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Abstract

Purpose: Androgen deprivation therapy (ADT) is an effective treatment for advanced-
stage prostate cancer. Unfortunately, ADT has several adverse effects that significantly
impair health-related quality of life (HRQOL). In patients receiving ADT, resistance
training has been shown to improve important physical and psychosocial outcomes.
However, little is known about the effects of aerobic exercise in this population. This
feasibility study compares the effects of aerobic and resistance exercise interventions on a
panel of psychological, physical fitness, and biological outcomes related to prostate
cancer and ADT.

Methods: 66 men receiving ADT for prostate cancer were recruited for this prospective,
randomized trial. Participants are assigned to either a resistance or aerobic, moderate-
intensity exercise 3-5 times per week for 30-60 minutes/session. Participants were
provided with equipment so that they could exercise at home. The primary outcomes
were related to feasibility for future, large-scale trials. Secondary outcomes included:
fatigue, HRQOL, physical fitness, adipokines, insulin-like growth factor axis proteins,
and exercise adherence. Outcomes were assessed at baseline and at 3, 6, and 12 months.
Results: Preliminary findings are presented. 205 patients were approached for
participation, 66 of which agreed to participate (n=34 in the resistance training group and
32 in the aerobic training group). Over the intervention period we experienced an attrition
rate of 33%. There were no adverse events and biweekly booster sessions were poorly

attended (n=27 aerobic training participants and n=22 resistance training participants did



not attend any booster sessions). Intention-to-treat analyses showed that fatigue and
HRQOL were not significantly different between groups; however, in a per-protocol
analysis the resistance-training group demonstrated clinically significant improvements in
HRQOL. Differential within-groups effects on physical fitness and biomarkers were also
observed at various time-points. At all time-points, the aerobic training group engaged in
significantly more physical activity than the resistance training group.

Conclusion: Our findings suggest that both resistance and aerobic training can have
positive effects on body composition with differential effects on psychosocial and
biological outcomes. It appears that the aerobic exercise intervention was more effective
at producing long-term, clinically significant increases in physical activity volume than
resistance training. Our study has set the framework to conduct future clinical trials

investigating the effects of exercise in men treated for prostate cancer.
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1.0 Introduction

Among Canadian men, prostate cancer (PCa) is the most common cancer
diagnosis (excluding skin cancer) and the second leading cause of cancer-related death
(1). While more than 80% of PCa diagnoses are in men aged 60 years or older (1),
improved detection methods (e.g. prostate specific antigen testing) have progressively
lowered the mean age of diagnosis and treatment (2, 3). Advances in PCa treatment and
an increased survival rate (1) challenge clinicians to develop comprehensive treatment
programs to maximize health-related quality of life (HRQOL) during lengthier
survivorship periods.

Many patients with locally advanced or metastatic PCa receive androgen
deprivation therapy (ADT) because it increases survival when used alone (4), or
adjuvantly with radiotherapy (5) or radical prostatectomy (6). Unfortunately, detrimental
physical, functional and psychological effects are associated with ADT: including
deleterious changes in haemoglobin (Hb) levels, thyroid functioning, cognitive
functioning, body composition (decreased lean mass and bone mineral density and
increased fat mass) (7-16) and, in some patients, cardiovascular function (17). These
adverse effects collectively reduce HRQOL over the years of ADT, which are often the
remaining years of life (13, 18, 19).

Fortunately, exercise interventions are associated with significant improvements
in fatigue, physical fitness, and HRQOL in ADT-treated PCa patients (20-30). However,
questions remain regarding the efficacy of different exercise modalities and program

delivery strategies aimed at long-term exercise participation, such as: i) how to instil a



chronic change in exercise behavioulj that overcomes the problem of discontinued
exercise and consequential rapid loss of benefits (24, 31); ii) can home-based exercise
programs be effective at improving essential elements of HRQOL given their inherent
logistic strengths (low cost of participation, potential for long-term program adherence,
reduced barriers to routine exercise); and iii) does aerobic exercise training (AET) confer
equivalent effects to the more established modality of resistance exercise training (RET)
when implemented in the home-based setting. Accordingly, the objectives of this study
were to examine the feasibility of conducting a large-scale, adequately powered trial that
would test the effects of six months of home-based AET versus RET in a randomized

trial of ADT-treated PCa patients with a six-month post-intervention follow-up.



2.0 Background

2.1 Overview of Prostate Cancer and Androgen Deprivation Therapy

PCa is an androgen-dependent cancer, which means that malignant cell growth
and proliferation relies on androgens, primarily testosterone and dihydrotestosterone
(DHT) (32-34). Thus, the acute or chronic suppression of androgens is central to the
management of locally advanced or metastatic PCa (35). ADT is commonly used as an
adjuvant (and/or neo-adjuvant) therapy, in combination with radiation therapy or radical
prostatectomy, to mitigate or respond to biochemical relapse (i.e. post-treatment increase
in prostate-specific antigen) (5, 36, 37). ADT is increasingly used as a primary PCa
management strategy (37, 38). Initially, orchiectomy (removal of the testes) was used as
the primary type of ADT (39) but contemporary androgen suppression is primarily
achieved pharmacologically through three pharmacological approaches: luteinizing
hormone-releasing hormone (LHRH) analogues; androgen receptor blockers; and So-
reductase inhibitors (37, 40-42). Due to the numerous physiological roles of androgens,
ADT has metabolic, musculoskeletal, and cardiovascular consequences (19, 43) that lead
to an increased risk of developing diabetes, osteoporosis and cardiovascular disease (44-
47).

ADT rapidly produces significant deterioration in healthy body composition by
reducing bone and muscle, and increasing fat mass (36, 48, 49). As PCa is typically
diagnosed in older men (often 65 years of age or older (1, 50)), ADT effects can
accelerate and amplify age-related sarcopenia, osteoporosis, and general frailty (51).

Such changes in body composition are overtly manifested as declining of physical fitness



and functional capacity (52, 53) to levels more comparable with men 10-20 years older
(54). Moreover, poor cardiorespiratory and musculoskeletal fitness increases the risk of
falls likely to produce fractures in these often-osteoporotic men (47, 55). This is of
particular concern given the increased mortality risk of men with PCa who sustain a
fracture (56).

One of the more evident and distressing psychological/physical manifestations of
ADT-related changes in physiology is fatigue (57-61). Stone et al (61) found that fatigue
severity increased in almost 70% of patients 3 months after starting ADT, 14% of whom
had severe fatigue. ADT-related fatigue is not well understood but may have several
underlying physiological mechanisms, including anemia, reduced psychological
vigor/vitality, and impaired functional capacity (36, 48, 61). Fatigue in ADT patients
interferes with daily tasks and recreational activity that ultimately adds to the HRQOL
reductions associated with PCa and its medical management. To optimize HRQOL in
PCa patients receiving ADT, new strategies to maintain physical and mental capacity and
to combat fatigue are needed. Exercise is an intervention with many demonstrated
physical and psychosocial benefits in cancer survivors during and after therapy, including
improvement in fatigue (62, 63). Recent evidence indicates that exercise is acutely (i.e.
during the intervention period) effective in improving many facets of the ADT sequelae
and enhancing overall HRQOL (20-25, 64-67). Research is specifically needed to assess
which modalities are most effective and how exercise behaviour can be sustained to
ensure that the acute benefits can be extended throughout the course of ADT and into

post-treatment survivorship.



2.2 Exercise and Prostate Cancer
2.2.1 Exercise, Physical Activity and Prostate Cancer Prevention

The etiology of PCa is multifaceted and largely unexplained, but both modifiable
and non-modifiable risk factors have been identified that alter disease progression. The
most common non-modifiable risk factors are age, ethnicity, and family history (68, 69),
while modifiable lifestyle risk factors include diet and obesity (70, 71), smoking (72),
alcohol consumption (73), and sexual activity (74). A growing body of recent research
has examined the influence of physical activity in PCa incidence that has demonstrated
mixed results. To date, 22 cohort studies (75-95) and 10 case-control studies (96-105)
have examined the relationship between PCa incidence and physical activity. Fifteen of
these studies found a protective effect based on aerobic fitness (86), occupational
physical activity (80, 85, 97, 98, 102, 106), recreational physical activity (76, 77, 82, 88,
94, 105, 107), and both occupational and recreational physical activity (78). However, 15
other studies have found no association between physical activity and PCa incidence (75,
79, 81, 83, 84, 87, 90-93, 95, 96, 99, 102, 104) and four studies have found either an
increase or possible increase in PCa risk with physical activity (89, 100, 101, 103). This
inconsistency led the World Cancer Research Fund and American Institute for Cancer
Research to conclude that a formal judgment on the relationship between physical
activity and PCa cannot be made based on the current available research (108).
Nevertheless, there appears to be a role for research that examines the effect of an

exercise-based primary prevention strategy in this population.



Several criticisms of the epidemiological (pre-diagnosis/primary prevention)
literature have been articulated; namely, that 1) selection bias might be influential in much
of this research since physically active men are more likely to be screened for, and thus
diagnosed with, PCa (106, 109); and ii) given the latency and insidious nature of PCa,
many men will die with, rather than from, PCa undermining some estimates of
association between physical activity volume and PCa incidence as the subclinical
diagnoses made at autopsy (if conducted) have not been included in these estimates
(109).

In terms of secondary prevention, only one study has assessed the relationship
between physical activity and PCa survival. Kenfield et al (110) recently examined the
effect of post-diagnosis physical activity on PCa-specific, and overall, survival in 2,705
men with non-metastatic PCa from 1990-2008 in the Health Professionals Follow-Up
Study. In that study, the researchers collected self-reported physical activity information
every two years and then reviewed diagnosis and cause of death information in patients
who had survived for at least four years after recruitment into the study. The results
demonstrated: i) a 51% reduction in all-cause mortality with more than 10 hours of
vigorous exercise per week versus less than one hour per week of non-vigorous activity;
ii) a 36% reduction in all-cause mortality for those who walked more than seven hours
per week versus less than 20 minutes per week, with additional risk reduction with brisk
walking; and iii) a 49% reduction in all-cause mortality and 61% reduction in PCa-
specific mortality for those vigorously active for more than three hours per week when

compared with less than one hour per week. It is also worth noting that the authors of



this study indicate that for those men with > 9 MET-hrs/wk compared to < 9 MET-hrs/wk
had a hazard ratio of 0.65 (95% CI = 0.43 - 1.0). Thus a change of 9 MET-hrs/wk
appears to be a reasonable estimate of clinical significance in this population.
Furthermore, these effects were independent of pre-diagnosis physical activity volume
suggesting that physical activity interventions following diagnosis may have a significant
influence on life-expectancy for men with PCa.

Proposed biological mechanisms for the decreased risk and/or attenuated
progression of PCa with physical activity include a reduced exposure to circulating
androgens, lower body fat and associated adipokines, improved immune system function,
and improved antioxidant availability and function (111, 112). A series of studies
investigating the effects of a low-fat diet and/or regular physical activity have suggested
these healthy lifestyle modifications can elicit serum changes in vivo that can reduce in
vitro cancer cell proliferation and increase the apoptosis of androgen-dependent cell lines
(i.e. PCa cells that are responsive to ADT) (113-117). The protective effects of these
studies are likely due to reductions in insulin and insulin-like growth factors (e.g. IGF-1)
and anti-apoptotic proteins (Bcl-2), amidst concomitant increases in sex-hormone binding
globulin, insulin-like growth factor binding protein-1 (IGFBP-1), and apoptotic proteins
(p53 and p21) (116, 118, 119). Theoretical concerns of accelerating tumour growth due
to transient increases in serum testosterone levels have not been borne out in exercise

studies with PCa patients (21, 23, 120, 121).



2.2.2 Exercise during Treatment for Prostate Cancer

Several studies have investigated the effect of exercise during PCa treatment (21,
23, 24, 26-28, 30, 65, 66, 120-123) with additional publications pertaining to study
protocols describing ongoing research (123-128). Table 1 shows a summary of exercise
and physical activity trials in men after a PCa diagnosis. The first examination of
exercise as a HRQOL and health optimizing strategy for PCa patients was conducted in
2003 in response to observations of the numerous physical and psychosocial detriments
associated with treatment (120). To date, several reviews of exercise interventions for
PCa patients have been conducted (54, 129, 130). Thus far, exercise interventions have
been essentially limited to PCa patients undergoing external beam radiation and/or
androgen suppression (as detailed in subsequent sections). There is a noticeable dearth in
the literature regarding the effects of exercise during other treatments for PCa, namely
radical prostatectomy and chemotherapy. Only one trial has examined the role of
exercise in 10 post-prostatectomy patients that were between 8-169 months post-surgery
(27). In fact, postoperative exercise may be less appropriate to mitigate the effects of
surgery than is preoperative exercise training, known as prehabilitation which has been
shown to be effective in lung cancer (131, 132) and colon cancer patients (133). The
investigation of exercise during chemotherapy is also particularly important because of
the severe deconditioning effect on patients and long-lasting adverse effects of
chemotherapy (134). Whether these elder patients on intensive chemotherapy regimens

can endure routine exercise is still in question, but a growing body of literature suggests



that exercise is tolerable and beneficial during chemotherapy in several other cancers
(135-142). The next two sections will focus on the literature that describes the effects of

exercise on external beam radiation therapy and ADT.

2.2.2.1 Exercise during Radiation for Prostate Cancer

There have been three published trials investigating the effect of exercise on PCa
patients undergoing external beam radiation. Windsor and colleagues (66) conducted a
randomized controlled trial (RCT) that focused on the effects of a home-based, moderate-
intensity, walking program on PCa patients (n = 66) over four weeks of their radiation
therapy. The intervention group exercised three times weekly for 30 minutes at 60-70%
of the maximum heart rate. At the end of the intervention period, control participants
reported increases in fatigue compared to baseline (p = 0.013), whereas fatigue scores
remained unchanged for the exercise group (p = 0.203). Exercise improved physical
functioning as measured by a modified 10-meter walking shuttle test (p = 0.0025). A
100% self-reported adherence rate was noted; all patients in the exercise group reported
at least 90 minutes per week of aerobic exercise. This excellent adherence rate is
promising, but further studies with objective measures of physical activity participation
(e.g. accelerometry) and longer-term follow-ups are required to demonstrate
reproducibility and sustainability.

Monga et al (65) conducted a RCT to examine the effects of an eight-week
aerobic exercise program for PCa patients undergoing external beam radiation.

Intervention participants (n = 11) were required to participate in supervised aerobic



exercise three times weekly, prior to treatment while control participants (n = 10) did not
undergo any exercise. The exercise protocol consisted of 30 minutes of moderate-
intensity treadmill walking. Pre- to post-intervention improvements were observed in
cardiovascular fitness (p < 0.001), lower extremity strength (p < 0.001), flexibility (p =
0.006), depression (p = 0.02), fatigue (p = 0.02), physical wellbeing (p = 0.002), social
wellbeing (p = 0.02), and overall HRQOL (p = 0.04). Compared to controls, exercising
participants showed improvements in cardiovascular fitness (p = 0.006), lower extremity
strength (p < 0.001), flexibility (p < 0.01), and reported less fatigue (p = 0.001), and
better physical wellbeing (p = 0.001), social wellbeing (p = 0.002), functional wellbeing
(p = 0.04), and overall HRQOL (p = 0.006). This was the first study to demonstrate
improvements in fatigue and HRQOL with a supervised, aerobic exercise program for
PCa patients undergoing radiation. Caution is required in interpreting results because of
small sample size, potential for s¢lection bias, and retention difficulties (approximately
20% attrition). Intervention adherence was not reported.

Segal et al (21) conducted a three-arm RCT of 121 radiation-treated PCa patients
(74 of whom were receiving adjuvant ADT) that examined supervised 24-week RET or
AET interventions versus wait-list controls. The AET group engaged in 15 to 45 minutes
of moderate-intensity stationary cycling, treadmill, or elliptical machine exercise three
times weekly. RET consisted of nine weight-training exercises using machines and free-
weights for one to two sets of 8-12 repetitions at 60% of the subject’s one-repetition
maximum (1RM or the maximal weight or load that can be lifted once) three times

weekly. Participants were instructed to increase their exercise load by five pounds when
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they were able to complete more than 12 repetitions. An improvement in fatigue from
baseline to 12 weeks was observed for both exercise groups compared to controls, but
only the RET group showed less fatigue compared to the control group at 24 weeks
(RET: p = 0.002; AET: p = 0.08). From baseline to post-test, the RET group showed
improved aerobic fitness (p = 0.037) and upper/lower body strength (p < 0.001), while
participants in the AET group demonstrated improved upper body strength (p = 0.006).
A recruitment rate of 37% was noted for all eligible participants and the median
adherence to the exercise program was 85.5% (as calculated by number of sessions
attended/prescribed). In this trial three adverse events related to exercise were reported,
one of which was serious (myocardial infarction) in the AET group following a training
session on the third day of the program. The participant made a full recovery but did not
complete the intervention.

This group of authors continued their study of this cohort of participants by
conducting two supplemental analyses. In the first (published as online additional
content to the original paper), the authors examined the effect of the exercise
interventions at 24 weeks, stratified by treatment (radiation + ADT). Compared to
control participants, the RET group on radiation only (n = 23) demonstrated
improvements in fatigue (p = 0.004); cancer-related and disease-specific HRQOL (p =
0.002 and p = 0.02, respectively), VO, peak (p = 0.037), and upper and lower body
strength (p < 0.001). The AET group receiving radiation only (n = 25) only showed
improvements in disease-specific HRQOL (p = 0.023). In participants receiving adjuvant

ADT, RET (n = 17) showed improved upper and lower body strength (p < 0.001), and
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reductions in body fat percentage (p = 0.005), whereas AET (n = 15) only improved in
upper body strength (p = 0.02) when compared to controls. Although this analysis was
exploratory and lacked adequate statistical power, the findings suggest that RET may be
more beneficial than AET for men treated with radiation with and without ADT. These
findings were confirmed in the authors’ second ancillary analysis (separately published
by Alberga et al (143)), in which they further stratified patients receiving ADT into age
groups of <65 years (‘younger’) versus > 65 years (‘older’). In this analysis, the authors
found that younger men had significantly greater improvements in muscular fitness
compared to control or AET participants, but no difference in body composition.
Similarly, older men benefitted mc;re from RET since they were the only group to
improve body composition and muscular fitness over the course of the intervention.
Most importantly, for men receiving radiation and ADT, only RET showed improved
body composition and muscular fitness compared to controls. In men undergoing
radiation only, only RET showed improved aerobic and muscular fitness.

These findings from the Segal et al analyses (21, 143) underscore the importance
of incorporating RET into a lifestyle/wellness program. However, there were
acknowledged limitations to the analyses and interpretations. First, the authors noted the
subgroup analyses were underpowered and that there was considerable variance within
the sample in the duration of hormone suppression in ADT patiénts. This is important
since previous research has shown that ADT duration for more than six months is
associated with lower physical function and higher body fat percentage than PCa patients

not receiving ADT or short term ADT (less than 6 months) (53). Second, although the
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baseline differences were not statistically significantly different, there was a large
difference in terms of lower baseline muscular strength for the RET group, particularly in
lower extremity strength, compared to AET and controls (upper extremity strength (kg):
RET =49.5 + 13.3, AET = 55.2 + 13.3, Control = 53.4 + 12.1; lower extremity strength
(kg): RET = 104.7 + 37.7, AET = 125.6 + 55.8, Control = 117.4 + 53.5). These
differences were not observed for aerobic fitness (VO; peak (mlO,/kg/min): RET = 28.19
+ 6.94, AET = 29.42 + 6.5, Control = 28.78 + 5.08) and may have been a factor that
contributed to the lack of a significant between group effects in aerobic fitness observed.
These findings are noteworthy for two potential reasons. First, RET participants who
started with a lower level of muscular strength had a greater capacity for improvement
(i.e. floor effect). Second, the novel nature of RET may make it a modality in which
participants invest more time, focus, and energy during training. Together, these may
explain why greater improvements observed in muscular fitness and body composition
and the comparative absence of difference in aerobic fitness in the RET group.
Unfortunately, only between-group comparisons of change from baseline, and not

absolute values for post-test outcomes, were reported.

2.2.2.2 Exercise during ADT for Prostate Cancer

Despite the growth of exercise research in the primary/curative treatment setting
for PCa, the majority of exercise intervention research has been predominantly conducted
in patients with locally advanced, hormone-sensitive metastatic disease treated with ADT

(20-25, 67). Given the detrimental effects of ADT on physical function and fatigue from
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prolonged hypogonadism (described earlier), it is fortunate that exercise appears to
mitigate ADT-related adverse effects. The typical chronic duration of hormone ablation
necessitates the incorporation of acute and, ideally, long-term exercise interventions that
provide relief and often reversal of the various physical, functional, and ADT adverse
effects.

Segal et al (20) conducted the first investigation into the effects of exercise on
ADT-treated PCa patients in a study that met high-quality methodological criteria (144,
145). In that study, 155 men were randomly assigned to a 12-week supervised RET
group (n = 82) or to a wait list control group (n = 73). The RET program consisted of
nine exercises targeting upper and lower body muscle groups, performed three times
weekly, at 60-70% of 1RM, for two sets of 10-12 repetitions. Participants increased the
resistance of an exercise by five pounds when able to complete more than 12 repetitions.
Results indicated that at the end of the intervention, compared with controls, intervention
participants reported less fatigue (p = 0.002), higher levels of HRQOL (p = 0.001), and
better scores on measures of upper (p = 0.009) and lower (p < 0.001) body muscular
fitness. In fact, at the end of the study, control participants reported increases in fatigue
and declines in HRQOL as well as upper and lower body muscular fitness. This study
had a 30.6% participation rate, with a program-adherence rate of 79%, which
demonstrated initial evidence of the willingness and motivation to register and comply
with exercise intervention parameters in a meaningfully sized proportion of PCa patients.
This landmark study provided two salient findings for patients on ADT: 1) clinically

important improvements in physical function, fatigue, and HRQOL, are attainable within
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a relatively short duration of exercise programming; and, 2) treatment as usual was
associated with physical function declines that likely increased fatigue and reduced
HRQOL. The authors recommended that future studies follow patients for a longer
duration (beyond 12 weeks) to determine whether additional benefits are achieved by a
more sophisticated body composition analysis, as well as assess different modes of
exercise, such as AET.

Galvao et al (121) examined the effects of a 20-week supervised, progressive
RET program in 10 men undergoing ADT for localized PCa. Patients were required to be
on ADT for a minimum of two months with at least five months of subsequent treatment
planned. In small groups (n = 1 - 4) and under direct supervision, participants were
required to complete 12 upper and lower body exercises. All exercise sessions were one
hour in duration, including flexibility training and warm-up. The intervention improved
upper body strength and endurance (p < 0.001), functional performance (p < 0.05), and
quadriceps muscle thickness (p < 0.05). No differences were found in lean mass, fat
mass, body fat percentage, whole body bone mineral content, or BMD, Hb, or cortisol.
PSA level, testosterone, and growth hormone levels were unchanged suggesting no
exacerbation of the disease. Weaknesses of the study were that it was non-randomized,
not controlled (i.e., no control group), and recruited a small sample size. However, the
authors used several additional objective measures of functional performance and, as
advocated by Segal and colleagues (120), sophisticated measures of body composition
and serological outcomes (e.g. hormones and Hb). Furthermore, the study employed an

intense/strenuous RET protocol (6-12 RM using hydraulic and isotonic strength training
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machines for two to four sets over 20 weeks) and reported no adverse events, which
demonstrated the safety of high-intensity training in this relatively fragile population.
Carmack-Taylor et al (30) conducted a three-arm RCT named the Active for Life
After Cancer Trial that evaluated the impact of a group-based lifestyle physical activity
program (Lifestyle Program) or educational support program versus standard care in PCa
patients undergoing ADT (for a minimum of one year). Participants in the lifestyle and
educational support programs were required to attend small, 90-minute group meetings
for six months (16 weekly meetings plus four ‘biweekly’ meeting). Specifically,
participants in the Lifestyle Program (n = 46) were taught cognitive-behavioural
strategies derived from the Transtheoretical Model (146, 147)'and Social Cognitive
Theory (148, 149) to increase physical activity adherence to 30 minutes at a moderate
intensity on most days of the week (which meets Health Canada and American College of
Sports Medicine recommendations). Although physical activity instruction was not
provided, patients were occasionally engaged in five-minute periods of walking, an
information session regarding injury prevention and stretching, and a facilitated
discussion on a variety of PCa-related topics. Participants in the educational support
program (n = 51) discussed PCa-specific issues, including diet, treatment side effects and
sexuality. Seventy percent and 82% of the participants attended at least half of the
lifestyle and educational sessions, respectively. Significant differences were not found
for HRQOL, body composition, endurance, seven-day physical activity volume, caloric

expenditure, or social support in any intervention arm.
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In discussing the negative results, the authors suggested that the lack of efficacy
may be a result of the relatively healthy status (e.g. low levels of anxiety, depression, and
pain) of patients at baseline (i.e. a ceiling effect). Furthermore, the authors noted that the
sample size was insufficiently powered, due to the onerous and costly nature of
conducting a three-arm RCT with strict eligibility criteria (more than 1,100 patients were
approached). Although the intervention was relatively well received with similar
adherence rates as previous trials, the authors recommended formal physical activity
skills training in conjunction with cognitive-behavioural training to improve the benefits
of, and adherence to, a physical activity program. The results also raise the possibility
that professional supervision may be an important component of physical activity
interventions in this group of patients, but this has not been directly tested in a RCT.

Culos-Reed et al (24) examined the effects of 12-week home-based physical
activity intervention on 31 PCa patients treated with ADT in a single arm, prospective
trial. A group-based, introductory session familiarized participants with various
exercises, consisting primarily of walking, stretching, and light RET. Resistance bands
and exercise balls were provided to participants to support adherence to the exercise
prescription of three to five times per week. Group-based “booster sessions” that
incorporated exercise and discussion, were held every two weeks to encourage social
support, adherence to the program, and measurement of compliance with the program
parameters. Results showed that 81% of participants attended at least five of the six
booster sessions, with post-test differences in volumes of strenuous and total physical

activity (p < 0.01), functional capacity (p < 0.01), resting heart rate (p = 0.03), BMI (p <
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0.01) and fatigue (p = 0.05). A subgroup (n = 18), which was followed for four months
post-intervention, revealed decreases in strenuous physical activity participation (p =
0.01) and global HRQOL (p = 0.04) compared to post-treatment results. The authors
noted that reductions in global HRQOL at the 4-month follow-up may be a result of a
failure to maintain intervention levels of physical activity, which echoed previous
findings suggesting that the benefits of exercise are sustained for only as long as the
routine exercise is maintained (31).

More recently, Culos-Reed et al (25) tested their intervention using a RCT design
over 16 weeks in 100 patients scheduled to receive ADT for at least six months.
Exercising participants demonstrated increased physical activity volume (p = 0.004), and
smaller waist circumference (p = 0.044) and neck girth (p = 0.019) compared to controls.
A significant difference between controls and exercisers was not observed for HRQOL,
depression, or fatigue. Participants attended 78% of the weekly booster sessions;
however, the drop-out rate over the 16 weeks was 34%. The authors reported that no
adverse events occurred in either of these trials. The results of the two studies by Culos-
Reed et al suggest that home-based physical activity interventions are safe, but require
strategies to minimize attrition. Moreover, the lack of effect on HRQOL outcomes and
some measures of physical fitness indicated that the intervention may have lacked
sufficient intensity and/or exercise prescription compliance required for physical
adaptation. The investigators are currently monitoring long-term adherence and benefits

in a study subgroup.
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A pilot study by Hansen et al (27) of supervised, progressive eccentric RET in
men with PCa was conducted to determine whether patients réceiving ADT had a blunted
response to RET versus PCa patients that are not receiving ADT. Sixteen men were
enrolled in this study; however, six participants withdrew (four from the ADT group)
leaving five in each of the two groups. All patients underwent radical prostatectomy for
primary treatment, except for one that elected active surveillance. Two participants also
underwent adjuvant radiation therapy after surgery, both in the ADT group. All
participants engaged in 12 weeks of high-force eccentric ergometer training on three days
per week'. Eccentric training was incorporated into this protocol likely because it allows
for a greater amount of force to be applied to the muscle group and produces the greatest
structural and functional muscle adaptation while incurring a low metabolic
(caloric/cardiovascular) cost when compared to conventional concentric training (150-
154). All participants completed the 36 sessions of training and there were no adverse
events associated with training. After the intervention, ADT patients showed improved
performance on the six-minute walk test (p = 0.01) and isometric knee strength (p<0.05).
And, although not statistically significant, these participants also demonstrated a
clinically important improvement in HRQOL (as measured by the Functional Assessment
of Cancer Therapy — Prostate; mean change of 8.2 points, p-value and 95% confidence
interval not reported). The non-ADT group improved in the physical subscale of the

HRQOL (p = 0.03) and left quadriceps muscle volume (p = 0.04). Significant within-

! Eccentric loading occurs when resistance is applied to a muscle while it is lengthening, and in this
particular case the resistance is applied to the quadriceps using a cycle-like device that loads or ‘pushes’ the
knee back causing the quadriceps to lengthen and the knee to flex.
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group improvements were not found for the timed-up and go test or fatigue (via the
Functional Assessment of Cancer Therapy — Fatigue); nor were there any between-group
differences. Limited by a small sample, non-controlled design, large attrition rate
(especially in the ADT group), and unmatched baseline characteristics between groups,
these findings must be interpreted cautiously. Yet it is important to underscore the
importance of RET, and particularly eccentric RET, as a training modality that appears to
be efficacious at maintaining functional capacity despite ADT. It is also worth noting
that the authors reported significant difficulty with recruitment, stating that attendance at
a university-based program was a contributing factor to non-participation. However, the
program adherence of those that did attend was 100%. The authors recommend using a
more convenient location for the program such as the individual’s home, to improve
program participation.

Galvao and colleagues (23) examined the effects of a 12-week combined AET +
RET intervention in a RCT of 57 patients receiving ADT. Treatment group participants
completed eight RET exercises at 6-12 RM (moderate to strenuous RET) for 2-4 sets per
exercise. The AET component consisted of 15-20 minutes of cycling, walking, or
jogging at 65-80% of maximum heart rate or 11-13 out of 20 on the Rating of Perceived
Exertion (Borg) Scale (155). Participants completed exercises in a facility-based,
supervised setting in small groups of one to five participants. Primary outcomes were
whole body and regional lean mass measured by dual energy x-ray absorptiometry
(DEXA). At the end of 12 weeks, the exercising participants demonstrated significantly

greater lean mass, muscle strength, and functional capacity than controls. Over the
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course of the trial, exercising participants also showed improved HRQOL scores and,
reduced fatigue, and reduced C-reactive protein, an inflammatory marker that is
associated with poor function, diabetes and obesity, mortality, and some cancers
including PCa (156-163). This was the first trial to demonstrate a reversal in muscle loss
in androgen suppressed PCa patients and demonstrated significant HRQOL, fatigue, and
muscle strength outcomes with a mixed-modality exercise intervention.

The most recent published exercise trial in ADT has been conducted by our
research team. We investigated differences in performance outcomes and HRQOL
associated with training in a one-on-one versus group setting with an exercise instructor
(26). In this pilot study, 10 men undergoing ADT for PCa were randomized to eight
weeks of group-based exercise or personal training for three one-hour sessions per week.
To examine the role of facility location on participation and adherence, sessions were
held on alternate weeks at either the University Health Network (downtown Toronto) or
the University of Guelph-Humber (suburban Toronto). Each session was mixed-modality
(i.e. AET + RET) at a moderate to vigorous intensity. The mean attendance rate for the
personal training and group exercise sessions was comparable (91% and 88%,
respectively; p = 0.645). Participants attended sessions at each site with a similar
frequency (94% to the hospital-based setting versus 83% to the university-based setting,
p = 0.582). From baseline to post-test, there were no statistically significant within- or
between-group differences in HRQOL (FACT-P) or fatigue (FACT-F); however, the
personal training group had a clinically important improvement in fatigue that trended

towards significance (p = 0.09). In terms of physical outcomes, the personal training
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group demonstrated improvements from baseline in resting systolic blood pressure (p =
0.033), body fat percentage (p = 0.001), and maximal lower body strength (p = 0.002).
Group comparisons indicated that the personal training group had greater lower body
strength improvements (p = 0.038), whereas the group-based exercise participants had
better upper body strength improvements (p = 0.013). There were no within or between
group differences for aerobic fitness, balance, BMD (as measured by quantitative
ultrasound), grip strength, or body composition. All participants declared that the
program was a positive experience that was beneficial to their HRQOL, whereas 60% of
the sample preferred to do personal training rather than group exercise. Although this
was the first study to compare delivery models of exercise for PCa survivors, it was
limited by sample size and lack of a long-term follow-up. Despite these limitations, the
pilot nature of this work was important to provide estimates of effect size that have been
used for subsequent research proposals to examine delivery modalities and cost-

effectiveness.

2.3 HRQOL and Prostate Cancer Survivors Undergoing ADT

Patients and healthcare practitioners must consider therapeutic options for life-
threatening medical conditions by weighing survival in terms both the number of years of
survival and the overall quality of life of those years. Consequently, HRQOL has
evolved to broadly encompass the general aspects of global wellbeing, including
psychological/emotional, social, functional and physical health (164). In the cancer-

specific model proposed by Courneya et al (165), HRQOL outcomes represent the state
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of happiness and satisfaction with life, that is affected by symptom occurrence,
interference, and distress. Courneya and colleagues further suggest that fatigue is the
root psychophysical contributor to overall HRQOL that pervades each aspect of symptom
‘status (i.e. occurrence, interference and distress). This perspective is corroborated by
research that indicates that fatigue is the most common and distressing adverse effect of
cancer treatment, affecting 70-90% of all cancer survivors (140). Cancer-related fatigue
can persist for several years after cancer treatment terminates, negatively impacting
HRQOL and interfering with activities of daily living (166). Therefore, strategies that
specifically address this fundamental aspect of HRQOL are sorely needed.

For men with PCa HRQOL is compromised from many angles despite knowledge
that current curative approaches to disease management confer a 90% 15-year survival
rate (2, 167). Common radical therapies, such as radiation and prostatectomy, are nearly
always associated with adverse effects, such as urinary and/or bowel incontinence (UI)
and sexual dysfunction (SD), that profoundly impair HRQOL (168-170). Irrespective of
primary treatment, ADT is indicated for approximately half of all men with PCa for
biochemical relapse or as a palliative approach when the cancer is diégnosed in the
extracapsular or metastatic stages (37, 38, 171). This is problematic for HRQOL because
ADT further compounds deleterious changes physical and psychosocial wellbeing by
diminishing physical fitness (including detrimental changes to body composition),
energy/vigor, sexual interest, and cognitive function (36, 48, 170). Moreover, ADT has
been correlated with increased incidence of diabetes and cardiovascular morbidity that

additionally exacerbate physical and psychosocial wellbeing (44-46). Accordingly,
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urologists and scientists have advocated broadening the metrics of therapeutic success
beyond simply disease-free survival to include overall HRQOL (2, 172-175).

Given that the PCa and treatment sequelae are unique and profound, measurement
of HRQOL in PCa is complex. These specific psychological and physical adverse effects
have yielded the development of PCa-specific HRQOL measurements, such as the
Functional Assessment of Cancer Therapy — Prostate (FACT-P) (176), the Patient-
Oriented Prostate Utility Scale (PORPUS) (177), and the Expanded Prostate Cancer
Index Composite (EPIC) (178), aimed at capturing the true essence of living with the
disease. The advantage of using a disease-specific measure is that, in addition to
providing insight on overall HRQOL, there is an assessment of distinct PCa outcomes;
such as, genitourinary symptoms, sexual interest/satisfaction, fatigue, and emotional
health. These measures are often able to distinguish between a distinct set of deficits in
the localized versus locally advanced/metastatic disease setting.

Across all cancer diagnoses, exercise has been an effective ameliorative therapy
positively influencing several psychosocial and physical adverse effects of cancer and
associated therapies. The roots of cancer-exercise literature are founded firmly in
psychosocial oncology with a vast majority of studies reporting on some component of
HRQOL. This emphasis stems from a coping model within cancer survivorship, as
exercise has traditionally been regarded as an adjuvant therapy to mitigate the effects of
the disease and/or its treatment (165). Ultimately, it appears that exercise can positively
influence global wellbeing and HRQOL via multiple pathways, providing benefits at the

molecular/biologic levels that improve disease management and treatment tolerance,
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while improving the negative impact of the disease on patients’ psychological wellbeing
(165). More recently, exercise intervention literature has approached cancer survivorship
with a quasi-curative, rather than simply palliative approach, as findings continue to
emerge that suggest exercise has anti-tumourigenic effects (114-117). Evidence of
disease control can further improve HRQOL by enhancing optimism and personal control
with respect to cancer (179). In aggregate, the body of literature in cancer and exercise
now represents a more comprehensive, or biopsychosocial approach, with benefits
described across all domains HRQOL. In response to the multilevel benefits of exercise,
it is prudent, and arguably essential, that exercise be examined in a biopsychosocial
context, using outcomes measures that reflect all physical wellbeing, psychosocial

wellbeing, and disease control markers.

2.3.1 The Effect of Exercise on HRQOL for Prostate Cancer Survivors Undergoing
ADT

The prevalence of ADT-related declines in HRQOL and the general benefits
ascribed to exercise make them virtually inseparable in the research. This is evidenced
by the fact that all but two (121) exercise studies have incorporated some measure of
general or PCa-specific HRQOL measurements. Unfortunately, the effects of exercise do
not appear universal across trials that appear to be related to intervention delivery
strategies despite heterogeneity in HRQOL measurement usage.

The most commonly used measure of HRQOL among ADT-treated PCa patients

is the FACT-P which has been employed in five of the 10 existing studies (21, 27, 28,
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120, 180). The first research in this population conducted by Segal et al (120) used the
FACT-P and found that scores were improved with RET compared to controls in all
sample stratifications (e.g. all participants, men treated with curative or palliative intent,
and men receiving ADT for greater than or less than one year; p = 0.001 to p = 0.02). In
Segal et al’s second RCT in PCa patients receiving radiation + ADT (21), significant
worsening was found in the PCa-specific symptoms subscale of the FACT-P from
baseline to 12 weeks in both the AET (mean A =-3.17, 95% CI: -4.98 to 1.37, p < 0.001)
and RET (mean A = -1.91, 95% CI: -3.79 to 0.02, p = 0.047) groups, as well as in the
usual care group (mean A= -4.17, 95% CI: -5.97 to 2.38, p < 0.001) although the usual
care controls experienced thé greatest reduction in HRQOL (mean A = -4.17, 95% CI: -
5.97 to -2.38, p < 0.001). Significant differences between groups were not found, nor did
any group sustain these changes to 24 weeks. With respect to generalized cancer-related
HRQOL (FACT-General component of FACT-P), RET was associated with a clinically
significant improvement in HRQOL from baseline to 24 weeks (mean A = 4.17, 95% CI:
-4.98 to 137, p < 0.001), as was AET, although this finding was only borderline
significant (mean A =235, 95% CI: -0.06 to 4.77, p = 0.055). Between-groups
comparisons found that RET imprbved cancer-specific HRQOL compared to usual care
at 12 and 24 weeks (p =0.017 and p = 0.015, respectively).

Likely inspired by Segal’s initial work in the field, several other research groups
have employed the FACT-P to assess HRQOL changes associated with exercise. Bourke
et al (28) found within-group improvements, and exercise versus control group

differences in total FACT-P scores that approached clinical significance but were
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underpowered to produce statistical significance (p = 0.21). Hansen et al (27) reported a
within-group improvement in the physical subscale of FACT-P for exercising PCa
patients not receiving ADT, but not in exercising patients who were receiving ADT.
Additional pre-post or between-group differences were not observed. In their single-arm
trial, Serda et al (180) found a clinically and statistically si.gniﬁcant improvements in total
FACT-P scores after 24-weeks of RET (mean A = 9.4, p = 0.003). In the most recent
trial, our group found the largest improvement in FACT-P scores over the course of an 8-
week personal training intervention but the small (underpowered) sample undermined
statistical significance (mean A = 12.3, SEM = 7.0, p = 0.136). In summary, the FACT-P
has demonstrated sensitivity to changes in cancer-specific, PCa-specific, and other
HRQOL elements in each study that has employed the measure. Interestingly, the FACT-
P has not been the primary outcome of a study and it has been used exclusively in
facility-based exercise trials and not home-based exercise studies. The FACT-P should
be considered among the most appropriate choices for exercise interventions given the
prevalence of usage in this field of study, and should be integrated in home-based
exercise trials in order to effectively compare the HRQOL benefits across intervention
delivery settings.

Beyond the FACT-P, PCa-specific HRQOL responses to exercise have also been
assessed using the PORPUS (26) and the EPIC (Expanded Prostate Cancer Index
Composite) (122). In our recent study (26), we observed an approximate clinically-
significant change in total PORPUS scores from baseline to 8 weeks for participants

engaging in group-based exercise, but this was not statistically significant (mean A = 7.9,
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SEM = 5.3, p = 0.374) (26). Culos-Reed et al (24) observed a marginally significant
improvement in hormone symptoms compared to controls after 16 weeks of home-based
exercise (122) as assessed by the EPIC.

Other studies have elected more general cancer-based HRQOL scales. Three
studies used the European Organization for the Research and Treatment of Cancer —
Quality of Life Questionnaire (EORTC-QLQ) to assess cancer specific HRQOL (23, 24,
122). Using the EORTC-QLQ, Galvao et al (23) found improvements in role function (p
< 0.001), cognition (p = 0.007), nausea (p = 0.025) and dyspnea (p = 0.017), but not
global HRQOL (95% CI: -4.3 to 12.2, p-value not reported) when mixed-modality
exercisers were compared to controls over 20 weeks of training. In Culos-Reed et al’s
(24) first study of PCa patients receiving ADT, the physical function role dimension of
the EORTC-QLQ improved (p = 0.03) but not global HRQOL (p = 0.13) with 12-weeks
of home-based exercise. However, global HRQOL declined four months post-
intervention (p = 0.04) which was concomitant with declines in strenuous physical
activity volume (p = 0.01). This is noteworthy because there was also a trend towards
significance for a relationship between general physical activity volume and global
HRQOL in the post-program period (» = 0.34, p < 0.1). In their second home-based
exercise study, an RCT, Culos-Reed et al (122) observed that exercisers and controls
were similar in EORTC-QLQ scores after the 16-week intervention period. They
addressed this unique finding through suggestions that the EORTC-QLQ lacked

sensitivity to detect changes in global HRQOL for PCa patients participating in an
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exercise program or that there was a potential ceiling effect of their sample due to the
relatively high baseline values of HRQOL.

Two studies used generic HRQOL measures to assess exercise-related changes in
men undergoing ADT for PCa. The Short Form — 36 Health Survey (SF-36) is designed
to capture changes in HRQOL across eight dimensions, including: physical functioning;
role limitations resulting from physical health problems; bodily pain; general health;
vitality (energy/fatigue); social functioning; role limitations resulting from emotional
problems; and mental health (psychological distress and psychological wellbeing) (181,
182). The SF-36 is frequently used in physical activity research across clinical
populations (e.g. (183-188)). Carmack-Taylor et al (30) found that the SF-36 or its
subscales remained unchanged from baseline following their lifestyle intervention that
incorporated 30-minutes of home-based physical activity on most days per week over 6
months. However, in a facility-based, mixed-modality exercise trial over 12 weeks,
Galvao et al (23) observed improvements in the SF-36 subscales of general health (p =
0.022); vitality (p = 0.019); and physical health composite scores (p = 0.02).

To summarize the effect of exercise on HRQOL in PCa patients undergoing ADT,
among the six facility-based trials that measured HRQOL, three studies (21, 23, 120)
demonstrated statistically significant improvements in HRQOL while two others (26, 28)
reported clinically significant improvements but lacked sample size to achieve statistical
significance. Only one facility-based trial found that exercise had no effect on HRQOL
for ADT patients (27). In contrast, the effects of exercise programming for ADT-patients

in the home-based setting has been less impressive; none of the three studies with
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HRQOL outcomes observed improvements in global HRQOL or in a majority of
subscales. In each of Culos-Reed et al’s trials only one subscale of HRQOL was
improved (24, 122). The stronger HRQOL benefits observed in facility-based trials,
compared to home-based trials, may be due to one or more of the following factors:
social interaction with peers and training staff, greater programmatic adherence through
motivation and external motivation (responsibility to training staff/partners/group),
enhanced physical fitness benefits via more intensive, more supervised training. Non-
intervention-related reasons for this discrepancy may be the different measures used in
the home-based and facility-based trials as the FACT-P and the EORTC-QLQ have
almost exclusively been used in the former and latter, respectively. Bourke et al (28)
utilized the FACT-P to assess the effect of a hybrid delivery model (i.e. combined facility
and home-based) of a lifestyle intervention on disease-specific HRQOL. Utilizing the
FACT-P in a strictly home-based intervention, as well as providing routine support from
training staff and peers, will provide the most appropriate comparison for HRQOL

benefits across delivery settings.

2.4 Fatigue and Prostate Cancer Survivors Undergoing ADT

As previously described, cancer-related fatigue appears to be an essential
component of the negative effects of PCa and ADT on HRQOL. Cancer-related fatigue
is a unique type of fatigue characterized as a ‘subjective feeling of tiredness, weakness or
lack of energy’ (189) that interferes with normal functioning and is not relieved by rest

or sleep (190). Fatigue’s profound effect on HRQOL forcing cancer patients to abandon
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their usual activities and social roles (191). A 59 year old stage IV PCa patient described
cancer fatigue as “a crushing, all-encompassing, incapacitating fatigue that is
indescribable other than to say that its completely draining” (192). Unfortunately,
cancer-related fatigue is the most prevalent adverse effect impacting nearly every cancer
patient (140). With an increase in the frequency of multi-modal, high-intensity cancer
treatment protocols, the burden of cancer-related fatigue continues to rise (193).

The experience of cancer-related fatigue spans the disease continuum, with
approximately 40% of people reporting abnormal fatigue at cancer diagnosis (193, 194)
and a continual burden for years after systemic treatment (195, 196). Specifically for
PCa patients, ADT worsens fatigue and is reported as being the most highly problematic
adverse effect associated with this treatment (48, 61). Stone et al (61) found that 66% of
ADT-treated patients reported an increase in fatigue severity after initiating therapy, with
14% reporting significant/severe fatigue. Joly et al (197) found that fatigue severity was
significantly worse in non-metastatic PCa patients compared to healthy, age-matched
controls. Herr et al (198) found that PCa patients that were receiving ADT had more
fatigue than patients not receiving therapy or that underwent localized treatment. Thus,
while it is clear that cancer and primary therapies are inherently associated with increased
fatigue, ADT patients are particularly vulnerable to experience significantly worse
fatigue. Management of fatigue in ADT is, therefore, of great importance given the
chronic nature of this treatment and HRQOL-compromising nature of this adverse effect.

Despite its prevalence and highly distressing nature, researchers have yet to

comprehensively describe the etiology of cancer-related fatigue, although it is generally
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accepted that cancer-related fatigue is a multi-factorial concept with biological and
psychosocial determinants (190, 199-201). This has ultimately hampered approaches to
an effective resolution. Potential causes of general cancer-related fatigue include: altered
metabolic  function, hormonal dysregulation/changes, chronic stress response
(sympathetic activation), general anxiety and/or depression, anemia, and disrupted sleep
patterns (190, 202). In addition to these, ADT patients may have worsened fatigue
directly related to the absence of testosterone as this hormone protects against fatigue in
healthy men (203) and, conversely, hormonal replacement therapy has been shown to
improve fatigue in females (204).

To date, pharmacological management strategies to address cancer and ADT-
related fatigue have provided limited benefit to patients. To address anemia-related
fatigue, exogenous erythropoiesis-stimulating drugs, such as erythropoietin and
darbopoietin, have demonstrated some efficacy at reducing fatigue, but the benefits are
only modest (205, 206). Exogenous erythropoiesis-stimulating drugs do not adequately
address the severity of overall and idiopathic cancer fatigue (207). Moreover, there are
concerns regarding increased risk of venous thromboembolism and mortality with these
drugs (208). Ritalin (methylphenidate), a mild central nervous system stimulant
commonly used in children with attention-deficit hyperactivity disorder, has shown some
promise in improving fatigue in melanoma patients undergoing interferon therapy. A
randomized, double-blind, placebo controlled trial at the Princess Margaret Hospital in

Toronto is currently investigating the effect of Ritalin in the management of fatigue in
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PCa patients undergoing ADT and should provide intriguing information regarding this
potential treatment (ClinicalTrials.gov identifier: NCT00593853).

Psychosocial interventions for cancer-related fatigue were reviewed in two meta-
analyses (209, 210). Jacobsen et al (209) included 18 trials that used psychological
interventions, such as cognitive, behavioural, or coping skills, and found a modest, but
statistically significant effect on cancer-related fatigue. The effect of relaxation-based
fatigue management strategies were assessed across 15 RCTs by Luebbert et al (210),
finding that relaxation was associated with significant benefits in numerous psychosocial
and physical symptoms, such as blood pressures, heart rate, nausea, pain, depression,
tension, anxiety, mood and hostility. Unfortunately, fatigue was not among the
symptoms that improved with relaxation. A limitation to the literature has been that few
studies have actually screened for severe fatigue, suggesting that the samples may not be
representative of those patients who are most affected (209).

The positive effects on mental and physical wellbeing that exercise produces have
made exercise a popular intervention for fatigue management among cancer researchers
and clinicians. A recent Cochrane review by Cramp and Daniel identified 22 studies that
assessed exercise interventions for the management of cancer-related fatigue in over 2000
cancer survivors during and after treatment (211). The results of the meta-analysis
demonstrated that exercise improved fatigue compared to usual care during and after
cancer treatment (211). It should be noted, however, that (1) the effect sizes were rather
modest (standardized mean difference during therapy = -0.18; 95% CI = -0.32 to -0.05;

standardized mean difference affer therapy = -0.37; 95% CI = -0.55 to -0.18), (2) a
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majority of the trials were among breast cancer patients (n = 16), and (3) few studies
assessed fatigue as a primary endpoint. Despite these limitations, major cancer
organizations have eagerly and enthusiastically endorsed exercise as an important

fatigue-combating lifestyle approach (193).

2.4.1 Exercise and Fatigue in Prostate Cancer Survivors Undergoing ADT

For PCa patients undergoing ADT, the effect of exercise on fatigue has been
mixed. This may, in part, be due to variability in the methodological quality of the studies
and differences in the measurement instruments used to assess fatigue. Although most
studies have been randomized trials (k = 7 out of 10), methodological quality has been
undermined by the use of small sample sizes; only 2 of the 10 studies assessing fatigue
powered their studies for this outcome measure (21, 120). In terms of fatigue
measurement, five studies used the FACT-F (21, 26-28, 120); two used the Fatigue
Severity Scale (24, 122), and one study used the Brief Fatigue Inventory (66). Two other
studies used a subscale of a general HRQOL measure to assess fatigue symptoms (23,
30). Similar to the effects of exercise on HRQOL in ADT-treated PCa patients, the
impact of exercise on fatigue in participants undergoing facility-based versus home-based
exercise programs has been equivocal.

In the four home-based, unsupervised exercise trials that assessed fatigue (24, 30,
66, 122), only one found that fatigue was significantly improved (24). In contrast, four of
the six facility-based trials noted statistically significant improvements in fatigue in

exercising participants (21, 23, 28, 120) and one study noted a clinically significant
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improvement with personal training (and not group-based exercise), but was
underpowered to detect statistical significance (26). This pattern of fatigue improvement
in facility-based trials compared to home-based trials is consistent in PCa patients who
were not undergoing ADT as Windsor et al (66) observed no change in fatigue symptoms
during their 4-week home-based exercise program while Monga et al (65) found a
reduction in fatigue after 8 weeks of supervised, facility-based AET.

The multi-factorial nature of fatigue challenges the exercise researcher to
determine the most effective pathway(s) towards ameliorating fatigue. On one hand, the
diverse facets of cancer-related fatigue provide multiple paths for exercise to exert a
beneficial influence. On the other hand, disentangling the effects of exercise on those
avenues is extremely difficult, and researchers generally resort to measuring the
aggregate effects of exercise on fatigue. Further, to this latter point, while the overall
experience of disabling fatigue is of utmost importance and should be the primary
objective, tailoring an exercise intervention to obtain the greatest effect is impossible
without determining which aspects of fatigue are best addressed by certain types of
exercise. The current state of literature on exercise for fatigue in ADT patients provides
preliminary clues as to which types of interventions improve fatigue, which appear to be
facility-based. The lack of success in reducing fatigue across home-based exercise
programé is currently unexplained and there is limited evidence to support the idea that
any specific modality of exercise (i.e. AET versus RET) has any distinct benefit on
fatigue. Only Segal et al (21) investigated modality-specific effects and found, in a

secondary analysis of men undergoing both radiation and ADT, fatigue was improved in
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the AET group compared to controls but this subanalysis was underpowered to detect a
statistically significant difference (fatigue measured by the FACT-F in n = 74, mean
between groups A = 3.3, 95% CI: -0.4 to 7.0, p = 0.082). This is in contrast to Segal et
al’s (120)earlier work showing that fatigue was less intense after RET than after standard
care (mean between groups A = 3.0, p = 0.002). In light of these discrepant findings and
inconsistency across delivery settings, examining AET compared to RET in the home-

based setting will add important insight to the question of exercise efficacy for fatigue.

2.5 Physical Fitness and Body Composition in Prostate Cancer Survivors
Undergoing ADT

Men undergoing ADT have immediate and profound changes to their body
composition and physical fitness related to suppression of testosterone which is reduces
muscle mass and bone mass while increasing fat mass (212). In healthy men with age-
related hypogonadism (i.e. lowered testosterone), androgen replacement therapy
increases muscle mass (213) but its effect on adiposity is unclear (213-215). ADT, on the
other hand, unequivocally worsens body composition and these effects occur shortly after
the onset of treatment and steadily progress over the course of ADT (216). Luteinizing
hormone-releasing hormone analogues (LHRHa) have been associated with significant
increases in total weight and fat mass and concomitant decreases in muscle mass and
bone mineral density in men with locally advanced or metastatic PCa (11, 49, 217-219).

In a single arm, prospective trial, Smith et al (11) examined the effect of a

standard regimen of a LHRHa (leuprolide 3-month depot 22.5 mg intramuscular every 12
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weeks for 48 weeks) on body composition outcomes using dual energy x-ray
absorptiometry (DEXA) and bioelectrical impedance analysis (BIA) in 32 men with
locally advanced (lymph node-positive or biochemical relapse), non-metastatic PCa. In
that study, clinical effectiveness of androgen ablation via LHRHa was demonstrated as
serum testosterone was reduced by 96.3% (p < 0.001), prostate-specific antigen (PSA)
decreased by 88.4% (p < 0.001), and sex-hormone binding globulin remained unchanged
over the 48-week period. Over this period, mean body mass index (BMI) and weight
each increased by 2.4% (p = 0.005) and body fat percentage increased by 9.4% (p <
0.001). The increased fat mass was primarily due to increases in subcutaneous fat
(increase of 11.1%, p = 0.003) rather than intra-abdominal (visceral) fat (no change from
baseline to post-test).  These changes in body composition were accompanied by
increases in serum total cholesterol (9.0%, p < 0.001), low-density lipoprotein (LDL)
cholesterol (7.3%, p < 0.001), and triglycerides (26.5%, p = 0.01) (interestingly, high-
density lipoprotein (HDL), the ‘good cholesterol’ also improved by 11.3%, p < 0.001).
In addition to these serum markers, fasting glucose and Hba . levels have been examined
which have shown to be increased in association with ADT (218, 220).

With respect to muscular fitness, ADT alters the androgen receptor complex
which compromises muscular development and consequently force production capacity
(221). Total body lean mass has been shown to be reduced by 2.0% to 2.7% over 36 to
52 weeks of ADT (10, 11, 49). ADT-related changes in muscle maintenance and
adaptation to training stimulus have been attributed to a decrease in the number of

androgen receptors on skeletal muscle, the neuromuscular junction via acetylcholine
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receptor desensitization as well as reductions in insulin like growth factor-1 (IGF-1)
(221). These physiological changes are directly related to the proportion of muscular
volume and capacity that routine tasks require and the subsequent recovery from
muscular exertion. ADT-related reductions in muscle mass are clinically significant
because they accelerate the rate at which elder men approach minimum functional
thresholds for independent living and HRQOL (221, 222).

Essentially, the clinical relevance of decreased muscle is reduced physical
strength. Basaria et al (223) found that upper body strength (but not lower body strength)
was reduced in men on ADT (average duration of ADT = 45 months) compared to age-
matched controls. Soyupek et al (224) compared 20 patients with locally advanced PCa
on ADT to healthy aged-matched controls and found that grip strength and hand dexterity
was worse in ADT users. Clay et al (53) found that compared to controls, men on
chronic ADT had significantly slower walking speed and lower extremity function, which
was worse in men on long term treatment (> 6 months of ADT). In a RCT of RET
compared to standard care controls, Segal et al (120) found significant reductions in
upper and lower body muscular endurance over the 12 week intervention period in the
control participants. These fitness declines may be more overtly manifested in reductions
in overall activity as Galvao et al (49) found a significant reduction in physical activity
volume over 36 weeks of ADT. However, not all studies have shown significant declines
in functional fitness. Stone et al (225) found that grip strength, a predictor of upper
extremity strength and mortality in older adults (61, 226), was unaffected after three

months of ADT. Potosky et al (227) observed no difference in limitations to daily
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activities in 661 PCa patients receiving ADT versus no PCa-treatment. Collectively,
these findings suggest that maximal physical capacity is likely reduced (as demonstrated
by consistent findings regarding decrements in fitness tests) whereas functional fitness
may be less impaired (as demonstrated by mixed findings regarding ability to adequately
complete daily tasks and grip strength measurements).

The effects on fitness are not limited to musculoskeletal parameters, but extended
to cardiorespiratory aspects of physical capacity. Reduced haemoglobin (Hb) ‘resulting
from ADT is widely established, and although the exact mechanisms lack definitive
description, anaemia likely results from inhibition of erythropoeisis through androgen
suppression (13). Strum and colleagues (8) reported that rapid declines in Hb in 133
patients as early as one month after the initiation of combined hormone blockade and
reaches nadir at six months with an average decline of 25.5 g/L in 133 patients. Chandler
et al (14) also reported average reductions in Hb of 10.1g/LL over 16 months in a
population of 69 ADT patients, with nadir reached at 4 months. The negative effect of
ADT on erythropoiesis is a plausible explanation given the recovery of Hb concentrations
among ADT patients when treatment is discontinued (along with recovery of testosterone
levels) or concurrent recombinant human erythropoietin administration (8, 13, 14).
Moreover, the anaemic state of cancer patients may also be attributed to reduced
erythrocyte production from bones at metastatic sites (vertebral bodies, pelvis, and long
bones) or iron deficiency from poor dietary intake (10, 11).

In men, circulating androgens and estrogens play fundamental roles in the

maintenance of BMD (228, 229). The effects of ADT on bone health have been widely
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examined with osteoporosis noted as a common adverse effect of treatment that often
motivates pharmacological intervention (9, 13, 15, 16, 42, 223, 230-239). In the most
definitive epidemiological study conducted to date, Shahinian et al (42) examined the
records of 50,613 PCa patients from the Surveillance, Epidemiology, and End Results
(SEER) database and found that men who survived for five years or more post-diagnosis
had a fracture risk of 19.4% if they received ADT versus 12.6% for men that did not
receive ADT. Moreover, fracture risk was associated with reduced survival in a
prospective cohort study of 195 men receiving ADT (235). Contributing to the fracture
risk is an increased risk of falls due to poor musculoskeletal and aerobic fitness (47, 240)
Another distressing adverse effect of ADT is gynecomastia, i.e. an enlargement of
the glandular tissue of the breast in men (241). For ADT patients, gynecomastia is
caused by an imbalance in the bioavailable androgens and estrogens, stimulating the
development of subareolar fat (241, 242). The early stages of gynecomastia are
characterized by proliferation of breast glandular ducts, epithelial hyperplasia, expansion
of the stroma, increased vascular tissue, and periductal edema (243). Qver approximately
one year, proliferation subsides and hyalinisation and fibrosis of the stroma occur which
are typically irreversible (243, 244). The incidence of ADT-related gynecomastia
depends on the therapeutic approach with patients undergoing non-steroidal anti-
androgens alone (such as bicalutamide, flutamide, or nilutamide) suffering the most with
incidence rates that range from 30 -79% (243). PCa patients treated with LHRHa
produce gynecomastia in approximately 1 to 13%, while surgical castration is related to

gynecomastia in 1 to 14% of patients (243). Complete androgen blockade, that is
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castration plus anti-androgen, is associated with a gynecomastia incidence of 13 to 22%
(243). Unfortunately, the assessment of ADT-related gynecomastia is complicated by the
occurrence of idiopathic gynecomastia that is prevalent in many older males (245).
Current treatment options for PCa treatment-related gynecomastia include radiation,
surgery, anti-oestrogens, and aromatase inhibitors (242, 243). To our knowledge,
exercise has never been examined for its effect on gynecomastia and the biological
plausibility of a reversal of chronic gynecomastia is unlikely. However, diet and exercise
have been recommended for the treatment of pseudogynecomastia (enlargement of breast
due to excessive adipose tissue and not glandular tissue (241)) for their combined general
effect on muscle and adipose tissue (246). Aesthetically, this may be sufficient to
appease men with PCa that are concerned with the appearance of overall excessive fat
mass in the breast area. A chest skinfold, taken midway between the axilla and nipple, is
utilized to measure subcutaneous fat in the breast region representing a relatively easy
approach to assess the effect of exercise on fat tissue in this problematic region.

These changes in body composition, metabolism, and muscular strength may
negatively affect HRQOL in several ways. First, body image dissatisfaction is commonly
reported, which can negatively affect self-esteem, self-confidence, and potentially cause
patients to refrain from social engagement (247, 248). Second, deterioration in physical
capacity can reduce recreational physical activity participation and leisure activity that
may have physical, mental, and social implications. Third, reductions in general physical
activity that have been reported (49) and are particularly important given the positive

relationship between obesity and sedentary behaviour and a number of chronic diseases,
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including cardiovascular disease, diabetes, hypertension, cerebral vascular accident,
osteoarthritis (249, 250). These are notwithstanding the direct association between ADT
and metabolic and cardiovascular disease as well as osteoporosis (44-46). The aggregate
effect of multi-morbidity further diminishes HRQOL (251). Collectively, the physical
adverse effects of ADT have profound, undesirable effects on a several aspects of overall
wellbeing (13, 198, 200, 223, 252). Exercise, because of its unparalleled benefit for
physical health, has been an obvious lifestyle intervention strategy to ameliorate and

reverse many of the physical changes associated with ADT.

2.5.1 The Effect of Exercise on Body Composition for Prostate Cancer Survivors
Undergoing ADT

All exercisé studies with PCa patients undergoing ADT (including concurrent
radiation therapy) have reported on body composition outcomes. This is expected in light
of the anthropometric adverse effects of the treatment and the anticipated clinical benefit
of exercise for body composition. Researchers have assessed muscle and adipose tissue
using numerous techniques, including: dual energy x-ray absorptiometry (DEXA) for
localized and total body lean and fat mass (21, 23, 121), DEXA for BMD and bone
mineral content (121), quantitative ultrasound for BMD (26), magnetic resonance
imaging for quadriceps thickness (27), body fat percentage via skinfold measurements
(triceps, biceps, subscapular, and iliac crest sites) (120), and waist circumference (24, 30,
120, 122). Despite the universal hypothesis that exercise would improve some facet of

body composition, the effects on body composition have been relatively modest
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irrespective of the modality of exercise prescription parameters. However, it is apparent
that exercise in the facility-based context provided more benefits for body composition
outcome. Among the four home-based exercise programs, no study demonstrated an
improvement in a body composition outcome. Culos-Reed et al (24) observed a slight
increase in weight (p = 0.08) and body mass index (BMI) (p = 0.02). In the second trial
in ADT patients by Culos-Reed et al (122) using the same home-based intervention in an
RCT, exercising participants did not show an improvement in any measurement of body
composition; however, neck girth (mean A = 0.71cm; p = 0.046) and waist circumference
(mean A = 2.06cm; p = 0.059) increased from baseline to 16-weeks in control
participants. These differences contributed to a Group x Time interaction effect for both
variables (p < 0.05). One study examined the effect of a 12-week intervention that
incorporated six weeks of primarily facility-based exercise followed by six weeks of
primarily home-based exercise, in conjunction with dietary guidance that also did not
provide body composition benefits (28).

Four out of seven facility-based exercise intervention studies that examined body
composition outcomes among ADT patients found an improvement in at least one
measure (21, 23, 26, 121). Of the four studies that demonstrated an improvement in body
composition, one was a pure RET program (121) while the rest were combined-modality
programs (21, 23, 26). In the one pure RET intervention, Galvao et al (121) found that
quadriceps muscle thickness increased by nearly 16% (SD = 12.1; p = 0.05).
~ Unfortunately none of the other 10 measures of body composition were altered, including

total body fat mass, BMD, lean mass or upper arm thickness. In contrast to their original
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trial, Galvao et al’s second study of combined AET and RET intervention versus usual
care controls found between-group differences for all of their measures of lean mass
(total body, upper limb, lower limb, and appendicular skeletal muscle; all p < 0.05) but
no difference in fat measures. In the subgroup of PCa patients undergoing radiation and
ADT, Segal et al found that RET, and not AET, reduced total body fat percentage
compared to controls (RET: - 2.79%, 95% CI= -4.71 to -0.87, p = 0.005; AET: -0.4%,
95% CI=-2.6 to 1.8, p = 0.726). Finally, we recently reported that personal training
improved waist circumference by approximately 2 cm (p < 0.1) and body fat percentage
by almost 8% (p < 0.05) after 8 weeks of mixed-modality training (26). We did not
observe, however, any improvements in weight, BMI, or BMD in either group-based
exercise or personal training participants.

The absence of meaningful benefit to body composition in home-based or partial
home-based exercise trials for PCa patients may be attributed to a lack of programmatic
intensity that failed to stimulate adaptation. In only two of these trials were exercise
prescription details reported, and interestingly, both of these trials also included dietary
recommendations or education but neither produced a change in body composition (28,
30). In both trials by Culos-Reed et al (24, 122), although home-based exercise
equipment was provided (resistance bands and an exercise ball), no specific intensity or
duration of the three to five recommended exercise sessions was described. Another
possible reason for poor fat and muscle response to the exercise intervention may be low
adherence to one or all dimensions of the exercise prescriptions (intensity, frequency, or

duration). To facilitate adherence, three studies investigated theory-based group exercise
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classes designed to enhance motivation and social support while addressing barriers to
exercise (24, 30, 122). However, only one home-based program provided actual
objective monitoring of physical .activity volume, providing their participants with
pedometers (30). Unfortunately, pedometers do not address the critical element of
intensity in an exercise program. A heart rate monitor would likely provide better
information regarding intensity because they often allow for the input of upper and lower
limits of exercise intensity with audible cues that can alert participants to stay within their
prescribed intensity range.

Further distinctions in the evidence regarding the effect of exercise on body
composition in this population are drawn between AET and RET. All three of the
facility-based programs that did not improve body composition were pure RET programs
(27, 120, 180). In the two other pure RET programs, one found significant improvements
in body fat percentage by almost 3% compared to controls (21) and the other found an
increase in quadriceps muscle thickness by ~16% (121). Across both of these trials, these
were the only two body composition outcomes that improved of the 13 that were
measured. Conversely, it appears that mixed-modality exercise has been most effective
at improving body composition, although the relative contribution of AET to
anthropometric changes has not been studied thoroughly. Only Segal et al (21) used a
pure AET intervention in ADT therapy patients undergoing concurrent radiotherapy and
found no difference between exercisers and controls. In theory, the metabolic cost of
AET should exceed that of RET given the prolonged continuous activity required.

Alternatively, RET should stimulate the muscular development to a greater extent than
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AET because of the adaptation to microtears of the muscle fibers that occurs. It appears
that a combination of AET and RET is most appropriate, however, the relative
contributions of each modality, particularly in the home-based setting are unclear. Thus,
further examination of modality specific training among ADT-only patients is warranted
to clarify the roles of these training approaches. This is especially important in the home-
based setting as chronic physical activity is required to maintain healthy body

composition.

2.5.2 The Effect of Exercise on Physical Performance for Prostate Cancer Survivors
Undergoing ADT

Compared to the effects of exercise on body composition, physical capacity has
been considerably more responsive to training in men with PCa treated with ADT. As
would be expected, all exercise studies in this population have assessed exercise or
functional capacity in some way as a measure of intervention efficacy. The most
common measure used to assess fitness has been the six-minute walk test, which was
used in four trials (24, 27, 30, 122) and is generally considered a reliable measure
functional capacity in older adults that correlates well with direct measures of maximal
oxygen consumption (225, 253, 254). In addition to the six-minute walk test, functional
capacity has been measured by the sit to stand test (23, 28, 121), six-meter walking test
(forward and backward) (23, 121), hand grip dynamometry (24, 122) and the timed-up
and go test (27). In addition to functional tests, more conventional performance-based

fitness tests have been employed, such as directly measured VO, peak (21, 26), isokinetic
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muscular strength (23, 26-28, 121), and upper and lower body muscular endurance by a
standard load test (21, 23, 120, 121).

Again, discordant effects have been observed in the home-based and facility-
based setting. Two of the four home-based studies assessing physical fitness have
produced statistically significant improvements in findings, but ‘have been relatively
minor and the clinical utility of such changes may be questioned. In a sample of ADT-
only patients, Culos-Reed et al (24) found an approximate seven meter increase in six-
minute walk test performance from baseline to 12 weeks, but this is far below even
conservative estimates of clinically important improvements (54 to 80 meters) (255).
Windsor et al (66), however, found that walking distance using the Modified Shuttle Test
improved by approximately 70 meters over four weeks of home-based AET. It should be
noted that more than 70% of participants in this trial were not undergoing ADT, but
rather, were receiving radiation therapy only and no stratified analysis was provided for
patients receiving concurrent therapy.

Facility-based exercise, on the other hand, has produced fitness benefits in all
studies with ADT patients, with many of the improvements having clinical relevance.
Segal et al (120) observed an approximate 20-40% improvement in upper and lower
extremity muscular endurance after 12 and 24 weeks of RET compared to controls in
men receiving ADT with and without external beam radiation (21, 120). In a small
sample of ADT patients (n = 10) undergoing 20 weeks of high-intensity RET, Galvao et
al (121) demonstrated between 40 and 96% improvements in muscle strength (chest

press, seated row, and leg press; p < 0.001) and between 115% and 167% in muscular
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endurance (chest press and leg press; p < 0.001). In their second trial that combined AET
and RET versus usual care controls over 12 weeks in a sample of n = 57, Galvao and
colleagues (23) reported comparable effect sizes for the exercising group which were
significantly greater than controls. Hansen et al (27) found an almost 20% improvement
in right leg isokinetic strength after 12 weeks of eccentric resistance training in ADT
patient . Finally, in terms of musculoskeletal fitness, we recently observed a 90% and
40% improvement in maximal leg strength in personal training and group-based exercise,
respectively.

The findings regarding the effect of exercise on aerobic fitness have been less
impressive across facility-based trials. In the two studies assessing cardiorespiratory
fitness using directly measured VO, peak, the measure remained unchanged following
mixed modality, AET, or RET interventions (21, 26). Functional measures of
cardiorespiratory function appeared to be only slightly more responsive to exercise
training. Galvao et al (121) observed modest improvements in timed walking
performance or chair-rise tests compared to controls after 12 weeks of mixed modality
training (400-meter walking time, mean between groups A = -7.0 seconds, 95% CI: -15.0
to 0.88, p = 0.08; chair rise test: mean between groups A = -1.0 seconds, 95% CI: -0.1 to
2.1, p = 0.074). Although, in Galvao’s 20-week pure RET single arm trial, more
substantial improvements in 400-meter walk test and chair rises were observed (400-
meter walking time, mean within groups A = -26.8%, SD: 7.1, p < 0.001; chair rise test:

mean with groups A =-7.4%, SD: 5.9, p=0.003) (121).
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Across trials that have investigated the effect of exercise on physical fitness
outcomes, the findings have been generally positive with more substantial benefits related
to facility-based, RET programs. However, pure AET programs have received minimal
investigation with one study in each of the facility-based and home-based settings using
this type of training approach. Moreover, in both of these trials, AET was investigated
among patients that were undergoing ADT and radiation therapy. Pure AET programs
have yet to be examined in an ADT-only population. This is significant because radiation
therapy is associated with significant fatigue and physical deconditioning independent of
ADT, and ADT tends to be a chronic treatment with long-lasting adverse effects that
would benefit from sustained exercise. Common AET prescriptions, such as walking, are
likely more amenable to sustained participation because they are familiar and easily
adaptable to training settings. In this respect, facility-based trials are not generalizable to
many sectors of the population that cannot afford to continue supervised training in a fee-
for-service institution and tertiary care hospitals are, at present, not able to sustain clinical
exercise programs. As such, a comparison of AET and RET, as well as an independent
evaluation of their pre-post intervention effects, is necessary in the home-based context
will provide important information about the clinical efficacy and long-term

sustainability of the two primary modalities of exercise training.

2.6 Fitness-related Biomarkers and their Role in Tumourigenesis in Prostate Cancer
The overt, physical manifestations of androgen suppression, physical fitness,

increased fat mass, and reduced muscle mass and bone density, result from a fundamental
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alteration of endocrine balance (42, 48, 49, 52). While distressing, more insidious are the
changes that contribute to a tumourigenic environment that may facilitate tumour
progression. The paradox of ADT, and other cancer therapies is that their anti-
proliferative effects are often eventually counterbalanced by increased risks of cellular
mutation of the original tumour, rendering it subsequently unresponsive to many
therapies and possibly resulting in the growth of secondary cancers (256-258). It is well
recognized that PCa in the presence of ADT eventually develops into a castrate-resistant
state (also termed androgen independent or hormone refractory), meaning tumour
proliferation resumes despite the low androgen environment (259). This advanced stage
of PCa is associated with significantly higher mortality despite intensive chemotherapy
(260). A hypothesis for hormone-refractory PCa is that the PCa phenotype is inherently
aggressive and maintains stem-cell properties that do not require androgens for survival
and growth (259). Therefore, alternative growth factors, or local adipokines, may figure
in the development or progression of PCa. Creating an anti-tumourigenic environment
through the limitation of alternative growth factors may have an important contribution to
disease control. Lifestyle interventions, such as diet and exercise, have shown to
favourably influence human biology and potentially reduce the risk of PCa
progression/recurrence, although the mechanisms remain elusive and not well understood

(261).
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2.6.1 Effect of Leptin and Adiponectin on Prostate Cancer

The effect of androgens on PCa development and progression is well documented.
It is less clear, however, how obesity and excess weight affect androgen levels and
subsequent PCa risk. Age-related declines in testosterone in addition to obesity-related
hypoandrogenemia (262) are potential reasons why a higher proportion of advanced PCa
is diagnosed in obese men. This is especially true when abdominal adiposity exceeds
healthy recommendations (263, 264). In this scenario, obesity-related hypoandrogenemia
provides an environment where aggressive and androgen-insensitive disease may flourish
while coincidentally reducing the incidence of low-grade, non-aggressive disease (264).
Beyond the effects of obesity on testosterone, there are direct mechanisms of cell-cycle
control via adipokines (cell signalling proteins originating in fat/ adipose tissue) notably
adiponectin and leptin. Adipokines have cell-cycle accelerating and arresting qualities
through autocrine and paracrine effects’. With respect to PCa, adipokines may exert a
paracrine effect on localized disease due to excess adipokine excretion from the
retropubic, periprostatic fat pad (265). The adipokines adiponectin and leptin, in
particular, work in mutually antagonistic ways, with leptin being pro-proliferative and
adiponectin being anti-proliferative. Therefore, the ideal anti-proliferative effect would
involve relative reductions in leptin and increases in adiponectin.

Leptin, first identified in 1994, is an adipokine predominantly secreted by white

adipose tissue (266). Leptin’s role is to regulate satiety and energy expenditure by

2 autocrine: a form of cell signalling where the cell secretes a chemical messenger, or hormone, that
influences its own subsequent activity; paracrine: a form of cell signalling where the cell secretes a
chemical messenger that influences other proximal cells.
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informing the brain of energy stores (i.e. fat) (267). The coding gene for leptin, known as
the ‘obesity gene’ or Ob gene, has been termed such because of its association with
human obesity (268). Given its relationship with obesity and its tumourigenic properties,
several studies have assessed the association between leptin and several cancers,
including PCa (269). In a review of thirteen epidemiological studies, Hsing et al (270)
reported inconclusive evidence linking leptin with PCa incidence. Nonetheless, leptin’s
effects on PCa cells in vitro have been shown to stimulate growth of androgen-dependent
and independent PCa cells (LNCaP versus DU145 and PC-3, respectively) (271-277).
Recent findings suggest that leptin-mediated cell cycle regulation is also linked to
alterations in p53 and BCI-2 expression (277), which may also have influences on cancer
recurrence following treatment.

Adiponectin has the highest serum concentration of all adipokines, accounting for
up to 0.05% of all plasma protein (278) and is inversely correlated with obesity and
several morbidities, including cardiovascular disease and diabetes (265, 278).
Adiponectin deficiencies have been associated with leukemia, and cancer of the breast,
liver, and prostate (279-286). Low adiponectin levels have also been correlated with
histological grade and stage of PCa (286). Adiponectin has been termed the “anti-cancer
adipokine” because of its demonstrated anti-proliferative effects on various cancer cells
(287). These protective benefits occur through many potential pathways that impact
carcinogenesis, proliferation, and angiogenesis (287, 288).

Dysregulation of leptin and/or adiponectin is related to obesity in humans and has

been implicated as a risk factor for PCa incidence and progression. ADT has consistently
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shown to increase body fat percentage and waist circumference, as well as increase risks
of diabetes mellitus (46). This is relevant because the core elements of metabolic
syndrome (associated with Type 2 diabetes) have also been shown to increase cancer
risks (289). Changes in total and regional adiposity may contribute to adverse
leptin/adiponectin ratios. Conversely, maintenance of a healthy weight and/or weight
loss may contribute to healthier levels of these hormones and subsequently improved PCa
prognosis. Healthy body composition may be achieved through lifestyle interventions
like exercise which has been shown to improve PCa survival (110), although with few

direct investigations of the potential biological, tumour control mechanisms (115-118).

2.6.1.1 Effect of Exercise on Adiponectin and Leptin with Reference to Cancer
Control

In the oncologic literature, there is a paucity of research on both the acute and
long-term effects of exercise intervention on adiponectin and leptin levels, despite the
aforementioned tumourigenic properties of various adipokines In a pre-post test study of
16 older, obese adults (without cancer) participating in a 12-week AET and stretching
program, O’Leary et al (69) demonstrated significant reductions in body weight and fat
mass, as well as leptin, but no change in adiponectin. Fatouros et al (70) examined the
impact of a 48-week RET program for elder men (N=50) that compared various
intensities (low, moderate, and high-intensity) of training. At post-test, the researchers
found that leptin was reduced in each intervention group (p<0.05) and adiponectin was

increased in the high intensity intervention group only (p<0.05). They additionally
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reported that changes in leptin were positively associated with changes in BMI and sum
of skinfolds. They also found that leptin was negatively associated with changes in VO2
max; a relationship first reported by Pasman et al (71) in a study of 15 obese males that
described exercise-related changes in leptin that were independent of changes in body fat.
Despite these promising results, the effects of exercise on an elder population of PCa
patients that is susceptible to deleterious changes in body composition that can affect

adiponectin/leptin ratios, have not yet been examined.

2.6.2 Effect of Insulin-Like Growth Factors on Prostate Cancer

Insulin-like growth factors (IGF) were discovered in 1957 and share similar
structural characteristics to insulin (290). Whereas insulin primarily acts on the liver,
muscle and fat, IGFs are produced by the liver under regulatory control of the
hypothalamus (via growth hormone-releasing hormone) and the pituitary gland (via
growth hormone) (290, 291). IGFs can be produced by most tissues in the body and cell-
cycle regulation (and hence proliferation, differentiation, and apoptosis) through
autocrine and paracrine mechanisms (292). IGFs are regulated by high-affinity binding
proteins (IGFBPs) that are regulated by dietary factors, whereas IGFBP concentrations
are lowest in the nutritionally satiated state versus highest in the fasting state (293, 294).
Of the 6 IGFBPs, IGFBP-3 is the most abundant pairing with nearly all of the circulating
IGFs (292, 295).

IGF increases cellular proliferation by increasing DNA synthesis and by

stimulating cyclin D1 (a key cell-cycle regulator that promotes transition from the G1 to
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S phase) (295). IGF also has anti-apoptotic qualities as it increases the expression of Bcl
and suppresses Bax (296) to mediate the activity of p53 (an apoptotic protein) (117). IGF
has also been shown to stimulate vascular endothelial growth factor (VEGF) in the
promotion of angiogenesis (297, 298). These ‘pro-growth’ qualities have implicated IGF
in a number of cancers, including PCa (97, 299-305). The risk of PCa relative to IGF
may be more than 4 times greater in those in the highest quartile compared to those in the
lowest quartile (305). Increased risk is also associated with decreased IGFBP-3
concentrations (306-309). Mechanistically, the IGF-axis may be linked to PCa through
lifestyle risk factors. Abdominal adiposity and hyperinsulinemia reduce sex-hormone
binding globulin (SHBG) which increases bioavailable testosterone and reduces IGFBPs
(71, 114, 119, 303, 310, 311). Furthermore, a diet high in fat is known to increase PCa
risk (104) and IGF-1 is positively associated with red meat and fat intake and negatively
associated with carbohydrate and protein intake (312-314).

As previously stated, ADT can negatively influence body composition in ways
that increase adiposity and is related to insulin insensitivity. These deleterious changes in
body composition and metabolism create an environment for the IGF-axis to favour
malignant growth. Impeding the typical transition into a state of, or approaching,
metabolic syndrome through lifestyle approaches such as exercise would be
advantageous in terms of reducing the bioavailability of these tumour promoting growth

factors.
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2.6.2.1 Effect of Exercise on the IGF Axis

Chronic physical activity has been associated with reduced levels of circulating
IGF-1 (300, 303, 315, 316). The effect of exercise on the IGF-axis is not well described
but generally considered to be intimately related to insulin and metabolism. Exercise
may reduce liver and muscle insulin-resistance and increase glucose uptake through
postreceptor insulin signalling (including the Glut-4 pathway), increasing glycogen
synthesis, increased metabolism of free fatty acids, elevated muscle glucose delivery
through greater capillary density, and changes in muscle composition that favour
increased glucose metabolism (317). As previously stated, insulin suppresses IGFBP
concentration (318, 319), therefore means to reduce insulin are protective against the
proliferative qualities of IGF-1. It is worth noting, however, that increases in IGF-1
following acute bouts of exercise have been observed and may be due to an acute
increase in pituitary activity and growth hormone secretion (320).

At present there is no interventional research that has examined the effect of
exercise on the IGF axis in men with PCa. A recent series of studies in older men
demonstrated that chronic (>14 years) and relatively acute (11 days) participation in an
exercise program combined with maintenance of a low-fat diet resulted in serum changes
in vivo that reduced the proliferation and increased the apoptosis of androgen dependent
PCa cell lines (LNCaP and LAPC-4) in vitro (113-116). In a follow-up study to this
series, Barnard et al (118) sought to determine the relative role of chronic exercise
(without dietary intervention), by culturing LNCaP cells in serum from elderly men

participating in a long-term fitness program only. They found that, irn vitro, tumour cell
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proliferation was reduced with concomitant increases in apoptosis when serum from the
exercising men was compared to serum from obese, sedentary men. To determine the
relative role of IGF in this experiment, they strategically blocked IGF using tryphostin in
the serum from sedentary men and observed that the anti-proliferation and enhanced
apoptosis effects were comparable to those seen in the exercise serum (indicating that
IGF was likely driving the proliferative and anti-apoptotic characteristics of serum from
less healthy men). This suggested that the chronic exercise effects on the IGF-axis might
be similar to the administration of known IGF-1 inhibitors and likely due to changes in
apoptotic and anti-apoptotic proteins (p53, p21, and Bcl-2). It is worth re-emphasizing
that these studies have only been conducted with serum healthy men and measurement
of IGF-1 concentrations in vivo have not been conducted in a PCa population undergoing
exercise.

Only one RCT within a cancer population has investigated the effects of an acute
exercise intervention on the IGF axis. Fairey et al (321) demonstrated reduced IGF-1 (p
= 0.045), increased IGFBP-3 (p = 0.021), and decreased molar ratio of IGF-1:IGFBP-3 (p
= 0.017), all anti-proliferative changes, in a population of post-menopausal breast cancer
patients undergoing 15 weeks of AET compared to controls. Other intervention-based
studies in healthy, older adults have yielded inconsistent results regarding the impact of
exercise on the IGF-axis (322-329). When juxtaposed to the rather convincing literature
regarding chronic exercise and IGF, whether or not IGF axis is responsive to short
duration interventions remains unknown. Furthermore, what exactly constitutes a ‘short-

duration’ is also difficult to discern from existing literature. Intervention-based research
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that serially collects IGF-axis proteins over an extended period (>15 weeks) is needed to
assess when the IGF-axis is responsive to changes in physiology associated with exercise
and whether or not exercise modalities that have distinct metabolic benefits have
differing influence on these biomarker concentrations. Ultimately, the essential objective
in this strategy is to reduce IGF-1 and increase IGFBP-3 as quickly as possible and to

maintain these changes as long as possible.

2.7 Determinants of Exercise Adherence

Research concerning the psychosocial determinants of physical activity in cancer
survivors is essential because exercise benefits are rapidly lost when exercise is
discontinued (24, 330). Thus, adherence is essential during the intervention to achieve
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