.1.4. Qualitative Data Analysis

Qualitative content analysis is one of the several qualitative methods currently available
for analysing data and interpreting its meaning (Elo et al., 2014). By using content
analysis, it is possible to analyse data qualitatively and at the same time quantify the
data (Grbich, 2012). The aim is to attain a condensed and broad description of the
phenomenon, and the outcome of the analysis are concepts or categories describing the

phenomenon. Content analysis involves three main phases: preparation, organisation,
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and reporting of results. The preparation phase consists of collecting suitable data for
content analysis, making sense of the data, and selecting the unit of analysis. This can
be a word or a theme. The organisation phase includes open coding, creating categories,
and abstraction (Elo and Kyngas, 2008). Each individual data set (e.g. transcriptions of
interviews) is reviewed for overall content. Content refers to the key themes or ideas that
are overtly identifiable, with reference to the research question that underpins the study
(Taylor and Francis, 2013). These initial themes generally direct the next stage of
analysis, such as re-reading the text and allocating segments of text to named codes.
All the generated codes are again reviewed and like codes are grouped as a concept.

Content analysis (Elo and Kyngas, 2008)

Preparation Being immersed in the data and obtaining the sense
of whole, selecting the unit of analysis, deciding on

the analysis of manifest content or latent content

Organising Open coding and creating categories, grouping
codes under higher order headings, formulating a
general description of the research topic through
generating categories and subcategories as
abstracting

Reporting Reporting the analysing process and the results
through models, conceptual systems, conceptual

map or categories, and a storyline.

Table IV Content analysis phases and their description

2.1.5. Qualitative Methods in this Thesis

A variety of qualitative methods are used in this thesis. Chapter 4 uses semi-structured
interviews to examine the views of patients towards physical activity in patients living
with advanced cancer. In addition, qualitative methods were used as part of a mixed
methods design in Chapter 5 to explore the views of physiotherapists and clinicians
towards physical activity in this population. Online surveys were created, which included
ten attitude questions based on the guiding principles of the Health Belief Model (Janz

and Becker, 1984), and two case study questions. The case study approach is
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particularly useful to employ when there is a need to obtain an in-depth appreciation of
an issue, event or phenomenon of interest, in its natural real-life context (Crowe et al.,
2011). Two contrasting case studies were chosen as they were based on typical
presentations of patients with bone metastases seen previously in an outpatient
oncology clinic in a national cancer centre. Participants received the survey by e-mail.
While there are limitations to administering surveys via the internet e.g. the selection of
participants may be biased to those with internet access and there may have been no
e-mail address directory for some healthcare professionals, it was felt this method of
communicating with participants was most feasible for the studies in this thesis (Klein,
2002). The advantages of using an internet survey for these studies is that potential
participants were spread widely geographically around Ireland but had nearly universal
access to the internet. Additional advantages were that online questionnaires require
less time for responses and follow-up communication and eliminate the need for manual
data entry. Additionally, the online instrument used in this thesis can maintain anonymity

of the survey.

2.2. Quantitative Methodology

2.2.1. Study Design

The study design and consequent study type are major determinants of a study’s
scientific quality and clinical value (Rohrig et al., 2009). Study designs in medicine can
generally be divided into those that are observational and those that are experimental.
Studies may also be prospective or retrospective in design. In prospective studies, data
collection is planned in advance, whereas retrospective studies examine data that
already exists. The use of records that have already been collected, particularly those
stored in an electronic database, means that retrospective cohort studies can be
relatively cheap, quick, and easy to perform and provide information on very large sets
of data eg. a population based study (Sedgwick, 2014). Compared to retrospective
designs, prospective designs are credited with having better control of variables and a
greater possibility of having valid and reliable standardised measurement methods.
Disadvantages include cost and difficulty extrapolating the results of strictly controlled
methods to the clinical setting where similar levels of control are not possible (Blessing
and Forister, 2012).
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An observational study is a type of study in which individuals are observed or certain
outcomes are measured. No attempt is made to affect the outcome, i.e. no treatment is
given (NCI, 2017). Examples of observational studies include case-control studies and
cross-sectional studies. In case-control studies the prevalence of exposure to a potential
risk factor(s) is compared between cases and controls. If the prevalence of exposure is
more common among cases than controls, it may be a risk factor for the outcome under
investigation. A cross-sectional study examines the relationship between disease (or
other health related state) and other variables of interest as they exist in a defined
population at a single point in time or over a short period of time (e.g. calendar year)
(Blessing and Forister, 2012). The major limitation of observational studies is the inability
to control for confounding variables such as age, socio-economic status, health status,
smoking and alcohol habits. While statistical methods can control for these variables,
there is always a risk that observed effects may be due, not to the condition under study,
but to other factors which are unknown to those carrying out the research. Despite this,
observational studies have several important roles in medical research and are very

useful as early descriptors in under researched populations.

In an experimental study, investigators study the impact of varying some factor that they
can control, on the outcome of interest. Experimental studies are less susceptible to
confounding because objective methods are introduced to determine who is exposed
and who is unexposed. True experimental designs are characterised by the random
selection of participants and the random assignment of the participants to groups in the
study. Stratification is also common in clinical trials, and assures that compared groups
are similar with respect to known prognostic factors (Kernan et al. 1999). In multicenter
trials, such as ExPeCT, participants can be stratified based on gender, age categorized,

and baseline disease severity.

A randomised controlled trial (RCT) is considered the gold standard of experimental
research and is one of the main study designs used in this thesis (Chapter 6). There are
several important features of an RCT. Firstly, randomisation ensures patients will be
allocated to the different groups in a balanced manner. This may be done in many ways,
including randomisation tables or computer assisted random sequencing.
Randomisation also ensures that possible confounding factors, such as risk factors,
comorbidities and genetic variabilities, will be distributed by chance between the groups
(structural equivalence) (Rohrig et al., 2009). Additionally, patients are normally

analysed within the group to which they were allocated, irrespective of whether they
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experienced the intended intervention (intention to treat analysis) (Sibbald and Roland,
1998).

Blinding refers to the concealment of group allocation from one or more individuals
involved in a clinical research study (Karanicolas et al., 2010). Allocation concealment
is necessary in RCT’s to ensure researchers are unable to predict the group to which a
patient will be randomised until the patient is unambiguously registered on study and
researchers are unable to change a patient’s allocation after they are randomised.
Similarly, patients should ideally remain unaware of their treatment allocation until the
study is completed, as knowledge of group assignment may affect their behaviour in the
trial and their responses to subjective outcome measures. Trials that blind several
groups of individuals including both the participant and the assessor, are referred to as
“double-blinded”. However, trials involving the double-blinding of participants are often
not feasible for studies involving exercise interventions. In this case the limitations and
potential biases introduced by the lack of blinding should be acknowledged in any

subsequent publications.

The main advantage of RCT’s is that they provide better control over possible bias
through randomisation and blinding, i.e. high internal validity. RCT’s are the most
rigorous way of determining whether a cause-effect relation exists between treatment
and outcome. Other study designs cannot rule out the possibility that the association
was caused by a third factor linked to both intervention and outcome (Sibbald and
Roland, 1998). RCT design does have some drawbacks depending on the research
question and how the studies are conducted. In other circumstances, an RCT may be
ethical but infeasible due to difficulties with randomisation or recruitment. A waitlist
control group is also a reasonable design but does introduce potential bias given the
sense of expectancy it creates in the control group (Kinser et al. 2013) A third limiting
factor is that RCTs are generally costlier and more time consuming than other studies.
Careful consideration therefore needs to be given to their use and timing (Sibbald and
Roland, 1998).

2.2.2. Quantitative Sampling

The main methodological issue that influences the generalisability of clinical research

findings is the sampling method (Elfil and Negida, 2017). Sampling procedures help to
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ensure that the individuals taking part in the research are representative of the
population of interest.

Researchers use two major sampling techniques: probability sampling and non-
probability sampling. Probability sampling, also known as random sampling or
representative sampling, is based on the fact that every member of a population has a
known and equal chance of being selected. With probability sampling, a researcher can
specify the probability of a particular participant being included in the sample. When
random sampling is used, each element in the population has an equal chance of being
selected (simple random sampling) or a known probability of being selected (stratified
random sampling). An example of a simple random sampling process would involve
assigning numbers to all subjects and then using a random number generator to choose
random numbers for inclusion. An example of a stratified random sampling process
would involve splitting subjects into mutually exclusive groups and then using simple
random sampling to choose members from groups. These techniques create samples

that are highly representative of the population.

With non-probability sampling, there is no way of estimating the probability of participants
being included in a sample (Badia, 2005). Non-probability sampling is a sampling
technique where the samples are gathered in a process that does not give all the
individuals in the population equal chances of being selected. While non-probability
sampling may be representative of the sampling frame, it cannot depend on the rationale
of the probability theory and therefore these studies have an inherent bias. Common
non-probability sampling methods include; convenience sampling, quota sampling,
purposive sampling and self-selected sampling. Convenience sampling was used in the
randomised controlled trial in this thesis. This is a technique that uses an open period of
recruitment that continues until a set number of subjects, events, or institutions are
enrolled. Here, selection is based on a first-come, first-served basis. This approach is
used in studies drawing on predefined populations, such as participants in medical
clinics (Luborsky and Rubinstein, 1995). While non-probability samples may not be
representative of wider populations they can be useful for informing pilot or exploratory
studies and may be required due to issues including expense or time constraints
(Schreuder et al., 2001).

The calculation of an adequate sample size, the number of participants in a sample, is

the process of calculating the optimum number of participants required to be able to
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arrive at ethically and scientifically valid results (Kadam and Bhalerao, 2010). Generally,

the sample size for any study depends on the following (Kirby et al., 2002):

- Acceptable level of significance (a). The conventional values used for a are 0.05
and 0.01.

- Standard deviation in the population (o). This is obtained from previous studies
or a pilot study. The larger the standard deviation, the larger the sample size
required for the study.

- The power of the study ()

- The expected effect size

- The underlying event rate in the population

- Sample size is calculated using the following formula:

2(Za+ Z1p)™"
A2

In this formula, n is the required sample size. For Zq, Z is a constant (set by convention
according to the accepted a error and whether it is a one-sided or two-sided effect). For
Z1-B, Z is a constant set by convention according to power of the study. In the above-
mentioned formula o is the standard deviation (estimated) and A the difference in effect
of two interventions which is required (estimated effect size) (Kadam and Bhalerao,

2010). This gives the number of sample per arm in a controlled clinical trial.

The ExPeCT trial aimed to recruit 200 participants over the lifetime of the study, evenly
divided between the exercise group and the control group. A power calculation was
performed, based on the primary outcome measure of platelet cloaking. Data was used
from a previous study of ovarian cancer cell lines which showed approximately 2%
platelet adhesion (Egan et al. 2011). A standard deviation (SD) varying from 2% to 10%
was set, to enable detection of a difference in platelet cloaking of between 0.79% and
3.9%.
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2.2.3. Reliability and Validity

2.2.3.1.  Reliability

Random errors may occur during any part of the measurement process and may be a
product of inattention, fatigue or inaccuracy (Stokes, 2011). Absolute reliability is
expressed as the standard error of the measurement and is expressed in terms of the
actual unit of the original instrument. The relative reliability of an instrument is reported
in three ways, the inter-rater reliability, intra-rater reliability and instrument reliability
(Stokes, 2011). Inter-rater reliability indicates the consistency in measurements among
individuals taking the measurements. Intra-rater reliability indicates the consistency with
which an individual takes measurement. Instrument reliability indicates the consistency

of measurement by a particular instrument.

Cronbach’s alpha, the most widely used objective measure of reliability, provides a
measure of the internal consistency of a test or scale (Blessing and Forister, 2012). It is
expressed as a number between 0 and 1. Additionally, the concept of intra-rater reliability
is of great importance when considering the reproducibility of clinical measurements. For
continuous data, the intra-class correlation (ICC) is the measure of choice (Stokes,
2011). For nominal data, the kappa coefficient of Cohen and its many variants are the
preferred statistics (Gwet, 2014). The coefficient ranges from 0 to 1. The lower the error
of variance the higher the correlation coefficient, such that at 1 no measurement error

occurs.

2.2.3.2. Validity

Validity is defined as the extent to which a test measures that which it is intended to
measure or the range of interpretations that can be appropriately placed on a
measurement score (McDowell, 2006). Content validity refers to comprehensiveness or
to how adequately the questions selected cover the themes that were specified in the
conceptual definition of its scope i.e. whether the test is broad enough to address the
scope of the content. Criterion validity considers whether scores on the instrument agree
with a definitive, gold standard measurement of the same theme (Stokes, 2011).
Criterion validity may be divided into concurrent and predictive validity, depending on
whether the criterion refers to a current or future state. For variables such as pain, quality

of life, or happiness, gold standards do not exist and thus validity testing is more
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challenging. For such abstract constructs, validation of a measurement involves a series
of steps known as construct validation. Construct validity is determined by how well the
study controls for experimental bias and expectations, or the degree to which the
measurement is based on theory (Blessing and Forister, 2012, Carter and Lubinsky,
2015). Aspects of criterion and construct validity are measured using validity coefficients
such as Pearson-product moment correlation, Spearman’s rank order correlation,
Kendall’s rank order correlation or the phi coefficient. Construct validity can also be

analysed using factor analysis.

2.2.4. Principles of Quantitative Data Analysis

2.2.4.1. Descriptive statistics

Descriptive Statistics are used to describe the basic features of the data in a study. They
provide simple summaries about the sample and the measures, and form the basis of
guantitative analysis of data (Trochim and Donnelly, 2001). When summarising data
using descriptive methods, the key concepts are measures of central tendency and
measures of variability. The most commonly used measures of central tendency are the
mean, median and mode. Measures of variability commonly reported in biomedical
research include the range, standard deviation, interquartile range and standard error of

the mean (Blessing and Forister, 2012).

2.2.4.2. Inferential statistics

Following a descriptive review of the data the researcher may then look to test the study’s
null hypothesis using interferential statistics. Most studies will look for a relationship
between one or more variables or a difference between two variables (Blessing and
Forister, 2012). In many cases, the conclusions from inferential statistics extend beyond

the immediate data alone (Trochim and Donnelly, 2001).

In statistical testing, a significance level is chosen, called alpha (a). By convention, the

a level is set at .05 or .01 (e.g. a<.05). When the data are analysed, the statistical test

yields a p value. This is the probability that the observed results could occur by chance

if the null hypothesis is true. If the p < a the null hypothesis is rejected. If p > a the null

hypothesis is retained. If an a level of .05 is set, then a confidence interval of 95% is
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used. Confidence intervals represent a range of scores, which contains the true
population mean at specified levels of probability (Miles and Gilbert, 2005). For example,
if the relative risk in a study is 7 and the 95% confidence interval is 3.5, the researcher

can be 95% confident that the actual relative risk is between 3.5 and 10.5 (7 £ 3.5).

Further statistical tests can then be chosen based on the study design and the types of
data. Choosing the right test can add power to study findings and provide strong support
for outcomes and conclusions (Blessing and Forister, 2012). Tests may include t-tests,
to test the differences between two groups’ means if data is parametric or alternatively
the non-parametric equivalent, a Mann-Whitney test, could be used. Regression analysis
may also be used. Regression analysis, ANOVA (analysis of variance) and ANCOVA
(analysis of covariance) are all subsumed under the general linear model. This statistical
method of predicting dependent variable variability by one or more independent
variables is the method of statistical analysis used in Chapter 6 (Stokes, 2011).

2.3. The ExPeCT Trial

2.3.1. Overview of the ExPeCT trial

The ExPeCT trial (Exercise, Prostate Cancer and Circulating Tumour Cells), an
international multicentre prospective study, recruited men with metastatic Prostate
Cancer from five Irish hospitals and one UK hospital (Guy’s and St Thomas’s, London,
the Mater Misericordia Hospital Dublin, Beaumont Hospital Dublin, St. James’s Hospital
Dublin, Tallaght Hospital Dublin and St. Luke’s Radiation Oncology Network, Dublin).
The ExPeCT Trial was funded by the World Cancer Research Fund. Cancer Trials
Ireland was the sponsor for the Irish sites on the study (Protocol Number CTRIAL-IE
(ICORG) 15-21).

The overall aim of the ExPeCT Trial was to show that a low-cost, accessible exercise
programme can improve QoL and potentially ameliorate the effects of obesity through
alterations in the systemic adipokine and inflammatory mediator profile. Obesity, known
to be associated with a pro-inflammatory, pro-thrombotic humoral milieu, confers a
worse prognosis in prostate cancer (PrCa). Circulating tumour cells (CTCs) are identified
in the blood in advanced cancer. Their quantitation provides prognostic information.

“Cloaking” of CTCs by adherent platelets impedes Natural Killer (NK)-cell clearance of
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CTCs from the circulation, enhancing metastatic spread. NK-cell function in blood and
in solid organs is quantitatively and qualitatively reduced in obesity. Platelet cloaking
may be enhanced in obesity due to the pro-inflammatory, pro-thrombotic state, and may
be a mechanism for worse cancer-specific outcomes in this group. Obesity and its
biochemical effects may be influenced by lifestyle changes such as exercise. Physical
activity reduces levels of systemic inflammatory mediators and so aerobic exercise may
represent an accessible and cost-effective means of ameliorating the pro-inflammatory
effects of obesity. The ExPeCT trial incorporated both an observational component and
an exercise component, with randomisation of participants to either an exercise or
control group. All participants completed a number of lifestyle measures at TO, T3 (3
months) and T6 (6 months) (Figure 14).

My role on the ExPeCT trial included co-ordinating patient recruitment, protocol
management, data management, clinical assessments and delivering the exercise
programme. | was lead author on the publication of the ExPeCT Trial study protocol,
published in the journal Trials (Appendix 7). A number of secondary outcomes from the
trial are examined in this thesis (Figure 15). ExPeCT will be reported in Chapter 6
according to CONSORT guidelines (Moher et al., 2001). The following section outlines

the methodologies used to gather data for this thesis.
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Figure 14 ExPeCT Trial Study Design
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* The ExPeCT Trial is a large RCT with multiple endpoints. Biological samples and diet
information were gathered as part of the overall ExPeCT programme however this data

was not analysed as part of this thesis.

2.3.2. ExPeCT Patient Details

2.3.2.1. Patient Datasheet

A datasheet was completed for each participant after recruitment at TO and at the T3
and T6 follow-up visits. Data gathered included date of birth, blood pressure, routine
laboratory data (serum prostate specific antigen (PSA), haemoglobin, white cell and
platelet counts, site of metastasis and cancer-related data (stage and Gleason grade of

cancer, details of current and previous systemic and radiation therapy).

2.3.2.2.  Demographic Details

Participant demographic details were collected using a form adapted from the Harvard
Health Professionals Study. This form collected details regarding marital status, race,
living situation, work status and smoking and alcohol consumption. Additional

information was collected to determine patients’ co-morbidities and regular medications.

2.3.2.3. BMI, Blood Pressure and Waist Circumference

A number of techniques, such as bioelectrical impedance, dual x-ray absorptiometry and
total body water, can measure body fat, but there may be challenges to the routine use
of these measures in clinical practice. Body mass index (BMI), weight adjusted for
height, is a practical and widely used method to screen for obesity which was used in
this thesis (Force, 2003). BMI provides a measure of overall adiposity, but the distribution
of adipose tissue in predicting health risks associated with obesity is also important. BMI
values are age-independent and the same for both sexes (WHO, 1995).

Body weight was measured, to the nearest 0.1 kg on the SECA. Participants were

measured in one layer of light clothing. Standing height was measured using a portable
SECA 763 stadiometer (Figure 16).
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Figure 16 SECA 763 Stadiometer

Participants were asked to stand, without shoes, on the footplate, with their back against
the stadiometer, legs together, arms down by their sides and mid-axillary line in parallel
to the stadiometer. The headboard was lowered until it touched the crown of the head,
compressing the hair. Measurements were taken to the nearest 0.1 cm. BMI was
calculated by dividing weight in kg by height in meters squared (kg/m:). BMI was
classified into obese (230 kg/m?), overweight (= 25 kg/m?) and normal categories (18.50
- 24.99 kg/m?) (WHO, 1995).

Abdominal fat deposition is generally considered to be a key component of obesity (Ford
et al., 2003). Despite the widespread use of waist circumference measurements, there
remains no uniformly accepted measurement protocol, resulting in a variety of
techniques employed throughout the published literature (Mason and Katzmarzyk,
2012). However, the measurement of waist circumference is a simple anthropometric
indicator of metabolic and cardiovascular disease risk, and a convenient way of
measuring abdominal fat deposition. Waist circumference was measured using a non-
stretch flexible tape placed directly on the skin at the midpoint between the superior
border of the iliac crest and the lowest rib, following normal expiration (WHO, 2011). The
tape was checked to ensure it was positioned perpendicular to the long axis of the body
and parallel to the floor.

2.3.3. ExPeCT Physical Activity Measures
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2.3.3.1. Measurement of Exercise Adherence

The WHO defines adherence as “the extent to which the persons’ behaviour (including
medication-taking) corresponds with agreed recommendations from a healthcare
provider” (Sabaté, 2003). Adhering to an exercise programme enhances its
effectiveness, and patients who undertake regular physical activity may be less likely to
progress to recurrent, persistent, or disabling problems (Hayden et al., 2005). The multi-
dimensional nature of exercise adherence can be difficult to measure, including
completing exercise and physical activity correctly, in different settings and at the agreed
‘dose’, accurate measurement of exercise adherence (Holden et al., 2014). Currently
none of the available methods can be considered as a gold standard and a combination
of methods is recommended (Farmer, 1999). Moreover, the most appropriate measure
of adherence for one type of therapeutic exercise (for example specific body-region
exercises for strengthening and flexibility) may not be appropriate to measure adherence
to other types of therapeutic exercise, such as increasing general physical activity levels
(Holden et al., 2014). Therefore, the RCT in this study collected exercise adherence data

in two ways:

1) Polar heart rate monitors, worn by the patient for every exercise session undertaken.

2) Physical activity diaries, as described in section 2.3.4.1

Polar FT7 heart rate monitors (Polar Electro, Lake Success, NY) (Figure 17) provided
data regarding patients’ heart rates during exercise (average and maximum values) as
well as the time spent exercising. Polar monitors have been shown as accurate and valid
for measuring heart rate when compared to an ECG recording (Terbizan et al., 2002).
The test—retest reliability (intra-class correlation coefficient and 95% confidence interval)
for the FT7 tools at rest is 0.84 [0.78-0.89] (Mitchell et al., 2016). Data from the monitor
can be uploaded to an online platform and used to determine the number of exercise
sessions patients completed each week, the duration of these sessions and the rate of
exertion reached. These measurements were used to assess patient adherence to the
exercise intervention. Adherence to both the supervised exercise classes and home
exercise programmes were analysed using both Polar monitor results and exercise
logbooks. Patients were considered fully adherent if they achieved both the target heart
rate (intensity) and duration of exercise prescribed. The mean values of these two

dimensions (intensity and duration) of adherence were combined to give an overall
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adherence percentage .Participants also completed self-reported measures of physical
activity and sedentary behaviour at TO, T3 and T6 (Section 2.3.4.1).

Figure 17 Polar FT7 Heart Rate Monitor

2.3.4. ExPeCT Patient Reported Outcomes

In addition to clinical and demographic information, and objective measures of physical
activity, a number of patient reported outcomes were collected as secondary outcomes
of the ExPeCT Trial. Secondary outcomes may be chosen in randomised controlled trials
for exploratory purposes in order to develop a hypothesis for future research (Macefield
et al.,, 2014). Secondary outcomes were also used in the ExPeCT trial in order to

measure and evaluate the additional effects of the intervention.

As a result of the increasing focus on patient reported outcomes, several hundred
measures are now available, and for many diseases there is often great choice as to
what measure should be used (Garratt et al., 2002). Patient reported outcomes are
unigue indicators of impact of disease on the patient, helpful in empowerment of the
patients, necessary for determination of efficacy of the treatment and are useful in the
interpretation of clinical outcomes and treatment decision making (Acquadro et al.,
2003). The appropriate selection of an outcome measure should be guided by evidence
of measurement properties, for example reliability and validity, as described previously,
as well as responsiveness, and practical properties, such as patient acceptability and

feasibility (McDowell and Newell, 1996). These properties were examined for each of
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the measures included in the ExPeCT Trial. A number of measures including quality of

life, sleep, depression and stress were used and are outlined below.

2.3.4.1.  Subjective Measurement of Physical Activity

In addition to objective measures of physical activity, self-reported instruments are
commonly used to assess physical activity (Sylvia et al., 2014). A self-administered
physical activity questionnaire derived from the Harvard Health Professional’s Study was
completed by participants in the ExPeCT trial (Appendix 12) Studies have demonstrated
this questionnaire is reproducible and provides a useful measure of average weekly
activity, particularly vigorous activity (Chasan-Taber et al.,, 1996). The intra-class
correlation coefficients used to measure reproducibility were 0.39 for inactivity, 0.42 for
non-vigorous activity, and 0.52 for vigorous activity. The correlations between diary-
based and questionnaire-based activity scores, adjusted for variation in the diary
measurements, were 0.41 for inactivity, 0.28 for non-vigorous activity, and 0.58 for
vigorous activity. The questionnaire measures the average weekly time spent at four
sedentary activities (watching television, sitting at home, sitting at work, sitting in transit)
and 10 specified activities (walking or hiking outdoors, jogging, running, bicycling,
swimming, tennis, squash or racquet- ball, other aerobic exercise, weight lifting, and
outdoor work) during the past year. There are 13 response categories ranging from none
to 240 hours per week. In addition, the average daily number of flights of stairs climbed
is recorded (Chasan-Taber et al., 1996). The number of hours spent on each of the
activities and inactivity is multiplied by its intensity, defined in multiples of the metabolic
equivalent of sitting quietly for an hour (MET), to arrive at a measure of average weekly
energy expenditure attributable to the activity or inactivity. One MET, for an adult of
average weight, is approximately 210 mL of oxygen uptake per kg of body weight. A
compendium of physical activities was used to assign METSs for each activity. Activities
with MET values of six or higher are considered vigorous, and activities with MET values
less than six were considered non-vigorous (Ainsworth et al., 2011). In addition, all
participants completing the exercise arm of the RCT in this thesis completed weekly

exercise diaries.

Numerous limitations of self-reports have been discussed in the literature (Sallis and
Saelens, 2000). Social desirability bias can lead to over-reporting of physical activities
and may prove difficult for populations with particular memory and recall skill limitations

(Sallis and Saelens, 2000). Self-report measures of physical activity have shown to be
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both higher and lower than directly measured levels of physical activity. This poses a
problem for both reliance on self-report measures and for attempts to correct for
differences between self-report and direct measures (Mcclain et al., 2007). However,
subjective measures are also cheap and simple to implement compared to objective

measures, and are useful for large-scale population studies.

2.3.4.2. Measurement of Sleep

Polysomnography (PSG) is the gold standard for assessing sleep. This involves
individuals spending the night in a sleep laboratory under continuous supervision of a
sleep technician. PSG is labour intensive, time-consuming, expensive, and requires
highly trained personnel (Manzar et al., 2015). Actigraphy, the measurement of wrist
movements, is also used to assess sleep or waking state through an accelerometer in a
wrist worn device (Girschik et al., 2012). However, self-report remains the most practical
method for epidemiologic studies attempting to collect information on large population-
based samples as self-report measures are low cost and relatively non-obtrusive to the
patient’s sleep experience (Girschik et al., 2012). Epidemiologic studies have found that
sleep duration is associated with obesity, diabetes, hypertension and mortality. Sleep
duration has become a potentially important and novel risk factor for chronic disease.
(Lauderdale et al., 2008). It was also important to examine sleep in the ExPeCT
population, as sleep disturbances are associated with disease progression, quality of life
and anxiety in patients living with advanced cancer (Hlubocky et al. 2017).

In this thesis, sleep was assessed using the Pittsburgh Sleep Quality Index (PSQI), a
self-rated questionnaire, which assesses sleep quality and disturbances over a 1-month
time interval (Appendix 12). Nineteen individual items generate seven "component”
scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime dysfunction. The sum of
scores for these seven components yields one global score. A Global Sleep
Quality score greater than 5 discriminates between good and poor sleepers and yields
a diagnostic sensitivity of 89.6% and specificity of 86.5% (Buysse et al., 1989). The
clinimetric and clinical properties of the PSQI, suggest its utility both in clinical practice
and research activities, including the evaluation of sleep disorders in cancer patients
(Akman et al., 2015). The Cronbach’s a of 0.83 obtained for PSQI components indicates
a high degree of internal homogeneity (Buysse et al., 1989).
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2.3.4.3. Measurement of Stress

Psychological stress focuses on individuals’ subjective evaluations of their ability to cope
with the demands posed by specific events or experiences (Brown, 1974). There is no
universally-accepted definition of stress and no gold standard measurement either in the
lab or in the field (Hovsepian et al., 2015). The psychological impact of stress can be
measured through observation, checklists, self-report methods, and interviews
(Figueroa-Fankhanel, 2014). Self-report measures of stress are the most commonly

used method to assess stress in the field (Hovsepian et al., 2015).

The Perceived Stress Scale — 4 (PSS), was used to measure stress in the ExPeCT Trial
(Appendix 12). This self-report scale provides a measure of the degree to which
situations in one’s life are appraised as stressful. When used within the context of a
stress model, the PSS has the potential to identify the role of perceived stress in
important cancer outcomes, such as patients’ quality of life and adherence to treatment
(Golden-Kreutz et al., 2004).

There are three versions of the PSS. The 10- and 14-item self-report PSS instruments
have established reliability and validity (r=0.85) (Cohen et al., 1983). The questions of
the measure are quite general in nature and hence relatively free of any content specific
to one sub-population. The limited four-item abridged PSS scale used in this thesis
suffers in internal reliability (r=.60) and provides a less adequate approximation of
perceived stress levels than the larger scales, however it is appropriate for use in
situations requiring a very brief measure of stress perceptions (Cohen et al., 1983). The
test-retest reliability and predictive validity of the measure is strongest for shorter time

periods.

2.3.4.4. Measurement of Depression
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Depression is defined by a cluster of behaviours and symptoms that have both mental
and physical manifestations, and affect a wide range of functionality (Yard and Nelson,
2013). The use of clinician-rated depression scales in routine clinical practice is costly
and puts additional requirements on clinicians' training and consultation times. It has
therefore been suggested that cheaper self-report instruments may replace clinician-
rating scales in routine practice, and studies have determined there is a moderate-to-
strong correlation between clinician-rated scales and self-report questionnaires (Rush et
al., 2006).

The PHQ 9 Depression Measure was used to assess the mental health of ExPeCT
patients (Appendix 12). This is a self-administered version of the PRIME-MD diagnostic
instrument for common mental disorders (Kroenke et al., 2001). Self-report measures of
depression are generally most useful as screening procedures since their false-positive
rate is usually lower than their false-negative rate (Endicott, 1984).

The PHQ 9 measure consists of the actual 9 criteria upon which the diagnosis of
Diagnostic and Statistical Manual of Mental Disorders -IV depressive disorders is based
(Kroenke et al., 2001). In addition to making criteria-based diagnoses of depressive
disorders, the PHQ 9 is also a reliable and valid measure of depression severity. These
characteristics plus its brevity make the nine item PHQ-9 a useful clinical and research
tool (Kroenke et al., 2001). A PHQ-9 score 210 has a sensitivity of 88% and a specificity
of 88% for major depression. The internal reliability of the PHQ-9 is also excellent, with
a Cronbach's a of 0.89 (Kroenke et al., 2001).

The PHQ-9 also performs well in testing depression in cancer patients (Hinz et al., 2016)
and is a valid tool for use with this population (Thekkumpurath et al., 2011). The
traditional cut-off for general populations using the PHQ-9 is = 10, however the American
Society of Clinical Oncology panel recommended a cut-off score of = 8 for patients living
with cancer, based on a study of the diagnostic accuracy of the PHQ-9 with cancer
outpatients. A meta-analysis of the measure in a cancer population also supports the =

8 cut-off score (Andersen et al., 2014).

2.3.45. Measurement of Quality of Life
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The assessment of health-related quality of life (QOL) is an essential element of
healthcare evaluation, as QOL scores demonstrate the difference or the gap between
the hopes and expectations of an individual and that individual's present experience
(Coons et al., 2000). In the advanced cancer population it is particularly important to
determine the quality of life as patients with progression of cancer frequently experience
multiple symptoms, economical burden, home management problems and lack of

emotional well-being, all of which can adversely affect QOL (Miller and Walsh, 1991).

There are two basic types of health related QOL measurement: generic and
disease/population specific. Generic measures are not designed to identify important,
disease specific dimensions or for detecting important clinical changes. Disease or
population specific measures contain domains and dimensions that are designed to be
valid only for a specified condition or population. Disease specific measures, therefore,
maximise content validity and provide for greater sensitivity and specificity; however they
cannot be used to compare health related QOL across conditions or populations (Jenney
and Campbell, 1997).

QOL measurement in prostate cancer therapy has become an essential component of
clinical trial evaluation. In many instances, the goal of therapy in prostate cancer is one
of palliation as opposed to cure, making it essential to assess the impact these
treatments have on QOL and use this knowledge in the overall evaluation of treatment
efficacy. The Functional Assessment of Cancer Therapy-Prostate (FACT-P)
guestionnaire is a relevant, worldwide tool used for assessing the health related QOL in
men with prostate cancer and was used to measure the quality of life of ExPeCT patients
(Appendix 12) (Esper et al., 1997).

The FACT-P questionnaire consists of 12 prostate cancer specific questions added to
the general (FACT-G) instrument, thereby comprising a 47-item questionnaire.
Questions cover five domains; ‘physical well-being’, ‘social/family well-being’, ‘emotional
well-being’, ‘functional well-being’ and ‘additional concerns’ (items relating specifically to
prostate cancer and/or its treatment). Each item can be answered on a 5-point (0—4)
scale. Scores for the whole questionnaire can range between 0 and 156 (Stone et al.,
2008). Internal consistency of the prostate cancer subscale ranges from 0.65 to 0.69,
with Cronbach coefficients for FACT-G subscales and aggregated scores ranging from
0.61 to 0.90. The European Organization for Research and Treatment (EORTC) QLQ-
C30 quality of life questionnaire is one of the most widely used instruments in oncology.

It assesses the physical, psychological and social functions of people living with cancer,
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and has been used in palliative care populations (Groenvold et al. 2006). This measure
could have been used as an alternative measure of quality of life in the ExPeCT trial.
Finally, the McGill Quality of Life Questionnaire would also have been appropriate, as
this questionnaire is relevant to all phases of the disease trajectory for people with a life-

threatening illness, such as the participants in ExPeCT (Cohen et al. 1995).

2.3.4.6. Measurement of Memory

Data suggests subjective memory complaints (SMCs), such as trouble following a group
conversation or finding one’s way around familiar streets, are associated with objective
cognitive status (Amariglio et al., 2011). SMCs may reflect early, subtle cognitive
changes and are associated with personality traits and meaning-in-life in healthy, older
adults (Steinberg et al., 2013). Additionally, while cancer and associated treatments may
impair cognitive functioning across many domains (eg. processing speed), memory
deficits may be particularly relevant (Ehlers et al., 2018). The ExPeCT study included a
measure of subjective memory complaints from the Harvard Health Professionals
Follow-up study (Amariglio et al.,, 2011). A continuous variable was created for

participants’ total number of self-reported memory complaints.

2.4. Ethical Approval

The ExPeCT study protocol and other documentation were approved by NRES
Committee London - Camden & Islington (REC reference 14/L0O/1859), The Mater
Misericordia Hospital Research Ethics Committee, Dublin (REC reference: 1/378/1760),
Beaumont Hospital Ethics (Medical Research) Committee, Dublin (REC Reference
15/73), SJH/AMNCH Research Ethics Committee, Dublin (REC Reference: 2014-11 List
41 (6)) and St Luke’s Radiation Oncology Network, Dublin (REC Number not assigned.
Trial referred to as ICORG 15-21 (sponsorship identifier)). Letter of approval are included
in Appendix 2.

ExPeCT also received sponsorship from Cancer Trials Ireland for the Irish sites on this
study (Protocol Number CTRIAL-IE (ICORG) 15-21).

The protocol for the qualitative study involving patients (Chapter 4) was granted by St.
James’s Hospital / Adelaide Meath National Children’s Hospital research ethics
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committee. The protocol for studies involving clinicians and physiotherapists (Chapters
5a and 5b) was approved by the Trinity College Faculty of Health Sciences Ethics

Committee.
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3. Chapter 3: A systematic review of exercise interventions for
patients with metastatic cancer: Recruitment, Attrition and
Exercise adherence

3.1. Introduction

As described in Chapter 1, there is a growing body of evidence detailing the many
benefits of staying active through all stages of the cancer continuum (Courneya and
Friedenreich, 2007). These benefits include lower fatigue levels, improved functional
capacity, greater independence and increased quality of life (Beaton et al., 2009,
Salakari et al., 2015, Dittus et al., 2017). Increasingly patients with advanced cancer
(including metastatic cancer), are encouraged to stay physically active and partake in
exercise programmes, reflecting research in this area (Eyigor et al. 2014). The
symptoms of advanced disease, including fatigue, pain, dyspnoea and nausea may lead
to low physical activity levels, or even inactivity, and in turn reduce physical functioning
(Oldervoll et al., 2006), making participation in exercise programmes very challenging
(Albrecht and Taylor, 2012). It follows therefore that, symptoms may also adversely
affect the recruitment and retention rates of patients with advanced cancer to exercise
trials, however currently these rates are poorly understood. Examining the participation
of patients with advanced cancer in exercise trials is essential as difficulties with patient
recruitment and retention can decrease the statistical power of trials, as well as trial

integrity and validity (Scianni et al., 2012).

Persons with advanced cancer are now living longer than in previous decades (Cheville
et al., 2010). For example, the estimated five year survival rate in patients diagnosed
with advanced prostate cancer is 30%-46% (Cormie et al.,, 2013). These values
represent an increase in survival from the 26.5% reported in the 1980’s (Silverberg et
al., 1990). Similarly, the five year survival rates of women with advanced breast cancer
is now 22%, an increase from 16% in in the 1980s (American Cancer Society, 2017,
Silverberg et al., 1990). Previously the maintenance and recovery of physical function in
patients with limited life expectancy received little attention (Oldervoll et al., 2006).
Patients with advanced cancer may have been provided with palliative rather than
restorative interventions (Porock et al., 2000). As patients are now living longer, the
need for rehabilitation to help counteract the adverse effects of long-term systemic
treatments on strength, fatigue and physical functioning is increasingly recognised. Many

rehabilitation plans include structured exercise programmes. The rates of uptake,
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adherence and completion of exercise programmes reported in cancer populations vary,
suggesting that not all patients find it an acceptable or practical therapy (Maddocks et
al., 2009). If exercise is to be developed as a therapy suitable for all patients with

advanced cancer, a greater understanding of the limitations to its use is needed.

Recruitment of patients with cancer to exercise trials has been described as particularly
challenging and time consuming (Sygna et al., 2015). Detailed recruitment data for
patients with early stage cancer (Courneya et al., 2008) is available; however, there is
less information on the recruitment and retention of patients with advanced stage cancer.
It is suggested that many established barriers to recruitment (e.g. travel distance to
centres and lack of interest) reported in healthy populations also exist in patients with
advanced cancer, as well as barriers associated with a later stage of disease (e.g.
multiple hospital appointments). Patient adherence to treatment regimens for conditions
that are very complex, such as cancer, can be as low as 30% (Jin et al., 2008). It is
imperative to determine if patients with advanced cancer can adhere optimally to

exercise interventions in order to gain maximum benefits.

Given the differences between persons living with localised disease and those living with
advanced disease, results of previous systematic reviews involving localised cancer are
not generalisable to persons with advanced cancer (Beaton et al., 2009). The purpose
of this systematic review is to examine the recruitment, attrition and adherence rates of
advanced cancer patients to exercise programmes. This review may also help to aid the
development of structured exercise programmes tailored for the advanced cancer
population. The retention of participants in exercise trials has also shown to be
influenced by how studies are designed and conducted, e.g. visit frequency and study
length (Yu, 2013). This review will also examine different components of exercise
programmes that may have an association with trial recruitment and retention. This
review may also help to aid the development of structured exercise programmes tailored

for the advanced cancer population.
Chapter Aims and Obijectives:
Aim:
To systematically review the involvement of patients with advanced cancer in

exercise interventions.
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Objectives:

- To investigate the recruitment, adherence and attrition rates of patients with
advanced cancer participating in exercise interventions

- To determine the features of exercise programmes associated with
recruitment and attrition rates including exercise frequency, duration,

intensity and type of exercise.

3.2. Methods

3.2.1. Inclusion Criteria

3.2.1.1. Types of participants

Studies were included if the participants were defined by the author of the trial as having
advanced cancer. Advanced cancer (also known as metastatic or palliative) cancer

includes the AJCC definition of Stage IV advanced cancer (Edge and Compton, 2010).

3.2.1.2.  Types of interventions

Exercise was defined as planned, structured and repetitive bodily movement done to
improve or maintain one or more components of physical fitness (Martin et al., 2000).
Only studies that prescribed structured exercise training were included. Studies
consisting of general physical activity recommendations or advice were excluded.
Studies involving adult survivors of paediatric cancers were excluded. Studies involving
yoga, breathing techniques, relaxation or meditation only as the exercise intervention

were also excluded.

3.2.2. Search Strategy

Pubmed, Cochrane, PsychINFO and CINAHL databases were searched for articles up
to December 2017 for studies relating to exercise programmes in patients with advanced

disease.

The search keywords ‘adherence’, ‘exercise’, ‘advanced’ and ‘cancer were used in

varying combinations. ‘Adherence’ was supplemented with the associated terms
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‘motivation’ and ‘compliance’, ‘retention’, ‘co-operation’, ‘attrition’, ‘tolerance’,
‘participation’ and ‘engagement’ and ‘exercise’ was supplemented with ‘physical activity’,
‘aerobic activity’, ‘fitness’ or ‘training’. Articles were required to have an original full-text

available in English.

3.3. Data Extraction and Quality Assessment

3.3.1. Data extraction

The titles and abstracts of all included studies were screened for relevance concerning
the research topic. Two authors (G.S. and L.B.) independently assessed the identified
tittes and abstracts and made proposals to include or exclude these articles. A third
author (E.G.) made the final decision based on the inclusion and exclusion criteria. Each

reviewer assessed the studies for levels of evidence and methodological quality.

Data extracted included primary tumour site, the number of people screened and
recruited, recruitment period, reasons for declining recruitment, the number of patients
randomised, the number allocated to exercise, number of dropouts, reason for dropout
and adverse events. Exercise data extracted included exercise type, frequency,
intensity, duration and session length. Data extraction was completed by two authors
(G.S. and L.B.) using an adapted version of the Cochrane extraction form (Furlan et al.,
2009) that was piloted on two studies. Any discrepancies were resolved by referring to

the original papers and by discussion.

3.3.2. Assessment of methodological quality

The methodological quality of articles was assessed by two independent reviewers using
the PEDro scale for systematic reviews and the Newcastle-Ottawa Scale (NOS) for
assessing the quality of non-randomised studies. Randomised controlled trials (RCTSs)
were considered of excellent quality when they were rated 8 to 11 on the PEDro scale;
good quality when rated from 6 to 8; moderate quality when rated from 4 to 5; and scores
<4 were low quality RCTs. The Newcastle-Ottawa scale (NOS) evaluates three domains:
selection, comparability and outcome, with a score of > 7 indicating good methodological

quality (Viswanathan et al., 2008). Ratings were performed by both authors (GS and LB)

75



and any disagreements were resolved by consensus through discussion with a third
author (EG).

The Oxford Centre for Evidence Based Medicine (J. Howick) Levels of Evidence
provided a scale for stratifying evidence from strongest to weakest on the basis of

susceptibility to bias and the quality of the study design.

3.3.3. Definitions

A number of terms were used in the following review:
e Recruitment Rate: The number of eligible participants recruited onto a clinical
trial (Chang et al., 2004).
¢ Adherence: The extent to which a person's behaviour corresponds with agreed
recommendations from a health care provider in a clinical trial (Jack et al.,
2010).
e Attrition: The loss of eligible participants from clinical trials at any time following

consent to participate (Siddigi et al., 2008).

3.4. Data Analysis

Percentage rates were calculated for proportions of eligible patients entering an exercise
study on being approached and, when allocated to an active study arm, completing the
programme. The characteristics of the sample were described using means, standard
deviations, frequencies, and percentages. All predictor variables were analysed using
Pearson r correlations including the relationship between the independent variables
such as programme frequency and length and the dependent variables of recruitment
and attrition. A p value of <.05 was regarded as statistically significant. Calculations were

performed using Statistical Package for the Social Sciences version 19.0.
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3.5. Results

A total of 2,153 studies were originally identified by the search terms in Pubmed (n=90
articles), PsychINFO (n=470 articles), Embase (n=1117 articles) and CINAHL (n=476
articles) databases, with a further 222 additional records identified through other

sources.

1,855 articles remained when duplicates had been removed. Titles of articles were
screened leaving 684 articles for abstract review. Finally 149 articles remained for full
text reading. Authors of 18 studies were contacted for further information to determine
disease stage of included participants. In the absence of a response these studies were
excluded. 124 studies were excluded at this point leaving 18 articles eligible for review.

A PRISMA flowchart outlines the study identification process (Figure 18).
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Figure 18 PRISMA Flowchart

3.5.1. Study Characteristics

The 18 included studies are summarised in Table IV. Ten of these were RCTSs, the
remaining studies were feasibility studies (n=4) and pilot studies (n=4) with single-arm
designs. The mean sample size of the intervention groups was 32 (range 7-121)

patients. The included trials involved a total of 952 participants. The mean age of
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participants ranged from 49.3 to 73.1 years. Participants completed the exercise
intervention in groups in 14 of the 18 trials reviewed. Four exercise interventions were
offered as a part a broader lifestyle intervention. There was a mean PEDro score of 7.4
for randomised controlled trials. Three studies were of excellent quality (Bourke et al.,
2011, Oldervoll et al., 2011, Uster et al., 2017). Level two was the highest level of
evidence of the trials included.

Level Of

Study Site of Primary Cancer Type of Study Quality Evidence
Assessment OCEBM
Bourke et al. (2011) Prostate Cancer RCT Excellent Level 2
Cheville et al. (2010) Gl + other RCT Good Level 2
Chiarotto et al. (2017) Gl, Breast, Lung + other | Feasibility study Good Level 3
Cormie et al. (2013) Prostate Cancer RCT Good Level 2
Galvao et al. (2017) Prostate Cancer RCT Good Level 2
Headley et al. (2004) Breast Cancer RCT Good Level 2
Hwang et al. (2012) Lung Cancer RCT Good Level 2
Jensen et al. (2014) Gl Cancer Feasibility Study Good Level 3
Ligibel et al. (2015) Breast Cancer RCT Good Level 2
Litterini et al. (2013) Breast + other Pilot Study Good Level 2
Lowe et al. (2013) Gl + other Pilot Study Good Level 4
Oldervoll et al. (2006) Gl + other Pilot Study Good Level 3
Oldervoll et al. (2011) Gl + other RCT Excellent Level 2
Quist et al. (2012) Lung Cancer Feasibility Study Good Level 3
Temel et al. (2009) Lung Cancer Feasibility Study Good Level 3
Uster et al. (2017) Gl and Lung Cancer RCT Excellent Level 2
van den Dungen et. al. (2014) Breast, Gl + other A pilot study Good Level 3
Zimmer et al. (2017) Colorectal Cancer RCT Good Level 2

*Note: Gl: Gastrolntestinal Cancer

Table V Overview of Included Studies
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3.5.2. Exercise Interventions

Table V details the exercise interventions included. Seventeen trials required
participants to attend supervised exercise sessions, and one study required that
participants exercise unsupervised (Headley et al., 2004). All exercise programmes
prescribed some aerobic exercise. Fifteen of 18 trials reviewed included resistance
exercise training. Pre-exercise testing was completed as part of the screening process
in two studies, both in patients with primary lung cancer (Temel et al., 2009, Hwang et
al., 2012). Three further studies completed cardio-pulmonary testing as a primary

outcome measure (Bourke et al., 2011, Quist et al., 2012, Jensen et al., 2014).

The methods used to measure and monitor aerobic exercise intensity varied widely,
making it difficult to determine relationships between exercise intensity and trial
recruitment and attrition rates. The majority of trials prescribed moderate to vigorous
intensity activity, and monitored exercise intensity by percentage heart rate maximum
(Bourke et al., 2011, Galvao et al., 2017), Vo2 peak (Hwang et al., 2012) and the Borg
Breathlessness Scale (Temel et al., 2009, Zimmer et al., 2018). The target of heart rate
maximum ranged from 55% to 85% while peak workload targets ranged from 60% to
80%. Intensity set by the Borg Breathless Scale ranged from 11 to 15. Seven trials
provided no details as to how aerobic exercise intensity was measured (Headley et al.,
2004, Oldervoll et al., 2005, Oldervoll et al., 2006, Cheville et al., 2010, Lowe et al.,
2013, Chiarotto et al., 2017, Uster et al., 2017). In trials prescribing resistance
exercise, 11 out of 15 programmes recorded exercise training parameters including
weight, sets and repetitions. All but three trials prescribed resistance training between
60% and 90% of 1 repetition maximum (Temel et al., 2009, Quist et al., 2012, Jensen
et al., 2014, van den Dungen et al., 2014, Uster et al., 2017, Zimmer et al., 2018). One
trial prescribed resistance exercise of sets of 8-15 repetitions to fatigue (Litterini et al.,
2013). The remaining trials prescribed two to four sets of 12-8RM or three sets of 10-
12 RM (Cormie et al., 2013, Galvao et al., 2017).
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n (Exercise Recruitment Length of . . .
Study Name n Intervention) Period Programme Exercise Intervention Details Adherence Rates
Bourke et al. (2011) 50 25 Not reported 12 weeks ggr&?éi%nngezs:'\s’;aenkﬁj U?]szﬂetrevrivsizg:d?g%/
: : P Al: 55-85% max HR P -olh
RI: Not stated
) Resistance
Cheville et al. (2010). 115 49 Not reported 8 weeks 30mins 3 times weekly 89%
RI: Not stated
Indefinite — lasted Aerobic and Resistance 73.1%
: as long as the 75 mins once weekly
Chiarotto etal. (2017) | 35 35 29 months | - tient wished to Al: Not stated (95% CI 67.0-79.4)
participate RI: 2 sets of 10 reps
. Resistance 93.2+-6%
Cormie et al. (2013). 20 10 12 months 12 weeks 60mins twice weekly
RI: 2-4 sets of 12-8 RM
Resistance, Aerobic and Flexibility
60 mins 3 times weekly
Galvéo et al. (2017) 57 28 36 months 12 weeks Al: 60-85% max HR 89%
RI: 3 sets of 10-12 RM
FI: 2-4 reps 30-60 sec hold
Aerobic o
Headley etal. (2004). 38 19 Not reported 12 weeks 30 mins twice weekly 5%
Al: Not stated
83%
Aerobic
Hwang et al. (2012). 24 12 7 months 8 weeks 30-40 mins 3 times weekly Mean 71.2%
Al: 80% Vo2 Peak Median 83.3%
Range 4.2-100%
Aerobic or Resistance
26 Not ted 45 mins twice weekly Resistance arm:72%
Jensen et al. (2014). 26 otreporte 12 weeks Al: 60-80% predetermined pulse Aerobic arm: 59%

RI: 2-3 sets of 15-25 reps 60-80%
1RM
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Ligibel et al. (2015)

101

48

54 months

16 weeks

Aerobic Exercise
Goal of 150 mins per week
Al: Moderate Intensity

Not reported

Litterini et al. (2013)

66

34

25 months

10 weeks

Aerobic or Resistance Exercise
30 to 60 mins Twice weekly
Al: 10 to 12 RPE
RI: 1 set of 8 to 15reps to fatigue

70%

Lowe et al. (2013).

6 months

6 weeks

Aerobic and Resistance
Individualised to each patient
Al: Not stated
RI: Not stated

87%

Oldervoll et al. (2006).

34

34

Not reported

6 weeks

Aerobic and Resistance
50 mins 2 weekly
Al: Not stated
RI: Not stated

88%

Oldervoll et al. (2011).

231

121

30 months

8 weeks

Aerobic and Resistance
50 mins twice weekly
Al: Not stated
RI: Not stated

69%

Quist et al. (2012).

13 months

6 weeks

Aerobic and Resistance
90 mins twice weekly
Al: 85-95% max HR
RI: 3 sets of 5-8 reps of 70-90%
1RM

73%

Temel et al. (2009).

25

25

36 months

8 weeks

Aerobic and Resistance
90-120 mins 2 weekly
Al: 70-85% max HR
RI: 3 sets of 10 reps of 60-80%
1RM

A completion rate of
44%

Uster et al. (2017)

58

29

31 months

12 weeks

Aerobic, Resistance and Balance
60 mins twice weekly
Al: Not stated
RI: 2 sets of 10 reps of 60-80%
1RM
Balance: Bilateral balance mat
exercises

Mean 67%
Median 75%

van den Dungen et. al
(2014)

26

26

2 months

6 weeks

Aerobic and Resistance
2 hours twice weekly
Al: 4 mins at 80% to 90% of

85%
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PHR alternated with 3 minutes at
50% to 70% PHR
RI: 3 sets of 12 reps at 60% to 80%
of 1-RM

Zimmer et al. (2017)

30

17

10 months

8 weeks

Aerobic, Resistance and Balance
60 mins 2 weekly
Al: 10 mins at 12-13 RPE
RI: 2 sets of 8-12 reps of 60-80%
hypothetic 1RM
Balance: Balance mat work

80%

Table VI Exercise Interventions

Al: Aerobic Intensity; RI: Resistance Intensity; FI: Flexibility Intervention; HR: Heart rate; PHR: Peak Heart Rate; Mins: Minutes
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3.5.3. Recruitment

Mean recruitment rate, as reported by 13 of 18 trials reviewed, was 49% (SD = 17%;
range 15-74%). Patients were recruited through cancer centres, outpatient departments,
palliative care and rehabilitation services. There was a positive correlation between older
age and recruitment rates (r=0.4, p<0.05). Barriers to recruiting patients were
systematically recorded in seven out of 18 studies (Table VI). The most common reason
reported for declining participation was a lack of time. In one trial, lack of time was cited
as a recruitment barrier by 50% of patients approached (Cheville et al., 2010). Multiple
hospital commitments were also a common reason for declining programmes. In one
trial 52% of patients declined participation as it was too burdensome to get to the hospital
more than once a week (Oldervoll et al., 2006). In other studies, transport issues were
cited as recruitment barriers, reported by 16-50% of patients approached (Cormie et al.,
2013b, Van Den Dungen et al., 2014). Other common barriers were a lack of interest in
either exercise or in participating in research generally (Temel et al., 2009, Cheville et
al., 2010, Cormie et al., 2013).

The highest recruitment rate (74%) was reported in a trial recruiting men with advanced
prostate cancer, where patients were referred directly from an oncologist. Similar
recruitment rates were reported in another trial in men with advanced prostate cancer,
64%, recruited directly from outpatient clinics (Bourke et al.,, 2011). The lowest
recruitment rate of all studies reviewed was 15%, where 52 out of 61 potential
participants with cancer of Gl origin declined to participate in a 6 week home based

functional walking programme due to severe fatigue (Lowe et al., 2013).

Recruitment rate did not correlate with duration of recruitment period (r=0.13, p=0.3), or
with the duration of exercise programmes (r=0.27, p=0.07) (Cohen, 1992). The
frequency of the exercise programmes was considered to be the number of supervised
weekly exercise sessions patients were required to attend. The frequency of supervised
exercise session in trials included ranged from two to three times weekly. In seven
studies supervised exercise sessions were supplemented with additional unsupervised
sessions that patients completed at home (Cheville et al., 2010, Bourke et al., 2011,
Quist et al., 2012, Cormie et al., 2013, Lowe et al., 2013, Jensen et al., 2014, Chiarotto
et al., 2017). No correlation was found between exercise frequency and recruitment (r=-
0.38, p=.08) and the number of home exercise sessions that patients were asked to

complete and recruitment (r=-.23; p=.48).
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Number of

Eligible Num.ber of Recruitment I .
Study 2 Patients Reason for Declining Recruitment
Participants R . Rate
ecruited
Screened
Extra time commitment (n=121)
Cheville et Low interest in research participation
al. (2010) 418 115 27.5% (n=50)
' ' Competing demands (n=37)
Feeling poorly (n=34)
Cormie et Not interested (n=3)
al. (2013) 27 20 74% Health concerns (n=2)
] ] Too far to travel (n=2)
Declined to Participate (n=16)
Travel constraints/Proximity to Exercise
Site (n=9)
Other Commitments/time Constraints
Galvéo et (n;G)
al. (2017) 103 57 55% _ _(_BP Decline (n:_5)
' Significant Bone Pain (n=5)
Already meeting exercise oncology
guidelines (n=1)
No bone metastases (n=1)
Unable to contact (n=3)
Hwang et Personal Factors (n=15)
al. (2012). 42 24 S7% Unstable (n=3)
Distance too far from home (n=12)
Jensen et Never been interested in sports (n=8)
59 33 56% Too many other commitments in hospital
al. (2014). (n=4)
Other (n=2)
Travel concerns (n=9)
Already exercising (n=3)
2:9?%%'&; t 101 63 62% Lak of (_energy/mobility_(n:4)
Social Reasons (n=1)
Did not Respond (n=11)
No Reason Given (n=10)
van den .
Dungen et. 60 29 48% Tr?\l"e'l Dt'Sta”tce fq;”)
al (2014) o Interest (n=14)

Table VIl Reasons Given for Declining Recruitment

3.5.4. Exercise Adherence

A level of exercise adherence was reported in all but one study (Table V); however,

definitions of adherence varied widely. This heterogeneity limited the ability to examine

correlates of adherence and features of exercise prescription. Levels of adherence

ranged from 44% to 95%. Many studies considered patients adherent if they attended a

percentage or minimum number of prescribed exercise sessions, e.g. participants were

required to attend a minimum of 8 sessions (van den Dungen et al., 2014); while some

studies required participants to attend all sessions to be considered fully adherent

(Bourke et al., 2011). Alternatively, trials did not define any features of adherence
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(Headley et al.,, 2004). Adherence was also defined as the number of sessions
completed over the number of sessions prescribed, giving an adherence rate of 83%
(Cormie et al., 2013). In contrast, a trial required participants to make up for missed days
and complete 16 sessions during a 12 week period to be considered adherent. This
resulted in an adherence rate of 44%, which was too low to establish the feasibility of
this exercise programme (Temel et al., 2009). Three studies recorded adherence to
resistance training programmes (Cheville et al., 2010, Cormie et al., 2013, Jensen et al.,
2014). A two-armed trial comparing resistance and aerobic interventions reported 72%
adherence to the resistance arm of a 12 week exercise intervention for gastrointestinal
cancer. This was higher than the 59% adherence rate to the aerobic exercise arm of the
trial (Jensen et al., 2014). Adherence was defined as completion of scheduled sessions.

Four studies detailed the reasons why patients missed exercise training sessions. A total
of 78% of participants with advanced cancer of mixed primary origins attended all
prescribed exercise sessions (Cheville et al., 2010). Reasons for missing sessions
included conflicting appointments (54%), feeling too ill (31%) or too tired (8%) and
patients forgetting appointments (8%). Similarly, medical appointments, travel and social
commitments were listed as reasons for missed sessions in an additional trial (Galvao
et al., 2017). Among a group of patients receiving palliative chemotherapy, the most
common reasons patients missed sessions were personal reasons (58%) or
chemotherapy related symptoms such as diarrhoea (31%) or nausea/vomiting (11%)
(Jensen et al., 2014). A study of high intensity interval training reported that only 12.5%
of participants with lung cancer attended all 24 prescribed high intensity interval training
sessions however an attendance rate of 75% or higher was achieved by nine participants
(69.2%) (Hwang et al., 2012). Reasons for missing sessions included time limitations
and family problems, as well as medical issues such as fatigue, body discomforts and
falls. The absences reported by Uster et al. (2017) included sudden deterioration of
health status (2 patients), non-compliance (1 patient) and treatment related
complications (1 patient). No significant change occurred in adherence between the
women who had progression of their disease and those who had stable or remitting
disease (Headley et al., 2004).
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3.5.5. Attrition

The average attrition in studies included was 24% (SD = 8; Range 10-42%). Advancing
disease was the most common reason for dropout from exercise interventions (Headley
et al., 2004, Oldervoll et al., 2005b, Oldervoll et al., 2006, Temel et al., 2009, Cormie et
al., 2013b, Lowe et al., 2013, Ligibel et al., 2016). This included patients suffering from
a decline in performance status, an increase in anti-cancer treatment and an increase in
pain levels. Other reasons for dropout included family commitments and unrelated
medical conditions, hospitalisation and feeling too ill and patients feeling overwhelmed
(Cheville et al., 2010, Bourke et al., 2011, Lowe et al., 2013). Four studies reported
patient deaths; Jensen et al. (2014) reported that 4 patients died due to rapid tumour
progression, while Uster et al. (2017) reported 5 deaths during a three month
intervention and a further 5 deaths at the six month follow-up. Oldervoll et al. (2011),
which was the largest study in this review, reported 10 deaths during an 8 week
intervention, a total of 4.1% of the physical intervention group and 4.5% of the usual care
group. Chiarotto et al. (2017) reported 15 patient deaths in an exercise intervention of
indefinite duration, with patients withdrawing from the exercise programme at a mean of
164 days (95% CI 76.5-251, median 100 days) prior to their death. The highest rate of
attrition (42%) was reported by Temel et al. (2009) in a lung cancer cohort who
completed a twelve week aerobic and resistance programme. Patients were forced to
withdraw from the programme due to hospitalisation (n=3), neuropathy (n=1), retinal
detachment (n=1), clinical deterioration on chemotherapy (n=2) and unspecified reasons
(n=1).

In the included studies, there was no correlation found between the frequency of
supervised exercise sessions and programme attrition (r=0.04, p=.4). The number of
home exercise sessions patients were asked to complete had no correlation with attrition
rates (r=-.21, p=.46). Similarly, the duration of exercise interventions did not correlate
with attrition rates (r=0.01, p=.069).

3.6. Discussion

This is the first review to comprehensively examine the involvement of patients with
advanced cancer in exercise interventions. Studies included show a large variance in
recruitment and attrition rates, as well as in the measurement of patient adherence to

prescribed programmes. This systematic review demonstrates that there is a growing
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number of studies investigating exercise programmes in patients with advanced cancer,
and highlights a number of areas where the involvement of this patient group in studies

involving exercise could be optimised.

Difficulties with patient accrual were reported by all studies, with one programme closing
recruitment early due to slow accrual (Uster et al., 2017). Factors contributing to slow
accrual need to be considered as low accrual rates may lead to selection bias, thereby
reducing the representativeness of this sample (Oldervoll et al., 2005). Firstly, the
inclusion and exclusion criteria of a number of studies included in this review may have
limited the eligibility of a large number of potential patients. For example, Quist et al.
(2012) excluded 58 participants with bone metastasis due to concerns over pathological
fracture risk. Risk of pathological fracture is the most commonly reported physician
concern with exercise training in patients in bone metastases (Sheill et al., 2017, Sheill
et al., 2018), however, safe approaches to exercise prescription in patients with bone
metastases have been established (Oldervoll et al., 2006, Bourke et al., 2011, Oldervoll
et al., 2011, Cormie et al., 2013, Lowe et al., 2013). A further, five studies excluded
patients with bone metastases based on self-reported levels of pain, however two
studies did not describe how pain was measured or what threshold resulted in trial
exclusion. Three studies excluded patients with a resting pain >2/10 on the numerical
rating scale or >3/10 on the numerical rating scale (Headley et al., 2004, Oldervoll et al.,
2006, Oldervoll et al., 2011). Another study excluded only patients with significant pain
as determined by the clinician (Galvao et al., 2017). Of note, pain at rest may not be
indicative of fracture risk, with one study reporting that only 11% of lesions reported as
mildly or moderately painful resulted in fracture, while conversely, all lesions in which
pain was aggravated by function resulted in fracture (Fidler, 1981). Pain, particularly pain
associated with function, could be used as a criterion which would exclude only those
patients at high risk of pathological fracture from participating in exercise programmes
(Sheill et al., 2018). Some of the most recent studies in advanced cancer have included
patients with bone metastases, or excluded only patients with moderate to severe bone
pain which limited activities of daily living or those with acute fracture risk (Cormie et al.,
2013, van den Dungen et al., 2014, Ligibel et al., 2016, Zimmer et al., 2018). This is
encouraging, as the exclusion of patients with bone metastases may result in a greater
decline in musculoskeletal structure and function and deny patients the opportunity to
make gains in muscle strength and aerobic capacity which are associated with structured
targeted exercise programmes (Cormie et al., 2013). A recent study suggested that in
mice models, mechanical loading inhibits the growth and osteolytic capability of

secondary breast tumours after their homing to the bone (Lynch et al., 2013). This
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potential benefit of weight bearing exercise now needs further investigation in patients
with advanced disease. Broadening inclusion criteria to include patients with skeletal

metastases is an integral part of this change.

The inclusion of a clinical estimate of prognosis may also reduce the eligibility of many
patients for exercise trials. Studies with the highest recruitment rates in this review did
not limit the life expectancy of patients in inclusion criteria (Bourke et al., 2011, Bourke
et al., 2014) or outlined wide acceptable margins of 3 months to 2 years (Oldervoll et al.,
2006, Oldervoll et al., 2011, Cormie et al., 2013). In contrast, Cheville et al. (2010) limited
inclusion to both life expectancy and 5 year survival rates resulting in a recruitment rate
of 27.5% in patients with Gl primary tumours. Oldervoll et al., who listed no exclusion
criteria and included all patients with incurable disease and adequate pain control,
recruited the highest number of participants of all the studies reviewed (n=232) (Oldervoll
etal., 2011). Exercise trials involving patients with advanced cancer appear to face many
of the same recruitment challenges as trials recruiting patients at an earlier stage of
disease. Reported recruitment rates varied widely among the studies reviewed, similar
to studies in early stage cancer patients or cancer survivors (Irwin et al., 2008, Penttinen
et al., 2009). With increasing evidence supporting the safety and efficacy of exercise
training in those with complex advanced cancers, increasing the eligibility criteria for
exercise interventions may improve accrual numbers of patients with advanced cancer
to exercise trials. Exercise interventions should to aim to accommodate patients
regardless of life expectancy and with multi-morbidities related to both cancer and
advancing age. This would reflect the complex presentations of these patients in the

clinical environment.

Definitions and the measurement of exercise adherence varied widely. Many studies
reviewed considered adherence solely as patient attendance at exercise sessions and
not the level of activity completed at these sessions. This may have resulted in ‘adherent’
patients not completing the exercise programmes in full. Studies should complete a
multi-factorial assessment of adherence in order to accurately determine the treatment
effects of exercise, as in the study by Cormie et al. (2013), which considered adherence
in terms of both the number of session’s patients completed and also the amount of
sessions completed in accordance with exercise prescribed. This method provides a
means of capturing any deviations from the programme, e.g. patients not fully completing
exercise sets or attending sessions but not exercising. Unfortunately the study by Cormie
et al. (2013) was the only study reviewed to monitor exercise in such a detailed capacity.

The variety of exercise adherence definitions used, make it difficult to draw
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commonalities or conclusions from results found. Common assessment methods for
exercise adherence include subjective measurements such as self-report inventories
and exercise logs, objective measurements such as accelerometers and heart rate
monitors, and observational measurements (Adams et al., 2015). In this review,
assessments included only exercise logs and class attendance (Bourke et al., 2011,
Bourke et al., 2014). Alternative methods of measuring adherence such as heart rate
monitors and mobile phone apps have been used previously in trials involving cancer
patients (Walsh et al., 2010) and may have a role in adherence monitoring in future
exercise trials to ensure patients follow the parameters of prescribed exercise sessions
correctly.

Exercise training parameters were inconsistently measured and lacked standardisation,
making it difficult to ascertain the relationship between programme structure and
participant engagement. Standardised outcome sets, which outline a minimum sufficient
set of outcomes for important medical conditions, should be used in order to increase
the pool of comparable data in studies examining similar interventions in a cancer cohort
(Comet Initiative, 2013). In particular, consensus is required on the measurement of
exercise intensity and, as previously mentioned, patient adherence. Aspects of exercise
programme structure such as the duration and frequency of the exercise intervention did
not appear to impact recruitment, retention or adherence of participants, suggesting that
other aspects of study design should be explored to further explain the large variance in
these rates in an advanced cancer population. Knowledge about the type of physical
exercise most beneficial for patients at different stages of disease progression is still
lacking. Not all persons with metastatic or advanced cancer are in the palliative or end-
of-life phase and many have a great need to maintain their functional capacity. Future
exercise interventions in this population should monitor the adherence of these
participants closely using standardised definitions and objective measurements where
possible in order to determine the dose/response effect of exercise in this population (Li
et al., 2015). While the exercise interventions included in these studies were tolerated
well by participants, a number of barriers remain to recruiting patients to these exercise

programmes. Concentrated efforts are now needed to reduce these barriers.

3.7. Strengths and Limitations

A strength of the review is the identification of key areas which need to be addressed in

future trials, such as the definition of key outcomes and potential ways to optimise trial
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recruitment. The database EMABASE was not searched, which is a limitation of the
current study. Due to the small number of studies, the heterogeneity in populations and
definitions of key variables the discussion of trends in outcomes was extremely limited.
There is a possibility that some studies that included patients with advanced cancer were
not included here as a number of studies screened did not detail the cancer stage of
participants. E-mails were sent to corresponding authors to clarify this; however, if there

was no response then studies were then excluded.

3.8. Conclusion

Participant recruitment and adherence rates varied considerably among the studies
reviewed and there were inconsistencies in how adherence to programmes were
measured. With increasing evidence supporting the safety and efficacy of exercise
training in patient with advanced and complex presentations, broadening the inclusion
criteria of exercise trials to increase the number of advanced cancer patients who are
eligible for physical activity interventions will increase recruitment rates and ensure those
patients recruited represent the advanced cancer population found daily in clinical
practice.
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4. Chapter 4: The Views of Patients with Metastatic Prostate
Cancer towards Physical Activity: A Qualitative Exploration

4.1. Introduction

The following chapter explores the attitudes of patients living with metastatic prostate
cancer towards physical activity. This study has been published in Supportive Care in
Cancer (Sheill G., Guinan, E., Neil, L.O. et al. Support Care Cancer (2017)
https://doi.org/10.1007/s00520-017-4008-x (Appendix 4)).

As described in Chapter 1, patients with metastatic cancer can experience debilitating
symptoms, such as pain, breathlessness, fatigue and nausea; which may influence
attitudes towards, and engagement in physical activity. However, Chapters 1 and 3
describe how individually prescribed physical activity programmes can be safely
introduced for patients with many symptoms of advanced disease, including bone
metastases (Oldervoll et al., 2011, Cormie et al., 2013, Bourke et al., 2014). Increasing
physical activity levels can improve measures of physical performance and quality of life
(QoL) for this patient cohort (Beaton et al., 2009). When patients are not able to
undertake moderate and/or vigorous activities, even low-intensity physical activity after
a cancer diagnosis is associated with improved outcomes (Holmes et al., 2005, Kenfield
et al.,, 2011). However, men with metastatic prostate cancer who do not meet aerobic
exercise guidelines have been shown to have significantly lower physical functioning,
role functioning (physical and emotional) and general health scores than men who met
the guidelines (Zopf et al., 2017).

Over 90% of patients with advanced cancer are interested in completing physical activity
programmes (Lowe et al., 2010). However; many patients living with bone metastases
become inactive due to the side effects of cancer and its associated treatments, or the
fear of skeletal fracture (Coleman, 2006). One study involving 55 patients with metastatic
prostate cancer objectively measured physical activity levels demonstrated only 29% of
participants met the current aerobic exercise guidelines for cancer survivors while 71%
were insufficiently active (Zopf et al., 2017). It is essential to make exercise interventions
accessible and adaptable to patients living with metastatic cancer, in order to ensure the
number of patients obtaining the physical and psychological benefits associated with
physical activity is maximised. Additionally, it is important to identify the factors which
may play a role in the illness experience of metastatic cancer patients and that may

contribute to physical inactivity. Future physical activity interventions may then consider
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this knowledge in order to meet the specific exercise needs and capabilities of patients

with metastatic prostate cancer.

4.2. Study Aims and Objectives

The overall aim of this study was to qualitatively explore the views of men diagnosed
with metastatic prostate cancer towards physical activity. The specific objectives of the
study were:
o To explore participants’ perceptions about their own physical activity.
e To describe the effect of an advanced cancer diagnosis and associated
treatment on participants’ physical activity levels.

e To identify potential barriers and facilitators to engaging in physical activity.

4.3, Materials and Methods

4.3.1. Study design

A qualitative study design was used in this study and individual semi-structured
interviews with open-ended questions took place. The attributes of qualitative research
and the research approach taken are described in Chapter 2 (Section 2.1.1 & Section
2.2.1).

4.3.2. Participants and Procedures

Patients with metastatic prostate cancer, who were recruited to the ExPeCT randomised
control trial (Clinicaltrials.gov NLM Identifier: NCT02453139), presented in Chapter 6,
examining the effect of exercise on circulating tumour cells were eligible to complete
interviews for the present study. Metastatic cancer (also known as advanced or
palliative) includes the American Joint-Committee on Cancer definition of Stage IV
cancer (Edge and Compton, 2010). Patients were recruited from oncology clinics at three
hospital sites. Inclusion criteria for the randomised control trial are: patients = 18 years
and male, a histologically confirmed diagnosis of prostate adenocarcinoma, metastatic
disease as confirmed by CT/MRI or by bone scan, stable medical condition, including
the absence of acute exacerbations of chronic illnesses, serious infections, or major

surgery within 28 days prior to recruitment and capable of participating safely in exercise.
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Exclusion criteria included a history of radical prostatectomy and a previous diagnosis

of any other malignant tumour.

The Health Belief Model (HBM) guided the development of interview questions. The
HBM framework has been widely accepted as an organising framework which predicts
health behaviours by focusing on the attitudes and beliefs of individuals (Janz and
Becker, 1984). For example, participants were asked “What factors, if any, do you think
prevent you from engaging in or increasing your physical activity since your cancer
diagnosis?”. This question was developed to determine barriers to physical activity post-
diagnosis. Examples of questions in the interview guide are included in Table VII.

Interview Question Topic Example Question

Self-Efficacy Do you fee_l you could complete as much
physical activity as your peers?

Benefits to phy5|_cal activity What makes you want to be physically active?

participation

What factors, if any, do you think prevent you

from engaging in or increasing your physical

activity since your cancer diagnosis?

Barriers to physical activity
participation

How do your family feel about you participating

Cues to Action in regular physical activity?

Table VIII Example questions from the interview guide

4.3.3. Data Collection

Interviews took place in either the Clinical Research Facility, St. James’s Hospital or the
Physiotherapy Department, Tallaght Hospital. The first 20 patients recruited to a clinical
trial were invited to complete qualitative interviews prior to patient randomisation. Data
saturation was used as a guiding principal for sample size, which was determined
iteratively. Age, body mass index, waist circumference and burden of metastatic disease
were recorded for each participant as part of their baseline Randomised Controlled Trial
assessment. Participants also completed a self-report physical activity questionnaire
(Physicians’ Health Study Assessment). Participants were interviewed using audio

recorded, face-to-face, semi-structured interview format. Each interview lasted between
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15 to 20 minutes and was recorded using a digital voice recorder (Philips Voice Tracer

digital recorder 3400). | completed interviews with all participants involved in this study.

Topics and issues to be explored and discussed were specified in advance and an
interview guide was created to lead the interview process. The order and sequence of
the questions was decided by the researcher. During the interview, participants were
probed for detail and the interviewer developed the questions. Because semi-structured
interviews remain conversational and situational, gaps in data can be explored and
closed. Interview questions were open ended, to provide more exploratory,

developmental and contextual data (Blessing and Forister, 2012).

4.3.4. Data Analysis

All interviews were tape-recorded and transcribed verbatim. Having the researcher
transcribe the data offers the best chance that the content, punctuation and tone of the
interview are reflected in the transcript and allows the researcher to become thoroughly
familiar with the data (Carpenter and Suto, 2008). In line with data confidentiality
procedures, each participant was assigned a study code on completion of the interview.
All names and any other details that could possibly identify participants were removed

from the transcripts.

Transcripts were analysed using content analysis (Hsieh and Shannon, 2005). The
seven steps of content analysis are outlined in Table VIII. Both thematic analysis and
content analysis approaches would have been suitable for use in this thesis. Thematic
analysis, as described by Braun and Clarke, was not chosen as it was thought that
content analysis, as described by Hsieh and Shannon, would allow the research to
choose either developing themes or categories — compared to thematic analysis which
requires the researcher to consider both. Although thematic analysis can provide a rich
and detailed, yet complex, account of the data, content analysis was also chosen for this
thesis as it involved conducting exploratory work in an area where not much is known.
Content analysis was suitable for the simple reporting of the common issues mentioned
in data (Green & Thorogood, 2004).
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Two researchers read each interview script independently. Transcripts were analysed
line by line for themes reflecting factors affecting physical activity in men with metastatic
prostate cancer. Comparative analysis was conducted with subsequent transcripts to
build findings upon themes that had previously emerged. Themes were first subject to
broad inclusion so as not to restrict the validity of the data due to premature
categorisation. As further interviews were analysed, responses were grouped first into
sub-themes. These emergent themes were used to organize and group categories into
meaningful clusters (Coffey & Atkinson, 1996; Patton, 2002). This larger number of
subcategories into a smaller number of categories. These were compared, discussed
and organised by the same researchers. Data saturation was reached by interview 17.
The remaining three interviews were used to confirm and clarify the analysis.

Demographic data were entered into an Excel database and analysed descriptively.

1 Formulating the research question

2 Selecting of sample and unit(s) of analysis
3 Defining the categories

4 Outlining the coding process

5 Implementing the coding process

6 Determining trustworthiness

7 Analysing and representing the results

Table IX Seven Steps of Content Analysis

4.3.5. Ethical Approval
Ethical approval was granted by St. James’s Hospital/Adelaide Meath National

Children’s Hospital research ethics committee and all participants provided written

informed consent to complete interviews.

4.4. Results
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Twenty patient interviews were completed. All patients who were invited to participate
consented to interview. Participant demographics and clinical characteristics are
described in TablelX.

Total
Age (mean = SD) years 71 (SD 8.5)
BMI (meant SD) Kg/m? 30.19 (SD 5.37)
Waist Circumference (cm + SD) 104+15.2

Time Since Cancer Diagnosis
(Months, median (IQR))

Severity of Bone Metastatic Disease n (%)

10.5 (6.25-22.25)

Minor (1 region affected) 5 (25)
Moderate (2 regions affected) 4 (20)
Major (>2 regions affected) 11 (55)
Primary treatment n (%)
Radiation therapy 5 (25%)
Hormones 19 (95%)
Achieving Aerobic Physical Activity Guidelines (%)
Yes 9 (45)
No 11 (55)
Physical Activity Category
Light (MET-h/wk value < 3) 10 (50%)
Moderate (MET —h/wk between 3-5.9) 9 (45%)
Vigorous activities (MET-h/wk value of_26) 1 (5%)

Table X Participant Characteristics

SD: Standard Deviation, MET: Metabolic Equivalent, h/wk: Hours per week

The results of the content analysis were classified into four major themes (Table X). A
mind-map of emergent themes is shown in Figure 19. Quotations reflecting the range of
issues that emerged are presented and were selected because they were typical of the

insights that participants gave during interviews.
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Major Themes

Sub-theme

Barriers to physical activity

Physical Barriers
Psychological Barriers

Environmental Barriers

Benefits of physical activity

Weight Loss
Increased Energy

General feeling of well-being

Reduction in physical activity
levels post diagnosis

A disruption to normal daily routine

Patients unable to overcome barriers to
physical activity

Social support for physical
activity

Differences in the level of family
support for physical activity

Different perceptions of physical activity

levels of peers

Table XI Qualitative Themes Identified

Hospital
Appointments

Treatment

[ Cancer Diagnosis
Side-effects

and Treatment

Physical
Physical
Activity
Levels of

Family

Activity

| Physical Activity
Norms

Physical
Activity
Levels of
Friends

Uncertainty/Need
for more
information

Barriers to
Physical
Activity

Figure 19 Thematic mind-map
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4.4.1. Barriers to Physical Activity

Exercise barriers were mainly related to metastatic cancer and the side effects of cancer
treatment including hormone therapy and chemotherapy. Additionally, physical,
psychological and environmental barriers to physical activity were mentioned.

Many patients reported that the symptoms of metastatic disease which they were
experiencing were acting as barriers to engaging in physical activity.
“It was that pain along the bottom of my back that was really stopping me a lot” (P 02),

“I think it was the pains that were obviously beginning to come from the cancer” (P 04).

Fatigue also made it difficult for patients to increase their physical activity.
“It’s difficult when you're feeling tired. | get awful tired. Awful tired those damn
hormones” (P 11)

“l find that I get very tired if | try to do exercise” (P 04)

“The chemo was the turning point. No energy. | would walk around the corner with the
dog and | would be flat.” (P 14)

Other factors such as low mood and low confidence were also reported by patients;

“Those hormones. And you know you feel very down with them” (P 11)
“I'll make a fool of myself but no.....I'd say that | won't be able to...” (P 05)

Issues around urinary incontinence were also identified as barriers to exercise;
“It’'s quite embarrassing actually you would be out playing badminton and the next

minute you would have to run fo the toilet” (P 10)

“l have to go straight away. Sometimes | control a little but | have to go straight away.”
(P 14)

Additionally, the effects of hormone treatment during exercise were mentioned,
“The hot flushes...they vary in terms of intensity. When | get the hot flushes | feel this
thing going right up through my body. Pin pricks right up through my body.” (P 14)

Bad weather was mentioned by many as a barrier to exercise;
“I hate the weather and | thought of joining the gym locally instead but that’s not as

good as being out on the road for me” (P 01)
“I haven't been doing anything because of the bad weather’ (P 07)
“I don't feel very comfortable walking in the cold.” (P 13)

A lack of suitable facilities for exercising due to rural living was also a batrrier,
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“You have to drive to town to do it because there is no footpaths on the roads and it’s

too dangerous.” (P 10),
“I try but I'm out in the country” (P 11)

Low motivation was another reason for poor physical activity levels;

“l reckon my enthusiasm has gone down to some extent” (P 01)
“l think | should get more done, | should walk more” (P 04)

“It’s hard to motivate yourself to get up and get going” (P 10)
Finally, difficulties exercising independently were also identified;

“If someone else was doing it | would do it you know that sort of way. If | do it on my own
you know.....it’s not the best.” (P 18)

4.4.2. Benefits of Physical Activity

When asked about the benefits of physical activity, the majority of patients referred to
the general health benefits of physical activity;

“It would make me more fitter and it would be something | would look forward to |
imagine” (P 016)

“You just feel so much better” (P 019)

There was a sense that physical activity facilitated participants to regain a routine and
normality

“I would like to be able to get back to what | was doing before” (P 02)

Only a small number of the specific health benefits of exercise were reported. Weight
loss was most commonly reported, followed by an increase in energy levels. Others
referred to benefits of exercise unrelated to physical health;

“It keeps me busy” (P 09)

Patients reported few specific benefits of exercise related to a cancer diagnosis.
Walking, swimming and cycling were the modes of exercise participants felt were of most
benefit;

“Maybe a bit of walking.....anything to get the heart pumping.” (P 16)

4.4.3. Reduction in Physical Activity Levels Post-diagnosis
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Many patients reported a history of being active, both in their childhood and as an adult
prior to their cancer diagnosis. Many patients reported high physical activity levels in the
past due to jobs in areas such as farming or the armed forces and from walking or cycling
to and from work. Other participants were active mainly for leisure;

“Well, | played hockey, field hockey until | was 52 and | played hurling and gaelic football
when | was young and | played a lot of tennis” (P 04).

Several patients commented on a recent change in physical activity levels and a
significant number described a decrease in physical activity levels after being diagnosed
with advanced cancer;

“l used to be very fit...but that’s water under the bridge” (P 15)
“Before | got this diagnosis of the cancer | was walking” (P 08)

“l played badminton actually until February last year” (P 10)

Patients describe a decrease in physical activity levels after their diagnosis for many
reasons and attributed this to issues such as the high number of hospital commitments
following diagnosis and the disruption a cancer diagnosis brought to normal routines.

“| started getting hospital appointments and all that kind of stuff and it put me onto a

different cycle and | stopped doing the regular exercise” (P 01)
“It was just then when | stopped that | never got back to it” (P 05)

Some were unsure of the effects of exercise post-diagnosis and reported feeling unsure
about what physical activity to undertake

“I didn’t know whether to exercise or not.” (P 02)

“What are you to say when you have a cancer that has gone into the skeleton? You just

don’t know. You just keep going as best you can” (P 04)

4.4.4. Social Support for Physical Activity

There was a large variation across the study sample in levels of support from family and
friends in relation to physical activity. When asked about family attitudes towards their
physical activity, half of participants reported their family are very supportive;

“They encourage me, like to see me up and about” (P 03)
“They want me to do it” (P 05)

“They don’t want me lying in bed. They want me to be up going around.” (P 06)
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“They say it to me as well ....you’re not out on the farm, you have to keep moving.....

They would like to see me doing something” (P 11)

In contrast, other participants felt family were indifferent to what physical activity they
completed, while others were unsure about their family’s feelings on the matter.

“They would leave it up to myself.” (P 02),
“I think they would be very uninterested....” (P 01)
“They don'’t care what | do” (P 06), “They don’t mind what | do” (P 08)

“They are happy enough...they don't like to see me on my bike though. Sometimes they

say you're too old....... not for me. | don’t think so” (P 09)

No patients mentioned that a diagnosis of metastatic prostate cancer as an issue of
concern for family members in relation to physical activity.

The majority of patients felt they were less active than their peers or felt that the level of
physical activity which they engaged with wasn’t enough. In general, participants were
unsure how their physical activity levels compared with others;

“l think at the present | would be behind a fair bit” (P 08)

“It's hard for me to know about what | do. | don't really have a bench mark to sort of

measure it. I'd say ....... I’'m not too bad” (P 04)

Of interest, one patient perceived themselves to be as active as their peers.

“I'm normal, I'm exercising as much as anybody else” (P 03)

Many patients commented on how they had no way of knowing what exercise or how
much exercise others completed;

“I don’t know what anyone else is doing” (P 10)

“l don’t see anyone else” (P 11)

4.5. Discussion

The purpose of this study was to determine the perceptions of men with metastatic
prostate cancer towards physical activity. This study outlines generic and cancer specific
barriers to physical activity perceived by patients with metastatic prostate cancer.
Patients associated the time following a diagnosis of advanced cancer with a decline in

physical activity levels. Patients had limited knowledge of the health benefits of physical
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activity, highlighting the need to increase education around physical activity post

diagnosis.

Many participants in this study reported a decrease in physical activity levels following a
diagnosis of advanced prostate cancer. This is similar to findings in previous studies of
patients with early stage breast and colorectal cancer (Irwin et al., 2003, Meyerhardt et
al., 2006). Patients in this study offered potential explanations for this decline in physical
activity levels including the disruption to daily routines caused by multiple hospital visits
and the side effects of cancer treatment. These findings are similar to those in previous
studies, where an association between common treatments for the management of bone
metastases, such as radiation therapy and chemotherapy were found (Dahele et al.,
2007, Ferriolli et al., 2012). There is however a growing body of literature examining the
benefits of maintaining and increasing physical activity levels during cancer treatment,
including chemotherapy, radiation therapy and hormone therapy (Mock et al., 1997,
Segal et al., 2009, Swenson et al., 2010, van Waart et al., 2015, Moyad et al., 2016).
Efforts are needed to increase physical activity levels of patients after diagnosis and
during the treatment stage of advanced cancer. These could include patient education
around the importance of physical activity during this time, and the provision of exercise
information leaflets, verbal advice or the referral of patients to appropriate exercise
services. Previous studies in breast cancer populations have shown even the provision
of standard public health physical activity recommendations to patients post-cancer
diagnosis can have long-term effects on physical activity engagement (Jones et al.,
2004, Vallance et al., 2008).

Study participants reported many barriers to engaging in physical activity. A number of
these barriers are similar to those reported in studies of patients with early stage disease
and indeed the general population, e.g. difficulty accessing exercise facilities and bad
weather (Hefferon et al., 2013), initiating and maintaining a regular exercise regimen (Ng
et al.,, 2012), however participants in this study also described many physical and
psychological side effects of metastatic prostate cancer as barriers to engaging in
physical activity. The spread of cancer into the bones was a cause of concern for some,
leading to uncertainty about the role of exercise. An additional worry centred on
problems relating to exercising with poor urinary and bowel control, common in men
diagnosed with prostate cancer (Glaser et al., 2013). These complex presentations
reflect why individuals with a cancer diagnosis are considered a special population in
terms of exercise prescription (Hayes et al., 2009). Physical activity barriers have proven

to be predictors of exercise behaviour (Ellis et al., 2013) and so each patient reported
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barrier needs to be examined and addressed carefully in order to optimise the

engagement of patients with metastatic cancer in physical activity.

Additionally, adverse symptoms of long-term hormone treatment were highlighted, such
as weight gain and fatigue (Galvao et al., 2007). Difficulties with weight management
while on hormone treatment, reported by participants in this study, may have contributed
to the high BMI of participants. Engaging in physical activity which involves resistance
and cardiovascular exercise has been shown to have beneficial effects on both fatigue
(Segal et al., 2003) and body composition (Galvao et al., 2006) for men on hormone
treatment. The uncertainty reported by patients regarding the type and duration of
physical activity suitable for patients with a diagnosis of metastatic cancer further
highlights the need for patient education in this area. Patients may benefit from referral
to appropriate exercise therapists specialised in the area of oncology to discuss physical
activity plans during cancer treatment and recovery. Exercise prescription by a specialist
with oncology specific education and training is a preference identified by many patients
with cancer (Karvinen et al., 2006, Jones et al., 2007), and will ensure patients with
metastatic cancer receive appropriate and achievable exercise plans which consider the
relevant physical and psychological side-effects of their stage of cancer and cancer

treatment (Hwang et al., 2008).

Participants in this study described a large variation in their perceived level of family
support for physical activity ranging from very supportive to indifferent. A previous study
of patients with brain metastases found that despite having full ambulation 49% of
patients preferred completing their physical activity with a spouse, caregiver, family or
friend. This suggests a patient need for emotional, rather than physical, support from
people close to them (Lowe et al., 2016). A number of patients in the current study
commented on the indifference of family members regarding their physical activity levels.
Often families may not discuss physical activity with patients as they feel a need to
support the patient’s autonomy and also due to the expectation of negative and
defensive reactions to suggestions regarding initiating or increasing exercise behaviour
(Rhudy et al., 2015). In a review examining the correlates of adults’ participation in
physical activity, all studies that included a measure of social support for physical activity
found a significant positive association with physical activity (Trost et al., 2002). For
patients diagnosed with cancer, social support may affect attitudes and normative beliefs
about the impact of lifestyle changes on their treatment outcomes (Coleman et al., 2014).
The importance and value of physical activity for patients with metastatic cancer should

be discussed with patients’ family members. Physical activity consultations for patients
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diagnosed with cancer may have a role in assisting patients and families to overcome
interpersonal issues. Exercise specialists treating patients with metastatic cancer should
consider the role of family support when prescribing physical activity programmes to

patients.

4.6. Clinical Implications

This study outlined many physical activity barriers associated with suboptimal activity
levels in patients diagnosed with metastatic prostate cancer. Physical activity in patients
with metastatic cancer should be encouraged in clinical practice. When symptoms of
metastatic prostate cancer are reported as barriers to engaging in physical activity,
patients should be referred to the appropriate healthcare professionals for the
assessment and management of these symptoms and for guidance on how to exercise

according to symptom severity.

4.7. Study Limitations

All participants in this study had agreed to participate in a randomised control clinical
trial involving a physical activity intervention which introduces a substantial self-selection
bias and limits the applicability of study findings to all men with metastatic prostate
cancer. While this study demonstrated that there are patients with metastatic prostate
cancer with a high disease load willing to participate in physical activity interventions,
further research is required to explore the issues identified within this study within the

wider metastatic cancer population.

4.8. Conclusion

The results of this study demonstrate that men living with metastatic prostate cancer
have unique needs regarding physical activity related to symptoms of both their cancer
and cancer treatment. There is a need to increase prompts that encourage patients with
metastatic cancer to maintain/increase their physical activity levels post-diagnosis.
Given the individualised needs of this patient group, referral to a cancer exercise
specialist should be considered for the prescription of tailored physical activity

programmes.
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5. Chapter 5a: Physical activity and advanced cancer: The
views of chartered physiotherapists in Ireland

5.1. Introduction

The following chapter explores the views of healthcare professionals towards physical
activity in patients with advanced cancer, including those with metastatic disease. The
work presented in this chapter has been published in the peer-reviewed journal
Physiotherapy Theory and Practice (Grainne Sheill, Emer Guinan, Linda O Neill, David
Hevey & Juliette Hussey (2018): Physical activity and advanced cancer: The views of
chartered physiotherapists in Ireland DOI: 10.1080/09593985.2017.1422821) (Appendix
5).

Consistent evidence supports a role for exercise training and physical activity during and
after cancer treatment to enhance physical performance, reduce fatigue levels and
improve quality of life (Dimeo et al., 1997, Courneya et al., 2003, Dimeo et al., 2003).
Despite this, physical activity participation declines substantially during treatment (Eyigor
and Kanyilmaz, 2014) and physical activity levels among cancer survivors are below
recommended levels (Lynch, 2010, Guinan et al., 2013). As described in Chapter 1 and
Chapter 3, this is a particularly pertinent issue in the advanced cancer population as
physical functioning and physical condition are among the most important determinants
of palliative patients' quality of life (QoL) (Oldervoll et al., 2006). Improved treatment
options allow patients to live with advanced or metastatic cancer for longer; however,
many patients remain inactive due to the side effects of cancer and its associated
treatments (Coleman, 2006). Physical symptoms such as pain, breathlessness, fatigue
and oedema are especially common and occur in some combination in virtually all
patients with advanced cancer (Solano et al., 2006). Pain, depression, and fatigue are a
symptom cluster associated with reduced physical functioning (Laird et al., 2011).
Despite this, studies have also shown that exercise training is safe during and after
cancer treatment (Brown et al., 2003, Knols et al., 2005, Schmitz et al., 2010) and
systematic reviews have determined that both resistance and aerobic activity
programmes are both safe and beneficial for patients with metastatic disease (Beaton et
al., 2009, Albrecht and Taylor, 2012). Additionally, patients with a life expectancy of <1
year are willing and able to attend physical activity programmes (Oldervoll et al., 2005).
Physiotherapists, also known globally as physical therapists, work closely with patients
to alleviate the physical side effects of cancer and its treatment, and encourage physical

activity. Physiotherapy involvement in the later and terminal stages of disease can
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enable patients to improve QoL, as physiotherapists use their knowledge and skills to
highlight the importance of physical activity in the management and reduction of cancer
related side effects (Okamura, 2011). To date, there are no exercise guidelines
specifically for patients with advanced or metastatic cancer. It is recommended that all
patients with cancer (receiving treatment, following treatment, curative and palliative)
complete 150 minutes/week moderate-intensity aerobic exercise or 75 minutes/week of
vigorous exercise, as prescribed for a healthy population (Thompson et al., 2013).
However, due to the complex symptoms of an advanced state of disease, many patients
with metastatic disease require tailored exercise guidance (Cormie et al., 2013). For
example, patients with bone metastasis require exercise programmes that consider the
level of morbidity associated with the location and type of their metastatic lesion. As a
consequence of their individual needs, many patients seek out, or are referred to
physiotherapists for physical activity recommendations and guidance.

Physiotherapists make physical activity recommendations and guide patients through
cancer rehabilitation programmes based on their clinical knowledge and the best
available evidence (Wolin et al., 2012). The lack of specific guidelines regarding exercise
prescription for patients with advanced cancer is noticeable and may have implications
for chartered physiotherapists practicing in this area in Ireland and further afield.
Prescribing exercise and physical activity to patients with advanced cancer in both
inpatient and outpatient settings may present many challenges to therapists due to the
complexity of this disease presentation and the concurrent pharmaceutical
management. The views held by physiotherapists have previously shown an association
with clinical practice behaviour (Bishop et al., 2008). The Health Belief Model (HBM) is
a framework that may be used to explore the views of physiotherapist in order to gain a
greater understanding of the current clinical practice around prescribing physical activity
to patients with advanced cancer. The HBM suggests that a set of attitudes or beliefs
lead to behaviour (Janz and Becker, 1984). This study will use the constructs of the HBM
to examine physiotherapists’ views of physical activity, including its benefits and barriers,
for the advanced cancer population. Physiotherapists’ self-efficacy around prescribing
physical activity to this patient group will be examined, as well as any perceived cues to
action or activation strategies which may trigger increased physical activity levels in this

patient population (Rosenstock and Hochbaum, 1961, Deo et al., 2013).
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5.2. Study Aims and Objectives

The overall aim of this study was to explore physiotherapists’ views of physical activity

for patients with advanced cancer. The specific objectives of the study were:

a) To describe Irish chartered physiotherapists’ views on the role of physical activity
for patients with advanced cancer.

b) To explore physiotherapists’ prescription of physical activity for two case studies
of patients with advanced cancer.

5.3. Materials and Methods

5.3.1. Study design

This study used a mixed methods study design, involving both quantitative and

gualitative questions as discussed in Chapter 2 (Section 2.1.1 & Section 2.2.1).

5.3.2. Participants

A link to an online questionnaire and participant information leaflet were sent to the
physiotherapy managers of the eight designated cancer centres in Ireland (Four in
Dublin, and one in each of Cork, Galway, Limerick and Waterford) for distribution to all
physiotherapists working in these centres. The Irish Society for Chartered
Physiotherapists’ office also distributed the survey among the national clinical interest
groups for Chartered Physiotherapists in Oncology and Palliative Care (n=55) and
Chartered Physiotherapists in the Community (n=113). Only physiotherapists treating
patients with advanced cancer were asked to complete the online survey. The study
protocol was approved by the Trinity College Faculty of Health Sciences Ethics
Committee (Ref: 20150609).

5.3.3. Study Instrument

Using an online survey service (via SurveyMonkeyTM, SurveyMonkey.com, LLC, Palo
Alto, CA, USA) an anonymous questionnaire was created. The survey included
demographic questions; 10 attitude questions based on the guiding principles of the

Health Belief Model (Janz and Becker, 1984), and two case study questions.
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Demographic information was collected relating to the physiotherapist’s job title, years
of experience and place of work. Physiotherapists’ views of prescribing physical activity
to this population were assessed by 10 statements rated on a 7-point Likert scale,
ranging from 'strongly agree' to 'strongly disagree'. The items assessed included

statements on the benefits and safety of exercise for this population.

The survey also included two patient case studies. These case studies were specifically
designed by the research team to represent typical advanced cancer patients referred
for outpatient physiotherapy in a national clinical centre.

Case Study 1:

Patient 1 is 86 years old with widespread axial metastases secondary to prostate cancer.
He has few co-morbidities and has been active all his life. During his consultation he
mentions to you that he plans on remaining active and continuing activities, which

include manual labour in the garden and playing golf every day.

Case Study 2:
Patient 2 has stage IV prostate cancer with bone metastases to his proximal femur and
pelvis. He has a poor relationship with physical activity and multiple co-morbidities. He

feels that his diagnosis with cancer is another reason to limit his physical activity.

Physiotherapists were asked to provide physical activity recommendations for patients,
as well as outline any concerns they had relating to physical activity in the cases
provided. Responses were open ended. All response data was stored on a password

accessed server and the survey was live for a six week period.

5.3.4. Analysis

Data was exported to SPSS for analyses. Physiotherapists’ views towards
recommending exercise were analysed using descriptive statistics. Text-based
responses to open-ended questions related to the case studies were analysed using
content analysis (Hsieh and Shannon, 2005). In accordance with the aims of the study,
analysis focused on physical activity recommendations and concerns around physical
activity. The author read a document comprising all participant responses several times
to permit familiarisation with the data and to identify initial patterns. An initial coding

scheme was developed after the first ten responses that guided the coding of all
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remaining responses. Codes were then sorted into emerging categories based on
relations between codes and then summarised into emerging themes. To increase the
rigour of the analysis, a second author (LON) analysed all responses independently and
combined results with the first author. There were very high levels of agreement in the
coding of categories between the two researchers, with no instances of significant

disagreement.

5.4. Results

5.4.1. Physiotherapists’ Information

A total of 38 physiotherapists responded to the survey (Table Xl). Of this, the majority of
physiotherapists were senior physiotherapists (physiotherapists holding a minimum of
three years' post-qualification clinical experience), followed by basic grade or entry level
physiotherapists. A small proportion of respondents were clinical specialists
(physiotherapists holding a minimum of five years' post-qualification clinical experience
and a postgraduate qualification relevant to the post) or managers. The majority of
physiotherapists were qualified between 10 and 20 years (n=16 (42%)) or over 20 years
(n=11 (29%)) followed by therapists qualified between 5-10 years (n=6 (16%)) or less
than 5 years (n=5 (13%)).

Physiotherapy Grade Numb(ire?:er:ts:;er;dents
Basic Grade 8 (21%)
Senior 25 (65%)
Clinical Specialists 2 (6%)
Managers 3 (8%)
Area of Work
Hospital Setting 13 (34%)
Community Setting 20 (53%)
Private Practice 1(3%)
Hospice Care 4 (10%)

Table XII Participant Characteristics
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5.4.2. Physiotherapists’ views towards physical activity

The vast majority of physiotherapists agreed with the statement “being physically active
is important for patients with advanced cancer” (94%, Table XllI). Additionally, a high
proportion of physiotherapists agreed that patients with advanced cancer are capable of
completing physical activity programmes and also reported prescribing physical activity
to this patient population regularly (Table XII). In response to a statement about how
confident physiotherapists felt when prescribing exercise to patients with advanced
cancer, a large number of physiotherapists agreed that they were confident however a
high number of physiotherapists also agreed that there is a need for further information
on prescribing physical activity recommendations to patients with advanced cancer.
Physiotherapists did not strongly agree that there are cues to action (e.g. such as
encouragement from friends and family) that encourage patients with advanced disease

to increase physical activity levels (Table XII).
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Question:

Strongly Agree

Mostly /
Somewhat Agree

Neither Agree
or Disagree

Somewhat /

Strongly

(n) ") ") Mostly Disagree (n) Disagree (n)
Perceived benefits and barriers:
In my opinion being physically active is important for patients with advanced 11 (31%) 22 (63%) 1(3%) 1(3%) 0 (0%)
cancer 0 0 0 0 0
| feel that patients with advanced cancer are capable of completing physical 9 (26%) 23 (66%) 1(3%) 2 (6%) 0 (0%)
activity programmes 0 0 0 0 0
| feel that patients with advanced cancer come to me for physical activity 4 (11%) 19 (54%) 3 (9%) 9 (26%) 0 (0%)
recommendations
In my opinion increasing physical activity levels in patients with advanced 6 (17%) 23 (66%) 2 (6%) 3 (9%) 1(3%)
cancer is safe 0 ° 0 0 0
| find providing physical activity recommendations to patients with advanced 2 (6%) 24 (69%) 2 (6%) 7 (20%) 0 (0%)
disease is usually well received
Cues to action:
| feel that patients with advanced cancer believe they should remain physically 3 (9%) 15 (43%) 4 (11%) 13 (38%) 0 (0%)
active
| feel patients with advanced cancer will follow the advice of physical activity
recommendations given 0 (0%) 22 (63%) 6 (17%) 7(20%) 0 (0%)
| find the families and friends of patients with advanced cancer encourage 1(3%) 16 (45%) 6 (17%) 11 (31%) 1(3%)
physical activity
Self-Efficacy:
| am confident in my ability to prescribe exercise to patients with advanced 8 (23%) 19 (54%) 3 (9%) 5 (14%) 0 (0%)
cancer 0 ° 0 ° 0
| regularly prescribe physical activity recommendations to patients with 10 (29%) 20 (57%) 3 (9%) 2 (6%) 0 (0%)
advanced cancer 0 ° 0 0 0
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Table XlIl Physiotherapists' views towards physical activity and advanced cancer
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5.4.3. Case Study Responses

Themes and sub-themes which emerged from content analysis of therapists responses
to case study scenarios are listed in Table XIII.

Theme Sub-theme

Exercise Prescription Type and Intensity of Exercise

Need for Medical Clearance

Complex Decision Making

Therapists need for further CPD in this population

Benefits of Exercise Mental Health

Side-effects of Treatment

Physiotherapists Concerns | Increased fracture risk

Need for thorough patient assessment

Bone Heath of Patient

Patient Risk of Falls

Table XIV Patient Case Studies: Themes and Sub-themes

5.4.3.1. Case Study 1: Prescribing physical activity

Physiotherapists outlined the importance of patients maintaining their physical activity
levels; “I feel physical activity is an important adjunct to this man’s treatment” (Participant
(P) 17, Case Study (CS) 1). Engaging in physical activity was seen by another
respondent as; “paramount to his mental health” (P4, CS1). When discussing exercise
prescription, physiotherapists referenced the existing exercise guidelines for all cancer
patients; “/ would encourage him to be active for at least 30mins 5 times per week and
working to an intensity in which he is slightly puffed” (P19, CS1). Many also stated that
the patient should gauge exercise tolerance by common symptoms; "We would discuss

pacing activities within his limits of pain and energy levels” (P7, CS1).
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5.4.3.2. Case Study 1: Concerns related to physical activity

Numerous respondents reported some concern when prescribing physical activity to this
patient; “| would feel relatively comfortable although concerned with his age, mets and
demands of golf” (P04, CS1). Concern centred on the possibility of increasing harm to
the patient, in many cases due to the presence of bone metastasis; “There is a risk of
bone fracture if activity is not properly prescribed” (P23, CS1). Physiotherapists
suggested adapting this patient’s current activities to ensure safety and comfort for
patients; “may need to modify some of how he does his garden” (P18, CS1), “he may
have to modify some tasks” (P10, CS1). Only two physiotherapists suggested what these
modifications may entail: one stated they would “consider positioning, use of equipment”
(P22, CS1) and another suggested the patient could focus on “positions to reduce strain
on his back, possibly wearing a corset for some activities” (P25, CS1). While some
physiotherapists mentioned modifying activities, others suggested limiting any high
intensity activities; “Not necessarily to discourage him but to set boundaries that he
should be aware of when exercising” (P16, CS1). Responses by some physiotherapists
demonstrated uncertainty about how to gauge intensity; “I would wonder if | am working

this patient at too high or low an intensity to get benefit/harm from exercise” (P13, CS1).

5.4.3.3. Case Study 2: Prescribing physical activity

Physiotherapists were happy to initiate a discussion with this patient about physical
activity; “I would feel very comfortable discussing physical activity options” (P26, CS2).
Activities to enable functional independence and activities that were enjoyable for this
patient were encouraged. Discussing physical activity was seen by 29% (11/38) of
physiotherapists as an opportunity to educate this patient on the benefits of physical
activity for managing cancer related symptoms and side effects of treatment.
Physiotherapists recognised there may be an element of fear preventing this patient from
increasing his physical activity; “This patient may be frightened by his bone Mets” (P20,
CS2), and responses highlighted that with encouragement and reassurance the patient
may increase physical activity levels; “Hopefully with education and guidance, he may
be confident to exercise” (P23, CS2). In contrast to case study 1, respondents reported

greater confidence in prescribing physical activity to the participant in case study 2.
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5.4.3.4. Case Study 2: Concerns related to physical activity

In case study 2, physiotherapists indicated a need to complete a multifactorial
assessment before prescribing increases in physical activity. Physiotherapists felt the
patient’'s pre-morbid status, fatigue levels, pain levels and risk of cachexia all needed
thorough assessment. The theme of causing harm to the patient arose in responses to
this case study also. 18% (7/38) of physiotherapists reported a need to discuss the
patient’'s exercise capacity with the medical team or GP prior to prescribing physical
activity; “Risk of fracture would need to be discussed at MDT level before | would discuss
PA with this patient” (P19, CS2). Concern related to physical activity prescription with
this patient again centred on bone fragility; “he is at increased risk of osteoporosis and
fractures” (P11, CS2). Pain was mentioned as an indication to limit activity by many
physiotherapists; “Stop if there is any pain or discomfort” (P7, CS2), “1 would be guided
by pain in his pelvis/hip area” (P18, CS2). There were varying responses regarding the
amount of weight bearing this patient could tolerate during physical activity; “The type of
exercise would need to consider weight bearing limitations and what alternative options
there are” (P22, CS), “He would be suitable for non-weight bearing activities” (P25, CS2).
While many physiotherapists discussed potential aerobic activities suitable for patients,
a small percentage of physiotherapists mentioned concerns in relation to prescribing
resistance exercise for this patient; “Functional strength training without specific weight
resistance exercise” (P24 CS2), “Activity prescribed would be based on more functional

activity rather than specific weight resistance exercise” (P25 CS2).

5.5. Discussion

The majority of physiotherapists perceived physical activity to be of great benefit for
patients living with advanced cancer. Despite the known benefits of remaining physically
active there was some ambiguity over the optimal approach to exercise prescription to
this population. The complex nature of prescribing physical activity to this patient group
was a theme evident throughout qualitative responses. Physiotherapists’ perceived cues
to action suggest that patients with advanced cancer have limited exposure to factors

that may prompt increased physical activity levels.

Physiotherapists expressed varying levels of confidence in prescribing physical activity
to patients with metastatic disease. This may result in poor implementation of the positive
findings of exercise trials in the clinical setting (Beaton et al., 2009, Albrecht and Taylor,

2012). Despite the growing body of evidence, physiotherapists reported much
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uncertainty regarding the optimal physical activity parameters for this patient group.
While some exercise recommendations given by participants reflected the results of
newly established research, others reflected older practices in the area of cancer
exercise therapy. The high proportion of respondents working clinically for greater than
ten years may have influenced their views towards physical activity. Many treatment
options for patients with cancer have developed during this time, as have advances in
exercise prescription (Cormie et al., 2013, Okamura, 2011). As evidenced in the
systemic review presented in Chapter 2, in early studies, patients with advanced cancer
were excluded from many physical activity programmes due to the risks associated with
bone metastasis (Adamsen et al., 2009). There are now an increasing number of clinical
trials in the advanced cancer population, including patients with bone metastasis (Temel
et al., 2009, Cheville et al., 2010, Bourke et al., 2011, Oldervoll et al., 2011, Lowe et al.,
2013, Bourke et al., 2014). Aerobic exercise programmes of up to twelve weeks’ duration
have been completed by patients with advanced cancer, with no adverse events
reported (Quist et al., 2012). Despite this, patients were perceived by physiotherapists
as highly susceptible to injury due to their advanced stage of disease. The
recommendations of clinical studies in this area should be used by physiotherapists to

inform physical activity prescription to similar patient groups in clinical practice.

While physiotherapists perceived physical activity to be of benefit to patients, multiple
barriers to prescribing physical activity emerged in qualitative responses. Resistance
programmes were not encouraged by physiotherapists in both case studies due to
concerns about pathological fractures. Despite this, recent trials prescribing resistance
exercise programmes for patients with metastatic disease studies have shown very
promising results. Perceived barriers are the strongest and most significant determinant
of healthcare related behaviour, and it is important that the barriers reported by
physiotherapists are addressed (Orji et al., 2012).There is a need for more education
and training around methods of adapting resistance exercise programmes for advanced
cancer populations, as implemented in previous clinical studies (Temel et al., 2009,
Cormie et al., 2013). There was also uncertainty among physiotherapist in relation to the
suitability of weight bearing activity to this patient group. No differences in the rate of
pathological fracture have been reported in previous studies comparing weight bearing
to non-weight bearing activity (Bunting and Shea, 2001) and pain free weight bearing
activity should be encouraged (Riccio et al., 2007). There is growing evidence supporting
the efficacy of appropriately designed and supervised resistance and weight bearing
activities to patients with advanced cancer. Increased awareness of this research may

help to decrease physiotherapists’ perceived barriers to prescribing physical activity.
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Educational efforts targeting physiotherapists’ concerns and misconceptions about the
prescription of physical activity for patients with advanced disease may help to reduce
the level of concern related to prescribing physical activity in this population. In-service
training and journal clubs on the topic of physical activity and advanced disease could
be used to increase physiotherapist’s exposure to the evolving medical literature in this

area.

Physiotherapists’ perceived cues to action suggest patients with advanced cancer have
limited exposure to factors that may prompt increased physical activity levels. Given the
importance of physical activity in cancer control, physiotherapists have an increasingly
important role in introducing patients to an exercise environment, but also in educating
both patients and their carers on the important role of physical activity in maintaining and
optimising physical function (Courneya and Friedenreich, 2007). Responses in this study
indicate that further efforts are needed to educate patients living with advanced cancer
on the role of exercise in managing symptoms and improving function. Additionally,
physiotherapists’ perceptions of patients’ families and friends’ supportiveness for
physical activity suggest that education efforts should also extend to this group.
Consultation with a physiotherapist may serve as an important cue to action for patients
with advanced disease to maintain or increase physical activity levels, as advice on the
benefits of exercise can be shared and discussed. Additional cues to action are also
needed. One study examining the attitudes of Canadian oncologists towards
recommending exercise to patients with cancer found a relatively low proportion of
oncologists (29.5%) felt that their patients were capable of exercising during treatment
(Jones et al.,, 2005), suggesting that healthcare professionals may benefit from
education and training in the area of exercise oncology. All healthcare professionals can
act as external triggers to encourage patients to increase physical activity levels during
or after cancer treatment. Physiotherapists should advocate for the role of physical
activity in advanced disease and encourage clinicians to promote physical activity in this

population (Daley et al., 2008).

5.6. Study Limitations

A detailed medical history was not provided for the case studies provided in this study.
The provision of more detail relating to case studies may have influenced physiotherapist
responses regarding physical activity prescription. The case studies were generated

specifically for use in this research and its validity requires additional testing as no pilot
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study was conducted on the material. However, case studies were developed based on
patient cases observed in a national cancer centre and therefore have good clinical

applicability and relevance.

5.7. Study 5a: Conclusion

The majority of physiotherapists perceived exercise to be of great benefit for patients
living with advanced cancer, and regularly prescribe physical activity to this patient
group. Despite this, physiotherapists reported ambiguity over the optimal parameters for
physical activity prescription. More work is needed to disseminate the results of research
in this area among physiotherapists. Physiotherapists’ perceived cues to action suggest
patients with advanced cancer have limited exposure to factors that may prompt
increased physical activity levels. Physiotherapists should advocate for the benefits of
physical activity for patients with advanced disease.

Chapter 5b: Physical Activity and Advanced Cancer: The Views
of Oncology and Palliative Care Physicians in Ireland

5.8. Chapter 5b: Introduction

This chapter will examine the beliefs of Irish physicians regarding physical activity
recommendations for patients with advanced cancer and explore any potential
concerns regarding physical activity engagement in this population using a scenario-
based survey. The work has been peer reviewed and published in the Irish Journal of
Medical Science (Grainne Sheill, Emer Guinan, Linda O’Neill, David Hevey & Juliette
Hussey (2017): Physical Activity and Advanced Cancer: The views of Oncology and
Palliative Care Physicians in Ireland DOI: 10.1007/s11845-017-1677-X) (Appendix 6).

Patients receiving or completing treatment for advanced cancer have substantially lower

physical activity levels than the general population. In one study that examined the
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physical activity levels of 71 patients with metastatic breast cancer, participants attained
only half of the steps per day achieved by age-matched healthy controls (5,434 + 3,174
vs. 9,635 + 3,327) (Yee et al., 2014). Additionally, 85% of participants did not achieve
>8,000 steps a day: the level at which most health benefits are achieved in older
populations (Ewald et al., 2014). Systematic reviews provide evidence that higher
physical activity levels in patients with advanced cancer are associated with greater
quality of life and improved physical status (Beaton et al., 2009, Albrecht and Taylor,
2012). Therefore, there is a need to explore ways to maximise physical activity levels in
patients at this stage of the cancer trajectory.

As outlined in Chapter 5a, all healthcare professionals can act as external triggers to
encourage patients to increase physical activity levels during or after cancer treatment.
In particular, evidence suggests that oncologists may play an important role in enhancing
exercise levels in patients with cancer (Jones et al., 2005). The majority of patients with
cancer prefer oncologist initiated exercise discussions to discussions they initiate
themselves (Jones and Courneya, 2002). However, a UK study found 56% of breast
care oncologists and surgeons did not routinely discuss physical activity with their
patients (Daley et al., 2008). Similarly, in a US study 38% of oncologists and surgeons
reported that they did not enquire about patients’ activity levels (Karvinen et al., 2010).
Collaboration with physicians around physical activity goals has been shown to improve
patients' healthcare outcomes (Martin et al., 2005). A single-blind randomised control
trial demonstrated that a brief oncologist prompt to exercise during treatment
consultations significantly increased physical activity in patients with newly diagnosed
breast cancer by a mean of 3.4 MET-hour per week (95% CI 0.7-6.1 MET-h per week)
(Jones et al., 2004).

Oncologists may also be an important source of motivation for patients living with
advanced cancer. Studies examining the attitudes of oncology care providers towards
recommending exercise for patients with early stage cancer have identified limited
knowledge on how or where to refer a patient to exercise and safety concerns as the
main barriers to discussion about exercise (Park et al., 2015, Nadler et al., 2017).
However, there is little information regarding clinicians’ attitudes towards recommending
physical activity to patients with advanced stages of disease. Given the many physical
and psychological side effects of advanced cancer, oncologists’ attitudes towards this
group may differ from the attitudes towards prescribing physical activity to patients with

early stage disease. Additionally, the presence of bone metastases in many patients with
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advanced cancer may affect the perceptions of oncologists around the safety of exercise

in this population.

5.9. Study aims and objectives

The overall aim of this study was to examine the views of Oncology and Palliative Care
Physicians in Ireland towards physical activity in patients with advanced cancer. The
specific objectives of this study were:
e To determine the beliefs of Irish physicians regarding physical activity
recommendations for patients with advanced cancer
e To explore any potential concerns regarding physical activity engagement in
this population using a scenario based survey.

5.10. Materials and Methods

5.10.1. Study design

This study used a mixed-methods study design, involving both quantitative and
qualitative questions as described in Chapter 2 (Section 2.1.1 & Section 2.2.1). Data
was collected using an online questionnaire. Participants received the survey by email,
via their contact details listed in the Irish medical directory or palliative care group. A

reminder email was sent at 4 weeks.

5.10.2. Sampling and Recruitment

The study was conducted among a convenience sample of consultant radiation and
medical oncologists in Ireland, and members of the Irish palliative care consultants
group. Physicians were senior doctors who had completed speciality training in the area

of oncology or palliative care.

5.10.3. Study Instrument

An anonymous online survey (via SurveyMonkey.com, LLC, San Mateo, CA, USA) was

created. Participants received the survey by e-mail, via contact details listed in the Irish
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medical directory or palliative care group. Consent was implied through completion of
the survey. All response data was stored on a password accessed server. A reminder

e-mail was sent at 4 weeks by the study gatekeeper.

The survey included demographic questions, ten attitude questions (rated on a 7-point
Likert scale, ranging from 'strongly agree' to 'strongly disagree'), and questions relating
to two case studies about patients with bone metastases. These two contrasting case
studies were chosen as they were representative of typical presentations of patients with
bone metastases attending an outpatient oncology clinic in a national cancer centre.

Case Study 1:

Patient 1 is 86 years old with widespread axial metastases secondary to prostate cancer.
He has few co-morbidities and has been active all his life. During his consultation he
mentions that he plans on remaining active and continuing activities, which include

manual labour in the garden and playing golf every day.

Case Study 2:
Patient 2 has stage IV prostate cancer with bone metastases to his proximal femur and
pelvis. He has a poor relationship with physical activity and multiple co-morbidities. He

feels that his diagnosis with cancer is a reason to limit his physical activity.

Physicians were asked to provide open text comments describing whether they would
be happy to provide physical activity recommendations for the patients and to outline
concerns, if any, relating to physical activity prescription in the cases provided. An open
ended text box was provided at the end of the survey for additional comments regarding

exercise prescription for patients with advanced cancer.

5.10.4. Ethical Approval

The study protocol was approved by the Trinity College Dublin Faculty of Health
Sciences Ethics Committee (Ref: 20150609).

5.10.5. Data analysis

Descriptive data are presented as the mean (standard deviation (SD)) for continuous

data and frequency (percentage) for categorical data. Text-based responses to open-
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ended questions related to the case studies were analysed using content analysis (Hsieh
and Shannon, 2005). Each response was coded independently by two of the authors,

and codes were compared for inter-rater agreement.

5.11. Results

5.11.1. Participant Characteristics

A total of 98 radiation oncologists, medical oncologists and palliative care physicians
were contacted, and 40 responses were received, a response rate of 41%. Details of the
demographic profile of participants are presented in Table XIV. The majority of
respondents were specialised in palliative care (57%, n=23) and were practicing for over
10 years (82%, n=32). The majority of physicians (55%) reported discussing physical

activity with over half of their patient caseload.

Variable N %
Speciality
Radiation Oncology 9 23%
Medical Oncology 8 20%
Palliative Care 23 57%
Number of Years Practicing
1-5 years 1 3%
5-10 years 7 17%
10-20 years 19 48%
Over 20 years 13 32%
Primary Tumour Group
Breast 5 22%
Genitourinary 6 26%
Multiple 12 52%
Primary tumour group not identified 17 42%
Number of physicians initiating
discussions about PA during
consultations
With 0-25% of patients 2 5%
With 25-50% of patients 14 35%
With 50-75% of patients 10 25%
With 75-100% of patients 12 30%
No response given 2 5%
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Table XV Demographic Characteristics of Physicians

PA: Physical Activity

Table XV provides a summary of physicians’ responses to the structured questionnaire.
All physicians agreed with statements 1 and 2, that physical activity is important and safe
for patients with advanced cancer. The majority of physicians (67% n=26) agreed
patients look to them for physical activity recommendations and 74% (n=23) felt that
patients would follow any physical activity recommendations given. Less than half of
physicians (44%, n=17) agreed that the family and friends of patients encourage physical
activity. A large proportion of physicians (77%, n=30) expressed a need for more

information on providing physical activity recommendations to this patient cohort.
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Neither

for this patient group

Strongly Mostly Somewhat Somewhat Mostly Strongly
Agree Agree Agree Agree or Disagree Disagree | Disagree
Disagree
In my opinion being physically active is important for o o o o o o o
patients with advanced cancer 22 (56 %) 14 (36 %) 2(5%) 0(0%) 1(3%) 0(0%) 0(0%)
In my opinion being physically active is safe for o o o o o o o
patients with advanced cancer 8 (21 %) 26 (67 %) 5(13%) 0(0%) 0(0%) 0(0%) 0(0%)
My fellow clinicians feel physical activity is important o o o o o o o
for patients with advanced cancer. 5 (13 %) 16 (41 %) 9 (23 %) 7 (18 %) 0 (0 %) 13 %) 13 %)
| feel that patients with advanced cancer believe they o o o o o o
should remain physically active 2(5%) 8(21%) 17.(44 %) 1(3%) 10 (26%) 1(3%) 0(0%)
| feel 'that pa'tignts with advancgd cancer look to me for 1(3%) 12 (31%) 13 (33%) 8 (21 %) 3(8 %) 2 (5 %) 0(0 %)
physical activity recommendations
I find that providing physical activity recommendations
to patients with advanced disease is usually well 4 (10 %) 16 (41 %) 12 (31 %) 4 (10 %) 3 (8 %) 0 (0 %) 0 (0 %)
received
I feel_that payignts with advancc_ad cancer will follow the 2 (5 %) 7 (18 %) 20 (51 %) 4 (10 %) 5 (13 %) 1(3%) 0 (0 %)
physical activity recommendations given
I find that families and friend_s of pa_tients with 1 (3%) 6 (15%) 10 (26%) 7 (18 %) 8 (21 %) 7 (18 %) 0 (0 %)
advanced cancer encourage physical activity
I am confident in my ability to prescribe exercise to o o o o o o o
patients with advanced cancer 1 (3%) 9 (23 %) 10 (26%) 9 (23 %) 3 (8 %) 5 (13 %) 2 (5 %)
| feel thatl need more information on providing
physical activity recommendations to patients with 7 (18 %) 16 (41 %) 7 (18 %) 6 (15%) 1 (3%) 2 (5 %) 0 (0 %)
advanced cancer
I regularly consider onward referral to physiotherapy 13 (33%) 7 (18 %) 9 (23 %) 4 (10 %) 0 (0 %) 4 (10 %) 2 (5 %)

Table XVI Physicians Attitudes towards Physical Activity
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5.11.2. Case study responses

There were a number of common concerns with exercise prescription reported by
physicians in relation to the two case studies presented (Table XVI). Further information
on responses is described below. Common concerns reported by physicians were also
mentioned in the context of associated risk factors. For example, while physician were
concerned about the risk of spinal cord compression in metastatic patients, this was
related to the risk of vertebral fracture and spinal instability. Importantly, a number of
physicians associated increased physical activity levels with the aggravation of symptom
control e.g. pain control and fatigue levels.

Concerns reported by
physicians (n, %)

Associated risk factor(s)
identified by physicians

Pathological Fracture
(26, 65%)

Presence of bone metastases
Osteoporosis
Androgen Deprivation Therapy

Sedentary Behaviour

Spinal Cord Compression
(14, 35%)

Vertebral Fracture
Spinal Instability

Aggravation of symptom control
(8, 20%)
Eg. Fatigue, Pain

Sudden increase in physical activity
levels

Poor manual handling techniques
Concern re. heavy lifting

Poor baseline activity levels
Table XVII Physical Activity Concerns Reported by Physicians.

Musculoskeletal Injury
(5, 12%)

The associated risk factors are also provided. For example, physicians were concerned
about pathological fractures due to the presence of bone metastases.

Case Study 1
All physicians were happy to discuss physical activity with this patient. They emphasised

the need for this patient to continue to maintain daily activity levels. “I would routinely
encourage patients to maintain existing levels of physical activity if they feel they are
able” (PHY09). Physicians described the many benefits associated with prescribing
physical activity including limiting the side effects of treatments, reducing cardiovascular
risk, weight management, limiting cachexia/muscle loss and fatigue. There was
disagreement among physicians about the suitability of weight bearing exercise for this

patient “On ADT there is a risk of muscle loss and osteopenia so weight bearing exercise
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is important” (PHY011), “(he) would need not to engage in weight bearing activities”
(PHY027). 5% of physicians considered onward referral to spinal surgeons and

physiotherapy for further assessment.

Case Study 2
All physicians, except one, stated they would be happy to recommend physical activity

to this patient. The participant who reported that they would not discuss physical activity
with this patient stated that they would like to know this patient’'s Mirel's fracture risk
score, “....might need expert ortho/physio advice re weight bearing if fracture risk high”
(PHY10). The majority of physicians mentioned the need for a multifactorial assessment
of this patient prior to physical activity recommendation. “Current performance status
and pain control plus review/knowledge of imaging would inform any recommendations
(PHY012)”. Physicians commented on this patient’s poor baseline activity levels, “/ think
this gentleman will struggle to exercise...he's definitely someone that | would consider
referral for an exercise programme as it would be customised to him and hopefully he
may adhere to it”(PHYO011). Physicians considered onward referral to orthopaedic teams
and outpatient physiotherapy for advice regarding weight bearing exercise and fracture
risk.

In the additional comments for this survey, physicians commented on the lack of exercise
prescription services available for patients living with advanced cancer “There is no
mechanism to prescribe exercise in a supervised setting” (PHY07). A small number of
participants mentioned a poor attitude towards prescribing exercise in Ireland “Should
be encouraged, it's free and in my experience oncologists prefer to prescribe a drug,
despite good quality evidence” (PHY020). “Cult of mind yourself, do nothing and take

supplements as opposed to high protein diet and exercise is strong in Ireland” (PHY027).

5.12. Discussion

The results of this study demonstrate that medical and radiation oncologists, and
palliative care physicians consider physical activity to be important for patients with
advanced cancer. Additionally, all respondents believed that physical activity is safe for
patients with advanced cancer. The majority of physicians reported that patients look to
them for physical activity recommendations and many physicians identified a need for
more information on providing physical activity recommendations for patients with
advanced cancer. The percentage of physicians that reported discussing physical

activity with their caseload appears similar to the number of oncology physicians
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discussing physical activity with patients in comparable studies from Canada, Australia
and the UK (Jones et al., 2005, Daley et al., 2008, Keogh et al., 2015). Cancer patients
who report that their oncologist discussed exercise during treatment consultations have
been shown to have higher levels of exercise during subsequent treatment (Jones and
Courneya, 2002), highlighting the benefit of discussion between physicians and patients
regarding physical activity. A large proportion of physicians in this study were confident
that patients would comply with any exercise recommendations given but were not
confident in their own ability to prescribe exercise, highlighting the need for greater
education around the role of exercise for patients with advanced cancer for health care
providers. Interestingly, physiotherapists in Chapter 5a looked to physicians regarding
instructions for exercise prescription in this cohort, however physicians themselves
would look to physiotherapists for advice. This highlights the need for further education
regarding physical activity in advanced disease among all healthcare professionals.
There is a growing body of evidence detailing the benefits of aerobic and resistance
exercise for patients with symptoms of advanced stage disease, including fatigue and
breathlessness (Bourke et al., 2011, Bourke et al., 2014) as well as bone or visceral
metastases (Oldervoll et al., 2006, Cormie et al.,, 2013). There is a need to create
educational opportunities across oncology related specialities to disseminate these
updates in exercise oncology literature. Greater knowledge on the many benefits of
exercise in this population may encourage more physicians to initiate discussions about

physical activity with patients.

Physicians expressed many concerns regarding physical activity in case studies
involving patients with bone metastases, centred on the risk of pathological fracture and
the risk of spinal cord compression. This is a significant issue for patients with bone
metastases. However, as outlined in Chapter 1, there is evidence that individually
prescribed physical activity programmes can be safely introduced for patients with many
symptoms of advanced disease, including bone metastases (Oldervoll et al., 2006,
Bourke et al., 2011, Oldervoll et al., 2011, Cormie et al., 2013, Bourke et al., 2014). In
these studies, which describe no adverse events, all physical activity programmes were
prescribed to reduce the loading and sheer forces put on an area of metastases.
Exercise prescription by exercise specialists may be essential for safe and appropriate
exercise participation in this cohort. If a risk of fracture is perceived as a barrier to
exercise, tools to stratify risk of fracture can be used. Mirels’ classification system for
impending pathologic fracture is a valid screening tool for metastatic lesions in long
bones (Jawad and Scully, 2010). As discussed in Chapter 1, the Mirels’ system classifies

the risk of pathologic fracture based on scoring four variables on a scale of 1-3: location
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of lesion, radiographic appearance, size, and pain. An overall score is calculated, and a
recommendation for or against prophylactic fixation is made (Jawad and Scully,
2010). While traditionally used to identify patients in need of prophylactic fixation, this
classification system could also be used to help health professionals identify patients at

low risk of pathological fracture and suitable for exercise interventions.

Many physicians in this survey considered onward referral to further exercise
prescription services such as supervised exercise programmes or outpatient
physiotherapy; however, others commented on the lack of these services nationally.
Referral to exercise specialists is not a part of the standard care received by oncology
patients in Ireland. Irish cancer survivors have identified a striking lack of contact with
health professionals that might be influential in facilitating recovery and rehabilitation
(Ivers, 2009). In contrast, the American College of Surgeons Commission on Cancer
produced a standard that all accredited institutions provide cancer rehabilitation
services, which has spurred healthcare providers in the United States to develop cancer
rehabilitation programmes across diverse delivery settings (Surgeons, 2016).
Additionally, the Institute of Medicine recommends the use of survivorship care plans
that include recommendations and information regarding health promoting behaviours
(Salz et al., 2012). Despite this, the integration of rehabilitation and survivorship exercise
into standard clinical cancer care, continues to remain the exception rather than the norm
(Santa Mina et al., 2012). Established clinical rehabilitation models such as cardiac
rehabilitation and pulmonary rehabilitation incorporate supervised, progressive exercise
training with multi-disciplinary management of disease specific side-effects. These
clinical models may be easily transferrable to the cancer context and provide a way to

incorporate rehabilitation into the cancer care model in Ireland.

When compared to Chapter 5a, there are many similarities in the views of both clinicians
and physiotherapists towards patients with metastatic bone disease. Both groups feel
physical activity is safe and important to this patient cohort however both individual
groups demonstrated a need for further information in the area of physical activity and
advanced disease. Physiotherapists require further information re. exercise prescription
in advanced cancer, and clinicians would like additional referral options for patients with

advanced cancer to access tailored exercise prescription.
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5.13. Study 5b: Conclusion

Overall, oncologists and palliative care physicians perceived exercise to be of benefit for
patients with advanced cancer. Concerns over exercise prescription to patients with
bone metastases highlight the need to disseminate the evidence on the benefits of
physical activity for patients with advanced cancer to all healthcare professionals. This
may encourage greater discussion between physicians and patients around physical
activity during consultations.
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6. Chapter 6: The ExPeCT Randomised Controlled Trial

6.1.Introduction

This chapter describes the ExPeCT (Exercise Prostate Cancer and Circulating Tumour
Cells) randomised controlled trial. The primary aim of the ExPeCT trial was to examine
if the evasion of immune editing by circulating tumour cells (CTCs) is an exercise-
modifiable mechanism in obese men with prostate cancer. Biological outcomes
associated with this aim are not examined as part of this thesis; however, the following
chapter presents the results of a number of secondary outcomes of the ExPeCT trial. |
co-ordinated the ExPeCT trial, liaising with site leads and Cancer Trials Ireland, trial
sponsor, on activities from trial initiation to trial close-out. My responsibilities also
included co-ordinating the activities of the six sites involved in the ExPeCT trial. | was
responsible for trial implementation, particularly exercise screening, prescription and
supervision, and participant management including recruitment, consenting and follow
up and data management. | was first author on the publication of the protocol for the
ExPeCT Trial (Sheill, G., Brady, L., Guinan, E., Hayes, B., Casey, O., Greene, J., Vlajnic,
T., Cahill, F., Van Hemelrijck, M., Peat, N. and Rudman, S., 2017. The ExPeCT
(Examining Exercise, Prostate Cancer and Circulating Tumour Cells) trial: study protocol
for a randomised controlled trial. Trials, 18(1), p.456. (Appendix 7)).

In many instances, the goal of therapy in advanced prostate cancer is one of palliation
as opposed to cure. As such, it is necessary to assess the impact of interventions which
may improve quality of life. Quality of life measurement in prostate cancer therapy has
become an essential component of clinical trial evaluation (Ganz, 2011). Additionally,
advanced cancer patients are encouraged to remain physically active. International
exercise oncology guidelines suggest that cancer patients, including those with bone
metastases, should avoid inactivity (Schmitz et al., 2010). Physical activity levels of 9
MET-h/wk has been previously shown to be associated with a 33% reduction in all-cause
mortality following early stage prostate cancer (Kenfield et al., 2011). Therefore, there is
a need to investigate how patients with metastatic disease tolerate physical activity
programmes. The ExPeCT trial aimed to examine the effect of a six-month aerobic
exercise intervention on quality of life outcomes in men diagnosed with metastatic
prostate cancer. The ExPeCT study also aimed to assess the safety and feasibility of
introducing a structured aerobic exercise intervention to an advanced prostate cancer

population. The hypotheses of this chapter are:
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- A six month exercise intervention will result in improvements in the quality of life
of men with advanced prostate cancer.

- A six month exercise intervention will result in improvements in sleep, pain,
depression, stress, physical function and physical activity levels in men with
advanced prostate cancer.

- Men with advanced prostate cancer can safely adhere to a six month aerobic
exercise intervention.

6.2.Methods

6.2.1. Study Population

This international multi-centre prospective study recruited men living with metastatic
prostate cancer through hospital outpatient clinics between October 2014 and March
2017. Men deemed eligible after initial screening were randomly assigned to either a six

month exercise program or to a control arm.

Eligibility criteria included

1. Written informed consent obtained before any study-related procedures

2. Aged 2 18 years and male

3. Histologically confirmed diagnosis of prostate adenocarcinoma

4.M1 metastatic disease as confirmed by computed tomography (CT)/magnetic
resonance imaging (MRI) or by bone scan, excluding patients who only have nodal
metastatic disease

5. Stable medical condition, including the absence of acute exacerbations of chronic
illnesses, serious infections, or major surgery within 28 days prior to randomisation

6. Capable of participating safely in the proposed exercise as assessed and signed off

by a treating physician involved in ExPeCT recruitment.

Exclusion criteria included
1. Patients with a history of radical prostatectomy
2. Patients with other known malignancy (except non-melanoma skin cancers or fully

excised carcinoma in situ at any site).
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6.2.2. Participant Enrolment Procedure

The ExPeCT Trial opened in two Irish centres in October 2014. Due to slow
recruitment rates at both sites over the initial four months, the decision was made to
expand the ExPeCT trial to a further three Irish Hospitals. Additionally, the decision
was made to seek sponsorship for the ExPeCT trial from Cancer Trials Ireland, to
provide the ExPeCT team with assistance when completing multiple applications for
ethical approval, and to enable Cancer Trials Ireland nurses working in hospital clinics

to recruit patients to ExPeCT.

Recruiting sites included Guy’s and St Thomas'’s Hospital, London (Inducted May
2015), the Mater Misericordia Hospital Dublin (Inducted March 2016), Beaumont
Hospital, Dublin (Inducted April 2016), St. James’s Hospital, Dublin (Inducted
November 2014), Tallaght Hospital, Dublin (Inducted March 2015) and St Luke’s
Radiation Oncology Network, Dublin (Inducted May 2016). The ExPeCT Trial received
sponsorship from Cancer Trials Ireland in five Irish Hospitals (Figure 20). As outlined in

Chapter 2, section 2.4, ExPecT received ethical approval from all sites (Appendix 2).
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Figure 20 Overview of ExPeCT Trial Sites

Potential patients were enrolled to the study on the basis of the inclusion/exclusion
criteria detailed. Any queries about eligibility were addressed directly to the Chief
Investigator. | liaised with key personnel involved in the ExPeCT Trial (Figure 21) to co-
ordinate the enrolment of patients with members of the research team based in
medical oncology clinics at each recruiting site. All tasks were delegated by the
principle investigator at each site. Study training records were kept for each member of

the research team (Appendix 8).
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Chief Investigator: Prof Stephen Finn

[ Trial co-ordinator: Grainne Sheill
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Figure 21 Key ExPeCT Personnel

A flowchart outlining the ExPeCT trial is included here (Figure 22). All participants
received a Participant Information Leaflet on the ExPeCT Trial (Appendix 9). Informed
consent (Appendix 10) was obtained by clinic staff or a member of the ExPeCT research
team according to the requirements of International Conference on Harmonisation-Good
Clinical Practice (ICH-GCP). Upon registration of new participants, a signature
confirming eligibility for the trial was obtained from a treating physician involved in
ExPeCT recruitment. Each registered patient received a unique participant identifier
number (PIN). In order to ensure random allocation of participants to each study group,
the computer programme Graphpad was used to randomly assign a treatment group to
each PIN. When issuing each PIN, two gatekeepers (1 in Ireland and 1 in the UK)
informed the research team of the treatment allocation of the participant. If a participant
chose to withdraw from the study, all data obtained up to the point of withdrawal was

carried forward unless requested otherwise.
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ExPeCT Trial Flowchart

Patient identified in clinic

Obtain informed consent

I
Contact trial staff
I
Assign participant number

|

. |
Register Patient |
|

|
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blood sample later

. .

| Complete T0 questionnaire |
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Weekly exercise class

b=

1. Downlozd heartrate monitor data
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Threg

TR Complete T3 datasheet, complete T3 questionnaire and take T3 blood sample

Daily home exercise regimen and
monthly data download

+ ki

Sl months Complete T6 datasheet, complete T6 questionnaire and take T6 blood sample

¥ ¥

End of participant’s involvement in trial

Figure 22 ExPeCT Trial Flowsheet

6.2.3. Measures
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The measures used in the ExPeCT study are described in detail in Chapter 2. Section
2.1.1 describes the psychometric properties of each measure. In brief, socio-
demographic and treatment details were collected for all patients (Appendix 11). All
participants also completed a detailed subjective questionnaire (Appendix 12) after
recruitment at baseline, and again at T3 (3 months) and T6 (6 months). The ExPeCT

Questionnaire included the following outcomes:

1. Background details (age at diagnosis, domiciliary situation, comorbidities,
recent medications)

2. Smoking and alcohol

3. Sleep (Pittsburgh Sleep Quality Index )

4. Stress (Perceived Stress Scale — 4)

5. Depression (PHQ-9)

6. Quality of Life (FACT-P)

7. Memory and cognition

8. Physical activity

6.2.4. Intervention

6.2.4.1. Exercise Programme

The exercise group participated in a 6-month moderate to vigorous intensity aerobic
exercise programme comprising a weekly class and a home-based aerobic exercise
programme. From baseline to T3, participants in the exercise arm met in small groups
with a chartered physiotherapist for 1 hr per week. Participants recruited in St. Luke’s,
the Mater, Beaumont and the Beacon Hospital completed exercise classes in the Clinical
Research Facility in St. James’s Hospital or in the Physiotherapy Gym at Tallaght
Hospital. Participants recruited in St. James’s Hospital completed exercise classes in
the Clinical Research Facility at St. James’s Hospital, and those recruited at Tallaght
Hospital and Guy’s Hospital completed exercise classes in the physiotherapy
departments at their local sites. | prescribed and delivered the exercise intervention to

all patients recruited at Irish sites.
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During the first class the participants received an introduction to the format of the
exercise programme and were educated on safe exercise practices and strategies to
monitor exercise exertion. Each exercise participant received, and was educated about
using, a Polar heart rate monitor for the duration of the study. Documentation was

completed by the physiotherapist at each class session (Appendix 13).

Participants exercised to a prescribed heart rate range during class and home sessions.
HR was progressed in intensity and duration during months 1 and 2 of the programme
to reach the target 3hr per week (180min/week) of moderate-to-vigorous intensity activity
from month 3 onwards (Table XVII). Participants were encouraged to achieve this target
exercise in six 30min sessions throughout the week. However, flexibility was allowed to
facilitate longer or shorter session to a total of 180 min/week. Each exercise session was
required to be of at least 10min duration in line with standard exercise guidelines
(Wasserman and Mcllroy, 1964).

During months 1-3, data from the Polar heart rate monitor was downloaded weekly to
monitor exercise adherence. Participants were scheduled to attend the research centre
once monthly from T3 to T6 to download data and encourage ongoing adherence to the
programme. In addition, participants received weekly telephone contact from the

ExPeCT research team from T3 to T6 to encourage adherence.

The control group were not given specific advice regarding exercise beyond that
considered usual medical care, and were not invited to participate in the aerobic exercise
group. Participants were reviewed at T3 and T6 following the baseline visit and
anthropometric measurements and further blood samples taken. Participants assigned
to the control group were offered a personal exercise advice session following

completion of the T6 assessment.

Exercise Intensity (%HRR) )
. . Duration
Supervised Exercise Baseline Fithess Groups
Classes
Poor Fair Average Minutes
Month 1 Week 1 40-50% 50-60% 55-65% 20
Week 2 40-50% 50-60% 55-65% 20
Week 3 45-55% 55-65% 60-70% 20
Week 4 45-55% 55-65% 60-70% 30
Month 2 Week 5 50-60% 60-70% 65-75% 30
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Week 6 50-60% 60-70% 65-75% 30
Week 7 55-65% 65-75% 65-75% 30
Week 8 55-65% 65-75% 65-75% 30
Month 3 Week 9 60-70% 65-75% 65-75% 30
Week 10 60-70% 65-75% 65-75% 30
Week 11 60-75% 65-75% 65-75% 30
Week 12 60-75% 65-75% 65-75% 30

Table XVIII Exercise Intensity during supervised classes

6.2.4.2.  Exercise prescription

Participants were asked to self-rate their baseline activity levels as one of three
categories as per American College of Sports Medicine (ACSM) guidelines: 1) Sedentary
or minimally active, not completing any moderate to vigorous activity (equivalent to poor
fitness levels) 2) Sporadic physical activity, suboptimal exercise (equivalent to fair fithess
levels) 3) Habitual physical activity, regular moderate to vigorous exercise (equivalent to

average fitness levels).

Exercise intensity was prescribed using individualised heart rate reserve (HRR) ranges
in accordance with the ACSM guidelines. Heart rates were monitored objectively using
Polar heart rate monitors. Polar heart rate monitors have proven to be an acceptable
means of monitoring activity intensity (Broderick et al., 2013). The following formula was
used to calculate HRR and heart rate (HR) range prescriptions: (target % x [maximum
HR - resting HR] + resting HR). For each participant, age-predicted maximal HR was
calculated using the following equation: (206.9 — [0.67 x age]) (Kohl et al., 1990).
Participants with self-rated ‘poor’ fithess levels (category 1) commenced the programme
at an aerobic intensity of 40-50% HRR. Those with self-rated ‘fair fitness levels
(category 2) commenced the programme at an aerobic intensity of 50-60% HRR, and
those with self-rated ‘average’ fitness levels (category 3) commenced the programme at
55-65% HRR. The duration and frequency of the home exercise programme sessions
is outlined in Table XVIII.

Patients were also encouraged to use the Borg Breathlessness Scale to self-monitor
exercise intensity. Using this scale, participants provided a subjective rating of perceived
exertion. It is a widely used and reliable indicator to monitor and guide exercise intensity
(Wilson and Jones, 1991). The scale allows individuals to subjectively rate their level of

exertion during exercise and can be used to correlate exertion levels with exercise heart
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rates (Borg, 1982). In particular, the Borg scale was used with participants on beta
blockers as measures of exercise intensity are inaccurate or dampened on these
medications and Polar monitors may not reflect an accurate heart rate during exercise
(Levinger et al., 2004).

Exercise modality used for exercising during the supervised class was prescribed with
according to an established clinical algorithm which aimed to avoid loading metastatic
bones or avoiding high risk movements (Cormie et al., 2013).

' Exercise Intensity (%HRR) Time
Home based walking Baseline Fitness Groups
programme Poor Fair Average | Days/week E)rrl:irr?ttjit(()ar;)
Month 1 | Week 1 40-50% | 50-60% 55-65% 2 20
Week 2 40-50% | 50-60% 55-65% 3 20
Week 3 45-55% | 55-65% 60-70% 3 20
Week 4 45-55% | 55-65% 60-70% 3 30
Month 2 | Week 5 50-60% | 60-70% 65-75% 3 30
Week 6 50-60% | 60-70% 65-75% 4 30
Week 7 55-65% | 65-75% 65-75% 4 30
Week 8 55-65% | 65-75% 65-75% 5 30
Month 3 | Week 9 60-70% | 65-75% 65-75% 5 30
Week 10 60-70% | 65-75% 65-75% 5 30
Week 11 60-75% | 65-75% 65-75% 5 30
Week 12 60-75% | 65-75% 65-75% 5 30
Month 4 | Weeks 13-16 60-75% | 65-75% 65-75% 6 30
Month 5 | Weeks 17-20 60-75% | 65-75% 65-75% 6 30
Month 6 | Weeks 12-24 60-75% | 65-75% 65-75% 6 30

Table XIX Home based exercise intensity

6.2.5. Patient withdrawal and off study procedure

Patients were free to withdraw from patrticipation in ExPeCT at any time upon request.
An off study form (Appendix 14) was completed and sent to the ExPeCT Research
Team for all patients who withdrew from the study or left due to another reason (e.g

study completion, extraordinary medical circumstances, lost to follow up etc).
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6.2.6. Incident Reporting

The occurrence and severity of any incidents, from the time of consent to completion of
the programme at six months, was recorded by the trial co-ordinator on a standardised

reporting form (Appendix 15).

6.2.7. Statistical Analysis

All statistical analyses were conducted using the IBM Statistical Package for the Social
Sciences (SPSS) (Version 20) for Windows (IBM, Somers, NY, USA). An intention-to-
treat (ITT) approach was used. Descriptive statistics were used to profile the
demographic data and disease characteristics as well as quality of life, depression,
sleep, stress and memory symptom severity. The baseline values for the demographic
data, disease characteristics and outcome measures between the exercise and control

groups were compared using either a t-test or a x2 -test.

A general linear model was used to evaluate the mean and standard deviation (s.d.)
values, and the differences between the group outcomes (quality of life, depression,
sleep, stress and memory) at the baseline, T3 and T6, and to model the outcomes as a
function of the main group effect (group differences) and main time effect. As such,
statistical results are presented both in terms of between group differences at baseline,
T3 and T6 and also in terms of change over time, with the control group used as the
reference group. Both stability and repeated relationship analyses were conducted using
generalised estimation equations (GEE). An interaction term (group x time) was added
to each model to investigate the effect of exercise and time. The changes in study
outcome values (quality of life, depression, sleep, stress and memory) from baseline to
follow-up periods (third and sixth months) were expressed in both the walking-exercise
and control groups. The general linear model was used to model the outcomes as a
function of the main effect (group differences). All the tests involved a two sided

significance level of a = 0.05.
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6.3.Results

6.3.1. Patient Characteristics

Between October 2014 and March 2017 157 patients were screened for participation in
ExPeCT, of which 67 were consented and randomised to the trial, representing a
recruitment rate of 43% (Figure 23). A further breakdown of patients recruited to each
site is shown in Table XIX. A total of 32 participants were randomly assigned to exercise
control and 35 participants were randomly assigned to the control group. A total of 52
(78%) of the participants completed the six-month assessment. The proportion of
patients lost to follow-up was higher in the exercise group (24%) than in the control group
(14%) (p=.048). Reasons for loss to follow-up included withdrawal (n=3), symptoms

associated with progressing disease (n=8), and reasons unknown (n=4).

Consent Withdrawn(n=2)
Discontinued participation for
health related reasons (n=5)

Discontinued participation for
health related reasons
(n=2)

Patient Screening
(n=157)

Consented and
Randomised (n=67)

Allocated to Allocated to
Exercise Group Control Group
(n=32) (n=35)
Completed 3 month Completed 3 month

assessment (n=25) assessment (n=29)

Completed Final

Completed Final
Assessment (n=29)

Assessment (n=23)

Figure 23 ExPeCT Trial Flowchart
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Consent Withdrawn (n=1)
Discontinued participation for
health related reasons (n=5)




2014 n=4 n=4 SJH

n=8 SJH

2015 n=20 Guy’s Hospital

n=28

n=11 Tallaght Hospital
n=4 Mater Hospital

n=1 Beaumont Hospital

n=1 St Luke’s Hospital
n=10 Guy’s Hospital

2016 n=27

n=1 Tallaght Hospital

2017 n=7 Guy’s Hospital

n=8

Table XX: Number of patients recruited to ExPeCT at each site.

Patient characteristics are presented in Table XX. Groups were comparable at baseline
for demographic characteristics with the exception of humber of smokers, which was
significantly higher in the exercise group. Patients were on average 69.4+7.3 (s.d.) years
of age with a BMI of 29.2+5.8 kg/m?. Half of the patients were either overweight (n=15,
22%) or obese (n=19, 28%). Most participants were married, lived with a partner and

were retired.

Study Arm
- Total Study Exercise Arm | Control Arm
Characteristic Population (n=33) (n=38) P Value
Age (years £ s.d.) 69.4+7.3 69.8 £ 6.97 69.5+ 7.65 .894
BMI (Kg/mzi s.d.) 29.2+538 28.4+4.84 29.86 + 6.95 .589
Walist Circumference 102+352 | 100.5+14.62 [104.0+22.32 | .109
(cm £s.d.)
Systolic Blood Pressure
(mean mm Hg * s.d.) 139.35 (23.34) | 141.07 (16.57) |136.17 (14.18)| .400
Diastolic Blood Pressure
(mean mm Hg + s.d) 78.67 (9.91) 78.37 (8.52) | 78.70 (11.47) | .427
Time Since Cancer Diagnosis
) 54 (6.75-84.0) 64 (6.75- 87) |47.6 (7.25-84)| .863
(Months, median (IQR))
Current Smoker, n (%) 5 (8) 5 (8) 0(0) 012
Marital Status, n (%)
Married 37 (61) 15 (25) 22 (36)
Widowed 11 (18) 8 (13) 3(5) 134
Divorced/Separated 9 (15) 6 (10) 3(5) '
Never Married/Not answered 4 (7) 1(2) 3 (5)
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Work Status n (%)

Currently employed 7 (11) 2 (3) 5(8)
Retired 49 (80) 24 (39) 25 (41) .180*
Disability/Unemployed 2 (3) 4 (7) 0 (0)
Living Arrangement, n (%)
Alone 13 (21) 8 (13) 5 (8)
With Partner 39 (64) 16 (26) 23 (38) 350+
With Other Family 7 (11) 5 (8) 2 (3) '
Other 2(3) 1(2) 1(2)
Ethnicity, n (%)
White/Caucasian 59 (91) 27 (44) 32 (52)
Black/Afro-car 4 (6) 2 (3) 2 (3) .823*
Asian 2 (3) 1(2) 1(2)

Table XXI Demographic Characteristics at Baseline

s.d.: Standard Deviation, IQR: Inter Quartile Range

*p value from X2 test, other p values from t test.

Medical characteristics are presented in Table XXI. At baseline, physical activities levels

were comparable in both groups. Patients had extensive metastatic bone disease

characterised by >2 regions affected by metastatic lesions (Table XXI). Groups were

comparable at baseline for disease characteristics with the exception of numbers of

number of patients actively receiving radiation therapy at baseline, which were

significantly higher in the exercise group.
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Study Arm
Characteristic Total Study Exercise Arm | Control Arm o Value
Cohort (n=33) (n=38)
Comorbidity, n (%)
Hypertension 32 (52) 17 (28) 15 (25) 517
Hypercholesterolemia 26 (43) 12 (20) 14 (23) .684
Diabetes 15 (25) 7 (11) 8 (13) 766
CV Disease 13 (21) 8 (13) 5 (8) 176
Severity of Bone Metastatic Disease, n (%)
Minor (1 region affected) 27 (44) 12 (20) 15 (25)
Moderate (2 regions
affected) 11 (18) 6 (10) 5 (8) .692#
Major (>2 regions affected) 23 (38) 10 (16) 13(21)
Gleason score, n (%)
7 7 (11) 3(5) 4 (7) .934#




8 22 (36) 11 (18) 11(18)
9 24 (39) 11(18) 11(18)
Unknown 8 (13) 5(8) 3(5)

Primary treatment, n (%)

Hormones only 41 (67) 22 (36) 19 (31) .246
Radiation Only 6 (10) 0 6 (10) 011
Hormones + Radiation 8 (13) 5(8) 2(3) 412
Unknown 6 (10) 3(5) 3(5) -
Achieving Aerobic Physical Activity Guidelines, n (%)
Yes 32 (54) 17 (28) 15 (25)
No 28 (46) 12 (20) 16 (26) 7

Overall physical activity
level 36.95 + 53.94 36.26 + 42.70 | 37.63 £ 63.41 .824

(MET-h/week; mean + s.d.)

Overall daily sedentary
activity levels 273.70 £ 260.85 |270.74 £ 248.4|276.38 £ 275.29| .347

(mins £s.d.)

Table XXIl Medical Characteristics at Baseline
s.d.: Standard Deviation, MET: Metabolic Equivalent

(n=61 included), #p value from x2 test, other p values from t test.

6.3.2. Intervention Adherence

Of the 33 patrticipants in the exercise group, 26 (79%) completed the 3 month supervised
exercise programme, and 24 (73%) completed the 6 month intervention. Overall
adherence to the supervised sessions was 83% (329 out of 396 sessions attended).
Pain, shortness of breath and conflicting medical appointments were the most common
reasons given for missed sessions. Participants were adherent to both the intensity
(82%) and duration (83%) of the prescribed exercise programme during class sessions.
Patients attended on average 10.41 (s.d.= 3.62) out of 12 supervised exercise sessions.
Overall adherence to the non-supervised home exercise sessions was 72% in the first
three months (patients recorded the prescribed aerobic exercise intensity and duration
in their log books). Participants were equally adherent to both the intensity (74%) and
duration (71%) aspects of the prescribed home exercise programme during months 1-3.
During the last three unsupervised months of the programme, adherence to the home
exercise programme was 67%. Similar to the first three months of the study, participants

reported similar adherence levels for both the intensity (69%) and duration (65%) of the
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prescribed home exercise programme. Exercise adherence levels in the intervention
group did not correlate with patient-reported outcomes at month 3 or month 6.

No adverse events were reported by participants enrolled in this study.

6.3.3. Physical Activity and Sedentary Behaviour

Physical activity levels were comparable between exercise and control participants at
baseline (p=0.59). There was no change in physical activity levels of either group from
baseline to 3 months (B = -6.22, s.e. = 8.49, p=0.46) or from baseline to 6 months ( =
2.13, s.e. = 8.54, p=0.80). Similarly, sedentary behaviour was comparable between
groups at baseline (p=0.38). There was no change in sedentary behaviour of either
group from baseline to 3 months (8 = -20.63, s.e. = 44.89, p=0.65) or from baseline to 6
months (B = -81.31, s.e. = 45.03, p=0.07).

At baseline, 32 of the 67 (48%) participants were meeting the current ACSM exercise
guidelines for patients living with cancer, measured by the Harvard Health Professionals
Physical Activity self-report tool (150 minutes moderate to vigorous intensity exercise
per week). The percentage of participants in the exercise group meeting exercise
guidelines increased from 58% and 57% at months 0 and 3 respectively, to 66% at 6
months. The percentage of participants in the control group meeting the physical activity
guidelines did not change over time (48% at baseline, 50% at month 3 and 48% at month
6).

6.3.4. Intervention effects on Sleep, Stress and Depression

The mean sleep scores at baseline were 6.77 (s.d.=3.93) and 7.03 (s.d.=3.90) in the
control and exercise groups, respectively. Groups were comparable at baseline
(p=0.61), 3 months (p=0.95) and at 6 months (p=0.81) (Table XXII). There were no
significant changes in sleep scores from baseline to 3 months (p=0.15), or baseline to 6
months (p=0.47) (Table XXIII). The mean stress scores at baseline were 2.86 (s.d.=3.43)
and 3.74 (s.d.= 2.82) in the exercise and control groups, respectively. Groups were
comparable at baseline (p=0.813), 3 months (p=0.27) and 6 months (p=0.76) (Table
XXII). There were no significant changes in stress scores from baseline to 3 months
(p=0.098), or baseline to 6 months (p=0.81) (Table XXIlII). Similarly, depression scores
at baseline were 4.43 (s.d.=5.17) and 2.96 (s.d.=4.09) in the exercise and control groups,

respectively. Groups were comparable at baseline (p=0.29), 3 months (p=0.19) or 6
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months (p=0.27) (Table XXII), however when changes were examined over time, the
exercise group experienced a significant decrease in depression scores between
baseline and 3 months when compared to the change experienced by the control group
(p=0.02, Table XXIII).

6.3.5. Intervention effects on Quality of Life

At baseline, the mean overall quality of life scores were 121.3 (s.d.=21.16) and 119.49
(s.d.=20.73) for the exercise and control groups, respectively. Groups were comparable
at baseline (p=0.50), 3 months (p=0.73) and 6 months (p=0.99) (Table XXIlI). There were
no significant changes in stress scores from baseline to 3 months (p=0.87), or baseline
to 6 months (p=0.66) (Table XXIII).
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Baseline Third Month Sixth Month

Outcome by group n Mean | s.d. n Mean s.d. | Difference | p- n Mean s.d. Difference | p-
between value between value
groups groups
(95% CI) (95% CI)

Sleep

Exercise Group 30 7.03 3.90 25 6.40 4.21 | 0.07 0.95 23 6.78 4.94 0.30 0.81
(-2.09: (-2.20;

Control Group* 31 6.77 3.93 27 6.33 3.54 2.23) 25 6.48 3.63 2.81)

Stress

Exercise Group 29 2.86 3.43 25 3.48 2.87 | -0.91 0.27 23 3.30 3.14 0.26 0.76
(-2.57; (-1.47;

Control Group* 31 3.74 2.82 28 4.40 3.12 0.74) 25 3.04 2.85 2.00)

Depression

Exercise Group 30 4.43 5.17 25 3.28 4.66 | 1.31 0.19 23 3.56 4.99 1.29 0.27
(-0.67; (-1.04;

Control Group* 31 2.96 4.09 28 1.96 2.25 3.33) 26 2.27 3.01 3.64)

Quality of Life

Exercise Group 29 121.3 | 21.16 | 25 120.16 | 18.0 | -1.89 0.73 23 122.99 23.28 | 0.01 0.99

6 (-12.79; (-13.25;
Control Group* 30 119.4 | 20.73 | 28 122.05 | 21.1 | 9.01) 26 122.98 22.81 | 13.27)
1

Memory

Exercise Group 29 0.72 1.07 25 .88 1.39 | -0.08 0.80 23 1.04 1.7 0.12 (-] 0.84
(-0.69; 0.94; 0.77)

Control Group* 30 0.80 1.27 28 .96 1.66 0.53) 26 0.92 15

Table XXIII Intention-to-treat analysis: mean and s.d. values and outcome differences between both groups at baseline and at third and sixth
months according to the general linear model

Cl: Confidence Interval, s.d.: Standard Deviation
#Control Group is reference group
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Variables Beta s.e. p-value

Sleep

Group (Exercise vs Control) 0.16 0.93 0.87
Time

Baseline Reference

3 months -0.53 0.37 0.15
6 months -0.28 0.38 0.47
Stress

Group (Exercise vs Control) -0.60 0.65 0.35
Time

Baseline Reference

3 months 0.58 0.35 0.10
6 months -0.09 0.36 0.81

Quality of Life

Group (Exercise vs Control) -1.04 5.29 0.84
Time

Baseline Reference

3 months -0.28 1.75 0.87
6 months 0.78 1.80 0.66
Depression

Group (Exercise vs Control) 1.05 0.99 0.29
Time

Baseline Reference

3 months -1.03 0.43 0.02
6 months -0.62 0.44 0.15
Memory

Group (Exercise vs Control) -0.02 0.34 0.97
Time

Baseline Reference

3 months 0.17 0.14 0.21
6 months 0.12 0.14 0.16

Table XXIV Results of the generalised linear model regarding the effects of exercise on Sleep,
Stress, Quality of Life and Depression over time

(n=61)
Cl=Confidence Interval, s.e, Stadard Error

*Control group is reference group
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6.3.6. Cardiovascular Measures

Descriptive statistics for cardiovascular measures at each assessment (baseline, 3
months and 6 months) are shown in Table XXIV. Measures of systolic and diastolic blood
pressure were also comparable between groups at baseline (p=0.40 and p=0.89
respectively). Systolic blood pressure was significantly lower in the exercise group when
compared to the control group at 3 months (p=.008) and 6 months (p=.011). Similar
results were seen for diastolic blood pressure at 3 months and 6 months, however these
differences did not reach statistical significance (Table XXIV). Measures of BMI and
waist circumference were comparable between groups at baseline, 3 months and 6
months.

Baseline 3 months 6 months
Outcome Group Mean s.d. p-value Mean s.d. p-value Mean s.d. p-value
SPB Exercise 141.07 16.57 131.14 12.97 131.11 13.77
.400 .008 .013
Control 136.17 14.18 142.48 15.39 144.66 18.64
DBP Exercise 78.37 8.52 76.63 6.76 76.57 8.32
.899 .306 225
Control 78.70 11.47 79.04 9.11 79.62 7.17
BMI Exercise 28.45 4.85 28.47 4.93 28.61 4.83
213 .373 .406
Control 29.93 4.30 29.65 4.36 29.81 4.78
Waist .
. Exercise 100.5 14.62 100.06 12.34 101.20 | 11.15
Circumference
.298 481 .891
Control 104.13 | 11.73 102.52 12.15 101.67 | 12.01

Table XXV Differences in control and exercise group measures at baseline, 3 months and 6 months

SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, BMI: Body Mass Index, s.d.: Standard
Deviation

6.4.Discussion

This study demonstrated that a six month aerobic exercise intervention did not
significantly improve health related quality of life in patients with metastatic prostate
cancer. In addition, the six month exercise intervention did not result in significant
improvements in symptoms of stress or sleep quality. The exercise intervention was
tolerated well by a group of patients with a high burden of metastatic prostate cancer,

and paves the way for future exercise studies involving this patient group.
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The ExPeCT Trial builds on previous work which has demonstrated that physical activity
programmes are well-tolerated by patients with metastatic bone disease (Galvao et al.,
2017). This is demonstrated by the high attendance and compliance of patients living
with an extensive disease burden. The ExPeCT adherence rate is higher than the values
reported in exercise interventions involving patients receiving chemotherapy and is also
within the common range reported by trials involving older adults without cancer
(Courneya et al.,, 2007). The findings support the current evidence that reports
interventions that combine the supervision of exercise training in tandem with a
requirement of independent exercise are likely to promote good adherence (Bourke
et al., 2013). Additionally, the level of adherence to the exercise programme was
maintained in the 3 month unsupervised exercise periods demonstrating that patients
when started on the programme were able to continue exercising with minimal input at
home. The dropout rate in the ExPeCT trial is in line with the rate found in a recent study
of patients with metastatic prostate cancer, but lower than other studies involving
patients with advanced disease (Temel et al., 2009, Quist, 2013, Galvao et al., 2017).
The systematic review presented in Chapter 3 identified progression of disease status
as the main cause for dropout during exercise interventions, which is consistent with the
experience of the ExPeCT trial. It may be possible that in the context of advancing
disease, those in the exercise group were more challenged than those in the control

group and were therefore more likely to drop out.

Treatment and disease-related side effects as well as fear of skeletal fracture are likely
to reduce physical activity levels in patients with bone metastatic prostate cancer.
However, similar to previous studies, this trial has demonstrated that patients living with
metastatic disease reported higher levels of self-report physical activity levels at baseline
then patients with early stage disease, 48% in the ExPeCT trial compared to previous
levels of 21% in patients with localised disease (Galvéo et al., 2015). The recruitment
rate or baseline activity levels reported in ExPeCT might also suggest that we have
recruited a sample of atypical men with advanced prostate cancer. This may be the case,
given the relative wellness indicated in baseline patient reported outcomes and higher
levels of baseline physical activity levels then previous studies of metastatic prostate
patients (Zopf et al., 2017). Patients recruited for the ExPeCT trial may already have an
interest in exercise and had higher baseline levels of activity compared to those not
interested in exercise. This is important as it may result in an underestimation of the
potential benefits of exercise in this population. As in previous trials, it may be those who

suffer the most from side effects of cancer or cancer treatment who benefit the most
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from physical activity interventions. The ExPeCT trial did not exclude patients based on
baseline physical activity levels. Future trials exploring the effects of exercise specifically
in sedentary patients are warranted. Future exercise trials that include all patients with
metastatic disease, including those who are sedentary at baseline, are needed. This will
ensure that the results of trials reflect advanced cancer populations found in the clinical

setting.

As outlined in Chapter 1, physical activity interventions can improve health related quality
of life in advanced cancer populations. The patient population in the ExPeCT trial
exceeded the quality of life scores reported in normative data of male patients living with
cancer (Penny et al., 2005). The absence of changes in measurements of quality of life
used in ExPeCT may be due to a number of factors. Importantly, the FACT-P was not
created for patients with advanced cancer, and may not be able to detect differences
between patients with this additional symptom burden. A quality of life measure such as
the McGill Quality of Life Questionnaire may have been more appropriate for the
ExPeCT study when compared to a prostate cancer specific measure. Another possible
explanation for this finding are the high scores reported by this population at baseline. It
is most likely that a ceiling effect was reached with these patients, possibly due to a
prolonged treatment regime and ongoing medical follow-up, reported in previous studies
involving patients living with cancer (van de Poll-Franse et al., 2006, Wong et al., 2015).
Patients living with cancer may be satisfied with their ‘survival status’ and score high in
all quality of life questionnaires despite existing limitations and complaints (Montazeri,
2009). Furthermore, given the complexity of quality of life in patients living with
metastatic disease, exercise may have had limited effects on quality of life. Many
uncontrollable factors influence quality of life during advanced cancer, and a global
measure of cancer-specific quality of life may be too broad to detect the likely narrower
effects of exercise training (Galvao et al., 2017). There is a possibility that the active
participants enrolled in the ExPeCT trial had greater self-efficacy levels then the general
metastatic prostate cancer population, and therefore reported higher self-report scores
for measures of quality of life. Post-diagnosis recreational physical activity is associated
with better physical quality of life in non-metastatic prostate cancer survivors (Farris et
al., 2017). The literature regarding the effect of exercise on quality of life in patients with
advanced cancer is inconsistent. While improvements in quality of life scores have been
reported (Rief et al., 2014), the majority of papers report no change in outcomes (Cormie
et al., 2013a, Ligibel et al., 2016). Future trials in advanced cancer populations should

give careful consideration to the choice of quality of life outcome.
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Clinically, the involvement of patients with metastatic cancer in exercise programmes
may have considerable implications for patients’ overall health. Observational evidence
suggests that men with prostate cancer undergoing ADT are at an increased risk of
developing cardiovascular disease (Levine et al., 2010). Reducing diastolic blood
pressure by 5mm Hg or systolic blood pressure by 10mm Hg could reduce the risk of
coronary heart events by 22% and stroke by 41% (Law et al., 2009). The ExPeCT
intervention group experienced a 10mm Hg decrease in blood pressure at 3 months.
Importantly, this was maintained at 6 months. Conversely, the control group experienced
increases in both systolic and diastolic blood pressure over the six month intervention,
emphasising the important role exercise can play in attenuating the side effects of ADT,
and managing cardiovascular risk in men receiving hormone therapy. This has
previously been demonstrated in populations with early stage prostate cancer (Culos-
Reed et al., 2010), however patients living with metastatic prostate cancer can receive
ADT for long periods of time, and therefore may respond more favourably to exercise
than those with short-term ADT exposure. This has previously been the case with
outcomes such as muscle performance and body composition (Taaffe et al., 2018). The
potential role of exercise in managing cardiovascular risk in patients receiving ADT
warrants further investigation in larger populations of patients living with advanced

prostate cancer.

In accordance with other exercise trials in localised prostate cancer and metastatic
cancer (Segal et al., 2003, Galvao et al., 2017), there were no changes in any of the
anthropometric variables (BMI, weight, or waist circumference) measured in the ExPeCT
study. As discussed in Chapter 2, quantification of changes in body composition by using
BMI and girth measurements is difficult, and more precise measures, such as dual
energy X-ray absorptiometry (DEXA) or MRI are preferable to assess changes (Bourke
et al., 2013). Indeed, a 12 week combined resistance and aerobic exercise intervention,
with whole body and regional lean mass as primary endpoints, resulted in improvements
in skeletal muscle mass via DEXA scanning in non-metastatic patients with prostate
cancer (Galvao et al., 2010). The efficacy of lifestyle interventions for evoking changes
in body composition is important, as higher levels of body fat have been associated with
higher grade tumours and disease progression (Amling et al., 2004). Future studies
should assess these parameters in metastatic populations by using precise

anthropometric measurement techniques.
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6.4.1. Strengths and Limitations

The current study has several strengths and limitations worthy of comment. Firstly, this
is one of the largest RCT’s evaluating the effects of exercise in prostate cancer patients
with bone metastases or in any other cancer group with bone metastatic disease. The
approach to exercise prescription in this study was patient inclusive, such that all patients
can be prescribed some amount of exercise despite the presence of metastases. This
method has significant potential for use in the clinical setting and adds to the recent
paradigm shift in relation to exercise prescription in advanced prostate cancer (Galvao
et al. 2018). A strength of the current study is the objective measurement of adherence
to the physical activity intervention in this metastatic population. Objective monitoring is
a valid tool for assessing physical activity and motivating physical activity adherence
(Koizumi et al., 2009). This dual purpose, as well as the potential for objectivity, support
the use of accelerometers for optimising the health benefits of physical activity after a
cancer diagnosis (Rogers, 2010). Certainly, in this study, the objective monitoring of
participant adherence may have resulted in the high adherence rates observed in this
study, which are in line with the adherence rates found in randomised controlled trials of
early stage prostate cancer patient participating in 12-week exercise interventions (Segal
et al., 2003). In contrast to the factors found to predict adherence in early stage prostate
cancer patients, such as hormonal symptoms, ExPeCT participants reported pain and
shortness of breath as the most common physical reasons for missed sessions. These
symptoms of advanced cancer may be the most crucial factors to consider for patients
with advanced stages of prostate cancer (Craike et al., 2016). Additional factors for
missing sessions commonly included conflicting medical appointments, reported
previously in exercise trials involving metastatic prostate cancer patients (Galvao et al.,
2017). Although adherence to the exercise intervention was very good, it was not
optimal. As in studies with early prostate cancer patients, further work to identify factors
that influence adherence in advanced prostate cancer is needed, as this will have
important implication for maximising adherence during clinical trials of exercise

interventions (Courneya et al., 2004).

There are a number of limitations to this study which warrant discussion. The recruitment
pathway for patients with advanced cancer is challenging and relies on referral from
oncologists. A potential selection bias associated with referral patterns by the nurses
and oncologists may have influenced the results by selecting people who were initially
more motivated to perform physical activities (Coats et al., 2013). This highlights the

challenges of implementing rehabilitative interventions in clinical practice. Additionally,
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this study was ancillary to a larger RCT which required multiple blood draws, which may
have affected participant numbers. Fatigue, a dominant prostate cancer symptom and
the most common adverse event resulting from mCRPC treatment, was not measured
in the current study (Sternberg et al., 2013). This is significant, as the symptoms and
side effects of advanced cancer and associated treatments, such as fatigue, may have
had a significant role on quality of life scores. Additionally, current evidence suggests
that resistance training is associated with clinically important positive effects on muscular
function and body composition in patients during treatment or in long-term follow-up
(Strasser et al., 2013). A clinically meaningful change in FACT-P is estimated to be
between 6 and 10 points (Cella et al.,, 2009), and a significant difference between
intervention and control groups (mean diff A = 5.3) was previously reported following a
12 week programme of resistance exercise in men with prostate cancer receiving
androgen deprivation therapy for at least three months (Segal et al., 2003). The aerobic
intervention in the ExPeCT trial was not prescribed to target gains in these measures,
however the inclusion of resistance training may have resulted in improved outcomes
post-intervention. Finally, participants with any level of physical activity levels were
included in this study which may have resulted in a sample not representative of the

general advanced prostate cancer population.

6.5.Conclusion

This study supports the safety and feasibility of exercise interventions in metastatic
populations. Contrary to the study hypotheses, aerobic exercise did not significantly
improve cancer-specific quality of life in men with metastatic prostate cancer. Further
work is needed to investigate the benefits associated with exercise interventions for

patients living with advanced prostate cancer.

155



7. Chapter 7: Discussion

7.1. Introduction and Main Findings

The benefits of exercise for people living with cancer are well established (Chapter 1).
In advanced disease, there is a need to examine the potential physical and psychological
benefits of engaging in physical activity. The aim of this thesis was to explore the role of
physical activity for people living with advanced stages of cancer using quantitative and
qualitative methods. The use of both a quantitative and qualitative element in this work
enabled one method of investigation to inform the other. For example, the views of health
professionals towards exercise in advanced cancer, outlined in Chapters 5a and 5b,
informed the research teams approach to patient recruitment for Chapter 6. This
approach enabled a thorough examination of the outcomes associated with exercise in
advanced cancer, while also allowing an exploration of the perceptions of patients and
healthcare professionals. The main findings of this thesis are outlined in the following

sections.

A narrative review examining exercise prescription to patients with bone metastases
(Chapter 1) found that exercise interventions for patients with bone metastases are
associated with positive physical and self-reported outcomes. Studies reporting adverse
events did not find a high fracture incidence with exercise in comparison with control
participants, or an association between exercise and fracture risk; however, the need to
individualize exercise prescription and adapt exercises to patient ability were reinforced
in all papers reviewed. While exercise prescription to patients with bone metastases
does involve complex decision making, a number of tools (e.g fracture risk assessment
tools (FRAX) and pain inventories (BPI)) are available that may inform both patient
assessment and exercise prescription. A systematic review of exercise trials involving
patients with advanced cancer (Chapter 3) found that recruitment (mean 49% (SD = 17;
range 15-74%), adherence (range 44-95%) and attrition rates (mean 24% (SD = 8; range
10-42%) varied widely among the studies reviewed. Additionally, definitions and the
measurement of exercise adherence varied widely. With increasing evidence supporting
the safety and efficacy of exercise training in patient with advanced and complex
presentations, concentrated efforts are needed to increase the numbers of patients with
advanced disease, including those with metastatic disease, recruited to exercise

programmes and to ensure patients recruited are representative of clinical practice.

Further studies in this thesis (Chapters 5a and 5b) concluded that clinicians and

physiotherapists feel that physical activity is safe and important in the advanced cancer
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patient cohort. However, both groups demonstrated a need for further information in the
area of physical activity and advanced disease. Similarly, patients expressed a need for
further information regarding physical activity following diagnosis (Chapter 4). Some of
the challenges of implementing this into clinical practice were highlighted by clinicians
and physiotherapists, who reported many concerns regarding physical activity in the
advanced cancer population. These concerns centred on a risk of pathological fracture
and a risk of spinal cord compression. Patients were perceived by physiotherapists as
highly susceptible to injury due to their advanced stage of disease. This is a significant
issue for patients with advanced stages of disease. There is, however, evidence that
carefully designed physical activity programmes can be safely introduced for patients
with many symptoms of advanced disease, including bone metastases (Chapter 1).
Many patients in Chapter 4 reported a decrease in physical activity levels following a
diagnosis of advanced cancer and did not identify common ‘cues to action’ post-
diagnosis that prompted them to maintain or increase their physical activity level, such
as written information about physical activity or referral for exercise consultations. This
issue was also highlighted by physiotherapists in Chapter 5a, who felt patients with
advanced cancer have limited exposure to factors that may prompt the maintenance or
an increase in physical activity levels. There is a need to increase ‘cues to action’ or
prompts which encourage patients with advanced cancer to engage in physical activity.
These cues to action may take the form of verbal prompts from healthcare staff to
encourage physical activity or visual cues such as pamphlets or posters which focus on
the benefits of physical activity. Recent evidence on the benefits of physical activity for
patients with advanced disease should be disseminated widely to healthcare
professionals. This may encourage both discussion around exercise during hospital
consultation and the introduction of exercise rehabilitation referrals as a part of the

standard care of patients with advanced cancer.

If a risk of fracture is perceived as a barrier to exercise, tools to stratify risk of fracture
can be used, as detailed in Chapter 1. For example, Mirels’ classification system for
impending pathologic fracture is a valid screening tool for metastatic lesions in long
bones (Jawad and Scully, 2010). Resistance programmes were not encouraged by
physiotherapists in Chapter 5a due to fear of pathological fractures. Despite this, recent
studies have shown very promising results in trials involving resistance exercise
programmes for patients with metastatic disease. A randomised control trial involving 12
weeks of adapted resistance training in an advanced prostate cancer population resulted
in no adverse effects or increase in pain (Cormie et al., 2013). Educational efforts

targeting fears and misconceptions about the prescription of physical activity for patients
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with advanced disease may help to improve physiotherapists’ and clinicians confidence
in recommending physical activity to this population. A previous health professional
education programme, introduced to encourage discussions between nurses and
patients living with cancer, found that a 60 minute exercise medicine education session
significantly improved delivery of very brief physical activity advice delivered to patients
(Z=-4.39, p<0.01) (Webb et al., 2016). Additionally, a systematic review of physical
activity education programmes delivered to trainee physicians demonstrated
improvements in physical activity counselling knowledge and skills associated with the
delivery of physical activity education (Dacey et al., 2014). Educational efforts targeted
at healthcare professionals, both in-training and in-practice, may positively influence

future physical activity education delivered to patients living with cancer in Ireland.

A number of barriers to engaging patients with advanced disease in physical activity are
identified in Chapters 3 and 4. Firstly, narrow inclusion criteria for exercise clinical trials
restricts the number of patients with advanced cancer who are eligible for studies
involving physical activity interventions. Inclusion criteria often includes narrow
prognostic criteria or measures of functional performance, excluding many patients with
advanced cancer. Broadening inclusion criteria may increase recruitment rates to
physical activity programmes. This would ensure patients recruited represent the
advanced cancer population found daily in clinical practice. Additionally, although
patients did not report a cancer diagnosis as a barrier to physical activity, many
symptoms of advanced disease, such as pain and fatigue, were identified as barriers to
these patients participating in physical activity (Chapter 4). Referral to an exercise
specialist should be considered for these patients. Exercise specialists can prescribe
tailored physical activity programmes which consider patients’ individual barriers to
exercise. Individualised exercise programmes would accommodate transient changes
and fluctuations in a patient’s wellbeing through-out courses of treatment and through-
out their disease progression (Hart et al., 2017). Indeed, the ExPeCT Trial (Chapter 6)
introduced an individualised exercise programme for patients with metastatic prostate
cancer. This trial demonstrated that a progressive aerobic exercise programme can be
introduced to patients living with metastatic prostate cancer in a multicentre setting.
Although the results of the programme did not result in significant changes in psycho-
social self-report measures, the exercise intervention was well tolerated by participants
and did not result in any adverse events, laying the foundation for further trials in this

population.
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7.2. Analysis of key points

There are a number of key points raised by the work in this thesis which will be discussed

below.

7.2.1. Exercise Oncology Education and Healthcare Professionals

Studies in this thesis (Chapters 5a and 5b) demonstrate that both physiotherapists and
clinicians felt they needed further education regarding the role of physical activity for
patients with advanced cancer. Studies found that despite enthusiasm for exercise
engagement in the oncology setting, there are concerns over exercise prescription to
patients with complex presentations, such as bone metastases. This reflects existing
literature in this area, describing an impression among clinicians that exercise may
increase the risk of injury, fatigue, and exacerbation of symptoms in the patient
(Blanchard et al., 2004, Demark-Wahnefried et al., 2005). A study examining barriers to
discussing exercise to people with cancer in clinical practice found 33% of clinicians did
not feel qualified to discuss exercise or refer to an exercise program (Nadler et al., 2017).
However, the most important facilitator clinicians could identify, to encourage
discussions around exercise with patients, was clinician education sessions (48%).
There is a need to disseminate the evidence on the benefits of physical activity for
patients living with cancer to healthcare professionals. Education sessions for health
professionals should focus on the existence and practical implementation of physical
activity guidelines and provide information on the safety of exercise.

It is known that prostate cancer survivors need long-term information support, including
strategies such as exercise, to improve long term recovery from cancer (Bernat et al.,
2016). Patients seek guidance from their healthcare professionals regarding this
information support. Patient reported barriers to engagement in exercise include lack of
knowledge on how to exercise and a lack of specific advice or referral from their
healthcare team (Peeters et al., 2009). The lack of discussion between patients and
physicians about exercise highlights an important and actionable gap in current practice
(Alibhai et al., 2006). To embed exercise into the clinical care model, further education
is needed for clinicians and other health professionals involved in the care of patients

diagnosed with cancer to increase conversations around exercise with patients.

Despite obstacles to implementation, evidence from more than eighty controlled exercise
trials demonstrates that the oncologic community must strive to include exercise in

cancer care (Santa Mina et al.,, 2012). The American Cancer Society guidelines for
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prostate cancer survivorship advises primary care clinicians to educate survivors
regarding the association between physical activity and lower overall and prostate
cancer-specific mortality and improved health related quality of life (Skolarus et al.,
2014). Studies in this thesis found a high level of agreement that exercise counselling
should be a component of care. A targeted gradual approach, encouraging education
and multi-disciplinary integration at defined stages across the cancer pathway, is
recommended to facilitate future practice change (Granger et al., 2018). The specific
information needs of clinicians in areas of oncology practice should be identified and
efforts made to address these needs with the necessary education delivered by exercise
specialists in oncology.

7.2.2. Recruitment of Patients with Advanced Cancer to Exercise Trials

While momentum for exercise training in patients with bone metastases is increasing in
the research arena, clinically, our experiences with recruitment to the ExPeCT clinical
trial highlighted that clinicians harbour concerns regarding exercise prescription in this
cohort. Participant recruitment was challenging and resulted in the ExPeCT Trial not
meeting its accrual target (Sheill et al., 2017). This is an important finding that needs
further attention. It is widely acknowledged that recruitment difficulties can lead to RCTs
requiring considerable additional research resources in extensions or taking so long that
their interventions become outdated (Donovan et al., 2016). Difficulties with recruitment
may also have implications for the generalisability of the findings of ExPeCT. Initially it
was planned to open the trial in two Irish centres; however, after slow recruitment over
the initial four months, this was expanded to five Irish centres. Successful recruitment of
participants is critically dependent on factors such as administrative support, attitude of
clinical staff, volume/turnover of patients, realistic study protocols, and stability of the
patient population (Kadam et al., 2016). Where possible, all of these factors were given
great consideration by the research team in order to optimise recruitment. For example,
difficulty with recruitment may have been experienced as the ExPeCT trial involved an
exercise intervention. Exercise interventions are not a part of the standard care offered
to patients diagnosed with cancer in Ireland, particularly to those with more advanced
stages of disease. Therefore, a number of organisational challenges existed when
inviting all patients with advanced prostate cancer, and metastatic disease in particular,
onto this exercise trial. Clinical staff required information about the exercise intervention,
in order to approach patients and provide accurate and appropriate information. To

ensure health professionals were comfortable recruiting to an exercise trial, the research
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team gave presentations to medical teams in palliative care, medical and radiation
oncology outlining the positive outcomes associated with exercise after a cancer
diagnosis. Members of the ExPeCT research team attended clinics of urology and
medical oncology doctors to screen patients for the ExPeCT trial. In addition,
presentations were given to allied health professionals to encourage greater awareness
of the role of exercise for patients with metastatic cancer. Many patients refused
participation in the ExPeCT trial due to the exercise component. Further work is
necessary in order to highlight the benefits of participating in exercise trials to the
advanced cancer group. The recruitment rate in the ExPeCT trial (43%) was lower than
the mean recruitment rate found in the systematic review of exercise trials in advanced
cancer (Chapter 3). Although it is higher than recruitment rates of 15% found in the first
studies in the advanced cancer population (Lowe et al., 2009), recruitment rates in the
advanced cancer population can be as high as 74% (Oldervoll et al., 2011). In the latter
trial patients were referred directly from an oncologists, highlighting the need for clinician

involvement in the recruitment process.

Valuable lessons were learned about co-ordinating the recruitment of patients from
multiple centres to ExPeCT. Commonly acknowledged organisational/logistical
challenges were reported by the research and clinical staff recruiting to the ExPeCT trial,
including unexpectedly lower numbers of eligible patients, strong patient preferences for
particular interventions, and patients seemingly unwilling to consider randomisation (Mc
Daid et al., 2006). Recruitment strategies used in ExPeCT were labour intensive and
required much time dedicated to the process of screening medical notes and assessing
eligibility, emphasising the importance of human resources for future trials. Research
teams involved in any future trials involving exercise should engage with clinical trials
nurses regularly throughout the recruitment period to answer questions regarding patient
eligibility for exercise and answer any queries regarding the exercise intervention. A pilot
trial of the ExPeCT study may have been helpful in determining the recruitment feasibility
and may have ensured the recruitment of participants was more effective and efficient.
Despite this, a number of recruitment barriers were addressed during the course of the

ExPeCT trial, paving the way for future exercise trials involving metastatic populations.
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7.2.3. Cancer Survivorship and Exercise Services in Ireland

Physicians responding to the survey in Chapter 5b commented on the lack of exercise
prescription services available for patients living with cancer, and the need for a
mechanism to prescribe exercise in the clinical setting. Advances in early detection and
treatment of cancer and the aging population mean that 1 in 20 Irish people will be a
cancer survivor by 2020 (Department of Health, 2017). There has been increasing
awareness of cancer survivorship in the recent National Cancer Strategy, and
awareness of long-term health issues related to cancer and its treatment is improving
(Demark-Wahnefried et al., 2005, Stein et al., 2008). The growing number of patients
diagnosed with cancer, and the increased length of survival, is a challenge for health
care policy and delivery in Ireland. To meet this challenge, there is a need to develop a
model of care delivery to maximize the health and well-being of survivors of cancer. This
should focus on factors such as effective symptom management, prevention of late
effects, and health promotion. Exercise services are well positioned to target these
factors. However, referral to exercise specialists is not a part of the standard care
received by oncology patients in Ireland. Irish cancer survivors have identified a striking
lack of contact with health professionals that might be influential in facilitating recovery
and rehabilitation (lvers, 2009). The rehabilitation services available for patients living
with cancer does not reflect the established body of evidence in this area. In contrast,
the American College of Surgeons Commission on Cancer produced a standard that all
accredited institutions provide cancer rehabilitation services, which has spurred
healthcare providers in the USA to develop cancer rehabilitation programmes across
diverse delivery settings (Surgeons, 2016). Plans for improved survivorship care are
being developed and implemented internationally, including the recent American Cancer
Society guidelines for prostate cancer survivorship care, which reinforce the ACSM
guidelines and highlight the benefits of exercise regarding cardiovascular risk
management (Skolarus et al., 2014). Irish efforts to progress services may learn from
the development of the national Cardiac Rehabilitation model of care. The introduction
of a Cardiovascular Health Strategy in 1999 demonstrates how policy can drive
development of services. Within 4 years of the introduction of the strategy the number
of hospitals providing cardiac rehabilitation increased from 29% to 77% (Lavin et al.,
2005). Similar advancements in policy, relating to cancer survivorship care, are needed
in the Irish healthcare system. Policy changes encouraged investment in staffing and
facilities in all relevant hospitals involved in the delivery of care to patients with

cardiovascular disease. This investment is now needed for in cancer rehabilitation
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services. Researchers and clinicians alike need to engage with the NCCP, tasked with
implementing the new cancer strategy, about the need for services in this area, to ensure
the body of knowledge supporting the field of exercise oncology is reflected in clinical

practice.

A recent Delphi study completed by oncology healthcare professionals in Ireland
identified four themes that could optimise the referral process to community-based
exercise programmes for patients with cancer. These included providing education to
healthcare professionals and patients regarding the benefits of physical activity.
Additional themes focussed on the logistics and quality of programmes, and optimising
the logistics of the referral process (Cantwell et al., 2017). The impressive ability of
exercise to potentially modulate cancer-specific outcomes is of direct clinical interest.
Future research should focus on the implementation of cancer rehabilitation
programmes into clinical practice, in order to resolve a disconnect between cancer care

and rehabilitation for cancer survivors in Ireland.

7.2.4. Precision Based Medicine in Exercise Oncology

Chapter 6 of this thesis provides greater knowledge in the area of precision based
medicine in the area of oncology. This concept has emerged in the last ten years in
response to an increasing body of knowledge about the benefits of exercise in oncology,
and the fact that the benefits associated with exercise may be particularly relevant for
certain groups of patients diagnosed with cancer. The primary goal of precision medicine
is to give an intervention to patients who will benefit and avoid providing it to patients
who will either not benefit or be harmed. A secondary goal is to avoid the side effects
and costs of giving the intervention to patients who will either not benefit or who will be
harmed (Friedenreich et al., 2016). This medical model of precision medicine can now
be applied in exercise oncology, where certain tumour types or tumour sub-groups will
benefit from different exercise interventions. For example, in one large epidemiological
analysis, it emerged that among men with biopsy Gleason sum <7 (n = 1034), walking
seven or more hours per week was associated with a 61% reduction in risk of prostate
cancer progression compared to walking less than half an hour per week (HR: 0.39; 95%
CI: 0.11, 1.41). However, no significant reduction was found in risk among men with
biopsy Gleason sum 27 (n = 421; HR: 1.33; 95% CI: 0.54, 3.29) (Richman et al., 2011).
Itis apparent that the dosage of exercise prescribed in the ExPeCT trial was not sufficient

to result in changes in psycho-social measures, and therefore future studies should
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explore alternative outcomes associated with exercise interventions, or alternative doses
of exercise. Additionally, future exercise intervention may benefit from the input of many
members of the multi-disciplinary team eg. Psycho-oncology services to meet the
psychological needs. Rehabilitation is the process of helping a person to reach their
fullest potential, including physical potential. Palliative rehabilitation’s primary goal is the
reduction of dependence in mobility and self-care activities in association with the
provision of comfort and emotional support. Therefore, incorporating additional aspects
of rehabilitation, such as psycho-oncology services to meet the psychological needs of
patients, may be important. Increasing physical activity and engaging in physical activity
can be essential components of rehabilitation (Javier and Montagnini, 2011). While small
studies have demonstrated the benefits of exercise in palliative populations (Oldervoll,
2011, Porock, 2000), the type of exercise can vary widely, from active-assisted exercise
to progressive resistance exercise, or aerobic exercise such as that in the ExPeCT
study. Each palliative patient will have different exercise capabilities, and the suitability
of exercise as a component of rehabilitation will need to considered carefully. As in other
complex populations, any exercise programme should be individualised and based on
the patient’s overall prognosis, potential to regain function, and desire and motivation to

participate in the programme.

While there is a growing body of evidence demonstrating the potential for physical
activity to play a meaningful role in optimising morbidity following an advanced cancer
diagnosis, the study of exercise interventions like ExPeCT, which involve biological
outcomes, is essential to further examine the potential of exercise for particular tumour
groups, such as those with advanced metastatic prostate cancer. To date, the field of
exercise oncology has focussed on health-related fithess outcomes and patient-reported
outcomes, not cancer outcomes. However, for advanced cancer, exercise is emerging
as a synergistic medicine (i.e., increasing the potency or effectiveness of concomitantly
applied therapies) and targeted medicine (i.e., exerting its own systemic and localized
anticancer effects, independent of other therapies) to underpin delays in disease
progression and improvements in survival (Hart et al., 2017). The biological analysis
completed on the ExPeCT trial will add further knowledge in this area, potentially
identifying the particular response of this advanced prostate group to an aerobic exercise
intervention. The increasing interest in cancer outcomes by exercise oncology
researchers makes the application of precision medicine (i.e., the focus on genetic and

molecular subgroups) much more relevant.
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7.2.5. Future Research

There are a number of areas relating to exercise and advanced cancer in need of future
research. Some of these areas have been highlighted in this thesis. Firstly, it remains
unclear if being physically active increases the risk of skeletal-related events in patients
with bone metastases secondary to advanced cancer. Medical, radiation and palliative
care consultant oncologists and chartered physiotherapists working in oncology in
Ireland, cited fracture risk as the primary concern with exercise prescription in this
population, despite a recognition of the importance of exercise participation (Chapter 4,
5a, 5b). Although health professionals can be hesitant to offer exercise advice, not all
bone metastases are likely to cause fracture, and little is known about the actual
association between physical activity levels and fracture rates (Chapter 1). With
increasing evidence supporting the role of exercise in metastatic bone disease, there is
a need to address exercise-related concerns among health professionals. Clinical
scoring systems such as Mirel’s classification, are predictive of pathological fracture risk
and are widely used clinically. Such scoring algorithms have considerable potential to
inform exercise eligibility in this population; however, to date the applicability of such
clinical measures for exercise prescription have been inadequately studied. There is a
need for a longitudinal study to examine the relationship between habitual physical
activity and skeletal related events in patients with metastatic disease over a prolonged
period. This information could help to identify a method of improved clinical fracture risk
assessment for exercise prescription. | am a collaborator on a recently funded work

which will examine this question.

There is also a need to diversify the tumour types involved in oncology research involving
exercise. To date, the vast majority of survivorship programmes have been completed
in patients with primary breast cancer and programmes have failed to includea wide
variety of cancer types. Importantly, survival rates are improving across a number of
cancer types and now increasingly patients with cancers traditionally associated with
poorer outcomes are surviving with rehabilitation needs. There is a need to expand
programmes to patients diagnosed with other tumour types and expand knowledge of
outcomes across different tumour sites. Additionally, limited data exist on the durability
of exercise interventions in healthy populations, and even less among cancer survivors
(Marcus et al., 2000). In non-cancer samples, research suggests that physical activity
intervention effects are typically short-lived, and participants return to baseline levels of
physical activity post-intervention (Marcus, 2000). Measuring exercise maintenance

among cancer survivors is a relatively new area of study and few studies available have
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assessed outcomes beyond 6 months of intervention completion. A review of exercise
oncology research to identify future areas in need of attention outlined the need for
further large-scale studies assessing both self-reported and/or objective measures of
exercise exposure with long-term follow-up and adequate event rates in understudied

cancer types (Jones and Alfano, 2013).

The mechanisms underpinning the positive effects of exercise, particularly on disease
outcome, are closely related to the metabolic syndrome. An additional need in the area
of exercise oncology is an exploration of the role of exercise on symptoms of the
metabolic syndrome. Metabolic syndrome and its concomitant diseases are a severe
health problem world-wide and most likely will gain even more importance in the future
since the prevalence of obesity is rising (Jung and Choi, 2014). The metabolic syndrome
includes abdominal obesity, hypertension, dyslipidemia and hyperglycemia and is linked
to insulin resistance and the development of diabetes mellitus. Studies support the
hypothesis that the metabolic syndrome, or its components, might play an important role
in the aetiology and progression of certain cancer types and a worse prognosis for some
cancers (Braun et al., 2011). Lifestyle factors such as physical activity, affect the risk of
developing the metabolic syndrome. The primary treatment goal in individuals with the
metabolic syndrome is to reduce the risk for atherosclerotic disease and type 2 diabetes
mellitus. Modification of risk factors by lifestyle changes has an important role to play.
Exercise training, especially high-intensity, appears to be highly beneficial in preventing
the metabolic syndrome relative to any other currently known interventions (Tjonna et
al., 2008). Although the metabolic syndrome is a common long-term complication after
cancer treatment, information on its prevalence in cancer survivors compared with the
general population, and its association with different cancer treatment strategies, is

limited. Further studies are needed to increase evidence in this area.

Two studies currently underway have the potential to greatly improve knowledge on the
role of exercise in advanced disease. A systematic review is currently underway to
examine the study design, participant and activity characteristics, and objective and
patient-reported outcomes in patients with advanced cancer (Lowe et al., 2016). This
systematic review will provide a comprehensive and rigorous evidence base from which
future research directions for physical activity can be proposed. Exercise has the
potential to enhance chemotherapeutic and radiotherapeutic effectiveness, interfere with
tumour driven dysregulation of angiogenesis and osteogenesis and delay disease
progression and extend survival. The ongoing INTERVAL Trial, part of the Movember

Global Prostate Cancer, Exercise and Metabolic Health Initiative, will contribute much
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knowledge in the area of exercise and metastatic disease (Saad et al., 2016). This
initiative will involve a global multi-centre exercise trial for men with advanced cancer
looking at overall survival as an endpoint. Additional endpoints will include measures of
strength, physical function and physical activity. This trial has the potential to identify the
mechanism of action underpinning the relationship between physical activity and the

biology of advanced disease.

The development of new and highly effective targeted anti-cancer therapies brings with
it new challenges: namely how to mitigate not only short-term transient toxicities, but
also the persistent or late side-effects which emerge when patients have to remain on
these therapies for extended periods. This thesis has gathered new evidence in a
number of areas related to physical activity and advanced cancer. Firstly, evidence
regarding the involvement of both patients with advanced cancer and metastatic cancer
in exercise programmes has been synthesised. This evidence demonstrates that
patients with advanced cancer can safely participate in exercise trials, and highlights the
need for future exercise interventions in this population. In addition, the views of patients,
clinicians and physiotherapists in Ireland towards exercise in advanced cancer patients
has been examined, a much needed addition to the established literature in early stage
cancer. It is clear that work is needed to enhance the perceptions of patients and
healthcare professionals of activity as being an important part of disease management.
While the health belief model identified many barriers to physical activity, additional work
is needed on how perceptions of the benefits of physical activity can be maximised and
barriers can be overcome. Finally, the randomised controlled trial completed as a part of
this thesis has contributed to the increasing body of knowledge regarding the feasibility
of exercise for patients with advanced cancer and may encourage future trials in

advanced cancer populations to include those with metastatic disease.

7.3. Conclusion

The findings of this thesis add to the accumulating body of evidence surrounding
exercise interventions for patients living with metastatic cancer. Results demonstrate a
considerable scope for targeted exercise prescription as an adjunct therapy medical
treatments for advanced cancer; however, further education of patients and healthcare
professionals is needed in order for exercise to be embraced as a part of standard clinical
care. This thesis will inform preliminary safety and efficacy trials in patients with
metastatic cancer, paving the way for definitive clinical exercise trials with survival

endpoints. This will enable researchers to identify which cancer variables are the most
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important outcomes, determinants, and moderators for disease progression in patients

with advanced cancer.
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Considerations for Exercise Prescription in Patients
With Bone Metastases: A Comprehensive Narrative Review
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Abstract

Metastatic disease is a frequent complication of advanced cancer, with bone representing one of the most common sites of
metastatic occurrence. Patients with bone metastases receive long-term systemic treatments that have a significant ateritional
impact on muscle strength, fatigue, and physical functioning. Physical rehabilitation involving exercise and physical activity
prescription has a considerable role in counteracting these changes: however, exercise is often perceived as a contraindication in
the presence of bone metastases due to concerns about aggravating skeletal related events. This article examines the physical
sequelae of bone metastases and outlines the factors for consideration with exercise prescription in metastatic bone disease,
including bone health, pain levels, and oncologic treatment. This article includes a comprehensive review of the evidence from
trials of exercise prescription in this population, including the efficacy and safety outcomes of exercise interventions. Exercise
interventions for patients with bone metastases are associated with positive physical and self-reported outcomes. Studies
reviewed reporting adverse events did not find a high fracture incidence with exercise in comparison with control participants, or
an association between exercise and fracture risk. The need to individualize exercise prescription and adapt exercises to patient
ability were reinforced in all papers reviewed. Exercise prescription to patients with bone metastases does involve complex
decision making; however, a number of tools are available that may inform both the assessment of patients and the prescription of

exercise.

Introduction

Over the past 20 years, advances in our understand-
ing of tumor biclogy have led to the development of
improved treatment strategies for many cancers. Ad-
vances in systemic therapies for cancer have prolonged
survival even in those who cannot be cured, and many
people now live with advanced stages of cancer for
longer periods [1,2]. Metastatic disease is a frequent
complication of advanced cancer, with bone repre-
senting one of the most common sites of metastatic
occurrence [3]. The incidence of bone metastases varies
with different primary cancer tumors, ranging from 14%
in melanoma to 90% in multiple myeloma. In patients
with breast and prostate cancer, the incidence of bone
metastases ranges from 65% to 75% [4]. With increased
life expectancy of this patient group, the incidences of
skeletal metastasis continues to increase, with more
than 1.5 million patients worldwide living with bone
metastases [5].

It follows therefore that optimizing physical capac-
ity and maintaining independence with activities of
daily living in patients with bone metastases for as long
as possible is essential to maximize quality of life (Qol)
[6]. Patients with bone metastases receive long-term
systemic treatments that have a significant attritional
impact on muscle strength, fatigue, and physical
functioning. Physical rehabilitation involving exercise
and physical activity prescription has a considerable
role in counteracting these changes, with evidence
from systematic reviews of exercise interventions in
patient with bone metastases reporting improvements
in functional capacity, lower fatigue levels, and
increased QoL [7,8].

Despite the known benefits of physical activity for
patients living with cancer, exerdse prescription in pa-
tients with metastatic disease is challenging. Exercise is
often perceived as a contraindication in the presence of
bone metastases due to concerns about aggravating
skeletal-related events (SREs) [9-11]. Recent in-depth
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surveys with health care professionals (medical oncol-
ogists, radiation oncologists, palliative care physicians,
and spedalist physiotherapists) involved in the manage-
ment of patients with bone metastases in Ireland high-
lighted concems that increasing physical activity would
increase risk of SREs and aggravate symptom control
[12,13]. The comsequences of SREs, such as pathologic
fractures and extradural spinal cord compression, include
severe pain, increased health care costs, reduced Col,
and increased mortality [14]. Among patients, however,
interest in physical activity is high. One cross-sectional
study of 50 patients living with a high burden of meta-
static bone disease reported that 92% were interested in
completing exercise programs and felt able to dosa [15].
Despite this keen interest, exercise levels in this popula-
tion are suboptimal, with only 2%% of patients with bone
metastases meeting the current aerobic exercise guide-
lines for cancer survivors [16].

This review aims to examine factors for consideration
with exercise prescription in metastatic bone disease,
review the evidence from trnals of exercise prescription
in this population, and examine the efficacy and safety
outcomes of exercise interventions. The review will
examine (1) the physical sequelae of bone metastases;
{2) factors to consider with exercise prescription, and
{3) a comprehensive review of structured exerdse
training in patients with metastatic bone disease
(Figure 1).

Section One: The Physical Profile of the Patient

Metastatic cancer and its associated treatment have a
oonsiderable attritional impact on multiple components
of physical performance, including muscle strength,
physical function, and physical activity. The following
section provides an overview of the unigue and multi-
faceted clinical profile of this patient cohort, thus out-
lining the challenges to be addressed by exercise
rehabilitation

Muscle Strength

Skeletal muscle loss and muscle weakness are a well-
described sequela of early-stage cancers [17,18].
Although less s known about skeletal muscle impairment
in metastatic bone disease, sarcopenia is associated with
treatment toxicity and time-to-tumor progression [19],
and therefore addressing muscle loss is of considerable
dinical importance. A small number of cohort studies
have reported suboptimal muscle strength in patients
with metastatic bone disease [20-22]. In one example in
metastatic breast cancer (n = 71), both relative and
adjusted grip strength (26.6 [6.0] vs 30.2 [6.4] kg, P =
001, and 0.38 [0.09] v 0.46 [0.11] ke.ke™, P = 001,
respectively) and leg strength [53.5 23.7] vs 76.0 [27.4]
kg, P = .001, and 0.76 [0.31] vs 1.15 [0.45] kg.ke ™", P =
001y were significant lower than matched healthy
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Figure 1. Exercie prescription in metastatic bone deease.

controls [23]. Hand grip strength is negatively associated
with physical frailty and low scores are predictive of
disability in older people [24].

In addition, measures of lower limb muscle function,
such as 30-second sit-to-stand (5TS) test scores, are
impaired in  metastatic coohorts, with patients
completing approximately one half the number of 5T%
repetitions (11.5 [4]) in comparison with matched con-
trols (22 [71) [22,25]. In patients with spinal metastases,
preintervention data from an exercise study reported
baseline 5TS repetitions as low as 5.1 (1.4) {interven-
tion) and 4.6 (2.0) (control); however, this outcome was
amenable to rehabilitation, with the intervention arm
increasing to 9.0 (2.6) repetitions after 3 months of
isometric spinal strengthening [26]. Of concem, inolder
healthy cohorts (=60 years old), 30-second 5TS <15
repetitions is predictive of falls risk and fracture risk
and therefore the consequences of the low 5T5 repeti-
tion values observed in patients with metastatic bone
disease may be considerable [27].

Physical Function

Physical function involves the performance and oo-
ordination of varous physiological systems, all of which
may be impaired as a result of cancer treatment [28,29].
Physical function may be measured with the use of both
subjective and objective physical performance measures,
which show comparable levels of validity, sensitivity, and
responsiveness [30,31]. Functional deficits in patients
with metastatic bone disease have been reported by
studies using a range of measurement methods.

Subjective measures of physical function are
commonly used for patients with metastatic bone
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disease, such as the physidan-completed Musculoskel -
etal Tumor Society Score and the patient-completed
Patient-Reported Outcome Measurement Information
Systems Physical Function Cancer questionnaire, a su-
perior measure of physical function in patients with
lower extremity bone metastases due to its validity,
brevity, and reliability over a wide range of ability levels
[3Z]. Patients with primary cancer report a mean
Patient-Reported Outcome Measurement Information
Systems Physical Function (short form) score of 44.9,
one half a standard dewviation lower than the U.5. pop-
ulation mean, whereas patients with lower extremity
bone metastases report lower median scores of 36
{interquartile range 31-43) [33,32}, highlighting the
considerable impact of bone metastases on patient-
reported functional ability.

Tools that incorporate objective measures of physical
function, such as the Short Physical Performance Bat-
tery and Fast Gait Speed, are predictive of premature
mortality in all cancer survivors [29] and therefore have
wide clinical applicability. The 6-minute walk distance
(6MWD), a submaximal exerdse test of aerobic capacity
and endurance, examines the furthest distance that a
patient can mobilize over a 30-m course during & mi-
nutes. In metastatic non—small cell lung cancer, one
prospective study (n = 118) reported that 6MWD was
independently predictive of survival, with patients
completing =358.5 m having greater chance of all-cause
mortality compared with a 6MWD of 358.5-450 m
{adjusted hazard ratio 0.61 (95% confidence interval [CI]
0.34-1.07) or 6MWD =450 0.48 m (95% Cl 0.24-0.93) [34].

Physical Activity

Physical activity s defined as body movement pro-
duced by skeletal muscles, which results in energy
expenditure [35]. There are many health benefits
associated with physical activity participation during
and after cancer treatments [36]. Studies in patients
with metastatic disease however, have shown that this
patient group are at significant risk of low physical ac-
tivity levels. In a cross-sectional study of 55 patients
living with metastatic bone, 71% of participants self-
reported that they were insufficiently active and did
not meet the current aerobic exercise guidelines for
cancer survivors [16]. When measured using objective
methods, physical activity levels are considerably lower.
In a cross-sectional analysis of 71 patients with meta-
static breast cancer (n = 19 bone-only metastases),
those with metastatic disease achieved only 56% of the
steps completed by controls each day (5434 [3174] v
9635 [3327] of steps/d, P < .001) [23]. Objectively
measured physical activity levels in patients receiving
radiotherapy for bone pain are comparable with phys-
ical activity levels in patients receiving chemotherapy
[37]. As objective physical activity scores correlate
significantly with QoL of patients with cancer, thereisa

need for strategies to increase physical activity levels in
metastatic patients [37].

Section Two: Considerations for Exercise
Prescription

All cancer survivors, including patients living with
bone metastases, are advised to engage in 150 minutes
of weekly moderate-intensity aerobic exercise and to
include strength and flexibility training in their program
[38]. For patients with bone metastases, however,
achieving these guidelines may prove challenging. Even
when encouraging patients to be as physically active as
their abilities and conditions allow, exercise prescrip-
tion is complicated by several factors associated with
bone lesions including compromised bone health, risk of
pathologic fracture, and increased levels of pain. Con-
siderations for exercise prescription in the presence of
these complications is considered in the sections to
follow.

Bone Health

Osteoporosis

Osteoporosis and osteopenia are a common sequela
for patients with bone metastases. This is due to the
direct effects of cancer cells on the skeleton and to
deleterious effects of cancer-specific therapies on bone
cells [39]. In a case controlled analysis of 174 hormone-
naive men with advanced prostate cancer, 42% were
osteoporotic and 37% were osteopenic at diagnosis
compared with a 27% incidence of osteoporosis amongst
peer-matched controls (P = .02) [40]. In addition, ste-
roid use, often used in advanced cancer for disease
control and symptom management, is a strong inde-
pendent risk factor for fractures [41,42].

Osteoporosis often arises as a side-effect of cancer
therapies such as androgen-deprivation therapy (ADT)
for prostate cancer, aromatase inhibition for breast
cancer, or chemotherapy-induced ovarian failure [43].
ADT, the most commonly used therapeutic strategy for
men with advanced prostate cancer, increases bone
turnover and decreases bone mineral density (BMD),
leading to a 20%-45% increase in relative fracture risk
[44]. In addition, a large randomized study examining
the effects of hormone treatment on bone health in
patients with metastatic breast cancer found that,
relative to baseline, endocrine therapy independently
resulted in BMD declines at the lumbar spine {—11.3%)
and hip (=7.3%) over 36 months [39].

Osteoporosis management  involves a  multimodal
approach comprising pharmacologic and conservative
interventions. Conservatively, education about fracture-
risk activities, such as heawy lifting or high-impact activ-
ities, and prescription of individualized exercise programs
for muscle strengthening and falls prevention are rec-
ommended [45]. A large retrospective study has shown
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that abandoning general corset use in patients with spinal
metastases does not increase rates of pathologic fracture
after radiotherapy [46]. Functional loading activities
such as walking exert a positive influence on bone mass
[47]. Changes in bone mass occur more rapidly with
unloading than with increased loading [48]. Therefore,
patients with bone metastases experiencing osteope-
mia and osteoporosis should be encouraged to, at the
very least, maintain physical activity levels for as long
as possible and include suitable loading exercises to
preserve bone mass.

Pathologic Fracture Risk

A fracture that develops in an area of bone pathology,
such asa metastases, is termed a pathologic fracture, the
oonsequences of which indude severe bone pain, mobility
limitations, and the possibility of surgery and hospitali-
zation [49]. The incidence of pathologic fracture ranges
from 43% in patients with multiple myeloma to 17% in
patients with metastatic lung cancer [50]. Risk factors for
pathologic fracture include the size of the lesion and
increasing pain; however, little is known about the influ-
ence of physical activity on fracture rates. In one pro-
spective study of 54 patients with bone metastases
receiving inpatient rehabilitation, 16 fractures occurred in
12 patients, with only 1 fracture assodated with rehabil-
itationL531, Patients in the fracture group were signifi-
cantly more likely to be female, younger, have a larger
number of metastatic sites, and a previous ocourmence of
pathologic fracture [51]. In addition, lytic metastases
(those that break down bone), common in myeloma or
renal cell carcinoma, were more likely to develop into
fractures in comparson with osteoblastic metastases
(those that stimulate bone growth), common in prostate
cancer. Although hypercalcemia and administration of
parental narcotic suggest a poor rehabilitation outcome in
those referred to rehabilitation after pathologic fracture,
patients with pathologic fractures secondary to metasta-
tic disease are considered excellent candidates for
intensive exercise rehabilitation programs [52].

In recognition of the multifaceted nature of fracture
risk, algorithms such as Mirels’ Classification sooring
system can provide a useful measure of fracture risk.
This system encompasses multiple details including the
site of metastases, patient-reported pain level, radio-
graphic appearance, and size of the lesion (Table 1). All
the features are assigned progressive scores ranging
from 1 to 3. Based on an overall score, a recommen-
dation for or against prophylactic fixation of a lesion is
given. According to Mirels' recommendation, prophy-
lactic fication i highly indicated for a lesion with an
overall score of 9 or greater. A lesion with an overall
score of 7 or less can be managed using radiotherapy
and drugs. An overall score of 8 presents a clinical
dilemma. The probability of fracture is only 15%, and
Mirels recommends the attending physician use clinical
judgment in such cases and consider prophylactic

Table 1

Mirels" Clasification scoring system for pathologic frRcture prediction
Soore 1 2 3

Site Upper limb  Lower limb Trochanteric
Pain Mild Moderate Functional
Radiographic appeamance Blastic Mixed Lytic

Size of lesion =1/3 cortex 1/3-2/3 cortex =2/3 cortex

fixation. The system has good sensitivity (91%) but
relatively poor specificity (35%) [53].

Although not currently wsed widely in exercise
oncology, assessing patients for risk of fracture using
tools such as Mirels’ criteria could form a useful basis for
exercise prescription. The scoring system has the po-
tential to be used as a decision tool for selecting pa-
tients suitable for exercise interventions and also be
used as an aid the selection of partidpants suitable for
exercise prescription (Table 2) 55}, Just one study in
patients with multiple myeloma, a cohort similar to
metastatic bone disease, has used Mirels' Classification
to screen for fracture rsk and exercise suitability. In
this analysis, there were 13 (21.6%) screen failures from
a total of 75 eligible participants due to fracture risk,
typically large lytic lesions of the long bones or exten-
sive lytic disease in the pelvis. Those not at risk were
recommended for exerdse, whereas others deemed at
risk underwent cross-sectional imaging with computed
tomography (CT) or magnetic resonance imaging and
were referred for surgery and/or radiotherapy before
embarking on the exerdse program [54].

Other fracture screening tools such as the World
Health Organization screening tool (FRAX) [56] may also
be useful. The FRAX calculator {www . shef.ac.uk/ FRAXS)
identifies 10-year fracture risk. The FRAX accounts for
hormone therapy by classifying it as secondary osteo-
porosis and is considered superior to using measures of
BMD alone to determine fracture risk [57]. A number of
recent studies have investigated the value of CT based-
Finite Element 3-dimensional modeling and CT-based
structural rigidity analysis in predicting fractures. Both
methods may considerably advance the accuracy of
pathologic femur fracture prediction [58,59]; however,
in clinical practice, where this level of radiologic anal-
w515 15 not available, Mirels® classification can provide an
extremely meaningful and cost-effective measure of
fracture risk.

Pain

Bone pain is wsually the earliest and most common
symptom of bone metastases [60]. Up to 83% of patients
with metastatic bone disease complain of cancer-
induced bone pain, with wide vanations in pattern and
severity [61]. Incident or breakthrough pain, defined as
an abrupt, short-lived, and intense flare of pain in the
setting of chronic pain, may significantly impact
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Table 2

Mireks" Classification and exerdse prescription

Mireks" Score Fracture Risk (%) Treatment Recommendation Exercie Recommendation

=9 33-100 Prophyactic fixation & recommended. Further medical amessment is necessary
before exermise presaiption.

B 15 Clinical judgment should be wed. Patient should be prescribed an
individualized exercise plan.

=T <4 Obseration and radiation thempy can be used. Patient should be prescribed an

individualized exercise plan.

Mireks" Classification is a system used to predict the greatest risk of pathologic fracture among bones affected by metastases and could also be

used to identify those suitable for exerciEe prescrip tion.
Adapted from Gulia et al [55].

exercise prescription [62]. The Brief Pain Inventory
(BPl), which evaluates pain severity and the resulting
functional interference, is a valid and reliable tool for
pain measurement in patients with bone metastases
[63,64]. With the use of this tool, patients with bone
metastases (n = 258) report substantial pain-related
interference in activity, despite the classification of
pain levels as mild or moderate [64]. Therapists should
be aware that umidimensional measures of pain (eg,
Mumerical Rating 5Scales) do not always correlate with
physical function. Measure such as the BFl ensure both
pain severity and pain interference on function are
measured. Relatively mild pain intensity scores could
conceal dinically important functional impairments in
patients with lower body metastases, and attention to
activity function is critical during assessment.

Pain associated with functional activity is associated
with greater risk of pathologic fracture and hence is an
integral component of risk prediction models such as
Mirels* Classification. In one study of 66 consecutive
patients with 100 metastases in long bones, only 6 of 57
bone lesions that were classified by patients as mildly or
moderately painful later fractured; however, all lesions
in which pain was agegravated by function subsequently
fractured [65]. Therefore, although many of this patient
group will receive regular analgesia for bone pain, those
experiencing breakthrough pain, particularly associated
with functional activity, should be investigated fully
before commencing exercise programs. Exercise studies
in patients with bone metastases monitor pain levels
closely, modifying the intervention if pain increases
[66]. If pain persists, orthopedic opinion may be
required before the continuation of exercise and in
cases of severe pain, before the patient can resume
activities of daily living. Pain within the spine is also a
predictor of metastatic spinal cord compression
(Figure 2), which present in 83%-95% of patients at the

1time of diagnosis [67].

Current methods of predicting fracture risk do not
consider the absolute amount of weight that is placed
on the bone; however, it has been proposed that greater
patient body weight leads to greater fracture risk [69].
There is uncertainty around the level of weight bearing
a patient with bone metastases can be permitted. In

one study of 38 patients with 78 long bone lesions, there
were no differences in the rate of pathologic fracture
between patients completing weight-bearing versus
non—weight-bearing activity, indicating patients should
be encouraged to engage in pain-free weight-bearing
activity [65,70]. Conversely, pain with weight-bearing
activities can indicate pathologic fracture, particularly
in the lower extremities, and therefore weight-bearing
activities should be awoided in the presence of pain.
This further emphasizes the need to monitor pain
throughout exercise sessions and modify treatments
accordingly.

Oncologic Treatment

The main goal of treatment for bone metastases is to
reduce the incidence of SREs and improve QoL and
mobility. In addition to standard anticancer therapies
such as chemotherapy and hormone therapy, modem
treatment of metastatic bone disease includes analge-
sics, radiation therapy, surgery, and bisphosphonate
drugs [71]. The following section will discuss each of
these treatments, as well as describing the impact each
will have on patients® physical function and perfor-
mance. Physiatrists and therapists should be aware that
all treatments will alter rehabilitative goals and patient
suitability for particular interventions.

Analgesics

Effective analgesia s fundamental to a patients’ ability
to participate in exercise. Adequate pain relief signifi-
cantly increases mobility and general activity in patients
with bone metastases [72]. The pharmacologic approach
to the treatment or palliation of painful osseous metas-
tases follows the World Health Organization's analgesic
stepladder. This “triple opioid therapy approach” involves
(1) controlled-release opioids ({to control background
constant pain), (2) immediate-release opioids (to control
gradual onset breakthrough pain), and (3) rapid-onset
opioids (to control sudden increases in pain) [73]. Anal-
gesic agents may include nonopioid analgesics (eg,
nonsteroidal anti-inflammatory drugs), adjuvants (eg,
antidepressants, muscle relaxants), and opioids/opioid-
like analgesic agents [73]. It 5 particularly difficult to
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Medical Emergency: Metastatic Spinal Cord Compresion
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in intensity, is usually the first sympt om of MSCC™.
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Compression suggest that stability of the spine and the level of mability allowed should be
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worsening of pain and newrological symptoms should be recorded, reported and medical

® If pain or newrslogical symptoms worsen duning rehabilitation, the activity should be

stopped, and the patient returned 1o a spinal protective position where these changes

Figure . Medical emergency: metastatic spinal cord compression.

achieve pain control when bone metastases cause pain on
movement [72]. Often nonsteroidal anti-inflammatory
drugs and opioid analgesics are ineffective and further
interventions, such as those detailed to follow, are
required.

Radiation Therapy

Palliative radiotherapy can successfully relieve symp-
toms of advanced cancer, with the most common indi-
cation for its use being localized, uncomplicated painful
bone metastases [74]. Large multi-institutional random-
ized trials have demonstrated that 80% of pabients
recetving radiotherapy for osseous metastases will expe-
rnence complete-to-partial pain relief, typically within
10-14 days of the initiation therapy [75]. Pain reduction,
measured with the BPl, s associated with positive
changes in physical function [76]. In contrast, neither
location of bone metastases nor radiotherapy dose pre-
dict pain response or functional interference following
radiation treatment [77]. Studies prescribing exercise for
patients receiving palliative radiation treatment report
no adverse events [22, 78, 79]. The only documented pre-
caution specific to exercise prescription in patients after
radictherapy is severe tissue reactions such as dryness,
itching, blistering, or peeling, leading to increased risk of
infection [80].

Surgical Intervention

Surgical interventions for metastatic bone lesions are
completed to relieve pain or neurologic symptoms,
stabilize fractures, restore function, enable ambula-
tion, and overall increase patient QoL [3]. Pathologic

fractures lead to extreme pain, urgent hospitalization,
and the risk of emergency surgery with compromised
outcome. Thus, predicting impending fracture and
prophylactic fixation in an elective setting are critical to
avoid debilitating complications. Mirels’ Classification
can be used to identify patients at the greatest risk of
impending pathologic fracture, and several options are
available for prophylactic osteosynthesis including the
use of plates and screws, intramedullary nails, recon-
struction nails, and endoprosthesis.

In patients who experience pathologic fracture, surg-
cal intervention can lead to significant improvements in
physical function and activity levels [24]. For example, in
a study of &7 patients who underwent surgery for long
bone fractures caused by metastatic tumors, significant
improvements were reported in measures of activities of
daily living such as washing and dressing [ 3]. For patients
with malignant spinal tumors, percutaneous wverte-
broplasty and kyphoplasty are effective minimally inva-
sive procedures that provide analgesia and spinal
stabilization that restore or preserve ambulation [82-84].
Weight-bearing status may vary postoperatively depend-
ing on bone guality and types of fracture pattern as well
as surgical procedure, and therefore a collaborative
approach to postoperative mobilization involving the
surgical and rehabilitation team is advised [85].

Bone-Modifying Agents
Bone-modifying agents have some analgesic effect

and reduce the risk of SREs while reducing the need for
palliative radiotherapy and surgery [86,87]. Two classes
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of agents used are the bisphosphonates (pamidronate,
moledronic acid [ZA], clodronate, and ibandronate) and
the RAMK ligand inhibitor, denosumab [88-90]. In addi-
tion, corticosteroids (eg, Decadron) are recommended
as an adjuvant analgesic for cancer-related bone pain.
The mechanism of action is likely related to decreasing
tumor-related edema at the site of metastases,
although the evidence base largely relies on favorable
clinical observations [91].

Bisphosphonates are assodated with acute-phase
reactions in approdmately 15%-20% of patients (pri-
marily after the first 1 or 2 infusions), which are char-
acterized by mild-to-moderate flu-like symptoms such
as low-grade fever, fatigue, arthralgia or myalgia,
increased bone pain, and nausea [92]. This can begin
days or months after starting treatment. Patients may
require additional analgesia and adaptions to exerdse
programs until symptoms improve [%3]. Intravenous
bisphosphonates are the treatment of choice for the
initial management of hypercalcemia (Figure 3) [94,%95].
The effect of exercise on BMD was compared with the
effects of bisphosphonates (ZA) on BMD in one ran-
domized controlled trial. At 12 months, spine, total hip,
and total body BMD increased in the ZA group by 1.6%,
0.8%, and 0.8%, respectively; however, BMD decreased
in the physical activity group by 6.0%, 3.4%, and 3.3%,
respectively (P values =.0001 for all group compar-
sons). ZA protected patients with breast cancer against
bone loss during initial treatment, whereas home-based
physical activity was less effective in preventing bone
loss [96].

Section Three: Exercise Medicine Evidence

Given the potential for exercise to enhance function,
ameliorate the side-effects of treatment or act as an

adjunct to modem anticancer treatments, the purpose
of this literature review was to comprehensively syn-
thesize evidence on the involvement of patients with
bone metastases in exercise trials. The following section
summarizes the available evidence concerning exercise
programs involving patients with metastatic bone
disease.

Methods

Papers were identified through a search of the following
databases: CINHAL, EMBASE, Medline, PubMed, SCOPLS,
and Web of Science. The search terms used included
combinations of physical activity orexercise and key words
related to bone metastases, including “bone metastases, "
"spine metastasis,” “advanced cancer,” “advanced
neoplasm,” “bone neoplasms,” “spinal neoplasms,” “pel-
vic neoplasms,” "spine metastases,” "spontaneous frac-
ture,” "pathologic fracture,” "bone pain,” and “fragile
bone.” In addition, studies retrieved from journal publi-
cation reference lists, and any other published studies
known to the authors were also included. The search
included the literature up to October 2017, Mo limits were
applied to the searches.

Studies that involved patients with metastatic dis-
ease, in particular bone metastases, as a result of solid
primary tumors, participating in supervised exercise
interventions were eligible for inclusion. When it was
unclear whether patients with bone metastases were
included or were eligible for inclusion, the authors of
the paper were contacted for clarifiation. The results
of the literature search were screened by 2 authors for
inclusion in the current review. A flow diagram of the
literature search and selection is presented in Figure 4.
Details relating to exercise programs prescribed,
adverse events, and outcomes related to physical

Medical Emerngency: Hypercalcemia

10% of patient s with sdv anced cancers.

#= Hypercalcaemia is an sbnormally lange amount of calciem in the blood which affects up to

#  The dlinical featwres of hy percal cemia include newrol ogical changes, cognitive ¢ hanges,
gastrointestingl, renal and cardiovasoul ar symploms.

*  Agymplomatic or mildly symptomatic individuals with by percalcemia may not reguire
immediate therapy. However, hy percaloemia with malignancy usually presents with
markedly elevated calciom levels [»3.5 molfL) and therefore is usually severely sym plomatic

and is considered on oncological emengency.

Figure 3. Information on hypercalcaemia of malignancy, adapted from Mirrakhimow [95].
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activity, physical function, and QoL were extracted
from studies.

Given the complexity of biological systems, the use of
animal models has provided a significant understanding
of the varous adaptive mechanisms undergoing acute
and chronic physical exercise [97]. Studies examining
the effect of exerdse training in animal models with
metastatic bone disease were also included.

Results of Literature Review

Eleven studies, described in 18 papers, relating to
exercise prescription in patients with bone metastases
were considered eligible for inclusion; 7 randomized
controlled trials, 3 single-arm studies and 1 multiarm
interventional study (Table 3) [43,14,25,29,67,79,80,
47-106,424).  Aerobic andfor resistance exercise
training was prescribed by all studies. Five studies
examined aerobic and resistance training as a multi-
modal intervention, and 1 study compared an aerobic
training intervention to a resistance training interven-
tion. In addition, 3 studies prescribed resistance training
only, whereas 2 studies prescribed aerobic training only.
Studies in animals included for review prescribed aero-
hic exercise or lower limb training interventions.

All studies reviewed included patients with meta-
static bone disease. In & studies, participants had a
diagnosis of primary prostate cancer, whereas 4 studies
included participants who had a mix of primary cancer
diagnoses. One study included only patients with met-
astatic breast cancer. In total, studies involved 593 pa-
tients with metastatic disease, of which 347 were
prescribed exercise. The remaining 246 patients served
as control subjects. Participant age ranged from 49 to
73.1 years and BMI ranged from 26.6 to 29.3ke/m>.

Agrobic Exercise

Two studies reviewed prescribed aerobic exercise as a
uni-modal intervention. The first prescibed a 12 -week
RCT of football training program for men undergoing
ADT for advanced or locally advanced prostate cancer
{n = 57), 11 of whom had metastatic bone disease [98].
Thefootball program consisted of 15 minutes of warm-up
exercises (running, dribbling, passing, shooting, balance,
and muscle strength exercises) followed by 2 = 15 mi-
nutes of 5- to 7-a-side games. The football training group
{n=2%) practiced 2-3 times per week for 45-60 minutes,
whereas a standard-care control group (n = 28) was
instructed to maintain their baseline activity levels.
Postintervention, the football group demonstrated
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Figure 4. Comprehensive literature search strategy.
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Table 3

Exercise interventions for patients with bone metastases: Research studies included in this review

Metastatic Bone
Disease Patients, n
(% of Overall Study
Population)

Intervention Adverse Events

Adherence/Compliance

Results, Mean (5D)

Bourke et al,
2011, He54

Intervention, n =
6/25 (24%)

Control, n =7/25
(28%)

12 weeks of aerobic and
resistance exercise

F: Weeks 1-6: Twice weekly

Weeks 6-12: Once weekly

I: 55%-85% of age-predicted
maximum HR and/or RPE

11-15

T: 30 minutes of aerobic
exercise and between 2 and 4
sets of resistance exercises

T; Aerobic: Not specified

Resistance: Body weight
resistance and free weights

Home exercise component: Yes

Self-directed exercise (eg, brisk
walking, cycling, and gym
exercise) for at least one 30-
minute session per week
during the initial 6 weeks and
at least 2 sessions per week
for the final 6 weeks.

Not reported

Attendance at supervised
exercise sessions: 360/378
sessions (95%)

Compliance to the self-
directed exercise: 329/
378 sessions (87%) (ie,
patients reporting at least
25-30 minutes of aerobic
exercise in log books)

Significant change reported in:

Total exercise behavior (GLSIQ)
Postintervention
Intervention 33.8 vs control 17.4 Godin
LSl points
{mean difference 16.3, 95% C| 8.8-23.8;
P < .001)
6-month follow-up
Intervention 25.9 vs control 15.6 Godin
LSl points
(mean difference 11.3, 95% Cl %4 5.0-17.5;
P =.001)
Fatigue (FACT-F)
Postintervention
Exercise (44 [6] to 48 [4]) points Control
(43 [8] to 42 [8]) points
{mean difference 5.4, 95% CI 0.8-10.0;
P = .002)
6-month follow-up
Exercise 48 (4) to 43 (7) points
Control 42 (8) to 40 (8) points
(mean difference 3.1, 95% Cl 0.3-6.4;
P = 006)
Exercise tolerance (Bruce Protocol)
Postintervention
Exercise (351.1 [110.8] to 495.8 [125.0] 5)
Control (368.6 [129.1] to 379.8 [129.2] s)

(Mean difference 133.4, 95% Cl1 92.4-174.4;

P < .001)

6-month follow-up
Exercise 495.8 (125.0) to 435.8 (118.5) s
Control 379.8 (129.2) to 351.0 (114.4) s

(mean difference 102.2, 95% Cl 56.8-147.6;

P < .001)

Functional fitness (30-second chair sit to stand)

Postintervention
Exercise (11.1 [2.3] to 16.0 [3.7] reps)
Control (12.3 [3.7] to 13.4 [4.3] reps)
(mean difference 3.79, 95% CI 1.68-5.90;

P =.002)

6-month follow-up
Exercise (16.0 [3.7] to 16.1 [4.1] reps)
Control (13.4 [4.3] to 13.6 [3.8] reps)

(continued on next page)
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Table 3 (continued)

Metastatic Bone
Disease Patients, n
(% of Overall Study

Population) Intervention

Adverse Events

Adherence/Compliance Results, Mean (SD)

Bourke et al, Intervention, n = 12 weeks of aerabic and
2014 [106] 11/50 (22%) resistance exercise with
Control, n =9/50 parallel dietary advice.
(18%) F: Weeks 1-6: Twice weekly

Weeks 6-12 once weekly

I: Aerobic: 55%-75% of age-
predicted maximum HR and/
or RPE 11-13.

Resistance: 60% of 1RM
progressed by volume and
weight

T: 30 minutes of aerobic

exercise and between

2 and 4 sets and 8—12 reps of
resistance exercises

T: Aerobic: stationary cycles,
rowing ergometers and

treadmills. Resistance: Body
weight resistance and free
weights

Home exercise component: Yes

n =1 atrial fibrillation

n = 1 death in the usual-care
arm during the intervention.

There were no skeletal-related
adverse events during follow-
up.

(mean difference 3.66, 95% CI 1.71-5.6;
P =.001)
Muscle strength (maximum voluntary torque)
Postintervention
Exercise (181.9 [42.7] to 190.3 [40.9] kg)
Control (170.8 [52.0] to 169.2 [48.8] kg)
{mean difference 9.97, 95% Cl —0.92 to 20.8;
P =.033)
&-month follow-up
Exercise (190.3 [40.9] to 195.5 [43.6] kg)
Control (169.2 [48.8] to 176.2 [53.8] kg)
(Mean difference 8.20, 95% CI —0.90 to 17.3;
P =.035)
No change reported in
Quality of life
At end of intervention; P = .21 (FACT-P) and
P = .25 (FACT-G), or at 6 months (P = .45
and P = .36).
Anthropometric variables
At end of intervention; P = .20 (weight),
P = .76 (BMI), P =.39 (waist-hip ratio) or at
& months P =.27 (weight), P = .B& (BMI) or
P =.56 (waist-hip ratio).
Significant change reported in:
Quality of life at 3 months (FACT-P)
(adjusted mean group difference:
95% Cl 3.7-14.2; P = .001)
Exercise tolerance (Bruce Protocol)
(adjusted mean group difference: 121.2 s;
95% CI 91.6-150.8; P < .001)
Fatigue (FACT-F)
(adjusted mean group difference:
95% C1 2.7-7.9; P < .001)
Total exercise behavior (GLSIQ)
Postintervention
Adjusted mean group difference: 14.6 Godin
LSI points; 95% CI 7.8-21.4; P < .001.
G-month follow-up
Adjusted mean group difference: 8.0 Godin
LSI points; 5% CI 0.5-15.6; P = .03&.
No change reported in:
Quality of life at & months (FACT-P)
Adjusted mean group difference: 3.3; 95%
Cl 52.6-9.3; P =127 at 6 months.

Adherence was 94% for the
supervised and 82% of the
prescribed independent
exercise sessions.

8.9,

5.3

oL
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Commie et al,

2013 f443

Intervention, n =
20 (100%)

At least one self-directed
independent session for at
least 30 minutes using the
skills taught in the supervised
sessions (eg, Borg). This
increased to twice per week
during weeks 7—-12.

12-week resistance exercise
program.

F: Twice weekly

I: progressed from 12 to & RM
with 2-4

sets per exercise

T: Aerobic exercise:

Resistance exercise: 60 minutes

2 and 4 sets and 8-12
repetitions of resistance
exercises

T; Eight-exercises

that targeted the major muscle
groups 10-12

Home exercise component:

Yes

Participants were encouraged to
supplement the resistance
exercise sessions with home-
based aerobic exercise
sessions involving walking
and/or stationary cycling,
with the aim of accumulating
a total of at least 150 min of
moderate-intensity aerobic
exercise each week.

Mo adverse events or skeletal
complications occurred
during the exercise sessions.

There was no between-group
difference in the total
number of adverse events
that occurred throughout the
intervention period.

One incident was reported
outside of the exercise
sessions, in which a
participant in the exercise
group fell while dressing at
home and suffered a rib #.
Participant continued the
intervention with a modified
exercise

program.

sessions out of a possible
24 (83% attendance)

Compliance to the exercise
prescription was 93.2 =
6.3%.

BMI
End of intervention
Adjusted mean group difference: 0.1 95%
Cl -0.5t0 0.7%; P=.71
At 6 months
Adjusted mean difference: —0.5;
95% Cl-1.2t0 0.2, P= .15

An average attendance of 20 Significant change reported in:

Pain (VAS, FACT-BP)
No change in the use of pain medication
throughout the intervention.
The severity of bone pain was a maximum
of 1.4+1.2 out of ten across all sessions.
Exercise tolerability (RPE)
Average perceived exercise intensity of
13.68 £ 1.5
Average perceived tolerance score of
6.1 = 0.7 out of a possible rating of 7
for sessions
Maximal muscular strength (1 RM leg extension)
Postintervention
Exercise 76.2 (17.6) to 80.3 (16.7) kg
Control 71.4 (23.5) to 68.7 (21.4) kg
(Adjusted mean group difference 7.9,
95% Cl 1.8-4.0; P = .016)
Submaximal aerobic exercise capacity
(400-m walk)
Postintervention
Exercise 252.1 (40.8) to 246.9 (32.9) s
Control 280.8 (53.0) to 286.5 (50.5) s
(Adjusted mean group difference -13.7,
95% Cl —-23.5 to —3.9; P = .010)
Ambulation (usual and fast pace &-m walk)
Postintervention
Exercise 4.48 (0.54) to 4.23(0.33) s
Control 4.45 (0.56) to 4.76 (0.42) s
(Adjusted mean group difference -0.55,
95% CI —0.78 to —0.32; P < .001)
Self-reported PA (low intensity activity only)
(GLSIQ)
Postintervention
Exercise 341.7 (143.3) to 356.7 (112.6)
Control 359.6 (140.7) to 316.8 (121.4)
(Adjusted mean group difference 82.5,
95% Cl 31.8-133.2; P = .003)
No change reported in:
Balance (SOT)
(Adjusted mean group difference —1.0,
95% Cl —3.4 to 1.3; P =.362)
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Table 3 (continued)

Metastatic Bone
Disease Patients, n
(% of Overall Study

Population)

Intervention Adverse Events Adherence/Compliance

Results, Mean (5D)

Comie et al,

2014,{67}

Intervention, n =

20 (100%)

No adverse events occurred
program. during the supervised B5% ( ~20 out of a possible

F: Twice weekly resistance exercise sessions. 24 sessions).

I: progressed from 12 to 8 RM  Three participants experienced Compliance to the exercise
with 2-4 an prescription was high

sets per exercise SRE during the study period that ~ (~89 % of attended

T: Aerobic exercise: required them to withdraw sessions).

Resistance exercise: 60 minutes  from the program, n = 2 due

2 and 4 sets and 8-12 to bone pain and n = 1
repetitions of resistance vertebral #.

12-week resistance exercise

exercises Two falls were reported outside
T: Eight-exercises of the supervised exercise
that targeted the major muscle  sessions.

groups n =1 while participant was
10-12 dressing (# rib) n = 1 while
Home exercise component: walking (no skeletal
Yes complications occurred).
Participants were encouraged Bath

to undertake home-based
aerobic exercise sessions of
walking and/or stationary
cycling, with the aim of
accumulating a total of 150
minutes of moderate
intensity aerobic exercise
each week

participants continued the
exercise intervention

205

Balance confidence (The Activities-Specific
Balance Confidence scale)

(Adjusted mean group difference 2.4,
95% Cl —13.2 to 17.8; P =.752)

Fatigue (Multidimensional Fatigue Symptom

Inventory-Short Formy)

(Adjusted mean group diff = —4.2 95%
Cl =17.6 to 9.2, P =.521)

Quality of life

Psychological distress

Average attendance rate of  Significant change reported in:

Pain (VAS)

There were no significant changes in bone
pain between baseline, postexercise,
and 6-month follow-up assessment points

Exercise Tolerability (RPE)

Average perceived intensity of 13.7 = 1.2
on the RPE scale

Average perceived tolerance score of
6.1 = 0.7 of a possible 7

Muscle strength at 3 months (1 RM leg extension)

Postintervention

70.8 (18.8) to 73.5 (18.9) kg (mean
difference 2.7, 95% CI 1.0-4.5; P = .005)
Aerobic capacity at 3 months (400-m walk)
Postintervention
262.6 (43.6) to 255.4 (43.4) s (mean
difference —7.2, 95% CI —12.0 to —-2.3;
P = .007)
Ambulation at 3 and 6 months (usual and fast
pace 6-m walk)

Pastintervention

4.59 (0.45) to 4.32 (0.37) s (mean
difference —0.27, 95% Cl —0.39 to —
0.15; P < .001)
At 6-manth follow-up
4.32 (0.37) to 4.40 (0.51) s (mean
diff = -0.19, 95% CI —0.38 to 0.00;
P = .046)
Self-reported PA levels at 3 months
(GLSIQ)

Pastintervention

18.6 (14.7) to 30.5 (2Z.1) (mean
diff = 12.0, 95% CI 5.6-18.3; P = .001)

Zl
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Galvao et al,

2017 po4

Intervention, n =
28 (100%)

Control, n =29
(100%)

3-month supervised multi-
modal exercise intervention

F: Three times per week

I: Res: moderate intensity (10-
to 12-RM) for 3 sets per
exercise.

Aerobic: 60%-85% of estimated
maximum heart rate

Flex: 2-4 reps with 30-60 second
hold

T: 60 minutes

Aerobic: (20-30 minutes)
Ty: Res: major trunk, upper and
lower body muscle groups
Aerobic: walking on a treadmill,
cycling or rowing on a
stationary ergometer

Flex: all major joints considered
important for maintaining
function

Home exercise component:

No

Mo exercise-related adverse

events or skeletal fractures.

Hip BMD at 6 months

At 6-month follow-up

0.808 {0.123) to 0.824 (0.126) g/cm®
(mean diff = 0.016, 95% Cl
0.008-0.025; P = .001)

Whaole body lean mass at 3 and & months

Postintervention
52.9 (9.9) to 54.5 (9.4) kg (mean

diff = 1.5, 95% CI 0.1-2.9; P = .039)
At 6-month follow-up
54.5 (9.4) to 53.6 (9.7) kg (Mean
diff = 0.8, 95% Cl 0.1-1.5; P = .039)
Mo change reported in:
Muscular power (TUG)

Adjusted mean difference: —0.26; 95%
Cl —0.62 to 0.10; P =147 at 12 weeks,
adjusted mean difference: 0.03; 95%
CI —0.55 to 0.61; P = .915 at 6 months.

Balance confidence (The Activities-Specific

Balance Confidence scale)

Adjusted mean difference: 3.7; 95%

Cl -0.7 to 8.2; P =095 at 12 weeks,

adjusted mean difference: 0.01; 95%

Cl 3.3 to 3.6; P =.939 at 6 months.

Significant change reported in:
Pain (Common Terminology Criteria [CTC])

Pain on the CTC pain grade (0-3 scale) was
0.2 = 0.3. There were no changes in
bone pain assessed by the FACT-BP
(P =.507)

Self-reported physical function (Short-Form

36 questionnaire)

Postintervention
Exercise 47.8 (6.8) to 49.5 (5.0)
Control 45.5 (8.2) to 44.8 (7.8)

{Mean difference 3.2, 95% Cl 0.4-6.0;
P = .028)

Muscular strength (1 RM leg extension and
chest press)

Postintervention
Exercise 60.5 (16.2) to 65.8 (14.4) kg
Control 58.7 (15.8) to 57.8 (14.1) kg
(Mean difference 6.6, 95% Cl 0.6-12.7;

P =033)
No change reported in:
Objective measures of physical function

6MWT (adjusted mean change 0.2, 95%
Cl —0.1 to 0.4; P =.192)

Participants completed a
mean of 32 =+ 10 of the 36
exercise sessions (89%)
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Table 3 (continued)

Metastatic Bone
Disease Patients, n
(% of Overall Study
Population)

Intervention

Adverse Events

Adherence/Compliance

Results, Mean (5D)

Ligibel et al,
2016 [97),

Litterini et al,

2013 29}

All patients (n =
101) had
metastatic
disease;
however, it was
unclear the
percentage of
patients who
had bone
metastases

Intervention, n =
48

Control, n =53

Intervention, n =
66 (100%)

16-week aerobic exercise
program
F: Weeks 1-4: Supervised once

Weeks 4-16 Supervised once
monthly, supplemented with
weekly phone calls.

: Moderate intensity measured
with heart rate monitor, no
further detail given.

T: 150 minutes a week

Ty: Access to local gym was

provided, no further
information given.

Ten weeks of individualized
resistance or cardiovascular
exercise.

F: Twice weekly

I: 10-12 (or fairy light) on the
Borg Rating RPE, progressed
as tolerated.

Resistance: All participants
started with 1 set of 8 to 15
repetitions.

T: 30-60 minutes

Ty: Circuit weight training
equipment

Home exercise component:

No

reported.

207

No injuries or other adverse
events were reported in

intervention or control
weekly. participants.

Mo adverse events were

Not reported.

On average, participants
attended 14 (70%) of 20
exercise sessions.

400-m walk (adjusted mean change —1.6,
95% Cl —B.7 to 5.5, P =.641)
TUG (adjusted mean change 0.1 95%
Cl —0.3 to 0.6, P = .497)
Balance (SOT)
Adjusted mean change 0.7, 95% Cl —2.5
to 3.9, P = .649)
Whole body lean mass (DXA)
Adjusted mean change 0.3, 95% Cl -1.3 to
0.7, p=.584
Fatigue (FACIT-F) (P = .964)

No change reported in:

Global QOL (EORTC QLQ-C30)

(Mean change in intervention vs control:
6.0 (17.5) vs —1.0 (21.5); P = .17)
Physical Functioning (Physical Functioning

subscale of the EORTC QLQC30)
(Mean change in intervention vs control
group: 4.79 vs 0.93; P = .23)
Cardiorespiratory fitness (modified Bruce
Ramp Treadmill test)
(Mean change in intervention vs control
group 0.61 vs 0.37 minutes (P = .35).
PA levels (7-day PA recall interview)
{mean change in intervention vs control
group 62.4 + 102.8 minutes per week
versus 46.0 6 + 154.3 minutes per week
(P=.17).
Fatigue (FACIT-F)
(Mean change in intervention vs control
group —3.8 vs 1.6 minutes (P = .68).

Significant change reported in:

Functional mobility (SPPB total score)
Postintervention
Cardiovascular group: 9.77 (2.15) to
10.45 (2.05)
{Mean difference 1.07, 95% Cl 0.57-1.58)

Resistance Group: 9.38 (2.10) to 9.91 (1.95)

(Mean difference 0.43, 95% CI 0.09-0.77)

Total sample: 9.55 (2.16) to 10.33 (1.82)

{Mean difference 0.75, 95% Cl 0.44-1.06;
P < 001

Fatigue
Postintervention

Cardiovascular group: 31.06 (27.4) to

26.17 (21.81) mm

¥l
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Oldervoll et al,

2011 [25}

Intervention, n =
114 (94%)

Control, n = 104
(94%)

8-week cardiovascular and
resistance exercise

F: Twice weekly

I: Not described

T: 50-60 minutes — wamm up and
2-minute stations with a 1-
minute interval in which the
patients moved to the next
station, continuing for 30
minutes in total.

Ty: 6 circuit stations.

Home exercise component:

No

No exercise-related minor or
serious adverse events, such
as cardiovascular events ar
falls with fractures, were
reported during or
immediately after the
sessions.

(mean difference 4.93, 95% Cl —8.34to
18.20)
Resistance group: 42.62 (29.96) to 31.35
(24.35) mm
(mean difference 13.13, 95% C1 —0.76
to 25.51)
Total sample: 37.02 (28.93) to 28.46
(22.28) mm
(mean difference 9.03, 95% Cl —0.02 to
18.08; P =.050)
No change reported in:
Balance subscores of the SPPB
Total sample: 3.67(0.65) to 3.82 (0.52)
(mean difference 0.16, 95% Cl 0.02-0.34;
P =0%90)
Significant changes reported in:
Functional capacity (SWT)
Exercise (339 (17.1) to 380 (24.2) m)
Control (390 (17.8) to 369 (21.5) m)
(Mean difference &0, 95% Cl 16.0-103.4;
P = .008)
Grip strength test (dynamometer)
Exercise (26.4 [0.85] to 27.5 [0.95] kg)
Control (29.6 [0.94] to 28.3 [0.97] kg)
(Mean difference 2.0, 95% Cl 0.4-3.5;
P=.01)
Body weight
Exercise (70.5 [16.3] to 73.0 [17.9] ke)
Control (73.8 [17.6] to 73.0 [17.9] kg)
(Mean difference 1.3, 95% CI 0.3-2.3;
P=.01)
No change reported in:
Total fatigue (Fatigue Questionnaire)
Exercise (18.1 (0.48) 16.8 (0.60))
Control (18.0 (0.58) to 17.2 (0.62))
(Mean difference 0.5, 95% Cl —2.0 to 1.0;
P =.53)
Median survival times
Exercise group: 11.1 months (95% CI
8.1-14.0 months)
Control group 12.3 months (95%
CI B.0—16.5 months) (P = .18).
Sit to stand
Exercise (10.9 (0.32) to 11.7 (0.47))
Control (11.6 (0.38) to 11.9 (0.48)
(Mean difference 0.5, 95% Cl 0.5 to 1.5;
P=.34)

The adherence rate for the
participants in the
exercise group who
completed the pre- and
post-tests was, on
average, 69% (11 of 16
scheduled sessions).
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Table 3 (continued)

Metastatic Bone
Disease Patients, n
(% of Overall Study

Population) Intervention Adverse Events Adherence/Compliance Results, Mean (5D)
Porock et al, Intervention, n =7 2-week cardiovascular and No adverse events were A case study analysis of participants was
2000 H34 reported resistance exercise reported completed.
metastatic Exercise was prescribed by Norsignificant changes were reported in
spread (78%) finding out how much activity fatigue (multidimensional Fatigue Inventory),
the patient could comfortably anxiety and depression ratings (HADS).
tolerate, then instructing pts and symptom distress rating scales.
to begin with half that much
several times daily, with rest
periods between.
Patients were given a range of
activities to be carried out
throughout the day.
Home exercise component:
Yes, weekly physiotherapy visits
were supplemented with
home exercise programs.

Rief et al Intervention, n =  12-week isometric resistance  No adverse events reported Not reported Significant change reported in:
FA0E0-00- 30 (50%) training of paravertebral Psychosocial aspects of quality of life (EDRTC
— Control, n =30 muscles. QLQ-BM22)

(50%) F: 5 days a week (Monday to Postintervention

Friday) for 2 weeks

Three times a week for an
additional 10 weeks

I: Not described

T: 30 minutes

Ty: Paravertebral muscle
Training

Home exercise component:

No

209

Exercise group: 69.26 (17.0) to 45.56 (19.71)
Control 57.59 (19.87) to 54.55 (20.9)
(treatment effect after 3 months P = .001)
At 6 months” follow-up
Intervention 45.56 (19.71) to 41.05 (19.1)
Control 54.55 (20.9) to 50.93 (20.55)
(treatment effect after & months P = .010)
Physical fatigue at 6 months (EORTC QLQ-FA13)
At 6 months” follow-up
Exercise group: 57.22 (29.0) to 35.65 (25.37)
reps
Control 58.06 (29.1) to 64.91 (31.25)
(treatment effect after & months P = .013)
reps
Chair stand test at 3 months
Exercise group: 5.1 (1.4) to 9.0 (2.6)
Control 4.6 (2.0) to 5.0 (2.7)
(Treatment effect within groups at 3 months
p=<.001 (intervention) P = .525 (Control)
Treatment effect between groups P < .001
Pain
OMED (P = .018)
Intervention 56.8 (132.2) to 20.8 (46.9) at
& months
Control 45.0 (B6.2) to 76.7 (103.6) at 6 months
VAS (P < .001)

9L

S35DISDISW SUOE YIM SJUBIIDY Ul 351719XT



o0 M we ¢ M 10T yae 6 M joosd (o0TrdNd W AL 0°S'S AdY

Uth et al, 2016
[98,99 1241

Intervention, n =7 12 weeks football training

(24.1%)
Control, n = 4
(15.4%)

F: Weeks 1-8: Twice weekly
Weeks 9-12: Three times weekly
Weeks 13-32: Twice weekly

Two participants

sustained a fibula fracture and
three participants had muscle
or tendon injuries due to the
football training.

T: Weeks 1-4: 15minutes warm MNo bone metastases were
up, 2x15 mins games

Weeks 5-32: 15minutes warmm
up, 3 ¥ 15-minutesgames

Ty: 5- to 7-a-side Football

training

Home exercise component:

No

present in the fractured
bones, these injuries were
regarded as accidental and
unrelated
to metastatic disease.

Intervention 48.2 (20.5) to 16.7 (14.8) at
& months
Control 51.3 (26.9) to 50.3 (22.8) at & months
No change reported in:
Meuropathic pain (VAS)
Intervention 0.2 (0.4) to 0.2 (0.4) at & months
Control 0.2 (0.4) to 0.2 (0.4) at & months
(Between-group change P = .694)
Emotional fatigue (EORTC QLQ-FA13)
Intervention 46.67 (32.5) to 27.31 (27.54) at
6 months
Control 44.44 (30.27) to 46.05 (33.26) at
& months
(Between-group change P = .156)
Overall survival
Intervention: 88.6 months, six-month
survival 90%, and 12-month survival 83.1%.
Control: 72 months, and 6-month survival
96.6% and 12-month survival 78.6%,
(P = .626).
Incidence of pathologic fractures
Intervention n = 5, Controln = 6 at
3 months (P = .592)
Intervention n = 3,Control n = 5 at
& months (P = .604)
12 weeks of the intervention Significant change reported in:

GZ-L (BLOZ) XXX ¥ Wd [ '1P 32 Ilays 'O

period: exercise Total bone mineral content (DXA)
participants attended 76.5 Postintervention
% (5D 24.2) of the training Exercise 3000.5 (364.4) to 3002.2 (360.8) g
sessions or 1.6 (SD 0.5) Control 3126.3 (452.2) to 3101.7 (445.7) g
training sessions/week. (mean difference 26.4.8, 95% Cl 5.8-46.9;
Participants attended 46.2 % P = .013)
(SD 23.2) of the training Leg bone mineral content (DXA)
sessions between week 12 Postintervention
and 32 or 0.9 (SD 0.5) Exercise 1149.0 (143.1) to 1154.8 (145.5) g
training sessions/week Control 1206.9 (193.8) to 1198.9 (191.5) g
(Mean difference 13.8, 95% CI 7.0-20.5;
P = .001)
Lean mass (DXA)
Postintervention

Exercise 53.1 (5.9) to 54.0 (5.2) kg

Control 56.7 (5.5) to 56.8 (5.1) kg

(Mean between group diff = 0.7, 95%
Cl0.1-1.2; P = .02)

Muscle strength (knee extension 1RM)
Postintervention

Exercise 62.8 (15.0) to 71.7 (18.8) kg

Control 71.7 (16.9) to 73.9 (16.0) ke

(mean between group difference 6.7,
95% CI 2.8-10.7; P < .001)
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Table 3 (continued)

Metastatic Bone

Disease Patients, n

(% of Overall Study

Population) Intervention Adverse Events Adherence/Compliance Results, Mean (5D)

No change reported in:
Exercise tolerance (VO2Zmax)
Postintervention
Exercise 27.2 (4.6) to 28.7 (5.2)
{mL O/ kg/ min)
Control 26.4 (3.4) to 26.9 (3.0)
(mL O/ kg/ min)
Mean group difference 0.7, 95% CI —
0.6 to 2.0; P =.29
Sit-to-stand
Postintervention
Exercise 20.0 (6.0) to 21.5 (6.3) reps
Control 22.1 (4.9) to 22.3 (5.5) reps
Mean group difference 1.2, 95%
Cl-03w28 P=.11
Fat mass (DXA4)
Exercise 27.6 (7.5) to 26.3 (7.0) kg
Control 30.0(7.7) to 29.7 (6.2) kg
Mean group difference —0.6, 95% Cl —1.5
to 0.2; P=.14
Balance test (Flamingo Balance Test)
Exercise 13.8 (7.5) to 1.8 (8.0) n
Control 14.5 (6.3) to 12.6 (7.1)n
Mean group difference —0.0, 95% Cl -2.9
to 2.8; P =.97

F = frequency; | = intensity; T = time; HR = heart rate; RPE = rate of perceived exertion; GLSIQ = Godin Leisure S5core Index Questionnaire; L5 = Leisure Score Index; FACT-F = Functional
Assessment of Cancer Therapy: Fatigue; FACT-P = Functional Assessment of Cancer Therapy: Prostate; FACT-G = Functional Assessment of Cancer Therapy: General; FACT-BP = Functional
Assessment of Cancer Therapy: Bone Pain; VAS = Visual Analog Scale; SOT= Sensory Organization Test; PA = physical activity; BMD = bone mineral density; TUG = Timed up and Go; RM =
repetition max; BMI = body mass index; # = fracture; Ty = type of exercise; 6MWT = 6-minute walk test; DXA = dual-energy X-ray absorptiometry; FACIT-F = Functional Assessment of Chronic
Illness Therapy: Fatigue; EORTC QLQ = European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; SPPB = Short Physical Performance Battery; SWT = shuttle
walk test; HADS = Hospital Anxiety and Depression Scale; OMED = oral morphine—equivalent dose; YO2Zmax = maximum rate of oxygen consumption. pers
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significantly greater total body bone mineral content
{between-group difference 26.4 [95% Cl 5.8-46.9 g; P =
.013), leg bone mineral content (13.8 [95% Cl 7.0-20.5 g;
F . .001]), and markers of bone formation in comparison
with the control group. Similarly, knee extensor strength
{1RM) was significantly greater in the football group post-
intervention (6.7 ke [95% Cl 2.8-10.7; P = .001]). There
were no differences in aerobic fitness or body fat per-
centage [99]. In relation to adverse events, 2 fibular
fractures were reported in the football group; however,
they did not involve patients with bone metastases and
were considered as accidental and unrelated to meta-
static disease [100].

The second intervention prescribed a 16-week pro-
gram of moderate intensity exercise in patients with
metastatic breast cancer [98]. Participants were ran-
domized to either an intervention arm (n = 48) or a
waiting-list control group (n = 53). The intervention
group completed individual exercise sessions at a local
gym, with a target weekly exercise goal of 150 minutes
of moderate-intensity exercise. In contrast to the
prostate study described previously, this training pro-
gram did not result in improvements in weekly exercise,
physical functioning or aerobic fitness.

Resistance Exercise

Three studies reviewed prescrbed resistance exer-
dse as a uni-modal intervention. Cormie et al [11.66]
examined the feasibility of resistance exercise in-
terventions for patients with metastatic bone disease in
2 papers, a RCT and single-group interventional study. In
the RCT, 200 men with established bone metastases
secondary to prostate cancer were randomly assigned to
either a 12-week resistance exercise program (n = 10)
or usual-care group (n = 10). Participants had significant
disease load with 65% of participants presenting with 2
or more regions affected by bone metastases. By the use
of a standardized approach, exercise was prescribed to
avoid loading bones and minimize sheer forces on areas
of the body with metastatic lesions (Table 4).

Exercise prescribed using this approach was well toler-
ated and did not increase the incidence of skeletal com-
plications. Postintervention muscle strength, measured by
leg extension 1RM, was significantly greater in the inter-
vention group with a mean adjusted between-group dif-
ference of 7.6 kg (F =.016) immedia tely postintervention.
Submaximal exercise capacty and ambulation speed was
also greater in the intervention arm, with a post-
intervention between-group difference of —13.7 seconds
ina 400-mwalk (P = .010) and a mean group difference of
—{.55 seconds ina 6-mwalk (P < .001), bothin favor of the
exercise group. Low-intensity exercise participation,
measured by accelerometry, increased from 341.7 4 143.3
min/wh to 356.7 + 112.6 min/wk in the intervention group
(P = .003). There were no significant postintervention
between-group differences were observed for fatigue,
Qol, or psychological distress. In a second study by this

author (n = 20), a 3-month supervised resistance exerdse
intervention identical to that described in the previous
study, was followed by a &month follow up assessment.
Gains in ambulation (P = .046) and increases in weekly
minutes of resistance exercise (P =.003) and whole body
lean mass (P = .03%) were maintained at follow-up [66].

Using a different approach, Rief et al [101] examined
the effect of isometric resistance exercise training of
the paravertebral muscles compared with breathing
exercises in a group of patients with spinal bone me-
tastases receiving radiotherapy (n = 60). The interven-
tion involved 30 minutes of exercises that were
performed on each day of radiotherapy treatment over
a 2-week perod and continued 3 times a week for &
months. Pain scores had reduced from 48 of 100 at
haseline to 16 of 100 postintervention in the interven-
tion arm compared with no change (51/100 to 50/100) in
the control group (P < .001) [102]. There were no dif-
ferences in fracture rate between groups after either 3
(P =.5%) or & months (P=.60)and nodifference inoverall
survival or progression-free survival between the 2 study
arms [103]. In addition, pyridinoline and beta-isomer of
carboxy-terminal telopeptide of type | collagen, bio-
markers of bone tumover, decreased significantly in the
resistance arm in comparison to the control group. These
biomarkers may be used as a complementary tool for
predicting local response to treatment, and for avoiding
SRE [104].

Aerobic Versus Resistance Exercise

One randomized trial assigned 66 patients with met-
astatic cancer, including patients with bone metastases,
toa program of either individualized resistance (n = 34)
or aerobic exercise (n = 32) [78]. Resistance exercise
was completed twice weekly on a drocuit of weight
training equipment, while aerobic training was
completed twice weekly for 30-60 minutes on =1 ma-
chine (eg, bike, treadmill). At 10 weeks there were
significant improvements in Short Physical Performance
Battery total score (P < .001), gaitspeed (P =.001), and
fatigue (P = .05) in both groups. In relation to Short
Physical Performance Battery scores, regardless of
group assignment, gait (f = .002) and chair stand (P =
.001) subscores improved significantly over time; how-
ever, balance subscores did not change in either group.
Meither resistance nor aerobic training ageravated fa-
tigue or pain. There was no differential effect of one
mode of exercise compared with the other.

Aerobic and Resistance Exercise

Five studies examined the effects of multimodal in-
terventions prescribing both aerobic and resistance
programs to patients with metastatic bone disease. A
recent randomized controlled trial examined the effects
of a multimodal exercise program of resistance, aero-
bic, and flexibility exercise on physical function in pa-
tients (n = 57) with metastatic prostate cancer. This
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Table 4
Guide for prescaribing exercise for patients with bone metastases (Galvao et al) 4
Exercize Mode
Resistance Aerobic Flesdbility
Metastask Site Upper Trunk Lower WE WWE Static
Pelvis ] J & J _.:
Axial skeleton {lumbar) J J J N
Axial skeleton (thomcic/ribs) o J J J o
Proximal femur J 4 S J J
All regions o N J g

WEB = weight-bearing (eg, walking); NWB = non—weight-bearing (g, grcling); = target exercise region.
* Exdusion of hip extension/flexion — inclusion of knee extension/ flexion.

" Exdusion of spine flexion/extension/ mtation,

¥ Exdusion of shoulder flexion/ extension/ abduction/adduction — inclusion of elbow flexion/ extension.

was the only study in the current review to prescribe
flexibility exercise, advising static stretches to all pa-
tients regardless of site of metastases; however, spinal
flexion/extension /rotation stretches were excluded in
patients with axial or widespread metastases. The ex-
ercise intervention, undertaken 3 times per weelk,
resulted in self-reported improvements in physical
function (F = .028), and objectively measured lower
body muscle strength (P = .033) with no skeletal com-
plications or increased bone pain [105]. The largest
program reviewed (n = 231), randomized patients to an
B-week aerobic and resistance circuit training program
or to a usual-care control group. Clinically and statisti-
cally significant between-group effects were found in
shuttle walk test scores (mean difference of 60 m [95%
C116.0-103 .4 m; P =.008]) and hand erip strength scores
(mean difference of 2.0 ke [95% C1 0.4-3.5]) in favor of
the exercise group postintervention. However, no sig-
nificant between group effects in the primary outcome,
fatigue were reported [12].

In contrast, a single-arm feasibility study of a life-
style intervention for sedentary men with advanced
cancer receiving ADT found significant within-group
improvements in fatigue (Functional Assessment of
Cancer Therapy: Fatigue) scores (P = .001) at 12 weeks.
Participants completed 30 minutes of supervised resis-
tance and aerobic exercise twice weekly for the initial 6
weeks and then once weekly for the following 6 weeks.
Improvements were maintained at a 6-month follow-up
assessment (mean difference: 3.9 points [95% Cl 1.1-
6.8]; adjusted P = .007) [106,107]. Similarly, when the
intervention was tested as an RCT, the intervention arm
experienced clinically important improvements in
Functional Assessment of Cancer Therapy: Fatigue
scores at 12 weeks compared with the control am
{mean difference: 5.3 points; 95% Cl 2.7-7.%; adjusted
F = .001). Changes were maintained after withdrawal of
supervision at 6 months (mean difference: 3.9 points;
95% Cl 1.1-6.8; adjusted P = .007). However, clinically
important improvements in disease-spedfic QoL at 3
months (adjusted mean difference: 8.9 points; Cl
3.7-14.2) were not sustained after the cessation of the

supervised perod (adjusted mean difference: 3.3
points; 95% Cl 2.6-9.3).

Studies in Animals

Jones et al [108] investigated the effects of exercise
on cancer progression and mechanisms of metastasis in
an orthotopic model of murine prostate cancer. Mice
were randomly assigned to exercise group who
completed voluntary wheel-running (n = 28) or a nonin-
tervention control (n = 31) groups. Median running dis-
tance ranged from ~4 to ~6& km/d. The primary tumor
growth rate, measured by the modulation of circulating
host levels of metabolic and sex-steroid hormone levels,
improvements in immune surveillance, and reduced
systemic inflammation and oxidative damage, was com-
parable between the exercise and control group across
the entire course of the experiment, demonstrating that
exercise did not inhibit primary cancer progression.
However, exercise did favorably alter genes responsible
for metastatic dissemination in the primary tumor, with a
shift toward reduced metastasis.

A second study used an in vive model to investigate
the role of skeletal mechanical stimuli on the develop-
ment and osteolytic capability of secondary breast tu-
mors. For loading, the left limbs of mice were subjected
to dynamic compressive loading for 2 or 6 weeks using
an established protocol (1200 cycles at 4 Hz, 5 diwk);
nonloaded control mice only underwent anesthesia.
Mechanical loading was found to inhibit the growth and
osteolytic capability of secondary breast tumaors [109].
There may also be an application of the findings of this
study in human populations.

Discussion

Studies prescribing exercise for patients living with
metastatic cancer report high levels of patient tolerance,
acceptability, and adherence. Importantly, no adverse
events related to exerdse interventions were reported
among any of the interventions reviewed. Statistically
significant and clinically meaningful improvements in
exercise behavior, muscle strength, aerobic fitness,
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walking speed, and muscle mass were observed with
several different exercise training modalities. Impaor-
tantly, these benefits occurred without aggravating
symptoms such as fatipue and bone pain. However, study
quality varied, particularly in relation to study design,
and therefare further work validating the reported results
is reguired. Physical exercise programs tailored to the
individual patient appear safe, efficacious, and feasible in
this population. This review has identified key factors that
should be considered when prescrbing exercise to pa-
tients living with bone metastases.

Patient Assessment and Eligibility

In addition to the standard pre-exercise review of
past medical history and physical examination of car-
diac, pulmonary, neurologic, and musculoskeletal
health [110], a pain assessment should be included for
patients with bone metastases, including pain interfer-
ence with function that may be measured using the BPI.
Fracture risk is a key consideration. Studies reviewed
reporting adverse events did not find a high fracture
incidence with exercise in companson with control
participants, or an association between exercise and
fracture nisk. However, fracture risk assessments would
allow greater risk stratification for this patient group
and may allay the fears of health professionals regarding
exercise prescription. Tools such as Mirels’ Classification
Score or the FRAX calculator may prove useful for
determining suitability to exercise; however, as estab-
lished in the exercise interventions reviewed, such tools
are rarely used to guide patient eligibility for exerdse
interventions. Instead, performance scales or pre-
dictions of survival length are commonly used to
determine participant eligibility, which may unfortu-
nately exclude patients who can exercise safely and
stand to gain from increasing activity levels. A number
of trials considered for inclusion in this review listed
evidence of bone metastases in the hip or spine
[43,111-113], or evidence of bone metastases in the
spine alone [114], brain, or bone metastases [115,116]
as participant exclusion criteda, however, included
others with stage [V cancers. The inclusion of patients
with bone metastases in exercise studies would have
greatly increased the generalizability of results to all
patients at this stage of disease. In addition, a number
of exercise trials in advanced cancer did not spedfy
whether patients with metastatic bone disease were
included [117-119] or specify the site of metastases
[120]. Further detail regarding patients’ disease status
would enable dinicians to ascertain the applicability of
study results to spedfic patient populations in practice.

Exercise Prescription and Instruction

Papers reviewed describe a number of approaches to
exercise prescription. The need to individualize exercise

prescription and adapt exercises to patient ability were
reinforced in all papers reviewed. The heterogeneity of
patients presenting with bone metastases means that ex-
ercise prescription will vary widely according to the pa-
tient's presentation. Some patients present late in the
course of their metastatic disease, after failing all treat-
ment modalities, whereas others present without a known
primary diagnosis. The purpose of exerdse prescription or
the desired outcomes will inform the program prescribed.
Compromised bone health further complicates exercse
prescription. For patients living with metastatic prostate
cancer, autoregulation has been introduced as a novel
concept. This allows patients to self-determine their ca-
pabilities at each session collaboratively with the super-
vising exercise specilist [121]. It s clear therefore that
individualized exercise prescription is required when
treating patients with bone metastases to manage unigue
patient presentations and multifaceted issues.

From the exercise interventions reviewed, different
approaches to exercise individualization are described.
The most prescriptive approach outlines a systematic
method of prescribing resistance exercise based on the
location of bone metastases to ensure affected regions
are not targeted and mechanical force at areas of me-
tastases is minimized (Table 4) [11,122]. This approach
has considerable potential to be used to guide exercise
programs that include resistance, aerobics, and flexi-
bility exercises in the dinical setting. This may be of
particular importance for patients with more than one
bone metastasis, as the system provides guidance for
limiting loads to multiple areas of the body. B

In addition, drcuit exercise classes tailored to in-
dividuals and exercise program determined by baseline
functional ability have also been prescribed with no
exercise-related adverse events [22,78]. This empha-
sizes the importance clinical reasoning to inform exer-
cise adaptation suitable for metastatic bone disease.

Detailed exercise instructions were described in many
studies, such as providing tuition on correct exercise
techniques, monitoring effective technigues, and
providing guidance on exercise intensity by monitoring
heart rate and perceived exertion [10,106,118]. Litterini
et al [78] advised numerous safety precautions to
accommodate patients’ medical history, comorbidities,
treatment-related side effects, venous access devices,
peripheral neuropathy, pathologic fracture risk, immu-
nosuppression, lymphedema risk, and/or cardiopulmo-
nary issues. For example, participants who had pain with
lower extremity weight bearing or who had compromised
spinal integrity exercised by walking in a lap pool. This
also emphasizes the role of clinical exercise specialists
such as physiotherapists. Given the expertise required to
ensure safe exercise practice in this cohort, large-scale
exercise interventions, eg, community exercise referral
schemes, may have a limited role in this population.
From the studies reviewed, it appears essential that ex-
ercise prescription and supervision be managed by
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physiatrists and therapists trained in cancer rehabilita-
tion who are able to complete complex assessments and
evaluations of patient response to exerdse. In the
absence of consensus guidelines, these specialists may
be best placed to apply research knowledge into clinical
practice and individually tailor exerdse for this complex
wmhort.

Future Areas for Exploration

Exercise may have a role in improving the bone health
of patients with metastatic cancer. Where previously
exercise was assumed to increase risk of fracture, there is
the possibility and transference that undertaking indi-
vidual prescribed exercise could lower fracture risk in
patients. Interventions in the current review describe
improvements in bone mineral content and bone tumover
markers with both aerobic and resistance exercise
training [100,104]. In addition, studies in animals sugpest
that the mechanical loading of bone involved with exer-
dse may inhibit osteolytic capability and formation of
metastatic tumors. Findings indicate the exciting possi-
bility of prescribing exercise to attenuate the progression
of bone metastatic disease [109]. There is a need to look
at bone turnover markers and radiologic imaging in sub-
sequent studies involving human participants with bone
metastases in order obtain a greater understanding of
skeletal adaptions to exercise in this population.

Future trials involving larger sample sizes of patients
living with bone metastases are planned to expand these
preliminary findings of feasibility studies included in this
review [122]. Astudy protocol for a randomized pilot trial
invaolving differentiated resistance training of the para-
vertebral muscles in patients with unstable spinal bone
metastases under concomitant radictherapy is currently
ongoing. The planned trial aims to show that strength-
ening of the paravertebral musculature does not only
have positive effects on the perception of pain, but may
also improve QoL and fatigue in patients with unstable
spinal metastases [123]. A protocol for another trial
exploring resistance exercise and the suppression of
tumor growth in patients with advanced prostate cancer
with sclerotic bone metastases has also been published
[124]. This study will further enhance knowledge sur-
rounding the effect of exercise on systemic markers of
metastases. The forthcoming INTERVAL Trial (INTense
Exercise foR surVival Among Men With Metastatic
Castrate-Resistant Prostate Cancer), part of the Move-
mber Global Prostate Cancer, Exercise and Metabolic
Health Initiative, will also contribute much knowledge in
the area of exercise and metastatic disease [32]. This
initiative will involve a global multicenter exercise trial
for men with advanced cancer looking at overall survival
as the primary endpoint. Additional endpoints will include
measures of strength, physical function, and physical
activity and will focus on the mechanisms of action un-
derpinning the relationship between physical activity and

the biology of advanced disease. The current paper did
not examine the role of exercise for children with bone
metastasis or the unigue challenges of bone metastasesin
growing bone. This 5 an area that would benefit from
attention in future reviews.

Conclusion

Exercise interventions for patients with bone metas-
tases are associated with positive physical and self-
reported outcomes and a low rate of adverse events.
Exercse prescription to patients with bone metastases
does involve complex decision-making; however, a
number of tools are available that may inform both the
assessment of patients and the prescrption of exercise.
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Appendix 2: Ethical Approval Documents ExPeCT

NHS

Health Research Authority

NRES Committee London - Camden & Islington
Room 001

Jarrow Business Centre

Rolling Mill Road

Jarrow

Tyne & Wear

NE32 3DT

Telephone: 0191 4283545
10 December 2014

Dr Mieke Van Hemelrijck

Lecturer in Cancer Epidemiology

Kings College London

Research Oncology, Bermondsey Wing 3rd floor
Guy's Hospital

Great Maze Pond

SE1 9RT

Dear Dr Van Hemelrijck

Study title: The ExPeCT Trial (Exercise, Prostate cancer and Circulating
Tumour cells): Evasion of immune editing by circulating tumour cells is an
exercise-modifiable mechanism underlying aggressive behaviour in obese men
with prostate cancer

REC reference: 14/L0O/1859

IRAS project ID: 146754

Thank you for your e-mail correspondence of 8" and 9" December 2014,
responding to the Committee’s request for further information on the above
research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the
Chair.

We plan to publish your research summary wording for the above study on the
HRA website, together with your contact details. Publication will be no earlier
than three months from the date of this favourable opinion letter. The
expectation is that this information will be published for all studies that receive
an ethical opinion but should you wish to provide a substitute contact point, wish
to make a request to defer, or require further information, please contact the REC
Manager, Hayley Henderson, nrescommittee.london-
camdenandislington@nhs.net. Under very limited circumstances (e.g. for
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student research which has received an unfavourable opinion), it may be
possible to grant an exemption to the publication of the study.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion
for the above research on the basis described in the application form, protocol and
supporting documentation as revised, subject to the conditions specified below.

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the
start of the study.

Management permission or approval must be obtained from each host organisation
prior to the start of the study at the site concerned.

Management permission ("R&D approval") should be sought from all NHS
organisations involved in the study in accordance with NHS research governance
arrangements.

Guidance on applying for NHS permission for research is available in the
Integrated Research Application System or at http://www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring
potential participants to research sites ("participant identification centre"),
guidance should be sought from the R&D office on the information it requires to
give permission for this activity.

For non-NHS sites, site management permission should be obtained in
accordance with the procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host
organisations

Reqistration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must
be registered on a publically accessible database. This should be before the first
participant is recruited but no later than 6 weeks after recruitment of the first
participant.

There is no requirement to separately notify the REC but you should do so at the
earliest opportunity e.g. when submitting an amendment. We will audit the
registration details as part of the annual progress reporting process.
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To ensure transparency in research, we strongly recommend that all research is
registered but for non-clinical trials this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required
timeframe, they should contact hra.studyregistration@nhs.net. The expectation is
that all clinical trials will be registered, however, in exceptional circumstances non
registration may be permissible with prior agreement from NRES. Guidance on
where to register is provided on the HRA website.

It is the responsibility of the sponsor to ensure that all the conditions are
complied with before the start of the study or its initiation at a particular site
(as applicable).

Ethical review of research sites
NHS sites

The favourable opinion applies to all NHS sites taking part in the study, subject to
management permission being obtained from the NHS/HSC R&D office prior to
the start of the study (see "Conditions of the favourable opinion" below).

Non-NHS sites
Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date
Evidence of Sponsor insurance or indemnity (non NHS Sponsors|Expires 01 August 2014
only) 31/07/2015
GP/consultant information sheets or letters [GP Letter] V.1 01 June 2014
Other [Exercise Diary] 1, October

2014
Participant consent form 2.0, November

2014
Participant information sheet (PIS) 2.0, November

2014
REC Application Form [REC_Form_03102014] 03 October 2014
Research protocol or project proposal 2.0, November

2014
Response to Request for Further Information 07 December 2014
Summary CV for Chief Investigator (ClI) [C.l. CV]
Validated questionnaire 3.0, November

2014

Statement of compliance
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The Committee is constituted in accordance with the Governance Arrangements
for Research Ethics Committees and complies fully with the Standard Operating
Procedures for Research Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives
detailed guidance on reporting requirements for studies with a favourable opinion,
including:

* Notifying substantial amendments

* Adding new sites and investigators

* Notification of serious breaches of the protocol
* Progress and safety reports

* Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the
light of changes in reporting requirements or procedures.

User Feedback

The Health Research Authority is continually striving to provide a high quality
service to all applicants and sponsors. You are invited to give your view of the
service you have received and the application procedure. If you wish to make your
views known please use the feedback form available on the HRA website:
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/

HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see
details at http://www.hra.nhs.uk/hra-training/

\14/LO/1859 Please quote this number on all correspondence

With the Committee’s best wishes for the success of this project.

Yours sincerely
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H Wenda~—

pp

Mrs Rosie Glazebrook
Chair

Email:nrescommittee.london-camdenandislington@nhs.net
Enclosures: “After ethical review — guidance for researchers” [SL-AR2]
Copy to: Ms Barbara Dahill, King's College London

Mrs Karen Ignatian, Guy's and St Thomas' Foundation NHS
Trust
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ICORG 15-21
Protocol, Version 1.4 14" September 2015
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Dear Prof McCaffrey

| acknowledge receipt of your correspondence dated 3% November 2015 enclosing a revised Patient
Information Leaflet ({ICORG Version 1.0 10-Aug-2015, MMUH and MPH Version 2.0 03-Nov-2015), revised
Informed Consent Form (ICORG Version 1.0 10-Aug-2015, MMUH and MPH Version 2.0 03-Nov-2015) and
clarifying security arrangements for samples and data for this research study as requested by the Mater
Misericordiae University Hospital and Mater Private Hospital Research Ethics Committee ) and enclosing an
amended Protocol (Version 1.4 14" September 2015) for approval; this research study to be carried out at
the Mater Misericordiae University Hospital (MMUH) and Mater Private Hospital (MPH).

This correspondence has been noted. The revised Patient Information Leaflet, revised Informed Consent
Form and amended Protocol have been approved. Approval to proceed with this research study at the
MMUH and MPH is granted: this approval is valid until 21* October 2017.

It is your responsibility to adhere to the approved study protocol and ensure that all investigators involved
with the research only use the approved documents without deviation (unless they have been approved by
the Research Ethics Committee), to submit annual reports setting out the progress of the research (giving
details of the number of participants who have been recruited, the number who have completed the study and
details of any adverse events etc.) and to notify the Research Ethics Committee when the research is
concluded.

The Mater Misericordiae University Hospital and Mater Private Hospital Research Ethics Committee would
like to remind all investigators involved in research of their legal obligations under the law on Data
Protection.

Chairman
Research Ethics Committee

¢c.  Ms Deirdre Wynne, Business Manager Oncology/Haematology Clinical Trials Research Unit
t Ms Aoife Vaughan, {CRA, ICORG
Ms Verena Murphy, Clinical Program Leader, ICORG

Ms Kathryn Holly, Mater Private Hospital
‘Commitment to Excellenee

Directors: Mr. Thomas Lynch (Chairmen), Sr. Margherita Rock, Prof, Tim Lynch, Prof, Brendan Kinsley, Ms. Mary Day, Sr. Eugene Nolan, Ms. Caroling Figotl, r
Mrs.Tanya King, Or. Mary Carmel Burke, Mr. Eddia Shaw, M. Kevin O'Maliey, Professor Desmond Fitzgerald A SERCES
NATHIHAL PRRSNERSHIP STRUI
Registered in Ireland No, 351402 Charity No, CHY203 Registered Office: Eccles Straet, Dublin 7

FO0N3 - Foh 15



RECEVED 17,5

R Ji)
Beaumont Hospital
Ethics (Medical Research) Committee
Chairperson; Professor Gerry McElvaney Administrator: Gillian Vale
Convenor: Dr. Peter Branagan
25™ September 2015
REC reference: 15/73 Protocol: ExPeCT ICORG 15-21

Dr. Verena Murphy

Clinical Program Leader (CPL)
ICORG

60 Fitzwilliam Square North
Dublin 2

Dear Dr. Murphy

RE: 15/73 - Prof. Stephen Finn (SJH) — The ExPeCT Trial (Exercise, Prostate Cancer and
Circulating Tumour cells): Evasion of immune editing by circulating tumour cells is an exercise-
modifiable mechanism underlying aggressive behaviour in obese men with prostate cancer (ICORG
15-21)

Consultant co-investigator: Dr. Liam Grogan

Further to correspondence dated 16™ September 2015, I note your important “commitment to return residual
tissue material to Beaumont Hospital immediately.”

Please find enclosed research ethics committee approval for this study to proceed subject to this
commitment.

With best regards

Convenor
Ethics (Medical Research) Committee

C.C.

Dr. Liam Grogan
Consultant Medical Oncologist
Beaumont Hospital

Ethics (Medical Research) Committee ~ Beaumont Hospital Dublin 9
Tel: 353-1-809 2680  Email: gvale@rcsiie  www.beaumontethics.ie



Ethics (Medical Research) Committee - Beaumont Hospital
Notification of ERC/IRB Approval

Principal Investigator: Prof. Stephen Finn (STH)
REC reference: 15/73 Protocol: ExPeCT ICORG 15-21
Protocol Title: The ExPeCT Trial (Exercise, Prostate Cancer and Circulating Tumour
cells): Evasion of immune editing by circulating tumour cells is an
exercise-modifiable mechanism underlying aggressive behaviour in obese
men with prostate cancer ICORG 15-21)
Ethics Committee Meeting Date: 27" August 2015
Final Approval Date: 25™ September 2015

From: Ethics (Medical Research) Committee - Beaumont Hospital, Beaumont, Dublin 9

Documents Reviewed
Document and Date Date Reviewed Approved

Application Form,
V1.0, 10/8/15,
signed S. Finn, 10/8/15 25/9/15 Yes

Trial Protocol,
V1.4, 14/9/15 25/9/15 Yes

Patient Information Leaflet,
ICORG V1.0, 10/8/15,
BH V2.0,16/9/15 25/9/15 Yes

Informed Consent Form,
ICORG V1.0, 10/8/15,
BH V2.0,16/9/15 25/9/15 Yes

Cert of Insurance,
087640MMAI15A, ICORG 25/9/15 Noted

CV: S. Finn 5/8/15,
L. Grogan, 27/1/14 25/9/15 Noted

/@N\/‘
mgatt ()

Dr. Pefer Bran
ERC/IRB Convenor’s Signature
Approval # 1, dated 25" September 2015

Condition of Approval: All residual tissue to be returned to Beaumont Hospital
immediately



Terms of Approval

¢ The protocol and research must comply with all relevant Irish legislative requirements
and the researchers must abide by the ethical principles outlined in the Declaration of
Helsinki and Good Clinical Practice.

o Prior approval from the Ethics Committee must be sought for any proposed
changes/amendments to this protocol and research.

¢ Annual Progress Reports and a Final report must be supplied to the Ethics Committee.
ANNUAL REPORT DUE IN SEPTEMBER EACH YEAR (3 YEAR STUDY)
o Al relevant information about serious adverse reactions and new events likely to affect

the safety of the subjects must be reported to the Ethics (Medical Research) Committee
in writing.
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THIS NOTEPAPER MUST NOT BE USED FOR J

PRESCRIPTIONS OR INVOICING PURPOSES

SIH/AMNCH Research Ethics Committee SM

Claire Hartin Ph: 4142199

email: clairle hartin@amnch THE ADELAIDE & MEATH
' ] ' HOSPITAL, DUBLIN

INCORPORATING
THE NATIONAL CHILDREN’S HOSPITAL

TALLAGHT, DUBLIN 24, IRELAND
TELEPHONE +353 1 4142000

Ms. Aoife Vaughan
ICORG

60 Fitzwilliam Square
Dublin 2

30* October 2015

Re: The ExPeCT Trial (Exercise, prostate cancer and circulating tumour cells):
Evasion of immune editing by circulating tumour cells is an exercise-modifiable
mechanism underlying aggressive behavior in obese men with prostate cancer

REC Reference: 2014-11 List 41 (6)
REC Reference: 2015 List 37 (8) (Please quote reference on all correspondence)

Dear Ms. Vaughan

Thank you for your recent correspondence dated 20th October to SJH/AMNCH
Research Ethics Committee in which you requested approval for a non-substantial
amendment to the above referenced study.

The Chairman, on behalf of the Research Ethics Committee, has reviewed and
approved your amendment.

The following was reviewed:
e Form 4 — Notification of Amendment form 20 Oct 15
e ExPeCT Protocol Version 1.4 14 Sep 15
¢ |CORG 15-21 ExPeCT Trial PIL, ICORG Version 1.0 10 Aug 15 STH/AMNCH
Version 2.0 20 Oct 2015
e |CORG 15-21 ExPeCT Trial CF, ICORG Version 1.0 10 Aug 15 STH/AMNCH
Version 2.0 20 Oct 2015

Yours sincerely

} /
"Caire Hartin

Secretary .
SJH/AMNCH Research Ethics Committee

m— o
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NSV Code: WPA 00486
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Network

St Luke’s Hospital

Dr. Orla Casey,

Translational Research Co-Ordinator,
Cancer Trials Ireland,

60 Fitzwilliam Square North,

DUBLIN 2.

19" September 2016.

Re: ICORG 15-21. The ExPeCT Trial (Exercise, prostate cancer and
circulating tumour celis): Evasion of immune editing by circulating
tumour cells is an exercise-modifiable mechanism underlying aggressive
behaviour in obese men with prostate cancer.

Dear Dr. Casey,

Your letter dated 5" August 2016 regarding the above referenced research study
was reviewed at a meeting of the Research Ethics Committee (REC) held on 8"
September 2016.

118 The REC noted that the study exclusion criteria has been amended as per
its recommendations of 12" February 2016.

2 Amendments to the Protocol and PIL/CF as detailed in your submission
were reviewed and approved. I am pleased to confirm that REC approval
is now in place for:

o Protocol Version 1.5, dated 28-Jul-2016.

e PIL - Cancer Trials Ireland Version 2.0, dated 05-Aug-2016,
SLRON Version 3.0, dated 05-Aug-2016.

o Consent Form - Cancer Trials Ireland Version 2.0, dated 05-Aug-2016,
SLRON Version 2.0, dated 05-Aug-2016.

With kind regards,
Yours sincerely,

Dr. Sheelah Ryan,
Chair, Research Ethics Committee,
St. Luke’s Radiation Oncology Network.

c.c.  Dr. Moya Cunningham & Ms. Lesley McDonagh, SLRON.

St Luke’s Hospital, Oaklands Drive, Highfield Road, Rathgar, Dublin 6.
Ospidéal Naomh Lucas, Baile Atha Cliath 6.
Telephone: 01 406 5000; Fax: 01 406 5222; Email: radiotherapy.stiukes @slh.ie; www.stiukesnetwork ie
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Appendix 3: Ethical Approval Letter Health Professionals Study

3= Colaiste na Trionoide, Baile Atha Cliath

i?i

Trinity College Dublin

Ollsenil Atha Cliath | The University of Dublin

Grainne Sheill

Discipline of Physiotherapy
Trinity Centre for Health Sciences
5t. James’'s Hospital

James's Strest

Dublin 8

23™ December 2015

Ref: 20150609

Title of Study: The attitudes of health professional towards recommending
physical activity to metastatic patients

Dear Ms Sheill,

The School of Medicine Research Ethics Committee has reviewed your amendment

request form; we are pleased to inform you that the above amended project has
been approved.

Yours sincerely,

Professor Thomas Rogers

Chairperson
School of Medicine Research Ethics Committee

An tollamh Paul Browme e fron Faceatn. Professor Paul Browne us mom Focnm

¥s. Orla Bannon M5, Orla Bannon

Scoil an Leighis school of Medicine +353 1 A9E 1476

A |nstititid Falainchtai Rithleighis Trinity Biomedical Sciences Institute madicinegitod. is
Coldiste na Triondide, Baile Atha Cliath Trinity College Dublin wranw medicine tod.ie
MMiscoil Atha Cliath The University of Dublin

157-160 Srald an Phiarsigh 152-160 Pearse Street

Baila Atha Cliath Z, Eire. Dublin 2, Ireland
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Appendix 4: Published Paper: The Views of Patients with Metastatic Prostate Cancer towards
Physical Activity: A Qualitative Exploration

Supportive Care in Cancer
https://doi.org/10.1007/s00520-01 7-4008-x

ORIGINAL ARTICLE

@ CrossMark

The views of patients with metastatic prostate cancer towards physical
activity: a qualitative exploration

G. Sheill ' + E. Guinan? L. O Neill' - D. Hevey? - J. Hussey'

Recetved: 2 June 2017 / Accepted: 5 December 2017
) Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract

Purpose Patients with metastatic cancer can experience debilitating symptoms, which may influence attitudes towards and
engagement in physical activity. This study aimed to examine the attitudes of patients living with metastatic prostate cancer
towards physical activity.

Materials and methods Semi-structured interviews were completed with male patients living with metastatic prostate cancer
Interviews included eight questions related to patients’ attitudes towards physical activity. Content analysis was conducted on the
transcribed interview data. Twenty men with metastatic prostate cancer (mean age 71 £8.5 years; body mass index 30.19 +

5.37 kg/cm?) and associated bone metastases (55% with >2 regions affected) participated in the study.

Results Men's views towards physical activity were coded into the following major themes: (1) barrers to physical activity, (2)
benefits of physical activity, (3) a reduction in physical activity levels post diagnosis and (4) social support for physical activity.
Symptoms of metastatic prostate cancer and treatment side effects including pain and fatigue negatively influenced activity
participation. In addition, many generic barriers to physical activity were described such as bad weather and a lack of suitable
facilities for exercising in rural areas.

Conclusion Men living with metastatic prostate cancer have unique needs regarding physical activity related to symptoms of both
their cancer and cancer treatment. There is a need to increase prompts that encourage those with metastatic prostate cancer to
maintain‘increase physical activity levels post diagnosis. Given the individualised needs of this patient group, referml to a cancer
exercise specialist should be considered for prescription of tailored physical activity programmes.

Trial registration Clinicaltrials.gov NLM Identifier: NCT02453139

Keywords Physical activity - Advanced cancer - Metastases - Qualitative - Exercise

Introduction

An increasing number of patients with metastatic prostate
cancer are now receiving life-prolonging treatment [1]. The
estimated 5-year survival rate in patients diagnosed with

4 G. Sheill
sheillz @ted.ie

Discipline of Physiotherapy, School of Medicine, Trinity College
Centre for Health Sciences, James's Steet, Dublin B, Ireland

= School of Medicine, Trinity College Centre for Health Sciences,
James's Street, Dublin 8, Ireland

* School of Psychology, Trinity College Dublin, College Green,
Dublin 2, Ireland

Published online: 14 December 2007

advanced prostate cancer, including metastatic cancer, is
now 30—46% [2]. There is a growing body of evidence detail-
ing the many benefits of staying active through all stages of
the cancer continuum, including the metastatic stages of dis-
ease [2-5]. Individually prescribed physical activity
programmes can be safely introduced for patients with many
symptoms of advanced disease, including bone metastases [ 1,
2, 6]. A recent systematic review showed that increasing phys-
ical activity levels can improve measures of physical perfor-
mance and quality of life (QoL) for this patient cohort [7].
Men with metastatic prostate cancer who do not meet aerobic
exercise guidelines have also been shown to have significantly
lower physical functioning, role functioning (physical and
emotional) and general health scores than men who met the
guidelines [8]. When patients are not able to undertake vigor-
ous activities, even low-intensity physical activity after a can-
cer diagnosis is associated with improved outcomes [9, 10].

‘5":'. Springer
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Patients with memsttic cancer may expenence multiple
symptoms such as pam, breathlessness, fatigue nd nausea
[11]. which may limit engagement with physical activity.
Despite this, previous research has concluded that = 90% of
patients with advanced cancer are interested in completing
physical activity programmes [12]. However, many patients
living with metastises become inactive due to the side effects
of cancer and its associated treatments, or the fear of sheletal
fracture [ 13]. A previous stady of 55 patients with metastatic
prostate cancer demonstrted only 29% of participants met the
current aerobic exercise puidelines for cancer survivors while
71% were msufficently active [8]. It & cssential to make ex-
erise interventions accessible and adaptable o patients living
with metastatic cancer, in order to ensure the number of pe
tients obtaining the physical and psychological benefits asso-
cinted with physical activity s maxmmised.

It is important to identify the ficioms which may play a role
in the illnzss experience of metastatic cancer patients md that
may comtribute to physical inactivity. The purpose of this
study was to qualitatvely explore the views ofmen diagnosad
with metastatic prostate cancer towands physical activity.
Future physical activity interventions may then incorpomte
this Imowladge in omder to meet the specific exercke neads
and capabilities of patients with metastatic prostate cancer.

Materals and methods
Participants and procedures

Patients with metastatic prostate cancer who were recruited to
a mndomised control trial examining the effect of exercse on
circulating tumour cells wene eligible to complate interviews
for the present study. Metssmtic cancer (also known as ad-
vanced or pallistive) includes the Amencan Joint Commitees
on Cancer definition of stage IV cancer [14]. Patients wen:
recruited from oncology clinies at three hospital sites.
Inclusion criteria for the mndomised control frial are patients
2 18 years and male, a histologically confirmed diagnosis of
prostabe adenocarcmoma, metastatic disease as confimmed by
CT/MEI or by bone scan, stmble medical condition, including
the absence of acute exacerbations of chronic illnesses, serious
infections, or major surgery within 28 days prior to recmut-
ment and capable of partidpating s afely inexerdse. Exchision
criteria included a history of radical prostatectomy and a pre-
vious diagmosis of amy other malignant tumour

The Health Belief Modzl (HEM) muided the development
ofintarview questions. The HBM framework has been widely
accepied as an organising famework which predicts health
behaviours by focusing on the attitudes and beliefs of individ-
uals [15]. For example, participants were asked “What factors,
if any, do you think prevent you from engaging in or inaeas-
ing your physical activity since your caneer diagnosis?® This

'ﬂ-ﬁpﬂ'iﬂsﬂ.’

question was developed to determine barmers to physical ac-
tivity post diagnosis. Examples of questions in the imteriow
guide are inchided in Table 1.

Data collection

The frst 20 patients recruited to a clinical trial wers invied to
complete qualiftive interviews prior to patient mndomisation.
[ata saturation was used as a guiding principal for sample
sizme, which was determined itemtively. Age, bodymass index,
wakt arcumfersnee and burden of metastatic disese were
recorded for each participant as part of their baseline
mndomisad controlled trial assessment Participants alkocom-
pleted a self-report physical activity gquestionnaire
(Physicians’ Health Study Assessment). Participants were
interviewed using audio-recorded, face-to-face, semi-
structurad imterview format. Each interview lasted between
15 and 20 min. All interviews wene camied out by one re-
searcher with 5 vears experience in the amea of cancer
rehabilitation.

Data analysis

All interviews were tape-recorded and tmnscribed verbatm.
Transcripts were analysed using content analysis [16]. Two
researchers read each interview script independently.
Transcripts wens analysed line by line for themes neflecting
factors affecting physical activity in men with metastatic pros-
tate cancer Comparative analysis was conducted with subse-
quent tmnscripts to build findings upon themes that had pre-
viously emerged. Themes were first subject to broad inclusion
50 a5 not to resirict the validity of the data due to premature
categonzation. As further imerviews wereanalyssd, responses
were grouped fisst into subthemes, with those eventually be-
ing clustered under applicable broad themes. These were com-
pared, discussed and organised by the same nesearchers. Data
saturation was reached by interview 17, The remaining three
interviews were used to confirm and clanfy the analysis,
Demogrphic dats wene entered into an Excel database and
analysed desariptively.

Ethical approval

Ethical approval was granted by Saimt James's Hospital!
Adelaide Meath National Children’s Hospital research athics
committee and all partcipants provided written informed con-
semt to complets interviews.

Results

Twenty patient imterviews were completed. All patients who
wiere myited to participat: consented to imterview. Participant
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Table 1 Example questions from the inteniew guide

Inierview question Lopic

Example question

Sel Felficacy
Benefits io physical activity partcipation
Biarriers 10 physcal sctivily participation

Dhr you Tl could complete a8 much plyysical sctivity & your preers?
What makes you wand i be ploysi call y active?
What Esctors, 1 any, do you think prevent you from engaging i or incressing your

physical sctivily sinoe your canoer diagnaosis?

Cus oy action

Himw by your Family feel aboad you participating in regulsr physical sctivity?

demographics and clinical characteristics are described in
Table 2.

The results of the content analysis weare classified mnto four
major themes (Table 3). Quotations reflecting the mnge of
issues that emerged are presented and wens selected because
they were typical of the insights that participants gave dunng

1. Barners to physical activity

Exercise barners were maimnly related to metsstatic cancer
and the side effects of cancer treatment includng hormone
therapy and chemotherapy. Additionally, physical, psycholog-
ical and envimnmental barriers to physical activity were
memtioned.

Many patients reported symptoms of metastatic disease
a5 harriers to engaging in physical activity “It was that

Table 2 Participani charscier sics
Tosl
Agpe (maan + S0 years 71 SDES5
Bkl (mesn + 5100 K.g,.‘n:l: S S 5ET)
Waidl cirumberenae (em +50) 108 +15.2

Tue since cancer diagnoss 1005 {6.25-22.25)
{Mamths, median (IE))
Bewverily of bone metasatc disessen ()

Minor {1 = gon affecked) 525
Miadersie (2 regons affecied) 4200
Magor (= 2 regions affecied) 11 455i
Primary trestment o (%)
Radistion therspmy 5(25%)
Hormones 19 {95ES
Achieving aembic physical sctivity guidelines (%)
Y 9{43)
N 11 {55
Physical activily calegiry
Light (METh/wk vaue < 3) 1 5FED
Muderste (MET-h/wk betwean 3 and 59) QA5E)
".-'igjnrl.u adivities (MET-Wwk »ahuml“_zﬁj 1 {5%)

S0 standlarnd dedation, MET metabolic equivalent, bk hours per week

pain along the bottom of my back that was really stopping
me a lot” (P 02), *1 think it was the pains that wens obvi-
ously beginmng to come from the cancer” (P (M), Fatigue
also made it difficult for patients to increase their physical
activity “It's difficult when you're feeling tired. [ get aw-
fil tired. Asful tived those damn bormones” (P 11), “1 find
that 1 get very tired if | try to do exercise’ (P 04), *Since
I've started chemo I've lost all my energy” (P 13), “The
chemo was the turning point. Mo energy. | would walk
amund the corner with the dog and | would be flat” (P
14}, (ther factors such as low mood and low confidence
wene also reported by patients “Those hormones. And you
know vou feel very down with them® (P 11), “T'll make a
fool of myself but no.... .I°d say that | won't be able to..."
(P 05). ksues around urinary incontinence were also wden-
tified as bamiers to exercise “It's quite embarrassing actu-
ally you would be out playing badminton and the next
mimute vou would have to run to the toilet’ (P 10), 1 have
to g0 stmight away. Sometimes | control a little but | have
to go straight away.” (P 14). Additionally, the effects of
hormone treatment dunng exercise were mentioned: “The
hot flushes..they vary in terms of imensity. When [ get
the hot flushes [ feel this thing going right up through my
body. Pin pricks right up through my body.” (P 14).

Bad weather was mentioned by many as a barner to exer-
cise ‘| hate the weather and [ thought of joining the gym
localty mstead but that's not as good as being out on the road
forme” (P 01), “T haven't been doing anything becmiss of the
bad weather® (P07}, I don't feel very comfortab e wallong in
the cold.” (P 13). A lack of switable facilities for exemising due
torural living was also a barner: “You have to dove to town to
do it becmse there is no footpaths on the mads and it's too
dangerous.” (P 100, 1 try but I'm ot in the country” (P 11).
Low motivation was mother resson for poor physical activity
levels: *l reckon my enthusizsm has gone down eanm to some
extent” (P 01}, *1 think [ should get more done, [ should walk
morz” (P 04), “It's hard becauss to motivate yourself to get up
and get going” (P 101 Difficulties exewising independently
were ako identified ‘Ifsomeons elkewas doing it [ would do it
you know that sort of way. If | do it on my own vou

kmar . t"s not the best.” (P 18).

2 Bencfits of physical activity

ﬂSpl:i.nEr:
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Table 3 Qualitative themes
fkesnt Fied

Mijor themes Subthame
Barriers o plyscal ativity Physical barmers
Payehaol g cal barrers
Environmental barrers
Beenefits of physical activily Wl ght ko
Iniressed enetgy

Redudion in physical sctivity levels past

diagmaosds

Social suppod for ploysical activity

Cieneral feeling of well-beng

A disngption i nomaal daily routine

Patients unshle ko oversome harmers o physcal activity

[Hiferences m the level of Bamily suppon for ploysical
aSChvby

Drifferent penceptions of physical activity lkevel of peers

When asked about the benefits of physical activity, the
magjonty of patients referred to the geneml health benefits of
physical activity “It would make me more fitter and it would
be something | would look forwand to [ imagine” (P 016),
“You just feel so much betier” (P 019}, There was a sense that
physical activity facilitated participants to regain a mutine and
normakity *I would like to be able to get back to what | was
doing before” (F 0Z). Only a small number of the specific
health benefits of exermise wene reported. Weight loss was
most commonly reporied, followed by an increase in energy
lewels, Orthers referred to benefits of exercise unrelated to
physical health Tt keeps me busy® (P (9). Patients reportad
few specific benefits of exencise related to a cancer diagnosis,
Walking, swimming and cveling were the modes of exenise
participants felt were of most benzfit, ‘Maybe a bit of
walking. ...amything to get the heart pumping.” (P 1),

3, Reduction in physical activity levels post diagnosis

Many patients reported a history of being active, both in
their childhood and as an adult pror to ther cancer diagnosis,
Mamy patients reported high physical activity levels inthe past
due to jobs in areas such as farming or the ammed forces and
from walkmg or gycling to and from work. Other particpants
were active mainly for lasure “Well, | played hockey, field
hockey until | was 52 and [ played hurling and gaelic foothall
when [ was young and [ played a lot of tenmis° (F04).

Sevenl patients commented on a recent change in physical
actvity levels °1 used to bevery fit.. but that's water under the
bridge” (P 15). A significant number of patients desaribed a
decrease in physical activity levels after baing diagnosed with
advanced cancer “Before | got this diagnosis of the cancer |
was walking” (P 08), ‘1 played badminton actually until
Febrmuary last year” (P 10). Pabents desoribe a decrease in
physical activity levels after thar disgnosis for many reasons,
Due to the high levels of hospital commitments following
diagnosis, patients noted a change in physical adivity levels
‘I smried getting hospital appointments and all that kand of

@ Springer

stuff and it put me onto a different cycle and | siopped doing
the regular exercise” (P 01 ). Other patients also mentioned the
disruption a cancer diagnosis brought to normal routmes ‘It
ws just then when | stopped that | never got back toit” (P 035).
Some were unsure ofthe effects of exercise post dingnosis and
reported feeling unsure sbout what physical adivity to under-
take 1 didn't kmow whether to exercise or not.” (P 02), “What
ane you to say when you have a cameer that has gone into the
skeleton? You just don't know. You just keep going as best
voucan” (P (4).

4. Social support for physical actvity

There was a large variation acmss the study sample in
levels of support from family and fnends in relation to phys-
ical activity. When asked about family attitudes towards their
physical activity, half of participants reporied ther family are
very supportive “They encourage me, like to see me up and
about” (P 03), “They want me to do it” (P 035), “They (family)
want me to (exerase) very much so” (P (), *They don't want
me lying in bed. They want me o beup going armmd.” (P 06),
“They sav it to me as well ....vou're not out on the fam, vou
have to kegp mowving. ... They would like to see me doing
something' (P 11), “They would be quite agreeable to it
They don’t mind secing me up’ (P 16). Altematively, other
participants felt family wene indifferent to what physical ac-
tivity they completed “They would leave it up to myself” (F
012, 1 think they would bevery uninterested ...* (P 01), “They
don't cam: what [ do” (P 06), “They don't mind what | do” (P
08). Some participants were unsure “I would depend what it
is” (P 07, “They are happy enough. . they don’t like to see me
on my bike though. Sometimes they say yvou're too
old........not for me | don’t think s0” (P (9). Mo patients men-
tiomed a diagnoss of metastatic prostite cancer as an issug of
concem for family membems in relation to physical activity,

The majority of patients fzlt they wen: less active than their
peers 1 think at the present [ would be behind a far bit' (P 08)
or fezlt that what physical activity they did was not enough.
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Also, a lage number of participants werne not sure how ther
physical activity levels compared to others *It"s hard for me @
knovar about what [ do. [ don "t really have a bench mark to sort
of measure 1t I'd sy ....... I'm not too bad” (P 04). One
patient percenved themselves to be as active as their peers
‘I'm nomal, I'm exercising as much as anybody else” (P
03). Mmy patients commented on how they had no way of
knowing what exercise orhow much exercise others complat-
ed T don’t kmowr what anyone else is doing (P 10), *Tdon 't see
amyone else” (P 11).

Discussion

The purpose of this study was to determing the perceptions of
men with metastatic prostate cancer towards physical activity
This study outlines generic mnd cancer-specific barners to
physical activity perceived by patients with metastatic prostate
cancer Patients associated the time following a diagnosis of
advanced cancer with a decline in physical activity levels.
Patients identified few health benefits of physical activity,
highhghting the nead to increase education around physical
actvity post diagmosis.

My participants in this simdy reported a decresse in phys-
ical aetivity levels following a diamnosis of advanced prostate
cancer This is smilar o findings in previous stdies of pa-
tients with early stapge breast mnd colorectal cancer [17, 18]
Patients m this study offared potential eoplanations for this
decling in physical activity levels inchiding the disruption @
daily routines cansed by multiple hospital visits and the side
effects of cancer treatment These findings are similar to those
in previous studies, where an sssociation bebween common
treatments for the management of bone metastases, such as
radiation therapy and chemotherapy [19, 20], nd a large re-
duction m physical actvity levels [21, 22] were found. Thene
is however a grwing body of literture examining the bene-
fits of maintaining and increasing physical activity levels dur-
ing cancer treatment, incloding chemothempy [23, 24], radis-
tion thempy [25, 26] and hormone thempy [27]. Efforts an
neaded to increase physical activity levels of patients after
dingnoss and during the treatment stage of advanced cancer
These could include patient education arund the importance
of physical activity during this time and the provision of ex-
erose imformaton leaflets, verhal advice or the efemal of
patients to appropriste soocse services, Previous studies m
breast cancer populations have shown that even the provisions
of standard public health physical actvity recommendations
to patients post cancer dingnosis can have long-temm effects on
physical activity engagement [28, 29).

Study participants reported many barmers to engaging in
physical activity. A mumber of these barriers are similar to
those reported in studies of patients with earty stge disease
and indeed the geneml population, e.g., diffioulty accessing

exercise facilities and bad weather [30], e.g., initiating and
maintaining a regular exercie regimen [31]: however, partic-
ipants in this study ako described many physical and psycho-
logical side effects of metastatic prostate cancer as harriars to
engagmg in physical activity. The spread of cancer mio the
bones was a canse of concem for some, leading to uncertainty
about the role of exercise. An additional womy centred on
problems relating to exemcising with poor wurinary and bowel
comrol, common in men diagnos ed with prmstate cancer [32].
These complex presentations reflect why individuals with a
cancer diagnosis are considensd a special population in terms
of svercise prescription [33]. Physical activity bamiers have
proven to be predictors of exerdse behaviour [34] and so0 each
patint reported barnier needs to be examined and addressed
carcfully in omder to optimise the engagement of patients with
metasttic cancer in physical activity,

Additionally, adverse symptoms of long-term hormone
treatment were highlighted, such as weight gain, which may
have also contributed to the high BMI found m this study, and
fatigue [35]. Engaging in physical activity which involves
mesistance and cardiovascular exercise has been shown o have
beneficial effects on both fatigue [36] md body composition
[37] for men on hormone treatment. The uncertainty reported
by patients regarding the type and dumtion of physical activity
suitable for patients with a diagnes s of metastatic cancer fur-
ther highlights the need for patient education in this area.
Patients may benefit fiom referml to appropriate exacise ther
apists speaalised in the arca of oncology to discuss physical
activity plans during cancer treatment and recovery. The pre-
scription of exercise by a specialist with oncology-specific
education and tminmg is a preference identified by mamy pa-
tients with cameer [38, 39 and will ensure patients with met-
astatic cancer receive appropriaes and achievable exencise
plans which consider the relevant physical and psychological
side effeets of their stge of cancer and cancer treatment [40].

Participants in this smdy deseribeda lage variation in their
perceived level of family support for physical adivity. A pre-
vious study of patients with bmin metastises found that de-
spite having full ambulation, 49% of patiemts prefered com-
pleting their physical activity with a spouse, caregiver, family
or friend. This suggests patient need for emotional, mther than
physical support from people closs tothem [41]. A number of
patints in the cument study commented on the indifference of
family members regarding their physical activity levels.
Cben, families may not dsouss physical activity with patients
as they feel a need to support the patient’s autonomy and also
due i the expecttion of negative and defensive reactions to
sugpestions regarding initiaing or increasing exearcise behav-
iour [42]. In a mview examining the comelates of adults” par-
ticipation in physical activity, all smdies that inchided 2 mea-
sure of social support for physical activity found a significant
positive association with physical activity [43]. For patients
diagmosed with cancer, socal support may affect attitudes and

ﬂipr.i.np:
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normative beliefs shout the impact of hfestyle changes on
their treatment outcomes [44]. The importance and valve of
physical activity for patients with metastatic cancer should be
discussed with patients family members. Physical activity
comsultations for patients diagnosed with cancer may have a
role in assisting patients and families to overcome interper-
sonal issues. Exvercise specialists treating patients with meta-
static cancer should consider the role of family support when
prescnbing physical activity programmes to patients.,

Clinical implications

This study outined many physical activity barnems associated
with subophimal activity levels inpatients diagnosed with met-
astatic prostate cancer. Physical activity in patients with met-
astatic cancer should be encoumged in chnical pmetice. When
symptoms of metastatic prostate cancer are reported as bar-
riars to engaging in physical actiaty, patients should be re-
fermed to the appropriate healthcare professionaks for the as-
sezsment and management of these symptoms and for guid-
ance on how to exercse acoonding to symptom severity.

5tudy limitations

All participants in this study had agreed to participate in a
randomised control chnical tmal imvolving a physical activity
imtervention which intmduces a substantial self-selection hias
and limits the applicability of study findings to all men with
metnstatic prostate cancer. While this study demonstmbed that
there are patients with metastatic prostate cancer with a high
disease load willing to participat: in physical activity interven-
tions, firther ressarch is required to explone the issues ident-
fied within this study within the wider metastatic cancer
population.

Conclusion

Men lving with metastaic prostate canca have unique needs
regarding physical activity related to symptoms of both ther
cancer and cancer treatment. There is a need to increase
prompts that encourage patients with metastatic cancer to
mantan/moresse their physical activity levels post diagnosis,
Given the individualised nesds of this patient group, refemal o
a cancer exerdse specalist should be considered for the pre-
scription of tailored physical activity programmes.
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ABSTRACT

Objectives: To investigate Irish chartered physiotherapists’ views on physical activity for patients
with advanced cancer. Methods: A mixed methods study design was used. Eligibility criteria
induded Irish physiotherapists treating patients with advanced cancer. An online survey instru-
ment was created, which induded: (1) A guantitative section that explored physiotherapists’ views
an the role of physical activity for patients with advanced cancer; and (3] A qualitative section that
explored physictherapists’ prescription of physical activity for two patient case studies.
Quantitative data were analyzed using descriptive statistics, and qualitative data were analyzed
using content analysis. Results: A total of 38 physiotherapists completed the study. In all, 4%
{n = 38) of physiotherapists agreed with the statement “being physically active is important for
patients with adwanced cancer” and B0% (n = 30) stated a need for further information on
prescribing physical activity to patients with advanced cancer. A content analysis of case study
responses demonstrated physiotherapists have a number of concerns regarding the prescoription
of physical activity to patients with bone metastasis. Concerns center on patients’ increased
fracture risk, the presence of osteoporosis and the risk of falls in this patient group. Condusion:
The majority of physiother apists perceived physical activity tobe of benefit for patients living with
advanced cancer. There is a need for more education and training around the prescription of
physcal activity programs to advanced cancer populations. Physiotherapists’ responses suggest
patients with advanced cancer have limited exposure to factors that may prompt increased
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physical activity levels post diagnoss.

Introducti on

Several studies have related higher levels of physical
activity during and after cancer treatment with
enhanced physical performance, reduced fatigue levels,
and improved quality of life (Qol) (Courneya et al.,
2003; Dimeo et al., 2003, 1997). Despite this, physical
activity participation declines substantially during treat-
ment (Eyigor and Kanyilmaz, 2014) and physical activ-
ity levels among cancer survivors are  below
recommended levels (Guinan, Connolly, Kennedy,
and Hussey, 2013 Lynch, 2010). This is a very pertinent
issue in the advanced cancer population as physical
functioning and physical condition are among the
most important determinants of palliative patients’
quality of life (Oldervoll et al., 2006). Improved treat-
ment options allow patients to live with advanced or
metastatic cancer for longer; however, many paticnts
remain inactive due to the side effects of cancer and its
(Coleman, 2006). Physical

associated  treatments

symptoms such as pain, breathlessness, fatigue, and
edema are especially common and ocoir in some com-
hination in virtually all patients with advanced cancer
(Solano, Gomes, and Higginson, 2006). Pain, depres-
sion, and fatigue are a symptom cluster associated with
reduced physical functioning (Laird et al, 2011).
Despite this, studies have also shown that exercise
training is safe during and after cancer treatment
{Brown et al., 2003; Knols et al., 2005; Schmitz et al.,
2010) and systematic reviews have determined that
hoth resistance and acrobic activity programs are both
safe and beneficial for patients with metastatic disease
(Albrecht and Taylor, 2012 Beaton et al, 2009).
Additionally, trials have established that patients with
a life expectancy of <1 year are willing and able to
attend physical adivity programs (Oldervoll et al.,
2005).

Fhysiotherapists, also known globally as physial
therapists, work closely with patients to alleviate the

CONTACT Gadinne Shedll], BSc PT M3 E}hl:'lllﬂﬂcd.'rc B Discipline of Physiotheragy, Schoal of Medicine, Tanity College Centre for Heshth Sciences,

Deblin 8, Ireland
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physical side effedts of cancer and its treatment, and
encourage physical activity. Physiotherapy imvolvemnent
in the later and terminal stages of disease can enable
patients to improve Qol, as physiotherapists use their
lnowledge and skills to highlight the importance of
physical activity in the management and reduction of
cancer related side effects (Okamura, 2011). To date,
there are no exercise guiddines specifically for patients
with advanced or metastatic cancer. It is recommended
that all patients with cancer (receiving treatment, fol-
lowing treatment, curative, and palliative] complete
150 min/week moderate-intensity aerobic exercise or
75 minfweek of vigorous exerase, as presaibed for a
healthy population (Thompson, Arema, Riebe, and
Pescatello, 2013). However, due to the complex symp-
toms of an advanced state of disease, many patients
with metastatic disease require tailored exercise gui-
dance (Cormie et al, 2013). For example, patients
with bone metastasis require cxerase programs that
consider the level of morbidity associated with the
location and type of their metastatic lesion. As a oon-
sequence of their individual needs, many patients seek
out, or are referred to physiotherapists for physical
activity recommendations and guidance.
Physiotherapists make physical activity recommen-
dations and guide patients through cancer rehabilita-
tion programs based on their clinical knowledge and
the best available evidence (Wolin et al., 2002). The lack
of specific guidelines regarding exerdse prescription for
patients with advanced cancer s noticeable and may
have implications for chartered physiotherapists practi-
cing in this area in Ireland and forther afield. The
prescription of exercise and physical activity to patients
with advanced cancer in both inpatient and outpaticnt
settings may present many challenges to therapists due
to the cmplexity of this disease presentation and the
concurrent  pharmaceutical management The views
held by physiotherapists have previously shown an
association with climical practice behavior (Bishop,
Foster, Thomas, and Hay, 2008). The Health Belief
Model (HEM) is a framework that may be used to
explore the views of physiotherapist in order to gain a
greater understanding of the current dimical practice
around prescribing physical activity to patients with
advanced cancer. The HEM suggests that a set of atti-
tudes or beliefs lead to behavior (Janz and Becker,
1984). This study will use the constructs of the HEM
to examine physiotherapists’ views of physical activity,
including its benefits and barriers, for the advanced
cancer  population.  Physiotherapists’  self-cfficacy
around prescribing physical activity to this patient
group will be examined, as well as any perceived cues
to action or actvation strategies which may trigger

increased physical activity levels in this patient popula-
tion (Deo, Nayak, and Rajpura, 2013; Rosenstock and
Hochbaum, 1961). This study aims to: (1) Describe
Irish chartered physiotherapists’ views on the role of
physical activity for patients with advanced cancer; and
(2) Explore physiotherapists’ prescription of physial
activity for two case studies of patients with advanced
Cancer,

Materials and methods
Participants

The survey link and research information leaflet were
sent to the physiotherapy managers of the eight desig-
nated cancer centers in Ireland (four in Dublin, and one
in each of Waterford, Limerick, Corl, and Galway) for
distribution to all physiotherapists working in these cen-
ters. The Irish Society for Chartered Physiotherapists
office also distributed the survey among the national
clinical interest groups for Chartered Physiotherapists
in Oncology and Palliative Care (n = 55) and Chartered
Physiotherapists in the Community (n = 113). Only
physiotherapists treating patients with advanced cancer
were asked to complete the online survey. The study
protocol was approved by the Trinity College Faculty
of Health Sciences Ethics Committee.

Study instrument

Using an online survey service (via SurveyMonkeyT M,
SurveyMonkey.com, LLC, Palo Alto, CA, USA) an
anonymous questionnaire was created. The survey
included demographic questions; 10 attitude questions
based on the guiding principles of the Health Belief
Model (Janz and Becker, 1984), and two case study
questions. Demographic information was  oollected
relating to the physiotherapist's job title, years of
expenence, and place of work., Physiotherapists’ views
of prescribing physical activity to this population were
assessed by 10 staterments rated on a 7-point Likert
scale, ranging from “strongly agree” to "strongly dis-
agree.” The items assessed included statements on the
benefits and safety of exercise for this population.

The survey also included two patient case studies. These
case smdies were specfically designed by the research team
to represent typical advanced @ncer patients referred for
physiotherapy in a national dinical center.

Case study 1

Patient 1 is 86 years old with widespread axial metas-
tases secondary to prostate cancer. He has few
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comorbidities and has been active all his life. During his
consultation he mentions to you that he plans on
remaining  adive and continung  activities, which
include manual labor in the garden and playing golf
every day.

Cose study 2

Fatient 2 has stage IV prostate cancer with bone metas-
tases to his proximal fermur and pelvis. He has a poor
relationship with physical activity and multiple comor-
bidities. He feels that his diagnosis with cancer is
another reason to limit his physical activity.

Fhysiotherapists were asked to provade physical
activity recommendations for patients, as well as out-
line any concerns they had relating to physical activity
in the cases provided. All response data was stored on a
password accessed server and the survey was live for a
fG-week period.

Analysis

Data exported  to SPSS for  analyses
Fhysiotherapists’ views toward recommending exerdse
wire analyzed using descriptive statistics. Text-bhased
responses to open-ended questions related to the @se
studies were analyzed uwsing content analysis (Hsich
and Shannon, 2005). In acordance with the aims of
the study, analysis focused on physical activity recom-
mendations and concerns around  physical activity,
The author read a document comprising all partid-
pant responses several times to permit familiarzation
with the data and to identfy mmitial patterns. An initial
coding scheme was developmd  after the first 10
responses that gomded the coding of all remaiming
responscs. Codes were then sorted into emerging cate-
gories based on relations between codes and then
summarized into emerging themes. To increase the
rigour of the analysis, a second author (LON) ana-
lyzed all responses independently and combined
results with the first author. There were very high
levels of agreement in the coding of ctegones
beatween the two researchers, with no instances of

Wk

significant disagreement.

Results
Therapists information

A total of 38 physiotherapists responded to the
survey (Table 1). Of this, the majonty of phy-
siotherapists were semior  physiotherapists  (phy-
sintherapists holding a2 minimum of three years'

PHYSIOTHERAPY THEQRY AND PRACTICE () 3

Table 1. Participant characternistics.

Physiatherapy Grade Nurmber of Respondents (Pexentag e
Resic Grade 8 21%)

Seniar 25 (5%

inical Spedalists 2 5%

Main agers, 3

A of Wark

Her pital Setting 13 (4%

Cammmunity Seting 20 (53%)

Privae Pracfice 1 3%

Her pice Care 4 {10%])

post qualification clinical experience), followed by
basic grade or entry level physiotherapists. A small
proportion of respondents were clinical specialists
(physiotherapists holding a2 minimum of 5 years’
post qualification clinical experience and a post-
graduate qualification relevant to the post) or man-
agers. The majority of physiotherapists were
qualified between 10 and 20 years (n = 16 (42%))
or over 20 years (n = 11 (29%)) followed by thera-
pists qualified between 5-10 years (n = 6 (16%)) or
less than 5 years (no= 5 (13%)).

Views toward physical octivity

The wast majority of physiotherapists agreed with
the statement “being physically active is important
for patients with advanced cancer” (Table 2).
Additionally, a high proportion of physiotherapists
agreed that patients with advanced cancer are cap-
able of completing physical acovity programs and
also reported prescobing physical actraty to thos
patient population regularly (Table 2). In response
to a statement about how confident physiotherapists
felt when prescribing exercise to patients  with
advanced cancer, a large number of physiotherapists
agreed that they were confident however a high
number of physiotherapists also agreed there 1s a
need for further information on prescribing physical
activity recommendations to patients with advanced
cancer. Physiotherapists did not strongly agree that
there are cues to action (e.g, such as encouragement
from friends and family) that encourage patients
with advanced disease to increase physical activity
lewels (Table 2).

Case study responses

Case study 1
Prescribing physical activity. Physiotherapists outlined
the importance of patients maintaining thar physial
activity levels:
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Table 2. Physiotherapists’ views toward physical activity and adwanced cancer.

Someahat)
Stongly  Mosthy/Somewhat  Neither Agme ar Mazstly Strangly

Questian: Agres (n) Agree (n) Diacpres in) Dieagree (n]  Disgmee (n)

Peraeived benefits and bamiers:

In iy apieon being physcally scfoe B mpotan far patients with 11 {31%) 22 |ai%) 1 (3% 15% L
athvanced cancer

| el that patients with sdvanced cacer ane apable of ampleting 90 25 2T (560 1439 206% LI
physical scfity programs

| el pafients with slvanced cancer come ta me for physcd scidity 4 (11%) 19 | 54%) ERL ] 9 (26%) L
mecormamend atiom

In my epinon inemasng phyicsl sty kevsk in pafent with 6 {179 21 [66%) 2 (6% 3w 1 %)
acvanced cancer i safe

| find peosiding physical saivity recommendations to patient with 2 5% 24 (6] 2 6% T (0% L[]
schvanced disesse B ususlly well mosived

Cures it ot oane:

| el pafients with alvanced cancer believe they should nemain 3 0% 15 (439%) A1 11%) 13 {35%) L[]
phyiacally adive

| o] patiems with advanoesd cancer will lollow the sdvice of physal 0 0% 22 (63 61 17%) 7 {20% 0 0]
adivity redmmmendations green

| find the families and Fiends of patients with sdwnosd cun e 1 5% 16 [ 45%) 61 17%) 11 {31% 1 {39%)
encoumge physcal sdivity

SeHEfficacy:

| am confident in my shility to peoibe exendie to pabents with Bi25% 19 | 54%) o) 5i14% L
advanced ¢ancer

| reguisrly presedbe physical sdivity recommendations to patients 10 | 20%) 20 |57 5o P10 L]

with advanced cancer

Mot Tatal may not equisalent to 100% beause of munding.

T feel physical activity is an important adjunct to this
man’s  freateent” (Particpant (F) 17, Case Study
(C8) 1).

Engaging in physical activity was seen by another
respondent as:

“paramount to his mental health ™ (P4, C51).
When discussing exerd se prescription, physiother apists
referenced the existing exercise guidelines for all cancer
paticnts:

“Twould encourage him to be active for ar least 30 mins

5 times per week and working to an infensiy in which
he is dightly puffed” (P19, C51).

Many also stated that the patient should gauge excrase
tolerance by common symnphoms:

We would dicuss pacing activities within his limits of
pain and energy levels” (P7, C51).

Concerns  related  to physical  activity. Numerous
respondents reported some concern when prescribing
physical activity to this patient
“T would feel relatively comfortable although concemead
with his age, mets and demunds of golf™ (P04, C51).

Concern centered on the possibality of increasing harm
to the patient, in many cases due to the presence of
bone metastasis,

“There is a risk of bone fracture § activity is not properly
prescribed ™ (P23, C51).

Physiotherapists sugpested adapting this patient’s cur-
remt activities to ensure safety and comfort for patients;

“maay need to modify some of how he does his garden”™
(P18, C51)

“he may have to modiy some tasks™ (P10, C51).
Only two physiotherapists sugpested what these mod-
ifications may entail:

“consider positioning, we of equipment™ (P22, C51)

“positions to reduce strain on his back possibly weaning
a corset for some actfities” (P25, C51).

While some physiotherapists mentioned the modifica-
tion of activites others sugpgested liniting any hagh
intensity activities:
“Not necessarily to discourage him but to set boundaries
thut ke should be aware of when exercising™ (P16, C51).

Reponses by some physiotherapists demonstrated
uncertainty about how to gauge intensity:
T would wonder if I am working this patient at foo high
of low an intersity o get benefit'harm from exercise”
(P13, C51)
Case study 2
Prescribing physical activity. Physiotherapists  were
happy to initiate a discussion with this patient about
physical activity:

T would feel wery comfortable discussing physical activ-
ity eptions™ (P26, C52).
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Activities to enable functional independence and activ-
iies that were enjoyable for this patient were encour-
aged. Discussing physical activity was seen by 30% (117
38) of physiotherapists as an opportumty to educate
this patient on the bendits of physical actvity for
managing cancer related symptoms and side effects of
treatment. Physiotherapists recognized there may be an
clement of fear preventing this patient from inoeasing
his physical activity:

“Thi patient may be frightened by his bone METS"

(P20, C52).

Responses highlighted that with encouragement and reas-
surance the patimt may increase physical activity levels:

“Hopefully with education and guidance, he may be
confident to exercise™ (P23, C52).

Concerns related to physical adivity. In case study 2,
physiotherapists indicated a need to complete 2 multi-
factorial assessment before prescribing increases in physi-
@l ativity. Physiotherapists felt the patient’s pre-morhid
status, fatigne levds, pain levels, and nsk of cadveda all
needed thorough assessment. The theme of @using harm
to the patient arose in responses to this @se study also.
Around 18% (7/38) of physiotherapists reported a need to
discuss the patient’s exercise @mpadty with the medical
team or GF prior to the prescription of physical activity:
“Risk of fracture would nead to be discussed at MDT level
before T would discuss PA with this patient” (P19, C52]

Concern related to physical activity prescription with
this patient again cntered on bone fraglity: “he s at
increased risk of osteoporosis and fractures”™ (P11, C52).

Fain was mentioned as an indication to limit activity
by many physiotherapists:

“Stop if there & any pain or discomfort ™ (P7, C52).

T would be guided by pain in his pelvisfip area”™

(P18, C52).
There were varying responses regarding the amount of
waght bearing this patient could tolerate during phy-
sical activity:

“The type of exercise would need to consider weighe

bearing [imitations and what alternative options there
are” (P22, C5).

“He would be suitable for non-weight bearing activities™
(P25, C52).
While many physiotherapists discossed potential aero-
bic activities suitable for patients, a small percentage of
physiotherapists mentioned concerns in relation to pre-
scribing resistance exercise for this patient:

PHYSIOTHERARY THEQRY AND PRACTICE (&) &

“Functional strength training without specific weight
resistance exercise” (P24 C52).

“Activity prescribed would be based on more functional
activity mither than spedfic weilght resistance exemise”
(P25 C52).

Discussion

The majority of physiotherapists perceived physial
activity to be of great benefit for patients living with
advanced cancer. Despite the known benefits of
remaining physially active there was some ambiguity
over the optimal prescription of physical activity to this
population. The complex nature of prescribing physical
activity to this patient group was a theme evident
throughout qualitative responses. Physiotherapists” per-
ceived oues to action sogpgest that patients with
advanced @ancer have limited exposure to factors that
may prompt increased physical activity levels,
Physiotherapists expressed varying levels of con-
fidence in prescribing physical activity to paticnts
with metastatic disease. This may resolt in poor
implementation of the positive findings of previous
studies in the clinical setting (Albrecht and Taylor,
201% Beaton ct al., 2009). Despite the growing body
of evidence, physiotherapists reported much uncer-
tainty regarding the optimal physical activity para-
meters for this patent growp. While some exercise
recommendations given by participants reflected the
results of newly established research, others reflected
older practices in the area of cancer ecxeroise therapy.
The ligh proportion of respondents working clim-
cally for over 10 years may have influenced their
views toward physical activity. Many treatment
optons for patients with cancer have developed dur-
ing this tme, as have advances in exercise prescrip-
tion (Cormie et al, 2013%; Olkamura, 2011). In the
past, patients with advanced cancer were excluded
from many physical activity programs due to the
risks associated with bone metastasis (Adamsen
et al, 2009). There are now an increasing number
of clinical trials in the advanced cancer population,
including patients with bone metastasis (Bourke
et al, 2011, 2014; Cheville et al, 2010; Lowe,
Watanabe, Baracos, and Courneya, 2013% Oldervoll
et al, 2001; Temel et al, 2009). Acrobic cxercise
programs of wp to 12 weeks duration have been
completed by patients with advanced canmcer, with
no adverse events reported ([Quist et al., 2012).
Despite this, patients were perceived by physiothera-
pists as highly susceptible to injury due to their
advanced stage of disease. The recommendations of
clinical studies in this area should be uwsed by
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physiotherapists to inform physical activity prescrip-
tion to similar patient groups in clinical practice.

While physiotherapists perceived physical activity to
be of benefit to patients, multiple barriers to prisaibing
physical activity emerged in qualitative responses.
Resistance programs were not encouraged by phy-
sintherapists in both case studies due to concmrns about
pathologial fractures. Despite this, recent studies have
shown very promising results in triads involving resis-
tance exercise programs for patients with metastatic dis-
ease. Perceived barriers are the strongest and most
significant determinant of heathare related behavior,
and it is important that the barries reported by phy-
siotherapists are  addressed  (Ori, Vassleva, and
Mandryk, 2012). There is 2 need for more cdoation
and training around methods of adapting resstance pro-
grams for advanced cancer populations, as implemented
in previous dinical studies (Cormie et al., 2001% Temel
et al., 2009). There was also uncertainty among phy-
siotherapist relating to the prescription of weight bearing
activity to this patient group. Mo differences in the rate of
pathological fracture between patients completing weight
bearing or non-weight bearing activity were reported in
previous studies (Bunting and Shea, 2001) and pain free
waght bearing actwvity should be moouraged (Ricdo,
Wodajo, and Malawer, 2007 ). The outcomes of previous
research provides positive evidence for the presaiption
of appropriately designed and supervised resistance and
weght bearing activities to patients with advanced @n-
ar. Increased awareness of this research may hdp to
decrease physiotherapists’ perodved barriers to prescrib-
ing physical activity. Educational offorts targeting phoy-
siotherapists concerns and misconceptions about the
presaiption of physical activity for patients with
advanced disease may hdp to reduce the level of concern
related to prescribing physical activity in this population.
In-service training and journal clubs on the topic of
physical activity and advanced disease could be used to
increase physiotherapist's exposure to the evolving med-
ical hterature in this area.

Fhysiotherapists’ percaved oues to action suggest
patients with advanced cancer have limited exposure to
factors that may prompt inoeased physical activity levels,
Given the importance of physical activity in cancer con-
trol physiotherapists have an increasingly important role
in introducing patients to an exercise environment, but
also in educating both patients and their carers on the
important role of physical activity in maintaining and
optimizing  physical function  (Courneya  and
Friedenraich, 2007). Responses in this study indiate
that further efforts are needed to educate patients living
with advanced cancer on the role of exercise m managing
symptoms  and improving  functon.  Additionally,

physiotherapists’ perceptions of patients’ families and
friends’ supportiveness for physical activity suggest that
education efforts should also extend to this group.
Consultation with a physiotherapist may serve as an
important cue to action for patients with advanced dis-
case to maintain or increase physical activity levels, as
advice on the benefits of exercise can be shared and
discussed. Additional coes to adion are also needed. A
previous study of the attitudes of Canadian oncologists
showed a relatively low proportion of oncalogists (249.5%)
felt that ther patients were capable of exerasing during
treatment (Jones, Courneya, Peddle, and Mackey, 2005).
All healthcare professionals can act as external triggers to
encourage patients to incese physical adivity levels,
Physiotherapists should advocate for the role of physical
activity in advanced disease and encourage clinicians to
promote physical activity in this population (Daley et al.,
2008).

Study limitations

A detailed medical history was not provided for the case
studies provided in this artide. The provision of more
detail rdating to case studies may have influenoed phy-
sintherapist responses regarding physial activity pre-
scaiption. The case study was generated specifically for
use in this research and its validity requires additional
testing as no pilot study was conducted on the material.

Conclusion

The majority of physiotherapists perceived exercise to be
of great benefit for patients living with advanced cancer,
and regularly prescribe physical actwity to this patient
group. Despite this, physiotherapists reported ambiguity
over the optimal parameters for physical activity pre-
saiption. More work is needed on disseminating the
results of research in this area among physioth erapists,
Physiotherapists” perceived ces to action suggest
patimts with advanced cancer have limited exposure to
factors that may prompt increased physial activity levels,
Physiotherapists should advoate for the benefits of phy-
sical actwvity for patients with advanced disease.
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Abstract

Background Physical activity (PA) levels play an important
role in maintining the quality of lifs and enhancing the phys-
ical function of advanced cancer patients. A brief exercise
prompt by physicims can incresse PA levels of patients diag-
nosed with cancer

Aims This study explores the views of Insh oncology and
palbiative care physicians towands PA for patients with ad-
vanged cancer.

Methods A web-based survey with closed- and open-ended
questions was used to sxplor: physicians” views. The survey
presenteda Likert-style questionnaims and open text responses
to two patient case smdies, Cuantitative data were analysed
using descriptive sttistics, and qualitative data wers analysed
using content analysis,

Rexudts Forty participants completed the study, aresponss rate
of 41%. Responding physicians acknowledged the impor-
tance of physical activity for patients with advanced caneer.
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Twenty-stx physicians (67 %) agreed that patients look to them
for P& recommendations and 30 physicians (77%) indicated a
need for more mformation on providing PA recommenda-
tioms. Case study responses highlighted concems melating to
PA prescription for patents with bone metastases meluding
the apgravation of symptom control and inoressed fracture
nsk.

Conclusions The mesults of this study dentify a need for phy-
sician education on providing PA. recommendations for pa-
tients with advanced cancer Concems over the prescription
of PA to patients with bone metastmses highlight the need to
disseminate the ovidence on the benefits of PA for patients
with metastatic cancer to healthcare professionals,

Keywords Advanced cancer - Exercise - Metastases -
Physicans - Survey

Introduction

Patients receving or completing treatment for advanced cancer
have substantially lower physical activity (PA) kevels than the
genernl population. In one study that examined the PA levels of
71 patients with metsstatic bresst cancer, participants attaimed
only half of the steps per day achieved by age-matched healthy
controls (5434 = 3174 vs, 9635 = 3327) [ 1], Additionally, 85%
of participants did not achieve = 8000 steps a day: the kevel at
which most health benefits are achieved in older populations
[2]. Systematic reviews provide svidmes that higher PA levels
in patients with advanced cancer are associzied with greater
quality of bt and mproved physical status [3, 4]. Therofor,
there 15 8 need to explore ways to maxmise the PA levels of
patients at this stage of the cancer tmjeciory.

Mounting evidence suggests that oncologists may play an
important role in enhancing exercise levels in patients with

&) Springer
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cancer [3]. The majority of patients with cancer prefer
oncologist-mitigted evercise discussions to disoussions they
imtiate themsdwves [6]. However, a UK study found 56% of
breast care oncologists and surgeons did not mutinely discuss
PA with their patients [7]. Similardy, m a US study, 38% of
oncologists and surgeons meported that they did not enguire
about patients’ activity levels [8]. Collabomtion with physi-
cians amund PA goals has been shown to improve patients’
healtheare outcomes [9]. A single blind randomised controlled
trial demonstrated that a brief 30 2 oncologist recommendation
to exercise durng treatment consultations significantly in-
creased PA in patients with newly diagnosed breast cancer
by a mean of 3.4 MET-h per wedk (95% C1 0.7-6.1 MET-h
per wazkl [10].

Oncologists may also be @ important source of motivation
for patients living with advanced cancer. Studies examining the
attitudes of oncology e providers towands recommending
exercise for patints with eardy-stage cancer have identified
limited Imowledges on how or where to refir 2 patient to ewer-
ciseand safety concerns as the mam bamiers to discussion about
exercise [11, 12]. However, there is little information availkble
reganding oncologists’ atitudes towands oommending FA ©
patients with advanced stages ofdisease. Given the many phys-
ical and peychological side effects of advanced cancer, oncolo-
gists” attitudes towards this group may differ from the sttibdes
towands prescribing PA to patients with earlystge disease.
Additionally, the presence of bone metastases in many patimts
with advanced cancer may affect the perceptions of onoologists
around the safety of exercisein this population. The amms of this
study wereto deeermmne the beliefs of Insh physicians reganding
PA recommendations for patients with advanced cancer and
explore any poiential concems reganding FA engagement i this
population using & scenario-based survey.

Methods

The study protoeol was approved by the Trinity College
Dublin Faculty of Health Sciences Ethis Committes (Ref:
201 50609),

The study was conducted among a convenience sample of
consultant radiation or medical oncologists in Ireland or mem-
bers of the Insh palliative care consultants group. Physicians
wene senior doctors who had completed speciality traming in
the area of onoology or palliative care.

An anonymous online survey (via Surveyionkey.com,
LLC, San Mateo, CA, USA) was created. Participants
received the survey by email, via contact details listed in the
Irish medical directory or palliative care group. Completion of
the survey questionnaine was considered to be implied consent
to participate. All response data was stored on 2 passwomnd-
accessed sorver. A reminder email was sent at 4 weeks,

&) Springer

The survey included demographic questions, ten attitude
questions (rated on a 7-point Likert scale, mnging from
‘stromgly agree” to ‘strongly disagree”), and two case study
questions involving patients with bone metastases. These
two contrasting case stdies wens chosen as they wene based
on typical presentations of patients with bone metastases seen
previously in an outpatient oncology clinic in 2 national can-
o centre,

Case smdy 1

Fatient 1 is 86 years old with widespread axial metastases
sepondary to prostate cancer. He has few co-morbidities and
has bemn active all his life. Durng his consulmtion, he men-
tions that he plans on remaining active and contiming activ-
ities, which inchide manual labour in the garden and playing
golf every day.

Case study 2

Fatient 2 has stage IV prostate cancer with bone metastases to
his prozximal fermr and pelvis. He has a poor relationship with
physical activity and multiple co-morhidities. He faels that his
diagnosis with cancer is a reason to limit his physical activity.

Physicians wers asked to provide open tect comments de-
seribing whether they would be happy to provide PA recom-
mendations for the patients and to outline concems, i amy,
melatmg to physical activity presoiption in the cases provided.
An open-ended text box was left at the end of the survey for
additional comments regarding ecemise prescription for pa-
tients with advanced cancer

Deescriptive dats are presentad as the mean (standand desvi-
ation { S0} for continuous data and frequency (percentage) for
categorical data, Text-based mesponses to open-ended ques-
tions related to the case studies were analysed using conient
analysis [13). Each response was coded independently by two
of the authors, and codes were compared for intermter
agresment.

Resulis

A wtal of 98 mdiation and medical oneologists and pallistive
care physicimns were contacted and 40 responses wene -
ceved, 8 response rate of 41%. Details of the demogrphic
profile of participants are presented in Table 1. The majonty of
mespondents wens specialised in palliative are (57%, n = 23)
and were practicing for over 10 years (82%, n = 3Z). The
majorty of physicians (55%) meported discussing PA with
over halfof their patient caseload.

Table 2 provides a summary of physician s responses tothe
structured questiormaire. All physicians agreed with state-
ments | and 2 that PA is important and safe for patients with
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Table ]l Demographic characer @i of partc panis

)]
)]

Strongly
il smgres
00y
0{0%)
103%)
00y
0}
(0¥}
205%)
QL]

Variahle Mumribeer Percent

L]
L]

Speciality
Fadiation ancology
Medical oncology B
Pall tative care 23 51
Number of years practidng
1-5 yeas 1 3
51} yesrs 7
10210 yearrs 1%
Chver 20) yens 13
Priiry himour group
Bireast 3
Cenilgurinary
Multiple 12
Primry tumour group ol identified 17
Mumber of physicians intating discssoms shout PA during
condulistms
With (-2 5% of patients 2
With 2 5-50% of patients 14
With 50-75% of patents 1
With 75— 1 of patient i2
Iy mesipo i ven 2

B2
Mastly
disagres
0 %)
0 0%)
1 3%)
1a%)
2 5%)
0 %)
1a%)
7 8%
5 138
2 Em)

HE D
Somewhat
disagres
1 3%

0 %)

0 0%}
10 (26%)
3 @)

3 @%)

5 {135
8 219
3 @%)

1 0%

e R
Meither agres
or disagres
0 {8
0 (M)

7 (13%)
133

8 (219)
& (10%)
& (10%)
7 (15%)
9 (21%)

& (15%)

Sommerwihal
AP Tes

2 (5%

5 {13%)
9 (V%)
17 (44%)
13 (3396)
12 (319)
20 (519
10 {265
10 {2650
T (18%)

o [

14 (36%)
26 (67%)
16 (41 %)
£ (21%)
12 (31%)
16 (41 %)
7 (18%)
& (15%)
9 (2%
16 (41 %)

Mawily
RO

advanced cancer. The majority of physicians (67%, n = 26)
agmeed patients look to them for PA meommendations and
74% (n = 23) felt that patients would follow any PA recom-
mendations given. Less than half of physicians (44%, n=17)
agreod that the family and friends of patients neourage PA. A
large proportion of physicims (77%, n=30) cxpressed a nead
for more informaton on providing PA recommendations to
this patient cohort.

Common concems reported by physicians in case studies
examining the prescnption of exarcise to metastatic populs
tions are detailed in Table 3. Further information on responses
is described below.,

8 (21%)
5 (13%)
2 (5%)
1 (3%}
4 (10}
2 (5%}
1 (3%}
1 (3%}
7 (18

Strong by
B

Case study 1

All physicians wene happy to discuss PA with this patient.
They emphasised the need for this patient to continue to main-
tain daily activity levels. *T would routinely encourage pa
tients to maintan existmg levels of physical activity if they
feel they are able™ (FHYDY). Physicians described the many
benefits associated with preseribing PA including limiting the
sideeffect of treatments, reducing cardiovasoular sk, weight
management, limiting cchexda/muscle loss and fatigue. Ther
was disagresment among physicians about the sutability of
weight bearing exercise for this patient “On ADT there is a
risk of muscle loss and osteopenia so weight beanng exercise
is important™ (FHY011), “(he) would need not to engage in

T fimd dhat proniding ph ysical activity reonmmendations i patients wit
dations o patients with advanced cancar

Physicians afiiudes wowands physical sctivity
advanced discase s wimlly well raceived
T egalady comsider o mvard refaral do phivsio theragry for his patiant gmup

T el that patiemts with advan ced cancer will fillow éhe physical actvity

physical actvity
T am com fident in moy ability do prescribe exescise 0 patian s with advanced cancer

T ] that T mead maore information on providing plos ical activity

reoommendations given

T fimd dhat fumilies and fends o f patents with advanced cancer enanurage

CHET
1 fiae] that patiens with adv anced cancer believe they shoal d emain physically active

T el that patients with advancead cancer look o0 me Bir ploysical activity

In my opinion haing physically active is impostant forpatients with advanced mncer I (ST
In my opinion being physically acthve is safe for patients with advanced cancer
My felkrw clinicdmns fee] physio] adivity is imporan fir patients with advanced

Table 2

7 (18%) 9 (23%) 4 (1096) 0 @) 4 (109%) 2{5%)
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Table 3 Fhysical activily concems reporied by physiclans and
stanciated rizk facion

Concems reporial by plysdetms  Assoctstel dek fasion(s) ddent fad by
in, %) physicims

Pathological fractume (26, 65%) Prsence of bone meladsws
Crleoponais
Adudrerpen D vation Theragyy
Sadentary Behaviour
Spinal eord compresion (14, eriebral Fractume
ELL 4 Spinal Inatabil ity
Aggravation of sympiom conirel  Sudden increste in physa) activity
B, 205 lewvels
ep fatl gie, pain
Musalpskeletal injury (5, 12%)  Poor manusl handling techniques
Caoncern re. hesvy Hiting
P asel e activity levds

weight bearing activities™ (PHY027). 5% of physicians con-
sidered omward referral to spinal surgeons and physiothempy
for further assessment.

Case study 2

All physicians, except one, stated they would be happy to
recommend PA to this patient. The participant who reported
they would not discuss PAwith this patent stated they would
like 0 know this patient's Mirels score, . might nead ex-
pert ortho/physio advice re weight bearng if fmctore risk
high®™ (PHY 10). The Mirels system classifies the risk of path-
ologic frncture based on scoring four varzbles on a scale of 1-
3¢ location of lemion, mdiographic appearance, siee and pain,
An overall score is caleulated, and a recommendation for or
agamst prophylactic fixation is made [14]. The majority of
physicians mentioned the need for a multifacional assessment
of this patient prior to A recommendation. “Current perfor-
manece staus and pain ontrol phis reviewknowledge of im-
aging would inform any recommendations (PHY012)"
Physicians commented on this patient’s poor baseline adtivity
levels, “1 think this gentleman will struggle to exercise. . he's
defimtely someone that | would consider refarml for an exer-
cise progmmme & it would be customised to him and hope-
fully he may adhers to it™ (PHY011). Physicians considered
omwand refemral to orthopaedic teams and outpatient physio-
therapy foradvice regamding weight bearing exercise and frac-
ture risk.

In the additional comments for this survey physicians
commented on the lack of exercise presoription services avai-
able for patients lving with advanced cancer *There 15 no
mechanism to prescrbe exercise ma supervised setting”
(PHY (7). A small number of partiapants mentioned a poor
attitude towards prescribing evercise in Irddand “Should be
encouraged, it's free and in my experience onoologists prefer
to prescribe a drug, despite good quality evidence™ (PHY020),

€1 Springer

“Cult of mind yoursef, do nothing and take supplements as
opposed to high protein dict and exercise 15 strong in Ielmd”
(FHYT).

Discussion

The msults of this study demonstrate that medical and mdia-
tion onoologists and palliative care physicians consider PA
important for patients with advanced cancer Additionally, re-
spondents belisved that PA is safe for patients with advanced
cancer. The majority of physicians repored that patients look
to them for PA recommendations and many physidans iden-
tified n need for more information on providing PA- recom-
mendations for patients with advanced cancer

Om avernge, physicins responding i this survey meported
discuszing PA with less than halfoftheir patient caseload. This
appears similar to the mumber of oncology physicians
discussing PAwith patients in previous studies from Canada,
Anstralia and the UK [5, 7, 15]. Cancer patients who report
that their oncologist discussed exarcise during treatment con-
sultations have bean shown to have higher levels of exemise
during subsequent treatment [6], highlighting the benefit of
discussion between physidans and patients regarding PA. A
largz proportion of physidans in this study were confident that
patients would comply with amy exercise recommendations
given but were not confident in their own ability to prescribe
exerrise, highlighting the need for greater education around
the role of exercise for patients with advanced cancer. Theme is
a growing body of evidence detailing the benefits of amobic
and resistance excrcise for patients with symptoms of
advanoed-stage dismse, mduding fabgoe and breathlessness
[15, 16] as well as bone or visceral metastases [17, 18],
Increased educationsl opporhmities scross oncology-related
spedalities on the evidence provided by these studies are
needed. Greater knowdedge on the mny benefits of eoarcise
in this populaion may encoumge more physicians to imtiate
discussions about PA with patients.

Physicians expressed many concerns regarding PA in case
studies imvolving patients with bone metastmses, contred on
the riek of pathological fracture and the risk of spinal cord
compression. This is a significant issue for patients with bone
metastases. While consensus guidelines do not currently est,
the evidence to guide exercise prescription i this ares is
emergng. Individually presenbed PA progmmmes @n be
safely introduced for patients with many symptoms of ad-
vanced disease, including bone metastises [16-20]. In these
studies, which deseribe no advemse events, all PA progmmmes
wre prescribed to reduce the loading sand shear forees put on
an area of metastuses, The prescnption of exercise by ovacise
specidlists may be essential for safe and appropriate prescrip-
tion of PA to oncology patients, If a nsk of facture is per-
coved 85 a barner to exercise, tools to stratify rik of fracture
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can be used. Mrels ' classification system for impending path-
ologic fracture is a valid screening tool for metastatic lesions
in long bones [14] Whik traditionally used to identify pa
tients m need of prophylachc foeation, this dassification sys-
tem could ako be used to help health professionals identify
patients at low sk of pathological frcture and suitable for
exeTse nterventions.

Many physicians in this survey considered onward mefermal
to further exercise presoiption services such as supervised
exercse progmmmes of outpatient physicthempy: however,
others commented on the lack of these services nationally.
Reforml to exemise specialists is not a part of the standand
cam: recaved by oncology patients in Imsland. Irish cancer
survivors have identified a striking lack of contact with health
professionals that might be influential in facilitating recovery
and rehabilitation [21]. In confrast, the American College of
Surgeons Commission on Cancer produced a standard that all
aeoedited institubions provide cancer rehabilitation services,
which haz spurrad healtheare providers in the USA to develop
cancer rehabilitation programmes acmss diverse deliveny sot-
tings [22]. Additionally, the Institute of Medicing recom-
mends the wse of survivorship care plans that nclude reeom-
mendations and information regarding health promoting be-
haviours [23]. Despike this, the integration of rehabilitation
and survivorship exercise into standand chinical caneer care
contimizs to remain the exception mther than the norm [24].
Established clinical rehahbilitation models such as candiac re-
habilitation and pulmonary rehabilitation incotporate super-
wised, progressive exercise troming with multidisciplnary
management of disease-specific side effects. These clinical
models may be easily tmnsferable o the cancer context and
provids a way to mcorpomie rehabilitation inbo the cancer care
mode m Ireland.

Conclusion

Crverall, oncologists pemceived exercise to be of benefit for
patients with advanced cancer. The mesults of this study iden-
tify a need for physician education on providing PA recom-
mendations for patients with advanced cancer. Concems over
the prescription of PA to patients with bone metastases high-
light the need to disseminate the evidence on the benefits of
PA for patients with metastatic cancer to healthcare profes-
sionals. This may encoumge greater discussion between phy-
sicians and patients arund PA during consu kations.

Complianee with ethical gandards  The @udy prodocol was approved
by the Trindty College Dublin Faculty of Health Sciences Fithies
Comn tiee (Rl 200 S06049).
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The ExPeCT (Examining Exercise, Prostate ®emee
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study protocol for a randomised
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Abstract

Background: Prostate cancer (PrCa) is the second mest cornmen cancer in Ireland. Many men present with locally
advanced or metastatic cancer for whom curative surgery is inappropriate. Advanced cancer patients are encouraged
to remain physically active and therefore there is a need to investigate how patients with metastatic disease tolerate
physical activity programmes, Physical activity reduces levels of systemic inflammatory mediators and so an aerobic
exercise intervention may represent an accessible and cost-effective means of ameliorating the pro-inflammatory
effects of obesity and subsequently decrease poor cancer-specific outcomes in this patient population. This study will
assess the feasibility and safety of introducing a structured aercbic exercise intervertion to an advanced cancer
population. This study will also examine if the evasion of immune editing by circulating turmnour cells (CTCs) is an
exercise-modifiable mechanism in obese men with prostate cancer,

Methods: This international multicentre prospective study will recruit men with metastatic prostate cancer. Participants
will be recruited from centres in Dublin (Ireland) and London (UK). Participants will be divided into exposed and
non-exposed groups based on body mass index (BMI) = 25 kg/m” and randomised to intervention and contral groups.
The exercise group will undertake a regular supervised aerobic exercise programme, whereas the contrel group will
not. Exercise intensity will be prescribed based on a target heart rate monitored by a polar heart rate menitor. Blood
samples will be taken at recruitment and at 3 and 6 months to examine the primary endpoint of platelet doaking

of CTCs. Participants will complete a detailed questionnaire to assess quality of life (Qol) and other parameters at

each wisit.

Discussion: The overall aim of the ExPeCT trial is to examine the relationship between PrCa, exerdse, obesity, and
systernic inflammation, and to improve the overall QoL in men with advanced disease. Results will inform future work
in this area examining biological markers of prognosis in advanced prostate cancer.

Trial registration: Clinicaltrialsgov MLM identifier: NCT02453139. Registered on 12 May 2015. This docurnent contains
excerpts from the ExPeCT trial protocol Version 1.5, 28 July 2016,

Keywords: Exercise, Advanced cancer, Metastatic, Prostate, Circulating tumour cells
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Background

Prostate cancer

Prostate cancer (Prla) & the most common cancer
found in men in the deveoped world [1]. Many men
present with lowlly advanced or metastatic cancer for
whom curative surgery is inappropriate [2]. For these
men, increases in progression-free and overall survival
and quality of life ((JoL) are the primary management
objectives, and new therapies and assisting lifestyle alter-
ations are increasingly needed.

Metabolic syndrome and prostate @ancer

Obesity, lnown to be associated with a  pro-
inflammatory, pro-thrombotic humoral milien, confers a
worse prognosis in Pria Between 1990 and 2002, Irish
male obesity increased from 8% to 20%, with a further
47% of men overweight [3]. Metabolic syndrome (MS) is
a constellation of risk factors for cardiovascular disease,
with central adiposity and insulin resistance being the
maost important oomponents. Male hypogonadism, due
to androgen deprivation therapy [ADT)—the mainstay
of treatment for lomlly advanced and metastatic
Priia—is an independent risk factor for the various com-
ponents of M5 [4-E]. M5 is present in 50% of all men
undergoing long-term ADT [9] and is associated with
progression of PrCa [10]. This may explain the excess
non-cancer mortality in this population [11].

M5 is characterised by low-level chronic systemic in-
flammation. Increasing evidence suggests that substantial
cross-talk ocours between molecular pathways involved in
inflammation, coagulation, and obesity [12]. Elcidation of
how these pathways interact with Pra cells may shed
light on why obesity disimproves Fr(a prognosis.

Circulating tumour cells and prostate cancer

Circulating tumour celk (CTCs) are identified in the
blood in advanced mncer. Epithelial cells circulating in
the blood of patients with carcinoma can be identified
using various techniques including the ScreenCell” sys-
tem (ScreenCel, Paris, France). Increasing evidence sug-
gests that numbers of CTCs may have a prognostic role
in advanced Pria. A prospective study of castration-
resistant PrCa found that =5 CTCs per 7.5 mL of blood
correlated with a poor prognosis [13). When a variety of
clinical serological, and pathological parameters were
considered, the mode best predictive of survival was
based on haseline lactate dehydrogenase (LIDH), baseline
CTC count, and fold-change in CTC count at monthly
intervals [14].

Matural killer cells and obesity

Matural killer (WK} cell numbers in blood and in solid
organs, as well as WK cell cppotoxddty and oytokine
seretion, are known to be reduced in obesity [15]. In
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addition, obese people with hypertension, raised fasting
glucose, and an unfavourable lipid profile have less NE
cells than “metabolically healthy” obese patients. (Ybese
subjects have lower numbers of hepatc NE cells and
leptin receptor-positive ells compared with those of
normal weight [16). The NE cell fraction of white blood
cells i sensitive to exercise [17], and five-fold increases in
ME concertrations following acute exerdse have been
noted. Brief exercise upregulates molecular pathways in cir-
culating NE cells associated with mneer and cell communi-
cation [18]. In healthy young men, hypoxic exerdse training
leads to enhanced in-vitro NE cell cyppotoxidty [19).

Interactions between platelets and circulating tumour
cells

Despite the long-recognised association between cancer
and thromboembaolism, it has been unclear whether the
thrombocytosis often seen in patients with metastases is
a consequence or cause of widespread dissemination of
the tumour. Accumulating evidence now shows that
platelets support tumour metastasis by various mecha-
nisms [20]. Platelets are involved in the arrest of CTCs
in the vasailature and, through endothelial interactions,
enable their extravasation. Platelets also secrete various
pro-oncogenic factors including platelet-derived growth
factor (PIMGE) and vascular endothelial growth factor
(VEGEF), and mediate pro-survival signals in ovarian @n-
cer cells [21].

Tumour cell-induced platelet aggregation correlates
with metastatic potential and may be due to “doaking”
of tumour cells by adherent platelets. The interaction
between plateet doaking of CTCs and tumour cell kill-
ing by WK cells is not c;ompletely understood “Cloaking”
of CTCs by adherent platelets may impede NE cell
clearance of CTCs from the circulation, enhancing meta-
static spread. Thrombocytopaenic mice echibited re-
duced tumour metastatic burden when the tumour cells
were ME cell sensitive, and in-vitro studies demonstrated
reduced WE tumourilytic activity when platelets aggre-
gated around mmour cells [22]. Flatelets may enahle
evazsion of immune editing by NE cells by conferring a
“pseudonormal” phenotype on CTCs by enoouraging
high-level surface expression of normal major histooom-
patibility complec (MHC) clazs 1 antigen by the tumour
cells [23].

In these pre-clinical studies there is an association be-
tween ineased platelet-tumour cell interactions and
endpoints of metastasis and death in animal models, but
no dinical data exist as yet relating these interactions to
outcomes in human disease. The current proposed study
takes the current weight of evidence that platelet inter-
actions are important in metstasis, and attempts to
make the leap to demonstrate this in a clinical popula-
tion. Flatelet “cloaking” may be enhanced in obese
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patients due to the pro-inflammatory, pro-thrombotic
state, and may be a mechanism for worse cancer-specific
outcomes in this group.

Prostate cancer and exerdse

Sewveral studies have shown that exerdse may be protective
against aggressive Pria although there is no evidence that
exercise protects against PriCa overall [24-27]. In PrCa pa-
tients there is solid evidence that exercise (especially group
exercise) improves muscular and aerobic endurance, re-
duces fatigue, and improves overall quality of life [28].

Physical activity reduces levels of systemic nflammatory
mediators [29], such as tumour necosis facor (TR,
and so exercise may represent an aocessible and cost-
effective means of ameliorating the pro-inflammatory
effects of obesity. This effect of physical activity depends
on type, volume, and intensity, and does not depend
directly on weight loss [30].

Obesity and its hiochemical effects may be influenced
by lifestyle changes such as exercise. As physical activity
reduces levels of systemic inflammatory mediators,
aerobic exercise may represent an accessible and onst-
effective means of ameliorating the pro-infllmmatory
effects of obesity.

Methods and design

ExPeCT study objectives

The overarching hypothesis is that enhanced platelet

cloaking of CTCs in obese men with prostate cancer

due to increased systemic inflammation, is a mechanism

underlying worse prognosis of cancer in these patients,
The aim is to test the following four hypotheses,

dividing the experimental and analytical work into four

separate projects:

1. Platelet cloaking of circulating PrCa umour cells is
more prominent in men with obesity than without.

2. Regular exercise can ameliorate platelet cloaking.

3. The degree of platelet cloaking varies with levels of
systermic and primary tumour infammation and
coagulahility.

4. Expression of an obesity-associated lethality gene
signature leads to variation in platelet cloaking,

ExPeCT study design

This international multicentre prospective study will
recquit men with metastatic Pria from five Irish hospi-
tals and one UK hospital This smdy inoorporates both an
ohservational component, with exposed and non-exposed
groups defined based on body mass index (BMI), and an
exercise component, with randomization to exercise and
control groups for a supervised exerdse programme. Far-
ticipants with metastmatic prostate cancer will be recuited
and divided into exposed (BMI=25 kg/m®) and non-
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exposed groups (BMI <25 kg/m®). All exposed and non-
exposed partidpants will be randomised to an exercise
group or a control group, helping to minimise bias. The
exerdse group will participate in a f-month exercise
programme, comprising a weekly group ecercizse class and
a home-based exercise programme Participants will also
be encouraged to complete activity diaries. From baseline
[T0) to 3 months (T3), participants in the exercise arm will
meet in small groups with a chartered physiotherapist for
1 h per week. At these sessions, participants will be edu-
cated about using the Polar heart rate monitors, prescribed
their target exercise intensity, and complete a half-hour
group aerobic exercise class. From T3 to 6 months (T6)
continued aerobic exerdse will be encouraged but classes
will not be supervised by a chartered physiotherapist. Al
patients will be offered a personal exercise advice sesszion
at the sudy end to discuss long-term compliance to phys-
ical activity guidelines. Any patients demonstrating a need
for further follow-up in relation to their physical activity
levels will be advised to attend their general practiioner
(GP) for a referral to the GP exerdse scheme.
The smdy design consists of four main projects (Fig. 1)

Froject 1: CTCs will be enumerated in the T0 samples.
Adherent platelets will be quantified and compared
between the exposed and non-exposed groups, and
correlated with clinicopathalogical parameters.

Project 2: The ewerdse group will undertake a regular
supervised aerobic exercise programme, whereas the
contral group will not. T3 and T6 blood samples will be
asmzsed for CTC numbers and platelet cloaking. Changes
will be compared with the TO sample, and between
exposed and non-exposed, and exercise and control
groups. Partidpants will complete a detailed questionnaire
to assess (Jol. and other parameters at each visit.

Project 3: Blood samples will be amessed for BE cell
nurnber and activation, markers of systernic
inflammation, adipokines, and serum fictors related to
platelet activation. The prostate needle core hiopsies

(BC Bs) will be examined microscopically for atrophy and
inflammation by morphology and immunehistochemnistoy,
with particular reference to ME cells. All variables will be
correlated with platelet cloaking,

Froject 4 NCBs will be assessed for expression of an
ohesity-azsociated lethality gene signature (whose genes
are known to play a role in obesity or platelet
aggregation and coagulation), and correlated with
platdet cloaking of CT'Cs.

ExPelT participant selection criteria
Inclusion critera

1. "Written informed consent obtained hefore any
study-related procedures.
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. Aped= 18 years and male.

3. Histologically confirmed diagnosis of prostate
adenocarcinoma

4. M1 metastatic disease a= confirmed by computed
tomagraphy (CT)/magnetic respnance imaging
(MEI) or by bone scan, excluding patients who only
have nodal metastatic disease.

5. Stmble medical condition, including the absence of
acute exacerbations of chronic ilnesses, serious
infections, or major surgery within 28 days prior to
randomization.

6. Capable of partidpating safely in the proposed

exercise as assessed and signed off by a treating

physician imolved in ExPeCT recruitment.

Exclusion criteria

1. Patients with a history of radical prostatectomy.
2. Patients with other known malignancy (except
non-melanoma skin cancers or fully excized

carcinoma in situ at any site).

Partidpant enrolment procedure

Potential patients will be enrolled to the smdy on the basis
of the inchision/exdusion criteria. Enmlment of patients
will be undertaken by staff at the medial onoology dinics
at each recruiting site as wel as members of the ExPeCT re-
search team who have been delegated this task by the

prindple investigator (PI) (Fig. 2). Any queries shout
eligibility will be addressed directly to the Chief Investigator.
Informed consent will be obtined by clinic saff or a
member of the EcPeCT research team according to the re-
quirements of International Conference on Harmonisation-
Good Clinical Practice (ICH-GCP).

Upon registration of new partidpants, a signature con-
firming eligibility for the trial must be obtined from a
treating physician involved in ExPeCT recrnitment. Each
registered patient will receive a unique participant
identifier number (PIN). In order to ensure random
allocation of participants to each study group, the com-
puter programme Graphpad will be used to randomly
assign a treatment group to each PIN. When issuing
each PIN, two gatekeepers (1 in Ireland and 1 in the
LK) will inform the research team of the treatment allo-
cation of the participant If a participant chooses to
withdraw from the study, all data obtained up to the
point of withdrawal will be carried forward unless re-
quested otherwize,

Study methodology

Demographic and clinical characteristics

A datasheet will be completed for each participant after
recruitment at T and at the T3 and Té followr-up visits,
Data gathered will include date of birth, anthropometric
parameters (body weight, standing height, waist circum-
ference), blood pressure, routine laboratory data (serum
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ExPeCT Trial Flowchart
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prostate-spedfic antgen (FSA), haemoglobin, white cell
and platelet counts), site of metastasis, and cancer-related
data (stage and Gleason grade of cancer, details of current
and previous systemic and radiation therapy). Data will
also be recorded from three measures of physical function
inchiding balance, lower limb strength, and gait speed.
These three measures will be completed with the patient
by the chartered physiotherapist Participants may also be
asked to complete a structured interview session with the
chartered physiotherapist exploring attiides towards exer-
cize. An overview of all data collected is included in Fig. 3.

Primary study endpoint

Platelet cloaking of circulating tumour cells

For each clinical review episode (at baseline and
after 3 and 6 months), 12-16 mL of blood drawn

from each patient into K;-EDTA tubes will be
filtered by a ScreenCell* Cyto kit within 4 h. CTC
enrichment depends on wvacuum-assisted filtration
through a microporous membrane filter to separate
CTCs from other blood cells on the basis of size.
Three to five filters will be generated for each
participant, two of which will be stained with May-
Grunwald Giemsa, followed by a broad-spectrum
epithelial marker, and one to three reserved for
platelet cloaking assays and other relevant markers.
CTCs will be enumerated cytologically. The degree
of platelet adhesion to CTCs will be assessed by
immunochistochemistry. The number of CTCs with
adherent platelets will be counted, and the approx-
mate number of platelets adherent to each cell will
be estimated.
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Secondary study endpoints

Systemic and localized tumour inflammation and
coagulability

This part of the pmject consists of measurement of sys-
temic and prostate inflammation, markers of coagulation,
cytokines, and MK cells. The substrates for this work will
be blood samples taken from each participant at TO, T3,
and Th, and the original diagnostic NCB paraffin tissue
blocks. Examples of the serological and haematological
tests include adiponectin, leptin, and resistin.

Expression of lethality-assodated genes

This project will evaluate expression of selected genes
known to be associated with PriCa progression, coagula-
tion, and stem cell-like phenotype in diagnostic NCBs.
Sections of formalin-fixed, paraffin-embedded tissue
blodks will be cut from each patients diagnostic prostate
MCE specimen. These sections will be diEsected by
either laser capture microdissection or gross dissection.
Ribonucleic acid (EMA) will be extracted from the

microdissected tissue. Gene expression profiling will be
undertaken on diagnostic biopsy material using custom-
designed assays designed to detect only mRMA and to
traverse the exonic juncton. Assays for the genes
CXCR4, PLAZGT, PTGERL, AVPRZ, and HTR2ZE will be
employved. CQuanttation of results of polymerase chain
reacion (PCE) will be undertaken using the AACt
method, comparing the Ct values of the samples of
interest with a control or @librator such as a non-
treated sample or KMA from normal tssne. Diagnostic
material may be used for further gene expression ana-
lysis associated with obesity as part of the trial.

Quality of fe assessment

All participants will complete a detiled questionnaire
after recruitment at T0, and again at T3 and T6. The
sections of the questionnaire are as follows:

1. Background details (age at diagnosis, domiciliary
situation, comorbidities, recent mediations).
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. Smoking and alcohol.

. Sleep (Pittsburgh Sleep Quality Index [31]).

. Stress (Perceived Stress Scale — 4).

. Depression (Patient Health Questionnaire
(PHQ)-9) [32].

. Quality of life (FACT-P) [33].

. Memory and cognition.

. Physical activity.

. Diet (dairy products, meat, vitamin D).

10. Pain (Brief Pain Inventory Scale) [34].

o LD b2

oo =1 o

Some sections of the questionnaire are stand-alone vali-
dated instruments (such as the Functional Assessment of
Cancer Therapy scales for Men with Prostate Cancer
(FACT-P), which is designed to assess health-related
quality of life in this setting [33]). Others, such as the sec-
tions on physical activity and diet, are derived from a
prostate cancer-specific questionnaire used in the large
Physicians’ Health Study based at Harvard University [35].

Exercise programme
The exercise group will participate in a 6-month moderate-
to-vigorous intensity aerobic exercise programme compris-
ing a weekly class and a home-based aerobic exercise
programme. Participants will also be encouraged to
complete weekly activity diaries. From TO to T3, partici-
pants in the exercise arm will meet in small groups with a
chartered physiotherapist for 1 h per week. During the first
class the participants will receive an introduction to the for-
mat of the exercise and will be educated on safe exercise
practices and strategies to monitor exercise exertion.

Each exercise participant will receive, and be educated
about using, a Polar heart rate monitor for the duration of
the study. Participants will exercise to a prescribed heart

Table 1 Exercise intensity during supervised classes
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rate range during class and home sessions. Exercise pre-
scription will progress in intensity and duration during
months 1 and 2 of the programme to reach the target 3 h
per week (180 min/week) of moderate-to-vigorous inten-
sity activity from month 3 onwards (Table 1). This level of
activity has been previously shown to be associated with a
33% reduction in all-cause mortality following prostate
cancer [36]. Participants will be encouraged to achieve this
target exercise in six 30-min sessions throughout the
week. However, flexibility will be allowed to facilitate lon-
ger or shorter session to a total of 180 min/week. Each ex-
ercise session must be of at least 10 min duration. The
research team has previously shown that similar aerobic
activity intensities can be achieved in cancer survivors
through a home-based walking programme and that a
Polar heart rate monitor was an acceptable means of mon-
itoring activity intensity [37].

During months 1-3, data from the Polar heart rate
monitor will be downloaded weekly to monitor adherence.
Participants will be scheduled to attend the research
centre once monthly from T3 to T6 to download data and
encourage ongoing adherence to the programme. In
addition, participants will receive weekly telephone con-
tact from the ExPeCT research team from T3 to Té6 to
encourage adherence.

The control group will not be given specific advice re-
garding exercise beyond that considered usual medical
care, and will not be invited to participate in the aerobic
exercise group. Participants will be reviewed at T3 and
T6 following the baseline visit and anthropometric
measurements and further blood samples taken. Partici-
pants assigned to the control group will be offered a per-
sonal exercise advice session following completion of the
T6 assessment.

Supervised exercise classes Exercise intensity (% heart mte reserve) by baseline fitness group Duration
Poor Fair Average (min)
Month 1 Week 1 40-50% 50-60% 55-63% 20
Week 2 40-50% S0-60% 55-65% 20
Week 3 45-55% 55-65% 60-70% 20
Week 4 45-55% 55-65% 60-70% 30
Month 2 Week 5 50-60% 60-706 65-75% 30
Week & 50-60% 60-7006 65-75% 30
Week 7 S5-65% 65-75% 65-75% 30
Week 8 55-65% 65-75% 65-75% 30
Month 3 Week 9 60-70% 65-75% 65-75% 30
Week 10 60-70% 65-73% 65-75% 30
Week 11 60-75% 65-75% 65-75% 30
Week 12 60-75% 65-75% 65-75% 30
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Exercise prescription

Participants will be asked to self-rate their baseline
activity levels as one of three categories as per American
College of Sports Medicine (ACSM) guidelines:

1) Sedentary or minimally active, not completing any
moderate to vigorous activity {equivalent to poor
fitness levels).

2) Sporadic physical activity, suboptimal exercise
(equivalent to fair fitness levels).

3) Habitual physical activity, regular moderate to
vigorous exercise (equivalent to average fitness levels).

Exercise intensity will be prescribed using individualised
heart rate reserve (HRR) ranges in accordance with the
ACSM guidelines. The following formula will be used to
calculate HRR and heart rate (HR) range prescriptions:
(target % x [maximum HR — resting HR] + resting HR). For
each participant, age-predicted maximal HR will be calcu-
lated using the following equation: (206.9 — [0.67 x age])
[38]. Participants with self-rated ‘poor’ fitness levels
(category 1) will commence the programme at an aerobic
intensity of 40-50% HRR. Those with self-rated ‘fair’ fit-
ness levels (category 2) will commence the programme at
an aerobic intensity of 50-60% HRR, and those with self-
rated ‘average’ fitness levels (category 3) will commence
the programme at 55-65% HRR. The duration and fre-
quency of the home exercise programme sessions is out-
lined in Table 2.

Patients will also be encouraged to use the Borg
Breathlessness Scale. Using this scale, participants will

Table 2 Home-based exercize intensity
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give a subjective rating of perceived exertion. It is a
widely used and reliable indicator to monitor and guide
exercise intensity [39]. The scale allows individuals to
subjectively rate their level of exertion during exercise
and can be used to correlate exertion levels with exercise
heart rates [40]. The Borg scale will be particularly valu-
able with participants on beta blockers as measures of
exercise intensity are inaccurate or dampened on these
medications and polar monitors may not reflect an ac-
curate heart rate during exercise.

Forms of aerobic exercise undertaken at the supervised
exercise classes will specifically avoid activities which
may be associated with higher risk (e.g. the use of
rowing machines in participants with lumbar spinal
metastases). Walking on treadmills is a low-risk exer-
cise activity.

Exercise follow-up

Participants will be invited to attend outpatient
departments 6 months after TO and the trial datasheet,
questionnaire, and physical function measures will again
be completed. Blood samples will be obtained in the
same fashion as for the TO visit. All patients will be
offered a personal exercise advice session at study end to
discuss long-term compliance to physical activity guide-
lines. Any patients demonstrating a need for further
follow-up in relation to their physical activity levels will
be advised to attend their GP for a referral to the GP
exercise scheme. After this visit, participants will be
thanked for their involvement and discharged from
the study.

Home-based walking progmmme Exercise intensity (% heart mte reserve) by baseline fitness group Time
Poor Fair Average Days/'week Duration (min)
Month 1 Week 1 40-50%% 50-60% 55-65% 2 20
Week 2 40-50% 50-60% 55-65% 3 20
Week 3 45-55% 55-65% G0-70% 3 20
Week 4 45-55% 55-65% 60-700% 3 30
Month 2 Week 5 50-60% 60-70% 65-75% 3 30
Week & 50-60% 60-70% 65-75% 4 30
Week 7 55-65% 65-75% 65-75% 4 30
Week B 55-65% 65-75% 65-75% 5 30
Month 3 Week 9 G0-70% 65-75% 65-75% 5 30
Week 10 G0-70% 65-75% 65=75% 5 30
Week 11 G0-75% 65-75% 65-75% 5 30
Week 12 G0-75% 65-75% 65-75% 5 30
Month 4 Weeks 13-16 G0-75% 65-75% 65-75% & 30
Month 5 Weeks 17-20 G0-75% 65-75% 65-75% & 30
Month & Weeks 12-24 G0-75% 65-75% 65-75% & 30
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Study duration

The study is scheduled to last for 4 years; initial funding
was drawn down in April 2014. Enrolment commenced
in Movember 2014 and closed in May 2017 in order to
allow enrolled participants to complete their 6 months
of follow-up and exercise programme and for all bhora-
tory work and analysis to be finished before the study
completion date.

Fatient withdrmawal and of f-study procedure

Patients are free to withdraw from participation in the
study at any time upon request. An off-study form must
be cmmpleted and sent to the ExPeCT research team if a
patient withdraws from the study or leaves due to an-
other reason (eg. study completion, extraordinary med-
ical circumstances, lost to follow-up).

Inddent reporting

The ocourrence and severity of any incidents from the
time of consent to completion of the programme at
& months will be recorded by the chartered physiother-
apist on a standardised reporting form (eg. adverse
events occurring as a result of exercise or adverse
reactions to study blood draws). Al incidents will be re-
ported to the site PL Incidents will be followed until
resolution or until a patient withdraws from the study or
leaves due to another reason (eg study completion,
extraordinary medical circumstances, lost to follow-up).
Recurrent incidents in the same patient will be counted
as separate incidents.

Data management

The ExPeCT research team will be the only people with
access to the data collected in the course of this project
Drata analysis will be performed at 5t Jamess Hospital
by the in-house bicinformatics team and other members
of the ExPeCT research team. At the end of the
study period, when all analysis is complete, data will
be retained by the ExPeCT research team. Diata will
be securely stored for up to 10 years with the option
of requesting ethical permission for a prolonged stor-

age time.

Sample size

We will recruit 200 participants over the lifetime of the
study, evenly divided between the exercise group and
the control group. To @loulate the power of the study,
we used data from a previous study of ovarian cancer
cell ines which showed approximately 2% platelet adhe-
sion [21). A smandard deviation (5D varying from 2% to
10% would enable us to detect a difference of platelet
cloaking of between 0.79%% and 3.9%. Research into this
area is at an early stage and the clinical importance of
specific incremental changes in the degree of platelet
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cloaking is as yet uncertain, but its eucidation is beyond
the scope of this study.

With regard to the detection of changes in platelet
cloaking with time, and taking the same assumptions
regarding SD of platelet adhesion in PrCa CTCs as in
project 1, we will be able to detect a change of 1.8%
platelet cloaking between any two time points in the 100
participants in each of the exercise and the control
groups, determined by paired ¢ testing. A 5D varying
from 2% to 10% would enable us to detect a difference
of platelet cloaking of between 0.56% and 2.8%. General-
ised linear mixed models will be employed in order to
account for the correlation between multiple measure-
ments in the same experimental subject

Statistical analysis

Project 1 will compare the number of cloaked platelets,
comparing healthy weight and overweight men using
either the t test or the non-parametric Mann-Whitney
test, depending on the normality of the data. Linear re-
gression models will be used to test the association be-
tween obesity and extent of platelet cloaking, adjusting for
potential confounders such as age, use of medications,
and smoking. If the data are not normally distributed then
a log transformation will be employed. In addition to com-
paring overweight and healthy weight men as a binary ex-
posure, BMI will be modeled as an ordinal variable
(<185, 18.5-24.9,25.0-27 4, 275-299, 30+) and a5 a con-
tinuous variable and to test for linear trends with the log
likelihood ratio test of nested models,

Project 2 will compare measurements of platelet cloak-
ing at baseline and months 3 and & follow-up time
points among men randomised to the exerdse and con-
trol arms, in both the exposed (BMI=25) and non-
exposed (BMI<25) groups. Intention-to-treat analyses
will use lingar mixed-effect modeks to incorporate each
biomarker for a given participant over time. BMI wil
also be stratified to look at potential effet modification.
To estimate longitudinal changes in quality of life soores
from baseling, the primary analysis will be carried out
using a mixed-effects model for repeated measures.

Project 3 will examine the extent of the inflammatory
infiltrate in diagnostic NCBa. All variables will be corre-
lated with CTC numbers and platelet cloaking using
basic descriptive statistics such as Pearson correlation
coefficients for continuous variables and simple ¢ tests
for ategorical variables. In the event of skewed distribu-
tions or sparse data, we will use non-parametric tests
such as the Spearman correlation and Mann-Whitney.
Moreover, a principal component analysis will be under-
taken to estimate the proportion of varisbility in platelet
cloaking and CTC number which is ecplained as a func-
tion of the obesity inflammatory hiomarkers. The bio-
markers will be modeled as principal components in the
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linear regression and adjusted for potential confounders
such as age, smoking, and other factors.

Project 4: Generalized linear regression models will be
used to examine whether obesity is associated with ex-
pression of each of the five markers in the tumour tis-
sue, adjusting for potential confounders such as age and
smoking status, as well as clinical features. Obesity will
be dichotomised as BMI greater or less than 25, and we
will also model BMI as a continuous variable and exam-
ine tests for trend. The expression of each marker will be
assessed with respect to the extent of platelet cloaking
(high, intermediate, and low). The categorisation of platelet
cloaking as high, intermediate, and low is dependent on the
proportion of CTCs with adherent platelets (high > 75%,
intermediate 25-75%, low < 25%). A gene score will be
created by ranking individuals across expression of each
gene in tertiles, assigning points for each marker as lowest
tertile = 0, middle tertile = 1, upper tertile = 2, and calculat-
ing a summary score.

Ethics and research governance
The study protocol and other documentation have been
approved by NRES Committee London—Camden &
Islington (REC reference 14/L0O/1859), The Mater
Misericordia Hospital Research Ethics Committee, Dublin
(REC reference: 1/378/1760), Beaumont Hospital Ethics
(Medical Research) Committee, Dublin (REC Reference
15/73), SJH/AMNCH Research Ethics Committee, Dublin
(REC Reference: 2014-11 List 41 (6)) and St Luke’s
Radiation Oncology Network, Dublin (REC Number not
assigned. Trial referred to as ICORG 15-21 (sponsorship
identifier)).

Cancer Trials Ireland is the sponsor for the Irish sites on
this study (Protocol Number CTRIAL-IE (ICORG) 15-21).

Discussion

Many patients diagnosed with PrCa are not suitable for
radical therapy because of the extent or grade of disease.
In those patients who have potentially curable disease,
obesity and its complications may make radical surgery
impractical. ADT is itself a cause of obesity and meta-
bolic syndrome. For all of these reasons, men with PrCa
who are obese are less likely to be treated with curative
intent. Medical therapy is improving for the cardio-
vascular complications of obesity which are the major
competing cause of death in these men. As control of
obesity-related cardiovascular risk factors improves,
aggressiveness of PrCa becomes more important in de-
termining the cause of mortality. It is known that obese
men have a worse outlook regarding cancer-related mor-
tality than non-obese men. The combination of an age-
ing population with an increased PrCa incidence,
increasing obesity prevalence, and improved manage-
ment of cardiovascular risk factors means that in the

Page 10 of 12

future, simply put, more men are going to die as a result
of the deleterious effect of being overweight in advanced
PrCa. Demonstration that platelet cloaking is a mechan-
ism by which obesity disimproves PrCa survival would
suggest that therapies targeted at points along the
pathway of platelet activation could be efficacious. For
example, adiponectin supplementation or blockade of
interleukin (IL)-6 or TNFa could be useful. Comparison
of the expression of lethality-associated genes between
the primary site and CTCs could highlight genes which
are upregulated as part of the metastatic pathway, with
potential for targeted therapy.

ExPeCT aims to elucidate a potential mechanism by
which obesity confers a worse prognosis in PrCa, two
increasingly prevalent diseases in the Western world.
ExPeCT hopes to show that a low-cost, accessible
exercise programme can improve QoL and potentially
ameliorate the effects of obesity through alterations in
the systemic adipokine and inflammatory mediator
profile.

Trial status

ExPeCT trial protocol Version 1.5, 28 July 2016.
Recruitment was initiated in October 2014 and con-
tinued until May 2017. Data collection is ongoing for
enrolled participants and is expected to conclude in
November 2017.

Abbreviations

ACSM: American College of Sports Medicine; ADT. Androgen deprivation
therapy; BMI: Body mass index; CT: Computed tomography; CTC: Circulating
tumour cell; FACT-P: Functional Assessment of Cancer Therapy scales for Men
with Prostate Cancer; GP: General practitioner; HR: Heart rate; HRR: Heart rate
reserve; [CH-GCP: International Conference on Harmonisation-Good Clinical
Practice; IL: Interleuking Ko-EDTA: Ethylenediaminetetraacetic acid; LDH: Lactate
dehydrogenase MRI: Magnetic resonance imaging; M5 Metabalic syndrome;
NCB: Meedle core biopsy; NK Matural killer; PCR: Polymerase chain reaction;
PDGF: Platelet-derived growth factor; PHQ: Patient Health Questionnaire

Pl Principal Investigator; PIN: Participant identifier number; PrCa: Prostate cancer;
PSA: Prostate-spedfic antigen; Qol: Quality of life; RMA: Ribonucleic acid;

SO Standard deviation; TC: Baseling T3: Three months; Te: Six months;

TNF: Tumour necrosis factor; VEGF: Vascular endothelial growth factor

Acknowledgements
The authors would like to acknowledge their partnership with the
Transdisciplinary Prostate Cancer Partnership (ToPCaP; www topcapteam.org).

Funding
The ExPeCT trial is funded by the World Cancer Research Fund, grant
reference number: 2013/1003,

Availability of data and materials
Mot applicable to this study.

Authors' contributions

Al authors have read and approved the final manuscrips SF, DMOD, RMD, JH, BH,
and JOL are co-applicants on the initial grant proposal. BH and EG contributed

to the original grant proposal and protocol. G5 and LB contributed to the
production of this manuscript and to protocol development. OC contributed to
study coordination.

Page 262 of 323



Shessll ef al. Triarls (3017} 18456

[Ethics approval and consent to participate

The study protocal and ofer doosrmeniagon hase been apooeed by
MAES Committse London—Camden & Bingon REC eference 14000859,
The Mae Mesicodia Hospitd Ressarch Efic Gommitess, Duldin

{REC reference 187801 760), Beaurnant Hospitel Ethics (Medicel Ressadh)
Committes, Dublin (REC Refieencee 1573, SHAAMMNCOH Research Ethic
Carmmittes, Dublin (REC Refeences 201411 List 41 {60 and 5t Luke's
Radiation Oncalogy Metwark, Dubdin REC Mumber not asigned Fal efered
o as KDAG 15-21 isporsomshipiden tfier)) Withen informed consent will be
aktaned fom sach pesticipem before any study-rdaed poasdu e

Mot applicaiie to this study.
L
The authaos declees hat fiey hawe no competng interests.

Publisher's Note
Spanger Mature mmans neurd wih regard o peredictiond daims n
pubished maps and insfufond Afliagons

Author details
'Discigline of atherany, Schad of Medicne, Tiny Callege Duldin,
Duiriim, lrefund. et af Hstopathdogy and Modid Anatomy, Tinity

Trensdagional Medicne Irstitte, Dulding ledand. bl af Medicine, Trinity
Callege Dukbin, Dukdin, Iredand *Elqnﬂm-m1 of Hisopathalogy, Codc

U riversity Hosgital, Wilkon, Codk, Isdand. "Cances Trals Indfand, Duislin,
Ireland. “institute of Fathdlogy, Universty Hospital Bass|, Basel, Switzerfand.
-"himjs Callege Londan, Schoal of Cancer and Pharrmaceusoal Sdences,
Translationsl Oncdiagy & Urdagy Ressech (TOUR) , Landan, UK AGuy's and
51 Tharmes” MHS Found sion Teest, London, LK Trers of Radiation
Oncdagy, % Luke's Hospitl, Dubling relnd. "“Departnent of Oneaology,
Beaurmor Hasnta, Dubin leland. "' Depstment of Lrdiagy 5t lemes's
Hospital, Dubin ledand. “Departmen af Crcalogy, Maer Mssicordias,
Dhusin, lreland. Deparemen of Enidermidiagy, Hasvasd TH Chan Schodl of
Putdic Heal#h, Baston, U "lepardment of Hisopethadogy, 5t lames's
Hempital, Dutdin, Indfand. "HOPE Dirsciomte, 5t Jarmes's Hospital, Dubin
Ireland, "“Deparsmenn of Oncalogy, Adelade and Meat Hogisl
inmmaorting e National Children's Haospital, Dublin, refand

Receved: 29 March 2017 Accepied: & September 2017
Published online: 04 October 2007

References

1. Fely ] etd Edmates of woddwide burden of ances in 2008 GLOBOCAN
JOCE It ) Caneee. 200 21 X 2893017,

2 i M8 Menagement strategies fior locally adwanced prosiate canees. Dinugs
Aging. HDEIUIH 19-29,

3 MoCarty 3N, Gbney M), Fynn A Ouerweig i, abesity and physical actvizy
leses i Insh ad ults evidenee from #he NorfySous Inelnd fiood
corEuTEEan sy o Butr 5o A00RAN -7

4. Gmith C, o al The efecs of induced lypogomadesm an el stifnes,
bady cmmpoiton, and metsbdic prrametes in mades with prostae
cancer. ] On Endocmal Meinh X001 855% 436717

5 Dockery F,et d Testosenone suppresson in men with prostaie canees
leacks 1o an ncreme N aiedal stfnes and ypemuinemz. On T
(Lond). 2000402195101,

& Gmith MR Lo M Nathan DM reulin sereitvity during combined and rogen
Hockade for prozate mncer. J Cin Bnd ocinal Metah, 2006984 10058

7. Keating ML, OMaley AJ, Srmith MR Disbetes and cendiovesculer dirase
during andrmigen depiva fan thempy for prostate cinees. J Clin Onaol
DOE TS

& Nesmting ML, et d. Dabetes and crdiovecuar desase duing androgen
deprivation therpy amervationa siudy of veleram with pamsiaie cones
J o Cancer Irst 2000000001 3946

9 Bage-R=ada M et 2l Menbdic syndome inmen with prostae cancer
undergaing longterm androgerrdeprisadon Seapy. | Cin Oncal
O B I -EY

10 Smith MA et d. Disbetwes and maraity in men with locally advanced
prastte cancer: ANOG 2400 J Oin Oneol, 2008 1604 3339

.

n.

7

Page 11 ed 12

Wan Hemnerijck M, etal Almaiue and relagve Ak of adiovsoar deease
n men with prosiie cancer: relits fom the popubdon-heed A B2
Sweden J Oin Onool. 002802 W48-5

Frung N, Lawrence DA Tisue factor and abesity, 2 two-way steet

Pt Med. 200 1170100 3434,

de Bona J5 et d. Grolasng fumar cels predict sunisal benefit from
TmImentin metsiic caraiorestant paene oo, Jin Cancer Fes.
M4 A2,

Scher W, et al Croulaing tumow aells = prognostic markess in prog ressie,
@sraioreusan rosite ance: 2 repraless of INMOSE ted data. Lancet
Oncal. A0 AETEIE-9

Lymch LA, etal Are et kile el praotecing $he meabalicly hed$y
abese matent? Cbesty (Sher Sring)l 00801 A3600 -5,

Lawtenibach A, et all Human abesty red uces the number of hepadc eptin
reepRar (o) epreming MK el Endaocr Res. 20013600 1 5B-66
Tirmmars BW, Oeslak T. Human netal klier ool aibeets and aou e exencse
a brief review, Exerc Immunal Re, 2008 145-23

RadormrAizk 5, et al mpact of baef exence on pedpheral bood M cel
gene and mmicro A enpression in yaung adults § Aapl Prysial (1985)
N1 4{50608-36.

‘g J5 Weng TP. Mypomic exsndse Taining pra moes aitumaow ool oty
of et kiler cedls in young men. Jin SciilLond), 20001 20EH4E-53
Gay L Felding-Habhesmann B. Conwibution of plstdetss o tumour
metasizss Mt Rew Cancen. 20000 10201 2334,

Egan K et d. Farle adheson and deganuiation induce pro-surival

and pra-angiogenic sgraling in ovaran anes els Flob One.
IO e 0 25

Mewwandt B, et d. Lyss of wmar cells by netural kler cels inmice &
impeded by plstdet. Cances R 19995908 295-200,

Facke T, et al Flateket-deriwed MHC de | confess 2 preudonarmal
phenatype o aines el thet subeess the antitumnaor reacivity of el
laller irmmune cells Canoer Bess. 300 2T R HA0HE

Goarrucd EL etal A prospective study of physcal activty and incidern
and fatl prostate cncer. Arch Imem Med. 30050 6509 00510

Pated A, et dl Recreational physcal activity and mek of prosiaie canees in 2
lerge cohiort of LS men. Cancer Epidesiol Biomas kers Pres. 2006004401 12759,
Mizen T, Rornundstad PR, Vasten L Receasonal physical acivity and nsk
of prsiate cncer @ popectve populatorrieed study in Naorsay (e
HUNT study] Int J Cances 20061 1901 X437,

Jahwmen W, e2 al Pryical acivity and rsk of prostste ancer in the

[ raean Pro mective Inwesigaton ima Cancer and Muwisan (P10 mhan.
Int ) Cances. J005 XS4 oli-3

Kengh MW, Madeod R0 Body compostion, prysical fitnesws, functional
pesfior mance, quality of ifie, and fatigue benefis of eescse for prosiae
ey mimn i 2 ysiemaic evew J Pan Srmotom Menage

B0 AN 10

o 55, et A Fecs of dvonic exendse vaning an infammaoy makes in
Fusraiian overweight and abess ndidusk in 2 endomized mriolled
rial Inflarmmation. 200 334 a1

Balduca &, = al Ang-nfammatay ofec of e vaning in sutjes
with fype ¥ diabetes and e menbdic yndome is dependent on exencses
modaites and independert of weigh laws Muir Metah Candiovasc Dis.
200 CLAEEE- 17

Buryem D, = all The Pimshugh Seep Quadity ndec 3 new imstromen for
pychistric pracior and research. Poychiaty Res. 18 IR[H9-111
Eroenke K Spiteer BL Wiliams J8 The PHOFS vaidity of 2 brief depression
sty meamine. J Gen mem Med. 2000 1S9 S06-11

Eper P, et al Me=wring quaiity of life n men wit$ prostste ancer wsing
e functiond assement of anes Hegy-proshie imyument Unolbgy
17506808

Oeddand (5, Byan KM Pain amessment: global wse of the Bidf Pan
Imwertang Ann Acad Med Singapare. 19942300 29-38

Dea P, Maysk B, Rgpum L Women's antitudes and henl#h belfefs owand
OO wTeering N 2 mmmun ity pharmacy. | Oseoponos

BN 30360034

Eenfiedd 54, et d. Frysical actvity and sundval afer prstae cineer
diagnass in the hed® pofewional folow-un sudy J Jin Oncal

O PN T -3

Broderick M, et al. Femilbiity and efficry of a supenmed svrase
nerrmion in demndtonesd canes wrdvars duing the sady
surrvarship phase e PEACH wid. | Cances Sumiv. JO1 X T S51-62

Page 263 of 323



Sheill et al. Trink (2017) 18:456 Page 12 of 12

38. Kohl HW, et al An empirical evaluation of the ACSM guidelines for exercise
testing. Med 54 Sports Exerc. 1990,24):533-49.

39. Wilson RC, Jones PW. Long-term reproducibility of Borg scale estimates of
breathlessness during exercise. Clin Sci {Lond). 1991,80(4)308-12
Borg GA. Psychophysical bases of perceived exertion Med Sci Sports Berc.
1982 14(5)377-81.

Page 264 of 323



Appendix 8: ExPeCT Training Record

Study Training Record
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Appendix 9: Sample ExPeCT Patient Information Leaflet

ExP@

ExPeCT Trial (Exercise, Prostate cancer and Circulating Tumour cells)

Patient Information Leaflet

Site Doctor/Principal Investigator: Prof John McCaffrey
Study Doctor Address: Mater Misericordiae University Hospital,
Dublin 7
ICORG Study Number: ICORG 15-21
Name of Institution leading the research: Trinity College Dublin
Chief Investigator’s Name: Prof Stephen Finn
Sponsor/Supporter Name and Address: ICORG - the All Ireland Cooperative

Oncology Research Group (ICORG), 60 Fitzwilliam Square North, Dublin 2, Ireland.

Introduction:
You are being invited to take part in a research study taking place in St. James’s

Hospital, Dublin 8. Before you decide whether or not you wish to take part, you should
carefully read the information provided below, and if you wish, discuss this with your
family, friends or GP. Please take time to ask questions. Do not feel rushed or under
any obligation to decide quickly. You should clearly understand the risks and benefits of
participating in this study so that you can make a decision that is right for you. This
process is known as Informed Consent.

Why is this study being done?

ICORG 15-21; ExPeCT Trial
Patient Information Leaflet, ICORG Version 1.0 10-Aug-2015, BH Version 2.0 07-Sept-2015

Beanmont Hospital is the principal teaching hospital for the Royal College of Surgeons in Ireland
HS1C
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The human body, including the prostate gland, is made up of billions of tiny cells.
Sometimes a small number of these cells start to grow too rapidly and become cancer
cells. In men with metastatic prostate cancer, these cancer cells can spread beyond the
prostate gland and can be found floating in the blood, where they are called “circulating
tumour cells” (CTCs). Very small blood particles (called platelets) become stuck to these
CTCs, an occurrence which is called “platelet cloaking”. Platelet cloaking may prevent
the body’s defence systems from recognising and killing the cancer cells and allowing
them to spread around the body.

Men who are overweight are more likely to develop blood clots, because their platelets
are stickier than in men of normal weight. Exercise can improve quality of life for men
with cancer and can reduce the stickiness of platelets; therefore, we anticipate that
exercise might result in reduced platelet cloaking and, therefore help to reduce or even
prevent the spread of cancer cells in overweight men.

This study aims to investigate this by measuring platelet cloaking of CTCs in overweight
and normal-weight men with prostate cancer, and the effect of exercise on platelet
cloaking and other markers, such as protein or DNA, in the blood which are associated
with platelet cloaking.

Who is organising and funding this study?

This study has been organised by Prof Stephen Finn and researchers in Trinity College
Dublin in collaboration with the Irish Clinical Oncology Research Group (ICORG). The
project is funded by the World Cancer Research Fund, a global network of charities
which fund research into the links between cancer, diet, exercise and other lifestyle
factors.

What will happen to me if | agree to take part?

If you decide to join the study you will be asked:

1. To travel to St. James’s Hospital to provide a blood sample on three occasions,
each three months apart. Less than 2 tablespoons of blood will be drawn on each
occasion.

These blood samples will be taken by a member of the research team in the
Clinical Research Facility in St. James’s Hospital in Dublin. The research
laboratory will then analyse the blood sample for key elements such as proteins,

ICORG 15-21; ExPeCT Trial
Patient Information Leaflet, ICORG Version 1.0 10-Aug-2015, BH Version 2.0 07-Sept-2015
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DNA, CTCs and platelet cloaking. Your doctor will not be informed about any
results and your treatment will not be affected by this study.

2. To complete a questionnaire at each occasion of blood draw while in St. James’s
Hospital.

This will gather information regarding your quality of life, your diet, how well you
are sleeping, any medications you take and your psychological well-being.
Cancer is a disease which touches every aspect of a man’s life, which should be
captured through the questionnaire. The questionnaire will take approximately
60 minutes to complete. The total time for each appointment will be 90 minutes.

3. This study is a randomized study. This means that, if you agree to join the study, a
random decision will be made as to whether or not you will be also asked to
participate in an exercise programme (see paragraph 4 below).

Before you agree to join the study, neither the doctors, who are treating you, nor
the researchers conducting the study will know whether you will be randomized
to participate in this exercise programme or be part of the control group. It is,
therefore, important for you to decide whether or not you would be happy to
participate in the exercise programme before you agree to join the study.

4. If you are randomised to take part in the exercise programme you will be asked to
participate in a regular exercise programme. This will involve a weekly one-hour
class with a physiotherapist and several other men with prostate cancer in the
Clinical Research Facility in St. James’s Hospital. This part of the exercise
programme will last for three months.

You do not need to be someone who already takes regular exercise in order to
be able to participate — the programme is suitable for all fithess levels and will be
tailored to your abilities. The exercise programme will focus on aerobic exercise,
eg. Walking, running, cycling. If you are asked to participate in the exercise
programme you will also be given a small machine to measure your heartrate,
and encouraged to do some exercise every day. After completing a three months
program you will no longer have a weekly exercise class, and will be encouraged
to continue exercising every day.

ICORG 15-21; ExPeCT Trial
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5. If you do agree to join the study, some of your medical details will also be collected
by the researchers, and your height, weight and waist circumference will be
recorded at each three monthly check-up.

6. In addition, the tissue from your prostate biopsy which provided your original
diagnosis of prostate cancer will be retrieved from the laboratory in the Mater
Hospital and analysed by the research team in St. James’s Hospital as part of the
research.

Who and how many people will take part in the study?

Men with prostate cancer who are known to have metastatic disease will be invited to
take part. We will invite about 200 patients to take part in this study, 133 from Ireland
and 67 from London.

How long will | be on the study?

Your total involvement in the study would be 6 months.

Do | have to take part?

You do not have to take part in this study and if you decide not to take part, it will have
no effect on your care now or in the future.

Can | stop being on this study?

If you do decide to take part, you can change your mind at any time without having to
give a reason and without any effect on the care you will receive from the medical staff.

Can anyone else stop me from being in this study?
The study doctor or physiotherapist may stop you from taking part in our research at any
time if:

* Itis in your best interest.

* You do not follow your study responsibilities.

ICORG 15-21; ExPeCT Trial
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* You do not meet the study criteria.

* The study is stopped by the sponsor.

What are the possible benefits of taking part?

If you take part in the study and agree to give samples, you may help scientists and
doctors understand the significance of circulating tumour cells in the blood. This may
improve treatment for cancer patients in the future.

It is important for you to realise that the research study is designed to increase
knowledge and understanding of cancer, and so you yourself will not benefit from taking
part in it. However, if you are asked to participate in the exercise programme, you may
benefit from the experience of taking regular exercise. For some men, this may help to
improve symptoms, sleep and general quality of life, as well as improving your general
health.

Please note that your doctors will not be informed of the results. Your doctors will make
decisions about your treatment independent from this study.

What are the possible risks of taking part?

The study involves having extra blood tests taken in the Clinical Research Facility in St.
James’s

Hospital in addition to routine blood tests being taken at your Mater Hospital clinic
appointment.

When you give blood, you may feel faint, or experience mild pain, bruising, irritation or
redness at the site. In very rare cases, you may get an infection.

The exercise programme in which you may be asked to participate is carefully
supervised by physiotherapists from Trinity College Dublin, and is very safe. You will
only be invited to join the study if your doctors feel that you would be well enough to
participate in the exercise programme if randomised into this arm.

What happens if | am injured because | took part in this study?

Your safety while taking part in a study is most important. If you feel that you have been
injured because of taking part please tell your study doctor or physiotherapist. Our
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research is covered by an insurance policy in ICORG. The doctors, nurses and other
clinical staff involved are covered under the Clinical Indemnity Scheme.

Will my taking part in this study be kept confidential?

All of the blood samples, questionnaires and other data will be coded with an
identification number and will not be labelled with your name or any other information
that directly identifies you. The connection between the code and you will be kept by the
research team in St. James’s Hospital. Your blood samples and any paper-based data
will be kept in secure storage. Electronic (computerised) data will be stored on password-
protected machines and servers.

Who will have access to my sample?

The chief investigator, Prof Stephen Finn, his research team and their collaborators will
have access to your samples. Anyone who works with your samples will hold your
information and results in confidence.

Where will my sample be stored?

If you consent to the study your blood samples, questionnaires and other data will be
securely stored in Prof Stephen Finn’s laboratory in St James Hospital.

What about the future use of my sample for research?

Samples and data will be stored securely for ten years with the option to seek ethical
permission for a longer storage time.

Future research may involve tests that your samples would be suitable for. We will not
be able to contact you to ask permission for each individual future study but ask you now
for your overall permission to use your donated samples for research purposes. Ethical
approval from the St. James’s and Tallaght joint research ethics committee will be sought
before any future research is carried out.

If information from this study is published or presented at scientific meetings, your name
and other personal information will not be used.

What are the costs of taking part in this study?

ICORG 15-21; ExPeCT Trial
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You will not be charged for the cost of tests done for the purpose of this study. You will
not be reimbursed for your travel costs or parking for your three visits. If you are asked
to partake in the exercise aspect of the study you will be reimbursed for your parking fee
when attending the classes.

Who has reviewed and approved this study?

This study has been approved by the Mater Hospital Research Ethics Committee.

Contact for further information

If you have any further questions about the study or if you wish to withdraw from the
study please contact your doctor or the physiotherapist responsible for your exercise
routine. If you wish to withdraw, you may do so without giving a reason and your future
treatment will not be affected. Your samples will continue to be stored as part of the
study, however you may request to have your samples destroyed and removed from the
trial. In this case any remaining samples, which have not yet been analysed, will be
destroyed.

For additional information now or any future time please contact:

Chief Investigator: Prof. Stephen Finn Telephone: 087 6577927

Physiotherapist: Grainne Sheill Telephone: 087 6577927

Thank you for your time.
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Appendix 10: Sample ExPeCT Consent Form

ExP

ExPeCT Trial (Exercise, Prostate cancer and Circulating Tumour cells)

Informed Consent Form

Site Doctor/Principal Investigator: Prof Liam Grogan
Study Doctor Address: Beaumont Hospital, Beaumont, Dublin 9.
ICORG Study Number: ICORG 15-21

Name of Institution leading the Research: Trinity College Dublin

Chief Investigator: Prof Stephen Finn

Sponsor/Supporter Name and Address: ICORG - the All Ireland Cooperative
Oncology Research Group (ICORG), 60 Fitzwilliam Square North, Dublin 2, Ireland.
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Patient Information Leaflet, ICORG Version 1.0 10-Aug-2015, BH Version 2.0 07-Sept-2015

Beanmont Hospital is the principal teaching hospital for the Royal College of Surgeons in Ireland
HS1C




Website: www.beaumont.ie OS[ ) i (jéai BCGU monc

BEAUMONT HOSPITAL

P. O. Box 1297 Beaumont Road Dublin 9
Telephone: 809 3000 / 837 7755  Facsimile: 837 6982

Please write your initials in each box

1. | confirm that | have been given a copy of the Patient Information Leaflet ICORG
Version 1.0 10-Aug-2015, BH Version 2.0 07-Sept-2015. | have read the patient
information leaflet or it has been read to me. This information was explained to
me and my questions were answered.

2. lunderstand and agree to provide a blood sample for research purposes.

3. lunderstand that this is a randomised trial and that | may or may not be asked to
participate in the exercise routine. | agree to take part in the exercise if | am
requested to do so.

4. | understand that my treating doctor will not be informed of the results unless it
is relevant to my treatment.

5. lunderstand that | must attend the Clinical Research Facility in St. James’s Hospital
to donate blood for the study and if | am randomised to participate in the exercise
aspect of the study.

6. |understand that data related to me collected during this study will be processed
and analysed as is required by this clinical research study in the department of
Histopathology in Trinity College Dublin and St. James’s Hospital and according to
the Data Protection Act.

7. lunderstand that my samples may be used for research as described in the Patient
Information Leaflet.

YES NO

8. | understand and agree to allow my data and samples to be used for future
research. Before any future research is carried out the ethics committee must

agree with the research. If you do not consent to the future use of your

samples for research you may still participate in this study.
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9. |give permission to access my archival tissue sample and to use this for research
as described in the Patient Information Leaflet and that this may involve the
consumption of any residual material. Any residual material will be returned to
Beaumont Hospital.

10. | understand that | am free to withdraw from the study at any time and that this
will not affect my standard treatment.

11. | agree to take part in the above study.

Name of Patient (Print) Signature of Patient Date

Name of Witness (Print) Signature of Witness Date
(if required)

Name of Study Doctor (Print) Signature of Study Doctor

Or Study Co-ordinator (Print) Or Study Co-ordinator

Or Research Nurse (Print) Or Research Nurse

Or Person delegated by CI/PI (Print) Or Person delegated by CI/PI

ICORG 15-21; ExPeCT Trial
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Appendix 11: ExPeCT Case Report Form

Confidential ICORG Protocol Number 15-21 ExPeCT Trial Version 1.1 (5% January 2016)
Baseline (T0) ExPeCT-ID Date of Birth (dd/mmm/yyyy)
Patient Data Sheet EXP| | | | CTIHTTIHTTLT]

Date of Assessment (dd/mmmiyyyy) | | | [ [ [ ][ [ ] ]

Demographics

Study Arm Exercise intervention group ]
Non-exercise comparison group [ ]

Primary Hospital

Dublin (St James's) [] Dublin (Beaumont) ]
Dublin (Mater) [] Dublin (St Luke's) | |
Dublin (Tallaght) [] Guy's Hospital, UK [ ]

Clinical Measurements

Height \—I—‘—‘ cm
Weight [T T 1]k
Waist circumference l:l:D cm

Blood pressure | | ‘ |I| | | |mmHg

systolic diastolic

Details of Prostate Cancer

Date of histological diagnosis (dd/mmm/{yyyy) | | | | | | | | | | | |

Tumour histology, histologic type (Please tick relevant box)
Adenocarcinoma |:|
Small cell neuroendocrine carcinoma D

Other (please specify) D
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Confidential

ICORG Protocol Number 15-21

BxPeCT Trial Version 1.1 (5% January 2016)

Baseline (TO0)

Patient Data Sheet

ExPeCT-ID

Date of Birth (dd/mmmiyy

y)

ExP[ [ [ | |

35 35
Initial Gleason grade I:I +|:| =D

Initial TNM status:

Primary tumour (T)
™[ ]
T0[ ]
T[]
T2 ]
T3[ ]
T4 ]

6-10

Regional lymph nodes (N):

Distant metastasis (M):

Initial treatment (Tick all that apply)

Surgery D

Date of first relapse (dd/mmm/yyyy) | | |

Hormones I:I

Radiotherapy D

NX[ ]
No[ ]
NT[ ]
N2 [
Mx[ ]
Mo[ |
w1
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Confidential ICORG Protocol Number 15-21 ExPeCT Trial Version 1.1 (5* January 2016)

Baseline (T0) ExPeCT-ID Date of Birth (dd/immm/yyyy)
Patient Data Sheet EXP[ | [ ] CTIT T T T T ]

Scans and Imaging

Performed as part of most recent routine assessment

CT D YES D NO (Tick box, if yes record date of scan, location
of metastases and number of lesions)

Date (@a/mmmyyyyy): | [ | [ [ [ | [ [ [ 1]

Location of metastases (Tick all relevant boxes)

PelvisD Visceral D Spinal D Femur D Other (specify)D
Total number of lesions if available (NA if not available) Dj

Overall summary

Stable metastatic disease D Increased disease burden (since previous scan) D
Other (specify) ||
MRI D YES D NO (Tick box, if yes record date of scan, location

of metastases and number of lesions)

Date (dammmiyyyy): L L | L L1 L[]

Location of metastases (Tick all relevant boxes)

F’elvisD \ﬁsceralD SpinaID FemurD Other(specify)D
Total number of lesions if available (NA if not available) Dj

Overall summary

Stable metastatic disease D Increased disease burden (since previous scan) D

Other (specify) [ |
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Confidential ICORG Pratocol Number 15-21 ExPeCT Trial Version 1.1 (5* January 2016)

Baseline (T0) ExPeCT-ID Date of Birth (dd/mmm/yyyy)
Patient Data Sheet EXP| | | ] LTI T LIt
Bone Scans D YES D NO (Tick box, if yes record date of scan, location

of metastases and number of lesions)

Date (dammmyyyyy): | [ ] [ [ [ | [ [1]]

Location of metastases (Tick all relevant boxes)

PelvisD Visceral D Spinal D Femur D Other (specify)D
Total number of lesions if available (NA if not available) Dj

Overall summary

Stable metastatic disease D Increased disease burden (since previous scan) D

Other (specify) [ ]
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Confidential ICORG Protocol Number 15-21 ExPeCT Trial Version 1.1 (5% January 2016)

Baseline (TO0) ExPeCT-1D Date of Birth (dd/mmmiyyyy)
Patient Data Sheet EXP[ | [ ] (T LT T T 1]

Haematology

Dateofsample(dd!mmm/yyyy):| | || | | || | | | |

Test (units) Iftestis Results If outside lab
performed in normal range,
different units, please state
please specify significance
units

Total PSA

(ng/mL) NCS |:| Cs I:I

Haemoglobin

(g/dL) nes L] csl]

White cell

count (108/L) NCS I:I CS I:I

Platelet count

(108/L) NCS |:| Ccs |:|

NCS Not Clinically Significant
CS  Clinically Significant
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ExPeCT Trial Version 1.1 (5% January 2016)

ICORG Protocol Number 15-21

Confidential

(dd/mmm/yyyy)

Date of Birth

ExPeCT-ID

EXP |

Baseline (T0)

Patient Data Sheet

Details of Previous and Current Systemic Therapy

Jor %ED patnbaz a3ed [euorppe j1 yon aseajd

[oxejIzeqe)

upueydiy
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EXP@ Questionnaire Version 2.5 (April 2015)

Appendix 12: ExPeCT Subjective Questionnaire

EXPE@

The ExPeCT Trial:

Exercise, Prostate Cancer and Circulating

Tumour Cells



EXPG@ Questionnaire

Version 2.5 (April 2015)

@cipant number:

Date of Birth:

Date of Questionnaire:

Is this the first, second or thir

d time you have filled in this questionnaire?

~

/

Klst |:| 2nd |:| 3rd |:|

Background details
1. What age were you when you were diagnosed with prostate
cancer?
2. How would you describe your race / ethnic background?
White/Caucasian I:l Black/Afro-Caribbean Asian
3. What is your current marital status?

Married Divorced/Separated E Widowed

4. What is your current living arrangement?
Alone D With wife I:I With other family
Assisted Living Nursing Other |_]
5. What is your current work status?

Full-time |:| Part-time

|:| Retirad |:|

Disabled |:| Unemployed |:|




EXP@ Questionnaire

Version 2.5 (April 2015)

For the following questions please circle the appropriate answer:

6. Have you been diagnosed with any of the following medical conditions?’

(a) High blood pressure

(b) Diabetes mellitus

(c) High cholesterol

(d) Myocardial infarction (heart attack)
(e) Angina pectoris

(f) Atrial fibrillation

(9) Congestive heart failure

7. Have you regularly taken any of these medications in the last two years?

(a) Non-steroidal anti-inflammatory drugs (NSAIDs)

(i) Aspirin

(ii) Ibuprofen (e.g. Advil, Motrin, Nuprin, Medipren)

(iii) Other:

(b) “Statin” cholesterol-lowering drugs

(i) Lovastatin (e.g. Mevacor, Altocor)
(i) Simvastatin (e.g. Zocor)
(i) Pravastatin (e.g. Pravachol, Pravigard)
(iv) Atorvastatin (e.g. Lipitor)
(c) Beta blocker drugs
(i) Metoprolol (e.g. Lopressor, Toprol)
(ii) Atenolol (e.g. Tenormin)

(iii) Nadolol (e.g. Corgard)

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO



EXP@ Questionnaire

(iv) Other:

Version 2.5 (April 2015)

(d) Antidepressants: Selective serotonin reuptake inhbitors (SSRIs)

(i) Citalopram (e.g. Celexa)

(i) Escitalopram (e.g. Lexapro)
(i) Fluoxetine (e.g. Prozac)

(iv) Paroxetine (e.g. Paxil)
(v) Sertraline (e.g. Zoloft)

(vi) Fluvoxamine (e.g. Luvox)

(e) Other antidepressants

(i) Amitriptyline (e.g. Elavil, Endep)

(i) Imipramine (e.g. Tofranil)
(iii) Nortriptyline (e.g. Pamelor)

(iv) Other:

(f) Sleeping tablets
(i) Diazepam (e.g. Valium)
(i) Alprazolam (e.g. Xanax)
(i) Lorazepam (e.g. Ativan)
(iv) Chlordiazepoxide (e.g. Librium)
(g) Diabetes medications
() Insulin
(i) Metformin
(iif) Rosiglitazone (e.g. Avandia)

(iv) Pioglitazone (e.g. Actos)

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO



EXPG@ Questionnaire Version 2.5 (April 2015)

Smoking and alcohol

Please circle the most appropriate answer:

1. Do you currently smoke cigarettes? (exclude pipe or cigars)
YES NO
2. If you answered YES to question 2.1, how many cigarettes do you

smoke per day?

1-4 5-14 15-24 25-34 35-44
45 or more

3. In a typical week over the past three months, on how many days did you
consume an alcoholic beverage of any type?

No days 1 day per week 2 days per week
3 days per week

4 days per week 5 days per week 6 days per week
7 days per week

4. In a typical month, what is the largest number of drinks of beer, wine
and / or spirits you have in one day?

None 1-2 drinks per day 3-5 drinks per day
6-9 drinks per day 10-14 drinks per day
15 or more drinks per day

5. In a typical week during the past three months, how often did you drink
alone?

Never /| don’t drink Less than once a month

Once or twice per week Three to five times per week

Almost every day

6. If you answered question 2.5 with anything other than “never”, on those
days when you drank alone, how many drinks did you typically consume?

1 Drink 2 Drinks 3-4 Drinks

5-6 Drinks More than 7 drinks



EXPE@ Questionnaire

Sleep (Pittsburgh Sleep Quality Index)

Version 2.5 (April 2015)

INSTRUCTIONS:

The following questions relate to your usual sleep habits during the past month only. Your answers
should indicate the most accurate reply for the majority of days and nights in the past month.
Please answer all questions.

1.

During the past month, what time have you usually gone to bed at night?

BED TIME

During the past month, how long (in minutes) has it usually taken you to fall asleep each night?

NUMBER OF MINUTES

During the past month, what time have you usually gotten up in the morning?

GETTING UP TIME

During the past month, how many hours of actual sleep did you get at night? (This may be

different than the number of hours you spent in bed.)

HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.

5.

a)

During the past month, how often have you had trouble sleeping because you . . .

Cannot get to sleep within 30 minutes

Not duringthe  Less than Once or twice
past month once aweek a week

Wake up in the middle of the night or early morning

Not duringthe  Less than Once or twice
past month once a week a week

Have to get up to use the bathroom

Not duringthe  Lessthan Once or twice
past month once a week a week

Three or more
times a week

Three or more
times a week

Three or more
times a week



EXPE@ Questionnaire

d)

e)

h)

j)

Cannot breathe comfortably

Not during the

past month once a week

Less than

Cough or snore loudly

Not during the

past month

Feel too cold

Not during the

past month

Feel too hot

Not during the

past month

Had bad dreams

Not during the

pastmonth___

Have pain

Not during the

past month

Other reason(s), please describe

Less than

once a week

Less than

once a week

Less than

once a week

Less than

once a week

Less than

once a week

Once or twice
a week

Once or twice
a week

Once or twice
a week

Once or twice
a week

Once or twice
a week

Once or twice
a week

Version 2.5 (April 2015)

Three or more

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

How often during the past month have you had trouble sleeping because of this?

Not during the

Less than

Once or twice

past month once a week a week

Three or more

times a week

During the past month, how would you rate your sleep quality overall?

Very good
Fairly good
Fairly bad
Very bad



EXPE@ Questionnaire Version 2.5 (April 2015)

During the past month, how often have you taken medicine to help you sleep (prescribed or
"over the counter")?

Not during the Less than Once or twice  Three or more
past month once a week a week times a week
During the past month, how often have you had trouble staying awake while driving, eating
meals, or engaging in social activity?
Not during the Less than Once or twice Three or more
past month once a week a week times a week
During the past month, how much of a problem has it been for you to keep up enough
enthusiasm to get things done?
No problem at all
Only a very slight problem

Somewhat of a problem

A very big problem

10. Do you have a bed partner or room mate?

No bed partner or room mate
Partner/room mate in other room
Partner in same room, but not same bed

Partner in same bed

If you have a room mate or bed partner, ask him/her how often in the past month you
have had . . .

a)

b)

Loud snoring

Not during the Less than Once or twice  Three or more
past month once a week a week times a week

Long pauses between breaths while asleep

Not during the Less than Once or twice  Three or more
past month once a week a week times a week

Legs twitching or jerking while you sleep

Not during the Less than Once ortwice ~ Three or more
past month once a week a week times a week



d)

EXPE@ Questionnaire

Episodes of disorientation or confusion during sleep

Not during the Less than Once or twice
past month once a week a week

Other restlessness while you sleep; please describe

Version 2.5 (April 2015)

Three or more
times a week

Not during the Less than Once or twice
past month once a week a week

Three or more
times a week



EXP@ Questionnaire

Stress (Perceived Stress Scale — 4)

Version 2.5 (April 2015)

The questions in this section ask you about your feelings and thoughts during the

last month.

In each case, please indicate your response by placing an “X” over the circle
representing how often you felt or thought a certain way.

1. Inthe last month, how often have you felt
that you were unable to control the important O
things in your life?

2. In the last month, how often have you felt
confident about your ability to handle your 0]
personal problems?

3. Inthe last month, how often have you felt
that things were going your way? 0]

4 In the last month, how often have you felt

Almaost Fairly Very
Never never Sometimes  often often
(0] (0] O O
(0] @] @] 0]
0] 0] @] 0]
O O o} O

difficulties were piling up so high that you could 0]
not overcome them?



EXPE@ Questionnaire Version 2.5 (April 2015)

Depression (PHQ-9)

Qver the last 2 weeks, how often have you been

bothered by any of the following problems?

More than
(use "v " o indicate your answer) Notatall| Several | = e Nearly
days d every day
ays
1. Little interest or pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
. . i 0 1 2 a
3. Trouble falling or staying asleep, or sleeping too much
4. Feeling tired or having little energy 0 1 2 3
5. Poor appetite or overeating 0 1 g .
6. Feeling bad about yourself—or that you are a failure or 0 1 2 3
have let yourself or your family down
7. Trouble concentrating on things, such as reading the 0 1 2 3
newspaper or watching television
8. Moving or speaking so slowly that other people could
have noticed. Or the opposite —being so figety or 0 i 2 3
restless that you have been moving around a lot more
than usual
9. Thoughts that you would be better off dead, or of 0 1 9 3
hurting yourself
add columns + +
(Heaithcare professional: For interpretation of TOTAL, TOTAL:
please refer to accompanying scoring card).
10. If you checked off any problems, how difficuit Not difficult at all
have these problems made it for youto do Semewhat difficult
our wark, take care of things at home, or get .
y y v Very difficult
along with other people?
Extremely difficult




EXPE@ Questionnaire Version 2.5 (April 2015)

Quality of Life (FACT-P)

Below is a list of statements that other people with your illness have said are important, Please circle
or mark one number per line to indicate your response as it applies to the past 7 davs.

Not  Alittle Some- Quite Very

PHYSICAL WELL BEING atall  bit  what abit much
@ | Thave alack of energy ..o 0 1 2 3 4
@1 | Thave DAUSEA .....cvvmeeceeceeeessn s 0 1 2 3 4
@ | Because of my physical condition, I have trouble

meeting the needs of my family ..., 0 1 2 3 4
@4 | THhave Paifl oo 0 1 2 3 4
@ | I am bothered by side effects of treatment .............ccoce... 0 1 2 3 4
@6 | TRl ill e 0 1 2 3 4
@ | Tam forced to spend time mbed ..., 0 1 2 3 4

SOCIAL/FAMILY WELL-BEING Not  Alittle Some- Quite Very

at all bit what abit much

@l | Tfeel close to my friends......ccooooivviiiinrciicnnici e 0 1 2 3 4
&1 | ] get emotional support from my family ......cooooevcericrrinnnn. 0 1 2 3 4
i | [ get support from my friends........ccoovrceiiinriniinsiininnns 0 1 2 3 4
@t | My family has accepted my illness ..., 0 1 2 3 4

@ | Iam satisfied with family communication about my
1INESS. e 0 1 2 3 4

@6 | I feel close to my partner (or the person who is my main
SUPPOTT) oottt esb st s 0 1 2 3 4

W | Regardless of your current level of sexual activity, please

answer the following question. If you prefer not to answer it,
please mark this box and go to the next section.

&7 | Tam satisfied with my sex life ..o 0 1 2 3 4




EXPE@ Questionnaire Version 2.5 (April 2015)

Please circle or mark one number per line to indicate your response as it applies to the past 7
days.

EMOTIONAL WELL-BEING Not  Alittle Some- Quite Very

atall bit what  abit much
| T T 0 1 2 3 4
@ | [am satisfied with how I am coping with my illness.......... 0 1 2 3 4
& | [ am losing hope in the fight against my illness.................. 0 1 2 3 4
GE4 [ T Heel MErVOUS .ocovicccece e 0 1 2 3 4
B Loty aboul dVIlE o 0 1 2 3 4
@ | [ worry that my condition will get Worse .......cccervvvvirennnns 0 1 2 3 4

FUNCTIONAL WELL-BEING Not  Alittle Some- Quite Very

at all bit what abit much
&l | T am able to work (include work at home) .........cccovvvrrnnnne. 0 1 2 3 4
e [ My work (include work at home) is fulfilling........c.ccoo..... 0 1 2 3 4
el Lamvable to/ctijoy Hfc naiiuliusmnmssmiiii 0 1 2 3 4
B8 T have accepted my slNess......unimmminmimmrms 0 1 2 3 4
| T3 T | R ——— 0 1 2 3 4
@ | [ am enjoying the things I usually do for fun ... 0 1 2 3 4
& | [am content with the quality of my life right now.............. 0 1 2 3 4




EXPE@ Questionnaire Version 2.5 (April 2015)

Please circle or mark one number per line to indicate your response as it applies to the past 7
davs.

ADDITIONAL CONCERNS Notat Alittle Some- Quite Very

all bit what abit much
a Tam losing Weight. ... 0 1 2 3 4
o Thave a good apPPetite ..o 0 1 2 3 +
Bl T have aches and pains that bother me..........ccooooniinn 0 1 2 3 4
a I have certain parts of my body where I experience pain.... 0 1 2 3 4
B My pain keeps me from doing things I wantto do ............ 0 1 2 3 4
M I am satisfied with my present comfort level ..................... 0 1 2 3 4
B [ am able to feel like a man ..o 0 1 2 3 4
»s I have trouble moving my bowels.........o.ocoooiiiiiiniin 0 1 2 3 4
” [ have difficulty urinating..........cooovoverriiiicininecicnennns 0 1 2 3 4
B2 | Turinate more frequently than usual ... 0 1 2 3 4
" My problems with urinating limit my activities...........o.... 0 1 2 3 4
85 | Tam able to have and maintain an erection..........ccccvvninn 0 1 2 3 4




EXPG@ Questionnaire Version 2.5 (April 2015)

Memory and Cognition

Please circle the most appropriate answer.

Over the past three months:

Do you have more trouble than usual remembering recent events? YES

Do you have more trouble than usual remembering a short list of items, YES
such as a shopping list?

Do you have trouble remembering things from one second to the next?  YES

Do you have difficulty in understanding or following spoken instructions? YES

Do you have more trouble than usual following a group conversation ora YES
plot in a TV programme due to your memory?

Do you have trouble finding your way around familiar streets? YES

NO

NO

NO

NO

NO

NO



EXPG@ Questionnaire Version 2.5 (April 2015)

Physical activity

Please circle the most appropriate answer:

1. Do you have difficulty climbing a flight of stairs or walking eight
blocks (about a mile) due to physical impairment?

YES NO

2. What is your usual walking pace outdoors? Please tick:

Unable to walk eight blocks or climb a flight of stairs due to
physical impairment.

Easy, Casual (Less than 2mph)

Normal, average (2-2.9mph)

Brisk pace (3-3.9mph)

Very brisk/striding (4mph or faster)

3. How many flights of stairs (not steps) do you climb daily? (Do not
include time spent on exercise machines)

No flights 1-2 flights 3-4 flights
5-9 flights 10-14 flights 15 or more flights
4. In an average week, on how many days do you usually exercise

(include brisk walking or more strenuous activity)?

None One Two Three

Four Five Six Seven
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5. During the last three months, what was your average total time
per week at each of these activities?

NONE 1-4
minutes minutes

Walking to work or for
exercise
(including golf)

Jogging (slower than 10
minutes per mile)

Running

(10 minutes per mile or faster)
Bicycling

(including stationary machine)
Lap swimming

Tennis

Squash or racquetball

Other aerobic exercise
(e.g. exercise classes etc)

Other lower intensity
exercise
(e.g. yoga, bowling)

Moderate outdoor work
(e.g. gardening, yardwork)

NONE 1-4
minutes

Heavy outdoor
work (e.g. digging,
chopping)

Weight training /
resistance exercise
for arms

Weight training /
resistance exercise
for legs

Standing or
walking around
work

Standing or
walking around
home

5-19

5-19
minutes
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20-39
minutes

20-39
minutes

40-80
minutes

40-80
minutes

15
hours

1.5
hours

2-3
hours

2-3
hours

4-6
hours

4
ho
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Sitting at work or
commuting

Sitting at home
while watching TV
/ DVD

Other sitting at
home

Version 2.5 (April 2015)
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What type of milk do you use most often?
None Skimmed Milk Low-fat Milk
Whole milk/ Full fat milk Super / Fortified Milk Soya Milk

Other (Please specify )

How much milk do you drink each day?
None Half Pint (284ml) One Pint  (568ml)

One Litre More than one later

Please indicate how often, on average, over the past three manths, you have eaten or drank the specified
amount of each of the following foods and drinks.

None | <1a 1-3a la 2-4a |5-6a la |2-3a |4-5a [6+a
month | month | week | week |week |day |day |day |[day

Cup of tea with
caffeine (§oz) —
inciudes green fea

Yoghurt (1 cup)

Cottage or ricotta
cheese (1/2 cup)

Cream cheese
(1 ounce)

Other regular cheese,
alone or as part of a
dish (1 slice or 1 ounce)

Other low-fat cheese,
alone or as partof a
dish (1 slice or 1 ounce)

Ice cream (1/2 cup)

Processed meats,
sausage, salami,

bologna, hotdog (1 sfice
or piece)

Beef, pork, lamb: as a
sandwich or mixed

dish, e g. stew, casserole
lasagna

10.

Beef, pork, lamb: as a
main dish, e.g. steak,
roast
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5. (a) Have you regularly taken vitamin D since your prostate cancer diagnosis?
YES NO

(b) If you answered “yes” to question 9.4(a), please indicate your daily dose,
the year you started taking vitamin D, the duration for which you have taken
vitamin D since your diagnosis, and whether you are currently taking vitamin
D.

(i) Daily dose: U

(i) Year you started taking vitaminD: __

(iii) Duration of taking vitamin D:

(Only include time spent taking vitamin D after you were diagnosed with
prostate cancer):

Less than 6 months 6-12 months 1-2 Years
3+ Years

(iv) Are you currently taking vitamin D?

Yes No
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Pain

Brief Pain Inventory (Short Form)

1. Throughout our lives, most of us have had pain from time to time (such as minor headaches, sprains, and

toothaches). Have you had pain other than these everyday kinds of pain today?
[JYes []No

2. On the diagram, shade in the areas where you feel pain. Put an X on the area that hurts the most.

Front Back

[

3. Please rate your pain by marking the box beside the number that best describes your pain at its [
in the last 24 hours.

Oo 0O+ [O2 QO3 0O4 0Os5 0O Or 0Os [Od9 [»H—1o
No Pain As Bad As
Pain You Can Imagine

4. Please rate your pain by marking the box beside the number that best describes your pain at its

[EX] in the last 24 hours.

go [O1 [d2 [>d3 [>O4 [Od5 [@>»ge O>Od7 [O>»gs [@»9o [>gQw
No Pain As Bad As
Pain You Can Imagine

5. Please rate your pain by marking the box beside the number that best describes your pain on the EVZgI:S
o [t J2 [O3 [Od4 [O5 @6 [>—Jd7 [d& [»d9 [Jwo
No

Pain As Bad As
Pain You Can Imagine

6. Pleaserateyourpainbynwkingmeboxbwidethenumerthattellshowmuchpainyouhave
Jo [O1 b2 [—d3 [>d¢4 [O5 0O Od7 O 09 Qw
No

Pain As Bad As
Pain You Can Imagine
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1. What treatments or medications are you receiving for your pain?

8. In the last 24 hours, how much relief have pain treatments or medications provided? Please

mark the box below the percentage that most shows how much [ you have received.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
o o o o O O o o o O
No Complete

Relief Relief

9. Mark the box beside the number that describes how, during the past 24 hours, pain has interfered

with your:

Oo [t O2 O3 [O4 Os5 Ode [Or Oes O [~

Does Not Completely
Interfere Interferes

o [O1 [O2 O3 [O4 Os O »Or7 Ods [d9 [

Does Not Completely
Interfere Interferes

[]0 1 (02 [d3 [dO4 [@O5 [—*d6 [d7 [J8 [J9 [J1w0

Does Not Completely
nferfars Interferes

D. Normal Work (includes both work outside the home and housework)

Jo [+ 02 @03 [O4 [Os 0Os [QHO7 [QOs [d9 [1o

Does Not Completely
Interfere Interferes

o Ot QOd2 O3 [Od¢4 [Os [Ode Odr O [Od9 [

Does Not Completely
Interfere Interferes

Jo 1 ]2 13 []4 15 []6 7 []8 ]9 110

Does Not Completely
nfeiare Interferes

Jo 1 2 03 [J4 15 6 [d7 18 ]9 110

Does Not Completely
Interfera Interferes



Confidential ICORG Protocol 15-21 ExPeCT Trial Version 1.0 (5% January
2016)

Appendix 13: ExPeCT Exercise Class Document

ExP e@ Exercise Class:

Verbal consent to participate in class: [ |

Subjective Report:

Blood Pressure and Heart Rate

Pre Exercise (in standing): f mmHg bpm

Post Exercise: ! rmmHgz bpm

Pre-exercise stretching: PMarch on the spot, arm swings, shoulder rolls, elbow-flexes, wrist turns, knee
flexes and ankle pumps |:|

Time Intensity bpm Mode Completed
(v]
Warm up (=40% HRR)
Aerobic
Component
Cool Down (=40% HRR]

Post exercise stretching: Quads, Hamstrings, Calf (Held for 10-30 seconds x 2-4 reps, R+L) D

Mo adverse effects to exercise class: |:|

Was requested participant to complete ___ additional exercize session, as per above intensity and
duration, as part of home exercise plan this week.

Additional Comments:

Signed: Date:



Confidential ICORG Protocol 15-21 ExPeCT Trial Version 1.0 (5% January
2016)

Appendix 14: ExPeCT Off Study Form

Off Study Form ExPeCT-1ID Date of Birth (dd/mmm/yyyy)
EXP [T 1] HEpEEEREEEE
Primary Hospital
Dublin (St James’s) \:| Dublin (Beaumont) |:|
Dublin (Mater) D Dublin (St Luke's)
Dublin (Tallaght) [ ] Guy’s Hospital, UK [ ]

This off study form must be completed for all patients, whether they have completed the study
or have withdrawn from the study or had to stop their participation for any reason.

Date Off Study (dd/mmmryyyy): | [ |[[ [ [T [[ [ [ []

PLEASE SPECIFY THE REASON WHY THE PATIENT IS NOW OFF THE STUDY (please tick one)
D Study completion

D Extraordinary medical circumstances Please specify

D Sponsor decision

D Lost to follow up Date of last contact (dd/mmm/yyyy): | | | | | | || | | | |

D Withdrawal of patient consent Date of withdrawal (dd/mmm/yyyy): | | | | | | | | | | | |

Reason for withdrawal

D Death Date of death (dd/mmmiyyyy): | | | [ [ [ | [ [ | | |

Cause of death

D Other

Please specify

Previous assessment forms completed: D YES D NO D N/A

Investigator's name

Investigator’'s signature:

Date (dd/mmm/yyyy):| | |! LI L]
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2016)

Appendix 15: ExPeCT Incident Report Form

Incident Report ExPeCT-ID Date of Birth (dd/mmmi/yyyy)
Form exe[ [ [ | [LLJCLTJLLT]
Severity Study Intervention | Action Taken Regarding Study Outcome of Incident Expected Serious
Relationship Intervention
1 = Mild 1 = Definitely related | 1 = None 1 = Resolved, no sequel 1=VYes 1=VYes
2 = Moderate 2 = Possibly related 2 = Discontinued permanently | 2 = AE still present- no treatment 2=No 2=No
3 = Severe 2 = Not related 3 = Discontinued temporarily | 3 = AE still present-being treated (If yes,
4 = Reduced dose 4 = Residual effects present-not complete SI
5 = Increased dose treated form)
6 = Delayed dose 5 = Residual effects present- treated
6 = Death
7 = Unknown
Incident Start Date | Stop Date | Severity | Relationship to Action Qutcome Expected? Serious Initials
Study Treatment Taken of Incident Incident?
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