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ABSTRACT
Background: Prostate cancer treatments often lead to side effects including sexual and urinary
dysfunction as well as fatigue and poor quality of life. As a means of avoiding these side effects,
active surveillance has been introduced as a strategy to manage men with low- to moderate-grade
prostate cancer. In active surveillance, treatments are delayed until the prostate cancer becomes
clinically significant. Despite the advantages of active surveillance, many men still require
radical treatments eventually, have a higher risk of metastasis, and experience psychosocial
distress. Interventions that slow the progression of the disease, manage anxiety and fear of cancer
progression, and better prepare men for impending radical treatments would be highly beneficial.
Exercise delays the progression of prostate tumours in animal models through alterations in
immune function; however, these findings have not been confirmed in men with prostate cancer.
Moreover, exercise improves quality of life in prostate cancer patients during and after radical
treatments but no study to date has focused on men with prostate cancer on active surveillance or
examined fear of cancer progression. Finally, exercise may serve as a prehabilitation strategy in
the oncology setting but no study to date has examined fitness outcomes that may be associated
with posttreatment recovery in men with prostate cancer on active surveillance.
Purpose: The primary purpose of this dissertation was to examine the effects of exercise on
cardiopulmonary fitness as a surrogate marker of prostate cancer outcomes, patient-reported
outcomes, and posttreatment complications in prostate cancer patients on active surveillance.
Secondary aims were to examine the impacts of the intervention on cancer-related biomarkers,
physical fitness, and psychosocial outcomes.
Methods: This study was a phase Il randomized controlled trial in 52 men with localized

prostate cancer undergoing active surveillance. Participants were randomly allocated to either

il



high-intensity aerobic interval exercise (HIIT, n=26) or usual care (UC, n=26). The primary
outcome was cardiopulmonary fitness. Secondary outcomes included cancer-related biomarkers,
patient-reported psychosocial outcomes and cancer-related symptoms, and physical and
functional fitness.

Results: Participants were recruited from July 2018 to February 2020. Overall, 361 men with
PCa undergoing AS were screened, 176 (51%) were eligible, and 52 (30%) were randomized
with 26 participants per group. There were two dropouts from the HIIT group (unwillingness;
medical issue) and one from the UC group (no contact). A total of 46 participants (88%)
completed the postintervention VOzpeak assessment and 49 (94%) completed the postintervention
functional fitness assessment and blood draw. The primary outcome of VOzpeak significantly
improved in the HIIT group compared to the UC group (adjusted between-group mean
difference, 1.6 ml-kg™!-min!; 95% confidence interval [CI], 0.3 to 2.9; p=0.014). HIIT also
exerted a significant reduction in PSA levels (adjusted between-group mean difference, -1.1
ug/L; 95% CI, -2.1 to 0.0; p=0.043) and PSA velocity (adjusted between-group mean difference,
-1.3 ug-L-1-year-1; 95% CI, -2.5 to -0.1; p=0.040). There were significant improvements in
cardiometabolic and inflammatory markers including total cholesterol (»p=0.011), non-HDL-C
(p=0.006), IL-1pB (p=0.006), IL-4 (p=0.017), and IL-12p70 (p=0.009) and psychological
outcomes including prostate cancer-specific anxiety (p=0.024) and fear of cancer progression
(p=0.013), hormonal symptoms (p=0.005), perceived stress (p=0.037), fatigue (p=0.029), and
self-esteem (p=0.007).

Conclusions: HIIT improved cardiopulmonary fitness, biochemical progression of prostate
cancer, systemic lipid and inflammatory markers, and prostate cancer-specific anxiety. These

findings suggest clinical benefits of HIIT in active surveillance setting such as delaying radical
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treatment through suppressing prostate cancer progression and addressing fear of cancer
progression. Also, the improvement of cardiopulmonary fitness may prepare these men for
possible radical treatment. Larger phase II/III trials are warranted to confirm the longer-term

clinical benefits of exercise in the active surveillance setting.
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CHAPTER 1 - INTRODUCTION



1.1 Prostate Cancer

Prostate cancer (PCa) is the most common cancer in Canadian men, accounting for
20.3% of all estimated new cancer cases (approximately 22,900 cases) in 2019 and the lifetime
probability of developing PCa is 11.3% [1]. Although the incidence rate of PCa has been
increasing over the past decades due to the introduction of prostate-specific antigen (PSA) a as a
means of PCa early detection, the 10-year overall survival rate for PCa is as high of 90-95% [1,
2]. Patients who have an early-staged PCa do not often show noticeable signs or symptoms, but
when the prostate tumour is in advanced stages, patients may report several symptoms including
frequent urination, difficulty in starting or stopping urinating, blood in urine, and sexual
dysfunction [3]. Most PCa patients often undergo conventional treatments including radical
prostatectomy, external beam radiation therapy, brachytherapy, and androgen deprivation
therapy [4]. However, these treatments can cause side effects such as physical, sexual, and
urinary dysfunctions as well as fatigue and poor quality of life [5].

In recent years, a clinical practice, “active surveillance (AS)”, has been introduced in
low- or intermediate-risk PCa patients [6]. Under AS, PCa patients are not receiving any
immediate treatment but closely monitored using repeated prostate biopsies, digital rectal exams,
and/or serum PSA concentrations to determine whether there are any signs of tumour
progression [7]. AS allows early-stage PCa patients to avoid radical treatments/side effects and
reduce potential risks of tumour spreading during surgery, as well as to maintain quality of life
[8] without compromising survival benefits of radical treatments [9]. Due to these advantages,
the number of PCa patients who choose AS as the primary strategy for their PCa management
has been substantially increasing from approximately 15% in 2010 to 45% in 2015 [10].

Moreover, AS offers substantial medical cost saving over radical treatments up to approximately



$8,000 per patient [11-13]. For the detailed review of the conventional treatment options and AS
for early-stage PCa, please see Appendix A.

However, despite the advantages of PCa, many PCa patients will still eventually progress
to traditional radical treatments. Approximately 30% of men on AS will have radical treatment
within three years and 55% within 10 years [9]. Moreover, the risk of metastasis or disease
progression is higher in PCa patients who were on AS compared to those who had undergone
radical treatments [9]. Furthermore, it has been reported that PCa patients on AS experience
psychological distress such as anxiety and fear of cancer progression, which is an understandable
and legitimate concern based on the fact that they have an existing yet untreated tumour
possessing a possibility of progressing [14]. Such psychological distress (i.e., fear and anxiety of
possible cancer progression) is significantly associated with poor quality of life [15] and may
even prompt these men and their doctors to opt for radical treatments as a way of managing
anxiety [16]. Unfortunately, most clinical practices do not provide PCa patients on AS with any
formal behavioural guidance or intervention that may help slow tumour progression, improve
quality of life, and prepare for impending radical treatments. Interventions during AS to address

this unmet clinical need would be highly beneficial.

1.2 Lifestyle Interventions During Active Surveillance

One promising line of inquiry is examining the potential role of lifestyle interventions in
men with PCa on AS. For example, one study investigated the effects of a year-long intensive
lifestyle program (i.e., diet, moderate-intensity aerobic exercise, stress management, and group
support session) on PCa progression and health-related quality of life in PCa patients on AS [17].

A few other clinical trials in PCa on AS also employed lifestyle interventions such as a combined



whole-grain diet and vigorous exercise program [ 18] or a weight loss program using diet and
physical activity [19]. In brief, these small number of lifestyle interventions have shown the
beneficial effects on quality of life and psychological distress management [20, 21] as well as
clinical outcomes such as a reduction in PSA levels [21-23], LNCaP PCa cell growth [22], and
clinical events [24]. For a detailed summary of the lifestyle intervention trials in PCa patients on
AS, please see Appendix B. As might be expected, however, these early preliminary studies
have substantial limitations including few randomized controlled trials, small sample sizes,
unsupervised exercise interventions, and the testing of packaged lifestyle interventions that do

not allow the disentangling of the key active components of the intervention.

1.3 Exercise in Prostate Cancer Patients

Exercise is a key lifestyle intervention that may have independent benefits in PCa
patients on AS. A body of evidence from meta-analyses [25-27] have demonstrated the positive
impacts of exercise in PCa patients on health-related fitness [28-31], physical functioning [29-
35], body composition [29-32, 35], fatigue [30-32, 34], and quality of life [30-32, 34, 36].
Moreover, observational studies have reported an association between an increased level of
physical activity and a reduced PCa risk [37-42] and progression/mortality [43-47]. For a
detailed summary of the effects of exercise in PCa patients and the relationship between physical
activity and PCa, please see Appendix C. Furthermore, exercise has been shown to improve
physical fitness, decrease hospital stay/readmissions, and facilitate recovery from surgical
treatment as a means of “prehabilitation” in other cancer patient groups [48, 49]. Finally, a
number of preclinical experiments have examined the biological links between exercise and the

tumour itself [50], where exercise inhibits prostate tumour growth through various bio-



physiological mechanisms [51, 52]. However, most exercise clinical trials in PCa patients have
focused on the effects of resistance or combined aerobic and resistance exercise during PCa
hormonal therapy (i.e., androgen deprivation therapy) and a few studies conducted in post-
surgical settings [25, 26]. To date, only one clinical trial showed the feasibility and acceptability
and preliminary efficacy of exercise during AS [53], and one ongoing trial is examining the
effects of a 3-year long aerobic and resistance exercise program on the need for invasive
treatment [54].

In terms of maximizing these potential benefits of exercise in AS patients, a body of
evidence supports that higher-intensity exercise programs often produce greater health benefits
compared to moderate-intensity continuous training [55, 56]. High-intensity interval training
(HIIT) aerobic exercise is a type of high-intensity exercise, alternating short periods of intense
exercise and active recovery. HIIT has been shown to induce better clinical outcomes such as
cardiopulmonary fitness and cardiovascular disease (CVD) risk factors in patients with heart
disease, compared to traditional moderate-intensity exercise [56-59]. Moreover, HIIT was not
only feasible and safe in several types of cancer patients but also beneficial in improving
physical fitness and mental health [60-63]. Finally, given that higher-intensity exercise may be
required to induce a sufficient increase in natural killer (NK) cell infiltration to kill tumour cells
(up to 60% in animal models), it is plausible that HIIT may be a powerful intervention that can

boost cancer surveillance and therefore tumour suppression in AS patients [64, 65].

1.4 Rationale and Objectives
Taken together, current evidence supports that PCa patients undergoing AS are in a

“window of opportunity”, where they would benefit from exercise that can suppress tumour



progression and reduce physical and mental side effects from cancer and its treatments.
Furthermore, newly diagnosed cancer patients can benefit from optimizing their health before
starting acute treatments [49], which provides opportunities to use a prehabilitation exercise
intervention in AS patients to facilitate recovery from potential radical treatment [48, 49, 66].

Exercise has been shown to delay the progression of prostate tumours in animal models
[51]; however, these findings have not been confirmed in men with PCa. Moreover, exercise has
been shown to improve physical fitness, physical functioning, body composition, fatigue, and
quality of life during and after radical PCa treatments [67], but no study has focused on the AS
setting or examined “fear of cancer progression” - the psychological construct most likely to
result in unnecessary medical intervention. Furthermore, exercise may help prepare PCa patients
for radical treatments (i.e., prehabilitation) [49] but current studies are only preliminary and none
have focused on PCa patients on AS.

Therefore, the overarching objective of this dissertation was to investigate the effects of
exercise on cardiopulmonary and functional fitness, biochemical progression of PCa, cancer-
related biomarkers, and patient-reported outcomes in PCa patients on AS. I hypothesized that,
compared to UC, a 12-week aerobic HIIT program would improve cardiopulmonary fitness,
functional fitness, biochemical progression of PCa, cancer-related biomarkers, and patient-

reported outcomes in PCa patients undergoing AS.

1.5 Overview of the Dissertation
The dissertation is comprised of four papers and discussion. Chapter 2 (paper 1)
described the detailed rationale of the Exercise During Active Surveillance for Prostate Cancer

(ERASE) Trial, the proposed theoretical model, and the protocol of the study. Chapter 3 (paper



2) reports the primary findings from the ERASE Trial focusing on the effects of high-intensity
interval training on cardiopulmonary fitness and biochemical progression of PCa. Chapter 4
(paper 3) reports the effects of HIIT on cardiometabolic and inflammatory biomarkers from the
ERASE Trial. Chapter S (paper 4) reports the effects of HIIT on patient-reported outcomes
including fear of cancer progression and anxiety from the ERASE Trial. Lastly, Chapter 6
integrates the above four chapters (Chapter 2 to 5) and discusses the overall findings of the
ERASE Trial, strengths and limitations, future research directions, practical implications, and

final conclusions.
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CHAPTER 2 - PAPER 1 (Rationale and Protocol)

Exercise duRing Active Surveillance for prostatE cancer: the ERASE trial

- A study protocol of a phase Il randomized controlled trial

A version of this chapter has been published.
Kang, D.W., Boul¢, N.G., Fairey, A.S., Field, C.J., & Courneya, K.S. (2019). Exercise during
active surveillance for prostate cancer - the ERASE trial: a study protocol for a phase II

randomized controlled trial. BMJ Open. 9:¢026438.
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2.1 Abstract

Background: Active surveillance (AS) is the preferred primary treatment strategy for men with
low-risk clinically localised prostate cancer (PCa); however, the majority of these men still
receive radical treatment within 10 years due to disease progression and/or fear of cancer
progression. Interventions designed to suppress tumour growth, mitigate fear of cancer
progression and precondition men for impending radical treatments are an unmet clinical need.
Exercise has been shown to delay the progression of prostate tumours in animal models, improve
physical and functional health and manage psychological outcomes in cancer patients; however,

these outcomes have not been demonstrated in PCa patients undergoing AS.

Methods: This phase II randomised controlled trial will randomise 66 men undergoing AS to
either an exercise group or a usual care group. The exercise group will perform a 12-week,
supervised, high-intensity interval training programme, consisting of 3 sessions/week for 28—

40 min/session. The primary outcome will be cardiorespiratory fitness. Secondary outcomes will
include immunosurveillance and cancer-related biomarkers, psychosocial outcomes including
fear of cancer progression and quality of life and physical function. Exploratory outcomes will
include clinical indicators of disease progression. The trial has 80% power to detect a significant
between-group difference in VOzpeak of 3.5 mL/kg/min with a two-tailed alpha level <0.05 and a

10% dropout rate.

Discussion: This study will be the first randomized controlled trial to test a high-intensity
interval training intervention in men with prostate cancer undergoing active surveillance.
Strengths and limitations of this study include: (1) the intervention is fully supervised and
designed to maximize improvements in aerobic fitness and biological outcomes; (2) this study

will examine important intermediate outcomes including biomarkers relating to cancer
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surveillance and tumour growth, and fear of cancer progression; (3) this study is not powered to
examine the key clinical outcomes of progression to radical treatment and posttreatment
complications; and (4) the intervention is only 12 weeks long and there is a usual care cross-over

that will confound longer term comparisons.
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2.2 Introduction

Conventionally, prostate cancer (PCa) is treated immediately by radical prostatectomy,
radiation therapy and/or hormonal therapy [1]. These treatments improve overall survival;
however, they are expensive and cause side-effects such as sexual and urinary dysfunction,
fatigue, loss of lean body mass, muscle weakness and reduced quality of life [2-4]. Active
surveillance (AS) has emerged as an alternative clinical practice that is offered to men with low-
to-favourable intermediate risk of PCa [5]. In AS, men with PCa do not receive any immediate
radical treatments but are closely monitored for any signs of tumour progression. The obvious
advantage of AS is that it allows early-stage PCa patients to avoid treatment-related side-effects
without compromising their PCa-specific and overall survival [3, 6]. Moreover, there is

substantial cost saving over radical treatments [7-10].

Unfortunately, many men with PCa on AS eventually experience disease progression and
require radical treatments. Approximately 30% of men on AS receive radical treatments within
3 years and about 55% within 10 years [6]. Moreover, even without an objective progression of
their disease, many AS patients experience anxiety and fear of cancer progression based on
having an untreated tumour with a chance of progression [11, 12]. Fear of cancer progression
and uncertainty of illness are associated with a poor quality of life [13], which may prompt these
men and their doctors to opt for radical treatments as a way of managing the fear and anxiety

[14-17].

Evidence shows that exercise may be beneficial to men with PCa on AS in three potential
pathways proposed in our model (Figure 2-1). First, exercise that is sufficient to improve
cardiorespiratory fitness may be linked to slower PCa progression [18]. Several possible

biological mechanisms have been studied in animal [19-21], and human [22], models, including
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improved immune activity through aerobic exercise which may play a critical role [23]; however,
these findings have not been confirmed in men with PCa. Second, exercise has been shown to
improve health-related fitness [24-27], treatment-related side-effects [24, 26], physical
functioning [25-30], body composition [25-28], fatigue [26-28, 30], and quality of life [26-28,
30, 31], during and after radical PCa treatments, but few studies to date have focused on the AS
setting or examined fear of cancer progression. Last, given the eventuality of receiving radical
treatment for many PCa patients on AS [6], exercise may help these men improve overall
physical condition/function prior to impending radical treatments (ie, prehabilitation) [32], which
may reduce anticipated treatment-related side-effects. However, current studies are only
preliminary and few have focused on PCa patients on AS. Therefore, we hypothesised that
exercise may be a cost-effective intervention that will provide clinical benefits to men with PCa

undergoing AS.

The primary objective of the Exercise duRing Active Surveillance for prostatE cancer
(ERASE) Trial is to examine the effects of exercise on cardiorespiratory fitness in PCa patients
undergoing AS. The secondary objectives are to examine the effects of exercise on: (1)
biological markers linked to immune surveillance and PCa, as well as tumour-related metabolic
and proinflammatory biomarkers, (2) patient-reported outcomes including fear of cancer
progression, anxiety and quality of life and (3) health-related fitness outcomes including physical
function and body composition. The exploratory objectives are to examine the effects of exercise
on clinical indicators of cancer progression including progression to radical treatments. In this
paper, the detailed study design and protocol of the ERASE trial are described based on the

Standard Protocol Items for Randomised Trials (SPIRIT) guideline.
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2.3 Methods

Study design

The ERASE trial will be a prospective, single centre, two-armed, phase II randomised
controlled trial at the University of Alberta and the Northern Alberta Urology Centre (NAUC) in
Edmonton, Alberta, Canada. The proposed study activities and assessments by timepoints based
on the SPIRIT guideline are presented in Table 2-1, and the proposed study participant flow

diagram throughout the study is shown in Figure 2-2.

Study population

Men will be eligible if they are: (1) >18 years old, (2) diagnosed with very low, low or
favourable intermediate grade localised PCa defined by the 2017 National Comprehensive
Cancer Network (NCCN) Guidelines for PCa [33], (3) undergoing AS as the primary treatment
option with no plans for radical treatment at the time of recruitment, (4) medically cleared to
participate in the study as determined by their treating urologist and a certified clinical exercise
physiologist using the Physical Activity Readiness Questionnaire [34], (5) able to complete the
assessment for the primary outcome of the study (ie, maximal aerobic exercise testing) at
baseline, (6) free of uncontrolled medical conditions that could be exacerbated with exercise, (7)
not participating in any structured high-intensity exercise defined as 0 min of vigorous intensity
exercise during a typical week in the past month measured by the modified Godin Leisure-Time
Exercise Questionnaire (GLTEQ) [35], and (8) willing to perform all required study assessments
and interventions and be randomised to either a 12-week supervised exercise training programme

at the University of Alberta or continue with their usual activity for 12 weeks.

Recruitment
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Recruitment will be conducted through the NAUC at the Kaye Edmonton Clinic,
Edmonton, Canada. Patients will be screened for eligibility through the NAUC medical record
and eligible patients will be briefly informed about the study by their physicians during their
checkup visits. All interested patients will receive a detailed explanation of the study from the
study coordinators and be further screened for current physical activity readiness and
participation level for eligibility. Those patients who are eligible and agree to participate will be

asked to provide written informed consent for study participation and blood banking.

Randomisation and blinding

Participants will be randomly assigned to either the exercise group or the usual care
group in a 1:1 ratio on completion of baseline assessment. The allocation sequence will be
produced by computer-generated block randomisation numbers and concealed from study staff
involved in recruitment and baseline assessment. Due to the nature of the exercise intervention, it
is not possible to blind participants or interventionists to group allocation. Outcome assessors
will not always be blinded to group allocation for the physical fitness and body composition
outcomes due to logistical issues, but they will be trained in standardised testing procedures.

Outcome assessors for other secondary and exploratory outcomes will be blinded.

Interventions

Exercise group

Patients randomised to the exercise group will be asked to complete a 12-week,
supervised high-intensity interval training (HIIT) programme (Table 2-2; Figure 2-3). The
exercise will consist of alternating vigorous and low-intensity intervals performed on a treadmill.

Exercise frequency will be 3 times per week and the duration of each session will progress from
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28 to 40 min. The intensity of the exercise will be modified by changing the treadmill speed
and/or grade prescribed at specific workloads corresponding to 85%—-95% of peak oxygen
consumption (VOzpeax) measured at baseline. The exercise programme consists of: (1) ‘warm-up’
for 5 min at a workload corresponding to 60% of VOazpeax, (2) ‘high-intensity’ phase for 2 min at
a gradually increasing workload corresponding to 85%—-95% of VOzpeak (i€, 85% in the 1st—4th
week, 90% in the 5th—8th week and 95% in the 9th—12th week), (3) ‘recovery’ phase for 2 min at
a workload corresponding to 40% of VOazpeax, (4) repeated sets of ‘high-intensity’ and ‘recovery’
phases (ie, increasing from 5 to 8 sets in the 1st—4th week for initial training adaptation and 8
sets in the 5th—12th week), and (5) ‘cool-down’ for 5 min at a workload corresponding to 30% of
VOzpeax). Stretching for lower body muscles (eg, quadriceps, hamstrings and calves) will be
followed after each exercise session for 5 min. For the purpose of monitoring exercise intensity
and safety, heart rates (HRs) will continuously be monitored throughout each session using a HR
monitor (Polar T31; Woodbudy, NY, USA). Over the 12-week intervention period, exercise
adherence to the prescribed exercise programme will be monitored and recorded based on
attendance at the scheduled exercise sessions, and completion of the prescribed intensity,
duration and number of intervals during each exercise session. Strategies to maximise adherence
will include appointment-based sessions, flexible scheduling, individualised exercise
programme, supervision by certified clinical exercise physiologists, free parking and use of the
Behavioural Medicine Fitness Centre which is available only to cancer patients participating in
the clinical exercise trials. Any missed sessions will trigger a telephone call with a rescheduling

of the exercise session as soon as possible.

Usual care group
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Currently, the standard AS care at our site does not include any formal exercise
programme or advice. Consequently, participants in the usual care group will be asked not to
change their exercise levels from baseline during the 12-week study period. After the
postintervention assessments at 12 weeks, patients in the usual care group will be offered a 4-
week HIIT programme at our facility and/or referred to a 12-week community-based program

[36].

Outcome measurements

All study outcomes will be measured at baseline and postintervention at 12 weeks. Also,
questionnaires for patient-reported outcomes, prostate-specific antigen (PSA) for disease
progression and medical records for clinical events will be obtained at 6-month and 1-year
follow-ups. Study outcome assessment timelines are summarised in Table 2-1 and the validity
and reliability of each outcome are described in the online supplementary table

(https://bmjopen.bmj.com/content/9/7/€026438).

Primary outcome

The primary outcome of the study will be cardiorespiratory fitness. Cardiorespiratory
fitness will be measured as VOzpeak by clinical exercise physiologists who are trained for the
standardised treadmill testing protocol (modified Bruce protocol) [37]. The test will be
conducted on a treadmill (Woodway 4Front; Waukesha, WI, USA) with direct measures of
cardiorespiratory variables using a metabolic cart (Parvo Medics TrueOne 2400; Sandy, UT,
USA). After a 5-min warm-up, the test will begin at 1.7 mph and 0% grade, and the speed and
incline will increase every 3 min until volitional exhaustion or any testing contraindications

occur. During the test, oxygen uptake and HR will be recorded continuously, and blood pressure
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(BP) using a manual sphygmomanometer, oxygen saturation using a pulse oximeter and rated
perceived exertion level using the modified Borg Scale [38] will be measured every 3 min. After
the test, a 5-min active recovery will be conducted at 1.7 mph and 0% grade, and HR and BP will
be measured at 2 and 5 min during recovery. VOazpeak 1s defined as the highest oxygen uptake

value recorded during the test expressed relative to body mass (ie, mL/kg-1-min-1).

Secondary outcomes

Blood-based outcomes will include biomarkers related to immune surveillance (eg,
natural killer (NK) cell counts and cytotoxic activity), PCa progression (eg, PSA), inflammatory
cytokines (eg, interferon-y, interleukin (IL)—1p, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13,
tumour-necrosis factor (TNF)-a and c-reactive protein (CRP)), metabolism (eg, serum insulin,
glucose, HbA Ic, insulin-like growth factor (IGF)-1, IGF binding protein-3, adiponectin and
leptin), lipid profiles (eg, high- and low-density lipoprotein cholesterol and triglycerides) and sex
hormones (eg, testosterone and progesterone). Blood samples will be collected after 12 hours of
fasting at the Kaye Edmonton Clinic Laboratory Services and then directly sent to the
biochemistry lab in the Li Ka Shing Centre for Health Research Innovation at the University of
Alberta. On collection, mononuclear cells on fresh blood will be isolated on a ficoll gradient and
characterised using specific monoclonal antibodies and flow cytometry. The plasma will be
frozen and stored in a —80°C freezer, monitored and alarmed and only accessible to authorised
personnel. For markers that will be assayed on frozen blood, the samples from baseline and
postintervention for each subject will be assayed at the same time for more accurate assessment
of change using paired assays plated in random order. The immune phenotype identification and

biological measures will be performed by trained technicians who are blinded to the treatments
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and trained in the standardised protocol. Appropriate standard and reference samples will be

included in each assay.

Patient-reported outcomes will include fear of cancer progression using the Fear of
Cancer Recurrence Inventory [39], and Cancer Worry Scale [40], health-related quality of life
using the European Organization for Research and Treatment of Cancer- Quality of Life
Questionnaire-C30 [41], and PCa-specific health-related quality of life and symptoms using the
Expanded Prostate Cancer Index Composite-26. General and prostate-specific anxiety will be
assessed using the Spielberger State-Trait Anxiety Inventory [42], and the Memorial Anxiety
Scale for Prostate Cancer [43], respectively. Depression will be measured using the Center for
Epidemiologic Studies Depression Scale [44], fatigue using the Functional Assessment of Cancer
Therapy- Fatigue [45], perceived stress using the Perceived Stress Scale [46], self-esteem using
the Rosenberg Self-Esteem Scale [47], and motivation to exercise using Theory of Planned
Behaviour [48]. Exercise levels will be assessed using the modified GLTEQ [35]. Patient-
reported outcomes will be collected using a set of questionnaires which will be sent to patients
via mail and patients will be asked to complete within a week from each assessment date.
Physical function will be assessed using the Senior’s Fitness Test [49], which includes tests for
lower body strength (chair stand), upper body strength (arm curl), lower body flexibility (chair
sit and reach), upper body flexibility (back scratch), agility (8-foot up and go) and aerobic fitness
(6-min walk test). Body composition will include weight, height, and waist and hip
circumferences using scales and tape measures. Physical function and body composition
assessments will be conducted by clinical exercise physiologists following the standardised

protocols [49] [50].

Exploratory outcomes
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Exploratory outcomes will include progression to invasive PCa treatment and any
clinically relevant events. Clinical events will be reviewed by research staff who are authorised

to have access to patient medical records.

Demographic, behavioural and medical variables, and adverse events

Demographic and behavioural information will be obtained using a self-reported
questionnaire at baseline. The questionnaire will assess age, ethnicity, education, marital status,
income, employment status, smoking and alcohol consumption. Patients’ medical information
will be abstracted from the NAUC electronic medical record at baseline, including tumour-
related information and any complications or comorbidities. Adverse events will be monitored,
assessed and recorded during exercise testing and before and after each exercise session

throughout the intervention period.

Sample size

A sample size of 60 participants (30 per group) provides 80% power using a two-tailed
alpha <0.05 to detect a statistically significant between-group difference of 1-metabolic
equivalent task (1-MET; 3.5 mL/kg/min) on our primary outcome of VOzpeak, assuming a SD of
5.6 mL/kg/min and adjustment for baseline value and other covariates. It will also be sufficient
for detecting differences in our secondary biomarkers and patient-reported outcomes [51].
Considering a potential dropout rate of <10% based on our previous exercise oncology trials [52-
55], a total of 66 participants (33 per group) will be randomised. This power will also be
sufficient for detecting differences in our secondary biomarkers and patient-reported outcomes if
the effects are moderate (ie, a standardised effect size of d>0.6 approximately). This power is not

sufficient for detecting potentially meaningful differences in any of the exploratory clinical
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outcomes. Given that the purpose of this phase II trial is to inform larger phase II and III trials,
the patient-reported and clinical outcomes will also be interpreted for potential clinical

significance based on the direction and magnitude of numerical differences.

Data collection and management

All data will be collected and stored anonymised in the Behavioural Medicine Laboratory
at the University of Alberta in a locked filing cabinet or in a secured, web-based application for
electronic data using the Research Electronic Data Capture tools [56]. Data files will only be
accessible to study investigators and authorised personnel for data entry and quality control
purposes. Data quality will be assured using the double data entry/data comparison and data
quality modules [56], by an independent research personnel who will be blinded to the origin of

the data.

Statistical analysis

We will conduct descriptive analyses for participant characteristics, intervention
adherence and compliance rates, adverse events, and exploratory outcomes of disease
progression and clinical events. Analyses of covariance will be performed for the primary and
secondary outcomes to compare the between-group differences at postintervention after
adjustment for potential covariates. Covariates will be selected a priori and include baseline
value and other baseline variables that appear unbalanced between the two groups. If an outcome
variable presents a non-normal distribution, log data transformations will be conducted for
analyses. All statistical analyses will include all study participants with baseline and follow-up
data and will be conducted based on the intention-to-treat principle. Any reasons for missing

intervention sessions or study drop-out will be assessed and reported. If missing data is <10%,
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we will conduct a complete case analysis. If missing data is >10%, we will employ a multiple
imputation missing data strategy [57]. Interpretation of the data will be based on the p-value of a
two-tailed alpha <0.05, meaningful effect sizes (d>0.5 for the secondary outcomes) and the

general patterns of the findings.

Patient and public involvement

The conception, design, and outcome measures for this study were informed by previous
research in PCa patients concerning their priorities for important outcomes and their preferences
for exercise intervention. Patients will not be directly involved in the recruitment or conduct of
the study. The burden of intervention will be assessed by patients themselves at postintervention
through a questionnaire (eg, ‘Exercise programme too demanding or difficult’). The results and
current progress of the study will be disseminated to the study participants via email and a study

webpage (www.erasestudy.com).

2.4 Discussion

AS has become a preferred strategy for the management of early-stage PCa patients;
however, many men experience progression and anxiety. Cost-effective interventions that can
slow tumour progression, manage fear of cancer progression and prepare PCa patients on AS for
impending radical treatments would be highly beneficial. To date, however, no such

interventions are offered as standard of care in this clinical setting.

There have been a few lifestyle intervention trials in men with PCa on AS. One
randomised controlled trial with 93 PCa patients on AS provided a 1-year lifestyle programme

comprising a vegan diet, walking exercise and stress management [58-62]. At the 3-month
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interim analyses, the study reported significant improvements in cardiovascular risk factors such
as body mass index, BP and lipid profile, as well as several indicators of psychological
functioning including mental component summary, intrusive thoughts and avoidance [61]. PSA
levels as a cancer progression outcome were not significantly changed but clinically meaningful
changes were found [61]. At 1-year postintervention, there were similar improvements as at

3 months, and total PSA levels were significantly reduced by 4% in the intervention group while
there was a 6% increase in the control group [58]. Finally, overall health-related quality of life
increased in the intervention group compared with the control group [60]. A follow-up for
clinical events at 2 years noted that 2 of 43 (5%) patients in the intervention group compared
with 13 of 49 (27%) patients in the control group had proceeded to radical PCa treatments [61].
This study provided promising evidence that an intensive lifestyle intervention in PCa patients
on AS may slow the progression of the disease, improve some aspects of quality of life and
decrease the rate of radical treatments; however, it is unclear whether the benefits were due to

diet, exercise or stress management.

Another randomised controlled trial in 26 men with PCa undergoing AS tested the effects
of a 6-month combined whole-grain diet and vigorous exercise programme [63]. The exercise
programme included non-supervised aerobic exercise 3 times/week of 45 min/session targeting
70% of maximal HR, in addition to at least 10,000 steps daily. The combined intervention
resulted in a significant improvement in VOzpeax compared with the control group but no
significant differences in body composition, cardiometabolic outcomes or PSA levels. Moreover,
several cohort, cross-sectional and systematic review studies have also suggested the potential

roles of lifestyle characteristics for cancer-related outcomes [63-66], however, the isolated
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effects of exercise during AS on physical fitness, fear of cancer progression or PCa-related

outcomes were not investigated.

More recently, one completed and one ongoing trial, focused on exercise in PCa patients
on AS, have been reported. Bourke et al conducted an exercise clinical trial on 50 PCa patients
undergoing AS [67]. The exercise programme included supervised exercise training sessions
with behavioural support, targeting 150 min of moderate to vigorous exercise per week over 12
months. Although preliminary, the findings suggest exercise is a feasible and acceptable
intervention during AS. Also, Galvao and colleagues have reported the protocol for a 3-year long
randomised trial examining the effects of a long-term aerobic and resistance exercise programme
on the need for invasive treatment [68]. Compared with these two studies, the ERASE trial will
address the efficacy of a relatively shorter term (ie, 12 weeks) high-intensity aerobic exercise on
various clinically-relevant outcomes including tumour-related biomarkers, fear of cancer

progression and disease progression outcomes.

Our primary outcome of cardiorespiratory fitness was selected for the following reasons.
First, evidence shows that improvement in cardiorespiratory fitness is inversely correlated with
prostate-specific antigen doubling time (R2=0.41, p<0.003), which is one of the indicators of
biochemical and clinical progression of PCa [18]. These data suggest that improvement in
cardiorespiratory fitness through aerobic training induces systemic and physiological changes
that may interact with molecular suppression of cancer progression [18]. It is also supported by
epidemiological studies showing inverse association between cardiorespiratory fitness and
development of PCa [69, 70]. In addition, cardiorespiratory fitness has important clinical
implications for cardiovascular and overall prognosis of PCa [69]. PCa patients are at a higher

risk of cardiovascular morbidity [71, 72], and mortality [72, 73], and are three times more likely
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to die of cardiovascular disease than of PCa [6]. Cardiorespiratory fitness is an established
surrogate marker for cardiovascular disease and overall survival [74, 75], and impaired
cardiopulmonary fitness, commonly reported among cancer patients, is correlated with cancer-
related symptoms and clinical outcomes [76]. Thus, maintaining or improving cardiopulmonary

fitness is of clinical importance in PCa patients on AS [76].

We elected to test a HIIT exercise intervention for several reasons. In terms of
maximising the potential benefits of exercise in AS patients, a body of evidence supports the
thesis that higher-intensity exercise programmes often produce greater health benefits compared
with moderate-intensity continuous training [77-81]. HIIT aerobic exercise is a type of high-
intensity exercise, alternating short periods of intense exercise and active recovery. HIIT has
been shown to induce greater physical and physiological, health-related outcomes such as
improvements in cardiorespiratory fitness and cardiovascular disease risk factors compared with
traditional moderate-intensity exercise in patient with heart disease [80-83], and cancer [84].
Also, in terms of the tumour microenvironment, higher-intensity exercise seems to be required to
induce a sufficient increase in NK cell infiltration to kill tumour cells (up to 60% in animal
models) [23], with other potential anticancer properties (eg, modulating inflammation, oxidative
stress, lactate and insulin resistance) [85, 86]. Finally, HIIT has been tested in several types of
cancer patients and is not only feasible and safe [87-91], but also provides better physiological

and psychosocial outcomes [84, 92], exercise adherence [84, 92, 93], and cost-effectiveness [93].

Our model (Figure 2-1) proposes that a sufficiently delivered dose and intensity of
exercise, indicated by improvement in cardiorespiratory fitness, may benefit men with PCa on
AS through three distinct pathways: (1) In the ‘biological pathway’, exercise may have a direct

effect on suppressing tumour growth, thereby, delaying or preventing the need for radical
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treatments in AS patients. Scientific evidence shows that exercise can modulate cancer-related
circulating markers in various mechanisms [94-97], such as immune functions (eg, NK cell
mobilisation and infiltration into cancer cells) [98-101], inflammation (eg, systemic
concentrations of IL-6, TNF-a and CRP) [102], and metabolism (eg, insulin and IGF-axis) [19,
22], which creates an antitumour microenvironment resulting in a delay or even reversing of
tumour progression [97]. (2) In the ‘psychological pathway’, exercise may reduce the fear of
cancer progression through several psychological mechanisms such as providing a distraction
and a sense of control, reducing anxiety/cancer worry and intrusive thoughts and providing an
alternative explanation for everyday symptoms such as mild pain, fatigue and soreness that may
be misinterpreted as signs of cancer progression [12, 13]. These psychological benefits may also
improve quality of life and prevent these men from requesting radical treatments as a way of
managing their anxiety and fear of cancer progression. (3) In the ‘functional pathway’, exercise
can improve overall physical function, aerobic fitness, muscular strength, body composition and
activities of daily living. Improvements in these factors may help reduce the impact and
complications of radical treatments and improve long-term prognosis. If PCa patients on AS feel
they are better prepared physically for radical treatments and that they will experience fewer side

effects and complications, they may also reduce their fear of cancer progression.

There are several strengths of the ERASE trial. It will be one of the few exercise
oncology studies in the AS setting to evaluate the isolated effects of exercise. Previous exercise
studies in PCa patients have focused on patients during or after treatments, particularly androgen
deprivation therapy. Findings from patients receiving or recovering from active treatments are
unable to answer important questions of PCa patients on AS related to disease progression, fear

of cancer progression and preparation for treatments. Second, to the best of our knowledge, our
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study will be the first clinical trial to evaluate HIIT aerobic exercise in AS patients. Recent
exercise oncology studies have tested different exercise intensities (ie, moderate-to-vigorous
intensity continuous aerobic exercise) [67, 68], modalities (ie, aerobic and resistance combined)
[68], or settings (ie, supervised plus home-based) [67], which may have different impacts on
physiological and psychosocial responses as well as on feasibility outcomes. Based on up-to-date
evidence in exercise oncology, HIIT aerobic exercise can be safe and feasible in this population
and may be a superior modality for improving tumour suppression and clinical outcomes. Third,
ERASE will be the first exercise randomised controlled trial to examine fear of cancer
progression as an outcome. This psychological construct has emerged as a major unmet need in
the psychological management of cancer patients and, especially in the AS setting, it has been
proposed that it may actually influence treatment decisions. ERASE will provide evidence
whether patient-reported fear of cancer progression can be modulated by HIIT exercise. Fourth,
ERASE will explore the effects of exercise on potential cancer-related outcomes. Recent
epidemiological and preclinical evidence suggests a positive association between exercise and
PCa survival and a potential biological link between exercise and tumour growth and metastasis
[97]; however, this question has not been studied in a clinical setting. We will assess cancer-
related biomarkers as well as immune, metabolic, inflammatory and sex hormones to identify
exploratory evidence of the potential antitumour mechanisms of exercise. Also, we will follow-
up with participant medical records to document progression to radical treatment up to 1 year.
Limitations of the ERASE trial include the lack of ability to blind participants and
interventionists to group allocation, the self-selection sampling bias, the relatively short periods

of intervention and follow-up and insufficient power to examine clinical outcomes.
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In summary, the ERASE trial is expected to provide preliminary evidence that exercise
improves physical fitness, manages fear of cancer progression and suppresses tumour-
progression related biomarkers in men with PCa receiving AS. This study will advance
knowledge and inform larger phase II and III trials designed to determine the effects of exercise
on clinically important outcomes in this patient population, including progression to radical
treatments, short-term complications after radical treatment and long-term outcomes related to
recurrence, metastasis and overall survival. If exercise can be shown to suppress tumour
progression, reduce fear of cancer progression and help men with PCa remain on AS longer, it

would represent a critical advancement in the treatment and care of PCa patients receiving AS.

Ethics and dissemination

The ultimate purpose of the ERASE trial is to change AS clinical practice by disseminating our
findings to clinicians and cancer organisations involved in the care of patients. We will
disseminate our findings to these groups including presentations at annual conferences and
publications in scientific journals that have a clinical focus. Also, we will directly educate PCa
patients and their families about our research findings by actively using media, educational
materials, and outreach to hospitals and patient advocacy groups as it is crucial to educate AS
patients on the potential benefits of exercise on their physiological and psychological health and

encourage them to eventually participate in exercise.
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Table 2-1. Study activities/assessments schedule based on the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)

T_1 To T1 T2 T3 F 1 F 2
Approx. Baseline Post
Activity/assessment Staff member time to Screening/ Start End . » 6-momth  Follow-up
assessment/ . . . . intervention
complete consent . intervention  intervention Follow-up 1-year
randomization assessment
ENROLMENT
Eligibility screen Study coordinator 5 mins X
Informed consent Study coordinator 5 mins X
Randomization Study coordinator 5 mins
INTERVENTIONS
Exercise training CEPs 30 mlns pet ¢ 5
session
Usual care N/A N/A & 9
ASSESSMENTS
Dem(.)graphlfz/behaworal Study coordinator 5 mins
/medical variables
Primary outcome
Cardiorespiratory fitness CEPs 20 mins X
Secondary outcomes
Physical funcjuon/ CEPs 20 mins %
anthropometrics
Blood biomarkers Lab technicians 15 mins X
PSA Lab technicians 15 mins X X
Patient reported Study coordinator 30 mins X X X
outcomes
Exploratory outcomes
Clinical events Study coordinator 5 mins X X X

CEP, clinical exercise physiologist; PSA, prostate specific antigen
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Table 2-2. The 12-week high-intensity interval training (HIIT) periodization scheme and program details in the ERASE trial.

High-intensity phase Recovery phase
Interv§ntion Week Warm- liurli Sum Cool- dii?én
Period Intensity  Duration No. i tei it Intensity  Duration No. recovery ~ down (min)
(VO2peax) (min)  intervals dura tiOI}l] (VO2peak) (min)  intervals duration
(min) (min)
Period 1 1-4 85% 2 5-8 10-16 40% 2 4-7 8-14 28-40
5 mins 5 mins
Period 2 5-8  at60% 90% 2 8 16 40% 2 7 14 at 30% 40
VOZpeak Vozpeak
Period 3 9-12 95% 2 8 16 40% 2 7 14 40
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NK cell, natural killer cell; IGF, insulin-like growth factor; IGFBP, insulin-like growth factor binding protein; IL, interleukin; TNF, tumor necrosis factor;

CRP, c-reactive protein

Figure 2-1. Proposed effects of exercise during active surveillance in prostate cancer patients
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Figure 2-2. Proposed patient flow diagram of the ERASE trial
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CHAPTER 3 — PAPER 2 (Primary Outcomes)

Effects of high-intensity interval training on physical fitness and prostate-specific antigen in

prostate cancer patients on active surveillance: A randomized controlled trial
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3.1 Abstract

Background: Men with low-risk localized prostate cancer are often managed with active
surveillance (AS) to avoid treatment side effects. Unfortunately, 30-50% of these men ultimately
require radical treatments. Exercise has the potential to suppress prostate cancer progression and
pre-habilitate these men to prepare for possible treatment and its side effects; however, few
exercise studies have been conducted in the AS setting.

Methods: The Exercise During Active Surveillance for Prostate Cancer (ERASE) Trial was a
single-centre, randomized controlled trial, and 52 men with localized prostate cancer on AS were
randomized to high-intensity interval training (HIIT; n=26) or usual care (UC; n=26). The HIIT
group performed thrice-weekly, supervised, aerobic HIIT on a treadmill at 85-95% of peak
cardiorespiratory fitness (VO2peak) for 12 weeks. The primary outcome was VOazpeak and the
secondary outcomes included biochemical progression of prostate cancer (prostate-specific
antigen [PSA]), functional fitness, and anthropometrics.

Results: 46/52 participants (88%) completed the postintervention VOzpeax assessment and
adherence to HIIT was 96%. Compared to UC, HIIT showed higher VOopcax (adjusted between-
group mean difference, 1.6 ml-kg™!-min™'; 95% confidence interval [CI], 0.3 to 2.9; p=0.014),
lower PSA (adjusted between-group mean difference, -1.1 ug/L; 95% CI, -2.1 to 0.0; p=0.043),
lower PSA velocity (p=0.040), better upper body strength (p=0.001), and better lower body
flexibility (p=0.042).

Conclusions: ERASE is the first randomized controlled trial to demonstrate that HIIT improves
physical fitness and PSA levels in men with localized prostate cancer on AS. Larger trials are

warranted to determine if HIIT improves clinical outcomes in men with prostate cancer on AS.
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3.2 Introduction

An increasing number of men with low- to intermediate-risk prostate cancer (PCa)
choose active surveillance (AS) as their primary management strategy [1]. Advantages of AS
include avoiding immediate radical treatment and side effects without compromising survival
benefits [2, 3] and a reduction in treatment-related medical costs [4, 5]. Unfortunately,
approximately 30% of men on AS will ultimately receive radical treatment within three years
and 55% within ten years [2], which accompany side effects such as urinary, hormonal, and
sexual dysfunction [6]. Moreover, the risks of cancer progression and metastasis are higher in
prostate cancer patients who were on AS compared to those who had undergone radical
treatments [2]. Interventions during AS to delay disease progression and precondition these men
for impending radical treatments can address this unmet clinical need.

Exercise improves physical fitness, physical functioning, body composition, fatigue, and
quality of life during and after radical PCa treatments [7]. Moreover, aerobic exercise has been
shown to suppress the progression of prostate tumours and metastasis in animal models [8] and
improve biochemical outcomes of prostate cancer growth in human settings [9, 10]. Furthermore,
improvements in physical fitness and function during AS may improve treatment side effects and
cancer-related outcomes after radical treatments [11, 12]. Therefore, exercise may be a cost-
effective intervention that can help these men remain on AS longer and improve physical fitness
to prepare them for possible radical treatment and its side effects. To date, however, only one
clinical trial has examined the feasibility of exercise in men on AS and none has investigated the
efficacy of isolated exercise during AS [13]. The purpose of the Exercise During Active
Surveillance for Prostate Cancer (ERASE) Trial [14] was to examine the effects of exercise on

cardiopulmonary fitness, physical functioning, anthropometrics, biochemical progression of PCa
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(prostate-specific antigen [PSA]), cancer-related biomarkers, and patient-reported outcomes in
men with PCa undergoing AS. Here, we report the results for cardiopulmonary fitness, PSA
levels and kinetics, physical functioning, and anthropometrics. We hypothesized that, compared
to usual care (UC), high-intensity interval training (HIIT) would elicit significant improvements
in the primary outcome of cardiopulmonary fitness and the secondary outcomes of physical

fitness and biochemical progression of PCa.

3.3 Methods
Participants

The detailed methods of the ERASE Trial have been reported elsewhere [14]. In brief,
participants were recruited through the Northern Alberta Urology Centre at the Kaye Edmonton
Clinic, Edmonton, Alberta, Canada. Men were eligible if they were (1) >18 years old, (2)
diagnosed with localized low-to-intermediate risk PCa, (3) undergoing AS with no plans for
invasive treatment at the time of recruitment, (4) medically cleared to participate in the study, (5)
able to complete the baseline fitness test, (6) not currently participating in vigorous-intensity
exercise, (7) willing to be randomized, and (8) able to communicate in English. The ERASE
Trial was approved by the Health Research Ethics Board of Alberta — Cancer Committee
(HREBA.CC-17-0248) and registered in the ClinicalTrial.gov (NCT03203460). All participants
provided written informed consent for study participation and blood banking prior to enrollment.
Study Design and Procedure

The ERASE trial was a single centre, two-armed, phase Il randomized controlled trial
conducted at the University of Alberta, Edmonton, Canada. Eligible participants were informed
about the study by their urologists during their checkup visits and referred to the study

coordinator. Interested patients were given detailed study information, and patients who agreed
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to participate in the study were scheduled for baseline assessments. Upon the completion of
baseline testing, patients were randomly assigned to the HIIT group or UC group in a 1:1 ratio
using a 4 or 6 random block design. The allocation sequence was produced by computer-
generated block randomization numbers and concealed from study staff involved in recruitment
and baseline assessment. Participants and interventionists were not blinded to group assignment.
Outcome assessors were not blinded to group assignment for the physical fitness and
anthropometric assessments but were blinded for all other secondary outcomes.
Intervention

Participants randomized to the HIIT group were asked to complete a 12-week, thrice-
weekly, supervised exercise program. The exercise program was individualized based on each
participant’s baseline cardiopulmonary fitness, and the intensity and duration were progressed
over time. Each exercise session was performed on a treadmill consisting of (1) 5-minute warm-
up at 60% of peak oxygen consumption (VO2peak), (2) alternating 2-minute high-intensity interval
at 85 to 95% VOzpeak and 2-minute active recovery at 40% of VOopeak, and (3) S-minute cool-
down at 30% of VOzpeak. Oxygen consumption was not directly measured during the exercise
sessions but the treadmill speed and grade were selected to match the targeted % VOapeak based
on the baseline fitness levels. The number of high-intensity intervals was progressed from 5 to 8
in each session, and the total duration of the exercise session was progressed from 28 to 40
minutes. At the end of the sessions, participants were asked to complete 2 sets of 15-second
stretching on each side of three lower body muscle groups (i.e., quadriceps, hamstrings, and
calves) for a total of 3-5 minutes. Participants in the UC group were asked not to change their

exercise levels from baseline during the intervention period. After the postintervention
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assessments at 12-week, the UC group were offered a 4-week HIIT program at our facility and/or
referred to a 12-week community-based exercise program.
Outcome Measures
Primary Outcome

Our primary outcome was cardiorespiratory fitness measured as peak oxygen
consumption (VO2zpeax) and assessed at baseline and postintervention. VOapeak Was defined as the
highest values of oxygen uptake averaged among every 15-second interval during the graded
exercise test using a modified Bruce protocol [15]. The criteria for a valid test included volitional
exhaustion as the primary criterion, respiratory exchange ratio (RER)>1.15, age-predicted
maximum heart rate (HR) within 5 bpm, and rated perceived exertion (RPE)>7 (0-10 scale) [16].
The test was conducted on a treadmill (Woodway 4Front; Waukesha, WI, USA) with direct
measures of gas exchange and cardiorespiratory variables using a metabolic cart (Parvo Medics
TrueOne 2400; Sandy, UT, USA). VOnpeax is reported in both relative (ml-kg™!-min™!) and
absolute (L/min) terms.
Secondary Outcomes

Our secondary outcomes included serum PSA levels and kinetics (i.e., PSA doubling
time and velocity), functional fitness, and anthropometrics. Blood samples were collected after
12-hour fasting at the Kaye Edmonton Clinic Laboratory Services. Serum PSA levels were
analyzed on fresh blood at the central processing facility and the results were available through
electronic medical records. Two additional 6 ml blood samples in EDTA tubes were collected for
research purposes and sent to the biochemistry lab in the Li Ka Shing Centre for Health Research
Innovation at the University of Alberta. PSA doubling time and velocity were calculated

following the PSA Working Group Guidelines [17] using the three most recent PSA values
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obtained from the medical chart with the first and last values being at least three months apart.
The formula was based on the natural logarithm of 2 (0.693) divided by the slope obtained from
fitting a linear regression of the natural log of PSA. The calculations were performed using an

online tool (https://www.mskcc.org/nomograms/prostate/psa_doubling_time).

Functional fitness was assessed using the Senior’s Fitness Test [ 18] measuring lower
body strength (chair stand), upper body strength (arm curl), lower body flexibility (chair sit and
reach), upper body flexibility (back scratch), agility (8-foot up and go) and aerobic fitness (6-min
walk test). Anthropometrics included weight, height, and waist and hip circumferences using
scales and tape measures following the standardized protocols [19].

Demographic, Behavioural, and Medical Variables

Demographic and behavioural information was obtained using a self-reported
questionnaire at baseline including age, ethnicity, education, marital status, income, employment
status, smoking, alcohol consumption, and exercise behaviour [20]. Patients’ medical
information was extracted from the electronic medical record including tumour pathology and
clinical stage.

Statistical Analyses and Sample Size Calculation

A sample size of 66 participants (33 per group) was estimated to provide 80% power
using a two-tailed alpha <0.05 to detect a statistically significant between-group difference of 1-
metabolic equivalent task (1-MET=3.5 ml-kg™!-min’!) on our primary outcome of VO2peak,
assuming a SD of 5.6 ml-kg!-min!, 10% dropout rate, and adjustment for baseline value and
other covariates [21]. This sample size was also sufficient for detecting differences in our
secondary outcomes of biomarkers, functional fitness, and anthropometrics. Analyses of

covariance were performed for the primary and secondary outcomes to compare the between-
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group mean differences at postintervention after adjusting for covariates. Covariates were
selected a priori and included baseline values of the outcome and other covariates that were
unbalanced between groups, such as smoking, BMI, and physical activity levels. All statistical
analyses included all study participants who had baseline and follow-up data using the intention-
to-treat method. No missing data strategy was employed and no adjustment was made for

multiple comparisons due to a minimal loss of data (<10%).

3.4 Results
Participant Flow

The study participant flow is illustrated in Figure 3-1. Participants were recruited from
July 2018 to February 2020. Overall, 361 men with PCa undergoing AS were screened, 176
(51%) were eligible, and 52 (30%) were randomized with 26 participants per group. There were
two dropouts from the HIIT group (unwillingness; medical issue) and one from the UC group
(no contact). A total of 46 participants (88%) completed the postintervention VOopeak assessment
and 49 (94%) completed the postintervention functional fitness assessment and blood draw.
Baseline Characteristics and Intervention Adherence

Demographic, medical, and behavioural characteristics of the participants at baseline are
presented in Table 3-1. Baseline exercise behaviours were unbalanced between groups and
adjusted for in the analyses because of their prognostic association with PSA [22, 23] and fitness
outcomes [24]. Due to the outbreak of COVID-19 and the impending closure of our exercise and
testing facilities, we completed postintervention assessments two weeks earlier than planned
(i.e., 10 weeks) for the last 6 participants (3 in each group) in order to minimize the loss of data.

The total number of attended sessions was 880/918 (96%) with 100% compliance to the
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intervention protocol (i.e., intensity and duration). 8 participants reported aggravation of
previous medical issues including joint pain (n=6), chest discomfort (n=1), and light-headedness
(n=1) that were potentially related to HIIT and one reported stomach bleeding of Dieulafoy
lesion that was not related to HIIT.
Primary and Secondary Outcomes

Changes in cardiopulmonary fitness, physical function, and anthropometric outcomes are
presented in Table 3-2. The primary outcome of VOazpeak increased by 0.9 ml-kg™!-min™! in the
HIIT group and decreased by 0.5 ml-kg!'-min! in the UC group (adjusted between-group mean
difference, 1.6 ml-kg™!-min!; 95% confidence interval [CI], 0.3 to 2.9; p=0.014). Compared to
the UC group, the HIIT group also significantly increased VOzpeak in L/min (p=0.026). For
functional fitness, the HIIT group improved upper body strength (p=0.001) and lower body
flexibility (p=0.042) compared to the UC group. No statistically significant between-group
differences were found for other functional fitness and anthropometric outcomes.

Changes in PSA levels, doubling time, and velocity are shown in Table 3-3 and Figure
3-2. Compared to the UC group, the HIIT group showed a significant reduction in PSA levels
(adjusted between-group mean difference, -1.1 ug/L; 95% CI, -2.1 to 0.0; p=0.043) and PSA
velocity (adjusted between-group mean difference, -1.3 ug-L!-year™'; 95% CI, -2.5 to -0.1;
p=0.040). PSA doubling time favoured the HIIT group but did not reach statistical significance
(adjusted between-group mean difference, 17.9 months; 95% CI, -3.8 to 39.6; p=0.10). There

was no between-group difference in testosterone (p=0.24).
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3.5 Discussion

To our knowledge, the ERASE Trial is the first randomized controlled trial to examine
the efficacy of HIIT in men with localized PCa on AS. As hypothesized, a supervised 12-week
HIIT program significantly improved cardiorespiratory fitness. There were also significant
improvements in PSA levels and velocity and functional fitness including muscular endurance
and flexibility. No significant changes were found in PSA doubling time, other functional fitness
outcomes, or weight and waist circumferences.

Our finding of the changes in cardiopulmonary fitness suggests an important benefit of
HIIT to protect cardiovascular disease (CVD), considering approximately three times higher risk
of CVD-related death compared to PCa-specific death in men with PCa on AS [2]. Moreover,
higher fitness levels are associated with longer PSA doubling time in PCa patients, which
suggests that HIIT may have the potential to delay PCa progression [10]. However, the
magnitude of the VOopeak improvement in our study did not reach our initial target of 3.5 ml-kg"
"min"!. A meta-analysis of exercise and cardiorespiratory fitness in cancer patients showed that,
compared with usual care, aerobic exercise training significantly improved VOopeak by 2.4, 1.4,
and 2.5 ml-kg!-min™! before, during, and after treatments, respectively [25]. Moreover, a recent
study showed that a HIIT intervention in testicular cancer survivors who completed treatment
elicited a VOapeak improvement of 3.7 ml-kg™!-min™' compared to UC [26]. Given the high
attendance (96%) and compliance (100%) rates to the HIIT program in our study, it is unclear
why the magnitude of improvement in VOapeak Was lower compared to the previous studies. One
possible explanation is the characteristics of our study participants who were very early-staged
with no plan for radical treatment at the time of recruitment and were relatively fit and healthy at

baseline compared to PCa patients who were undergoing or had undergone treatments [27-31].
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The higher fitness levels at baseline may have resulted from one of our inclusion criteria to
include those who were performing moderate-intensity exercise. In addition, our HIIT regimen
with 2-minute interval might not have exerted sufficient metabolic strain and training stimulus
compared to longer high-intensity exercise (e.g., 4-minute) [32], even though the greater
magnitudes of improvements were observed with 2-minute HIIT protocols in cardiac patients
[33, 34] as well as untrained healthy men [35]. It was unclear as we were not able to measure
actual oxygen consumption during exercise and did not have interim assessments for VOopeak.
Future trials of HIIT in PCa patients on AS may consider excluding men who are fit at baseline
or performing regular moderate-intensity exercise, and may also consider testing a HIIT protocol
with longer high-intensity interval.

As hypothesized, we found a significant reduction in biochemical progression of PCa in
the HIIT group compared to the UC group. Most exercise trials in PCa patients did not find
notable changes in PSA levels after exercise training [27-31]. This may be because patients in
these studies were undergoing androgen deprivation therapy and/or radiation therapy, which may
have substantially influenced serum PSA levels, not allowing to identify the isolated effect of
exercise on PCa progression. Similarly, the Prostate Cancer Novel Therapy (PANTERA) Trial
[13] examined the feasibility of a year-long exercise intervention in 50 men on AS and PSA
levels did not change in the exercise group, although exploratory. In contrast, a few lifestyle
interventions have focused on AS settings and showed contradicting findings of PSA and
prostate disease progression [36-38]. For example, the Prostate Cancer Lifestyle Trial (PCLT) in
93 PCa patients on AS found that a 1-year of diet, exercise, and stress management program
yielded a reduction in PSA levels (between-group difference, -0.63 ug/L; p=0.016) [38] and there

were 22% fewer men in the intervention group who proceeded to curative PCa treatments at 2-
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year follow-up compared to UC [37]. In our study, we demonstrated for the first time that
exercise training alone improved the biochemical progression of PCa in men on AS. Compared
to the exercise program in the PANTERA Trial (i.e., 1-year, supervised plus home-based,
aerobic exercise targetting 150 min/week at moderate-to-vigorous intensity), our intervention
focused on high-intensity aerobic training (i.e., 85-95%) for a shorter-term (i.e., 12-week) which
exerted greater physiological changes (e.g., sympathetic activation and mobilization of cytotoxic
immune cells) [39, 40]. This may imply that high-intensity aerobic exercise might be necessary
to produce changes in biochemical outcomes of PCa. Future research should investigate whether
HIIT would benefit long-term clinical outcomes including biochemical and pathological
progression of PCa.

PSA velocity and PSA doubling time are associated with PCa progression and mortality
independent of PSA [41, 42]. PSA velocity>0.75 ug-L!-year™! has been used as a criterion of
progression to radical treatment in AS settings [43], and the change of PSA velocity in our study
of -1.3 ug-L!-year! may be clinically meaningful. Furthermore, we found a non-significant but
meaningful between-group difference in PSA doubling time of 17.9 months (p=0.10), which may
further suggest a role of high-intensity aerobic exercise for delayed PCa progression consistent
with previous evidence [10]. Still, it is important to note that PSA kinetics have mostly been
examined in patients with advanced PCa [6] and are still under investigation for their clinical
utility in disease reclassification and prognosis in the AS setting [44]. Therefore, caution is
required when interpreting PSA kinetics in AS patient cohorts.

The biological mechanisms of the effects of exercise on PCa are unclear but have been
suggested. One promising mechanism is the enhanced immunosurveillance after exercise

training or even during a single bout of exercise can [45, 46]. Specifically, exercise can mobilize
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cytotoxic natural killer cells into circulating blood and redistribute them into tumour cells
assisted by norepinephrine and interleukin-6 [40], and this process appears to require endurance
exercise at high-intensity [10, 45]. Exercise may also suppress PCa progression by reducing
systemic inflammatory mediators [47], improving metabolic biomarkers such as IGFBP-1 [9],
and increasing tumour vascularization and perfusion [48]. More research in prehabilitative
clinical settings are necessary to identify key bio-physiological links between exercise and PCa
in relation to PSA [49] and to explore potential tumour-related biomarkers including circulating
tumour cell [50] and Ki-67 [51].

Implications of our findings include that the ERASE Trial informs larger-scale
randomized controlled trials with long-term clinical outcomes including disease classification
progression to radical treatments. To date, the PANTERA Trial [13] demonstrated the feasibility
and acceptability of longer-term exercise training, and Galvao et al. [52] have been conducting a
randomized controlled trial to examine the effect of 1-year, supervised, high-intensity, aerobic
and resistance exercise training on time to initiation of curative therapy for 2-year follow-up in
AS patients. Ultimately, the effectiveness of pragmatic or community-based exercise
interventions that can be delivered to broader groups of PCa patients undergoing AS (e.g., home-
based or telephone-based) should be investigated.

Our study has important strengths and limitations. Strengths of our study include the
novel cancer setting and exercise intervention, the randomized controlled trial design, high
adherence and compliance rates to the intervention, minimal loss to follow-up, and assessment of
PCa-specific biomarkers. Limitations include failure to achieve our target sample size (n=52/66),
potential recruitment bias (e.g., more fit and active men), unblinded outcome assessors for the

primary outcome, and lack of long-term follow-up with clinical outcomes.
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In conclusion, the ERASE Trial is the first randomized controlled trial to demonstrate the
efficacy of HIIT for improving physical fitness and PSA levels in men with localized PCa on
AS. Our findings suggest that supervised aerobic HIIT may be a promising intervention in this
clinical setting. Larger-scale randomized controlled trials are warranted to determine if
improvements in physical fitness and PSA levels translate into improved long-term clinical
outcomes in these men such as disease progression, receipt of radical treatments, posttreatment

complications, and survival.

70



3.6 References

1.

Mahal BA, Butler S, Franco I, Spratt DE, Rebbeck TR, D'Amico AV, et al., Use of
Active Surveillance or Watchful Waiting for Low-Risk Prostate Cancer and Management
Trends Across Risk Groups in the United States, 2010-2015. JAMA, 2019. 321(7): p.
704-6.

Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe C, Holding P, et al., 10-Year
Outcomes after Monitoring, Surgery, or Radiotherapy for Localized Prostate Cancer. N
Engl J Med, 2016. 375(15): p. 1415-24.

Neal DE, Metcalfe C, Donovan JL, Lane JA, Davis M, Young GJ, et al., Ten-year
Mortality, Disease Progression, and Treatment-related Side Effects in Men with
Localised Prostate Cancer from the ProtecT Randomised Controlled Trial According to
Treatment Received. European Urology, 2020. 77(3): p. 320-30.

Dragomir A, Cury FL, and Aprikian AG, Active surveillance for low-risk prostate cancer
compared with immediate treatment: a Canadian cost comparison. CMAJ Open, 2014.
2(2): p. E60-8.

Keegan KA, Dall'Era MA, Durbin-Johnson B, and Evans CP, Active surveillance for
prostate cancer compared with immediate treatment: an economic analysis. Cancer,
2012. 118(14): p. 3512-8.

National Comprehensive Cancer Network (NCCN), NCCN Clinical Practice Guidelines
in Oncology (NCCN Guidelines®) Prostate Cancer. 2019.

Bourke L, Smith D, Steed L, Hooper R, Carter A, Catto J, et al., Exercise for men with
prostate cancer: a systematic review and meta-analysis. European urology, 2016. 69(4):

p. 693-703.

71



10.

11.

12.

13.

14.

15.

Jones LW, Antonelli J, Masko EM, Broadwater G, Lascola CD, Fels D, et al., Exercise
modulation of the host-tumor interaction in an orthotopic model of murine prostate
cancer. J Appl Physiol (1985),2012. 113(2): p. 263-72.

Rundqvist H, Augsten M, Stromberg A, Rullman E, Mijwel S, Kharaziha P, et al., Effect
of acute exercise on prostate cancer cell growth. PLoS One, 2013. 8(7): p. €67579.

Hvid T, Lindegaard B, Winding K, Iversen P, Brasso K, Solomon TP, et al., Effect of a
2-year home-based endurance training intervention on physiological function and PSA
doubling time in prostate cancer patients. Cancer Causes Control, 2016. 27(2): p. 165-74.
Singh F, Newton RU, Baker MK, Spry NA, Taaffe DR, Thavaseelan J, et al., Feasibility
of Presurgical Exercise in Men With Prostate Cancer Undergoing Prostatectomy. Integr
Cancer Ther,2017. 16(3): p. 290-9.

Demark-Wahnefried W, Rais-Bahrami S, Desmond RA, Gordetsky JB, Hunter GR, Yang
ES, et al., Presurgical weight loss affects tumour traits and circulating biomarkers in men
with prostate cancer. Br J Cancer, 2017. 117(9): p. 1303-13.

Bourke L, Stevenson R, Turner R, Hooper R, Sasieni P, Greasley R, et al., Exercise
training as a novel primary treatment for localised prostate cancer: a multi-site
randomised controlled phase II study. Sci Rep, 2018. 8(1): p. 8374.

Kang DW, Fairey AS, Boulé NG, Field CJ, and Courneya KS, Exercise duRing Active
Surveillance for prostatE cancer-the ERASE trial: a study protocol of a phase II
randomised controlled trial. BMJ Open, 2019. 9(7): p. €026438.

MclInnis KJ and Balady GJ, Comparison of submaximal exercise responses using the

Bruce vs modified Bruce protocols. Med Sci Sports Exerc, 1994. 26(1): p. 103-7.

72



16.

17.

18.

19.

20.

21.

22.

23.

24.

Beltz NM, Gibson AL, Janot JM, Kravitz L, Mermier CM, and Dalleck LC, Graded
Exercise Testing Protocols for the Determination of VO2max: Historical Perspectives,
Progress, and Future Considerations. J Sports Med (Hindawi Publ Corp), 2016. 2016: p.
3968393.

Arlen PM, Bianco F, Dahut WL, D'Amico A, Figg WD, Freedland SJ, et al., Prostate
Specific Antigen Working Group Guidelines on Prostate Specific Antigen Doubling
Time. Journal of Urology, 2008. 179(6): p. 2181-6.

Rikli RE and Jones CJ, Senior fitness test manual. 2013: Human Kinetics.

American College of Sports Medicine, ACSM's guidelines for exercise testing and
prescription. 2013: Lippincott Williams & Wilkins.

Godin G and Shephard R, Godin leisure-time exercise questionnaire. Med Sci Sports
Exerc, 1997. 29(6): p. 36-8.

Borm GF, Fransen J, and Lemmens WA, A simple sample size formula for analysis of
covariance in randomized clinical trials. J Clin Epidemiol, 2007. 60(12): p. 1234-8.
Loprinzi PD and Kohli M. Effect of physical activity and sedentary behavior on serum
prostate-specific antigen concentrations: results from the National Health and Nutrition
Examination Survey (NHANES), 2003-2006. in Mayo Clinic Proceedings. 2013. Elsevier.
Burton AJ, Martin RM, Donovan JL, Lane JA, Davis M, Hamdy FC, et al., Associations
of lifestyle factors and anthropometric measures with repeat PSA levels during active
surveillance/monitoring. Cancer Epidemiol Biomarkers Prev, 2012. 21(10): p. 1877-85.
Stofan JR, DiPietro L, Davis D, Kohl 3rd H, and Blair SN, Physical activity patterns
associated with cardiorespiratory fitness and reduced mortality: the Aerobics Center

Longitudinal Study. American journal of public health, 1998. 88(12): p. 1807-13.

73



25.

26.

27.

28.

29.

30.

Scott JM, Zabor EC, Schwitzer E, Koelwyn GJ, Adams SC, Nilsen TS, et al., Efficacy of
Exercise Therapy on Cardiorespiratory Fitness in Patients With Cancer: A Systematic
Review and Meta-Analysis. J Clin Oncol, 2018. 36(22): p. 2297-305.

Adams SC, DeLorey DS, Davenport MH, Stickland MK, Fairey AS, North S, et al.,
Effects of high-intensity aerobic interval training on cardiovascular disease risk in
testicular cancer survivors: A phase 2 randomized controlled trial. Cancer, 2017.
123(20): p. 4057-65.

Cormie P, Galvao DA, Spry N, Joseph D, Chee R, Taaffe DR, et al., Can supervised
exercise prevent treatment toxicity in patients with prostate cancer initiating androgen-
deprivation therapy: a randomised controlled trial. BJU international, 2015. 115(2): p.
256-66.

Galvao DA, Spry N, Denham J, Taaffe DR, Cormie P, Joseph D, et al., A multicentre
year-long randomised controlled trial of exercise training targeting physical functioning
in men with prostate cancer previously treated with androgen suppression and radiation
from TROG 03.04 RADAR. Eur Urol, 2014. 65(5): p. 856-64.

Galvao DA, Taaffe DR, Spry N, Joseph D, and Newton RU, Combined resistance and
aerobic exercise program reverses muscle loss in men undergoing androgen suppression
therapy for prostate cancer without bone metastases: a randomized controlled trial. J Clin
Oncol, 2010. 28(2): p. 340-7.

Segal RJ, Reid RD, Courneya KS, Sigal RJ, Kenny GP, Prud'Homme DG, et al.,
Randomized controlled trial of resistance or aerobic exercise in men receiving radiation

therapy for prostate cancer. J Clin Oncol, 2009. 27(3): p. 344-51.

74



31.

32.

33.

34.

35.

36.

37.

Segal RJ, Reid RD, Courneya KS, Malone SC, Parliament MB, Scott CG, et al.,
Resistance exercise in men receiving androgen deprivation therapy for prostate cancer. J
Clin Oncol, 2003. 21(9): p. 1653-9.

Schluter K, Schneider J, Sprave T, Wiskemann J, and Rosenberger F, Feasibility of Two
High-Intensity Interval Training Protocols in Cancer Survivors. Med Sci Sports Exerc,
2019. 51(12): p. 2443-50.

Cardozo GG, Oliveira RB, and Farinatti PT, Effects of high intensity interval versus
moderate continuous training on markers of ventilatory and cardiac efficiency in
coronary heart disease patients. ScientificWorldJournal, 2015. 2015: p. 192479.
Warburton DE, McKenzie DC, Haykowsky MJ, Taylor A, Shoemaker P, Ignaszewski
AP, et al., Effectiveness of high-intensity interval training for the rehabilitation of
patients with coronary artery disease. Am J Cardiol, 2005. 95(9): p. 1080-4.

Nybo L, Sundstrup E, Jakobsen MD, Mohr M, Hornstrup T, Simonsen L, et al., High-
intensity training versus traditional exercise interventions for promoting health. Med Sci
Sports Exerc, 2010. 42(10): p. 1951-8.

Eriksen AK, Hansen RD, Borre M, Larsen RG, Jensen JM, Overgaard K, et al., A
lifestyle intervention among elderly men on active surveillance for non-aggressive
prostate cancer: a randomised feasibility study with whole-grain rye and exercise. Trials,
2017.18(1): p. 20.

Frattaroli J, Weidner G, Dnistrian AM, Kemp C, Daubenmier JJ, Marlin RO, et al.,
Clinical events in prostate cancer lifestyle trial: results from two years of follow-up.

Urology, 2008. 72(6): p. 1319-23.

75



38.

39.

40.

41.

42.

43.

44,

45.

Ornish D, Weidner G, Fair WR, Marlin R, Pettengill EB, Raisin CJ, et al., Intensive
lifestyle changes may affect the progression of prostate cancer. J Urol, 2005. 174(3): p.
1065-9; discussion 9-70.

Hojman P, Gehl J, Christensen JF, and Pedersen BK, Molecular Mechanisms Linking
Exercise to Cancer Prevention and Treatment. Cell Metab, 2018. 27(1): p. 10-21.
Pedersen L, Idorn M, Olofsson GH, Lauenborg B, Nookaew I, Hansen RH, et al.,
Voluntary Running Suppresses Tumor Growth through Epinephrine- and IL-6-Dependent
NK Cell Mobilization and Redistribution. Cell Metab, 2016. 23(3): p. 554-62.

Carter HB, Ferrucci L, Kettermann A, Landis P, Wright EJ, Epstein JI, et al., Detection
of life-threatening prostate cancer with prostate-specific antigen velocity during a
window of curability. J Natl Cancer Inst, 2006. 98(21): p. 1521-7.

Loeb S, Carter HB, Schaeffer EM, Kettermann A, Ferrucci L, and Metter EJ, Distribution
of PSA velocity by total PSA levels: data from the Baltimore Longitudinal Study of
Aging. Urology, 2011. 77(1): p. 143-7.

Dall'Era MA, Konety BR, Cowan JE, Shinohara K, Stauf F, Cooperberg MR, et al.,
Active surveillance for the management of prostate cancer in a contemporary cohort.
Cancer, 2008. 112(12): p. 2664-70.

Vickers AJ and Brewster SF, PSA Velocity and Doubling Time in Diagnosis and
Prognosis of Prostate Cancer. British journal of medical & surgical urology, 2012. 5(4):
p. 162-8.

Idorn M and Hojman P, Exercise-Dependent Regulation of NK Cells in Cancer

Protection. Trends Mol Med, 2016. 22(7): p. 565-77.

76



46.

47.

48.

49.

50.

51.

52.

Biro PA, Thomas F, Ujvari B, and Beckmann C, Can Energetic Capacity Help Explain
Why Physical Activity Reduces Cancer Risk? Trends in cancer, 2020.

Hayes BD, Brady L, Pollak M, and Finn SP, Exercise and Prostate Cancer: Evidence and
Proposed Mechanisms for Disease Modification. Cancer Epidemiol Biomarkers Prev,
2016. 25(9): p. 1281-8.

McCullough DJ, Nguyen LM, Siemann DW, and Behnke BJ, Effects of exercise training
on tumor hypoxia and vascular function in the rodent preclinical orthotopic prostate
cancer model. J Appl Physiol (1985),2013. 115(12): p. 1846-54.

Lee K, Zhou J, Norris MK, Chow C, and Dieli-Conwright CM, Prehabilitative Exercise
for the Enhancement of Physical, Psychosocial, and Biological Outcomes Among
Patients Diagnosed with Cancer. Curr Oncol Rep, 2020. 22(7): p. 71.

Neal D and Lilja H, Circulating Tumor Cell Count as an Indicator of Treatment Benefit
in Advanced Prostate Cancer. Eur Urol, 2016. 70(6): p. 993-4.

Guéritat J, Lefeuvre-Orfila L, Vincent S, Crétual A, Ravanat J-L, Gratas-Delamarche A,
et al., Exercise training combined with antioxidant supplementation prevents the
antiproliferative activity of their single treatment in prostate cancer through inhibition of
redox adaptation. Free Radical Biology and Medicine, 2014. 77: p. 95-105.

Galvao DA, Hayne D, Frydenberg M, Chambers SK, Taaffe DR, Spry N, et al., Can
exercise delay transition to active therapy in men with low-grade prostate cancer? A

multicentre randomised controlled trial. BMJ Open, 2018. 8(4): p. €022331.

77



Table 3-1. Baseline characteristics of participants in the ERASE trial.

Variables Overall HIIT ucC
(N=52) (N=26) (N=26)
Sociodemographic Profile
Age (years) 63.4+7.1 63.9+7.5 62.8+6.9
Ethnicity, Caucasian 46 (88.5) 25(96.2) 21 (80.8)
Marital status, married 37(71.2) 17 (65.4) 20 (76.9)
Education, completed University/College 20 (38.5) 9 (34.6) 11 (42.3)
Employment status, employed 32(62.7) 12 (48.0) 20 (76.9)
Family income, > $100,000/year 21 (40.4) 9 (34.6) 12 (46.2)
Medical Profile
Weight (kg) 89.1+16.3 89.3£18.7 88.8+£14.0
Body mass index (kg/m?) 29.0+4.7 29.0+£5.7 29.0£3.5
Waist circumference (cm) 102.3£13.4 101.4+14.4 103.3+12.6
Waist-hip ratio 0.99+0.08 0.98+0.09 1.01+0.07
Number of comorbidities
0 9(17.3) 4 (15.4) 5(19.2)
1 14 (26.9) 7 (26.9) 7 (26.9)
2 16 (30.8) 8 (30.8) 8 (30.8)
>3 13 (25.0) 7 (26.9) 6(23.1)
Most common comorbidities
Arthritis/arthralgia 31 (59.6) 16 (61.5) 15 (57.7)
Hypertension 16 (30.8) 8(30.8) 8(30.8)
Metabolic condition 9(17.3) 4(15.4) 5(19.2)
Prostate Cancer Profile
Clinical stage
Tlc 47 (90.4) 24 (92.3) 23 (88.5)
T2a 4(7.7) 2(7.7) 2(7.7)
T2b 1(1.9) 0 (0.0) 1(3.8)
Gleason grade
1 (3+3=6) 50 (96.2) 25 (96.2) 25 (96.2)
2 (3+4=7) 2(3.8) 1(3.8) 1(3.8)
PSA (ug/L) 7.3£3.2 6.0£2.3 8.6+3.5
Prostate volume (cc) 52.9+£21.5 55.6+24.8 50.3%£17.6
PSA density (ug-L'-cc™) 0.13+0.07 0.11+0.06 0.16+0.08
Positive cores (%) 21.6£13.0 22.9+14.2 18.3+10.5
Time on active surveillance (month) 23.0+£25.8 26.7£27.0 19.4+24 .4
Behavioral Profile
Smoking
Current smoker 1(1.9) 1(3.8) 0(0.0)
Former smoker 29 (55.8) 15 (57.7) 14 (53.8)
Alcohol
Regular drinker 6 (11.5) 3(11.5) 3(11.5)
Social drinker 39 (75.0) 19 (73.1) 20 (76.9)
Exercise behavior
Vigorous aerobic exercise (min/week) 0+0 0+0 0+0
Moderate aerobic exercise (min/week) 61+99 59+74 62+120
Resistance exercise (min/week) 31454 18+42 44162

Data are presented as meantstandard deviation or N (%). HIIT, high-intensity interval training; UC, usual care; M,
mean; SD, standard deviation; PSA, prostate-specific antigen.
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Table 3-2. Effects of 12 weeks of high-intensity interval training on health-related fitness in
prostate cancer patients undergoing active surveillance in the ERASE trial.

Adjusted between-group

Variables Baseline Postintervention Mean change difference
Mean SD Mean SD Mean 95% CI Mean  95% CI P
Cardiopulmonary Fitness
VOZpeak (mlkg-l 'min'l)
HIIT (n=23) 296 5.8 304 6.1 0.9 0.0to 1.7 1.6 03t029 0.014
UC (n=23) 284 69 279 7.0 -0.5 -14t00.4
VOZpeak (L/min)
HIIT (n=23) 2.55 0.56 2.60 0.58 0.05 -0.01t00.12  0.12 0.00t0 0.20 0.026
UC (n=23) 2.51 0.64 2.46 0.64 -0.05 -0.13 to 0.03
Functional Fitness
Chair sit-stand (reps)
HIIT (n=24) 16 5 17 5 2 0to3 1 0to3 0.15
UC (n=25) 15 4 15 4 1 0to2
Arm curl (reps)
HIIT (n=24) 17 5 19 5 2 1to3 3 1to4 0.001
UC (n=25) 18 5 18 6 0 -1to 1
Sit-and-reach (cm)
HIIT (n=24) -6.3 145 -3.6 17.4 2.6 -1.1to 6.4 4.8 02t094 0.042
UC (n=25) -44 115 -7.2 13.5 2.8  -5.6t0-0.1
Back scratch (cm)
HIIT (n=23) -14.7 160 -119 174 2.8 -0.8 t0 6.5 37 -04t07.8 0.072
UC (n=25) -15.3 11.3 -163 121 -0.9 -2.5t0 0.6
8-foot up & go (sec)
HIIT (n=24) 42 1.0 4.2 1.0 0.0 -0.2t00.2 0.6 -04t0l1.7 022
UC (n=25) 4.1 0.9 3.8 2.3 -0.4 -1.5t0 0.7
6MWT (meter)
HIIT (n=24) 559 65 586 71 27 12 to 41 20 -2to 41 0.072
UC (n=25) 579 72 585 66 6 -10to 22
Body Weight/Size
Body weight (kg)
HIIT (n=24) 87.1 16.8 86.3 16.4 -0.8  -1.5t0-0.1 -0.8 -1.8t00.3 0.15
UC (n=25) 88.9 143 88.9 14.9 0.0 -0.8t0 0.7
Waist circumference
(cm)
HIIT (n=24) 100.2 13.9 99.7 13.6 -0.4 -1.7t0 0.8 -0.7 -2.5t0 1 0.41
UC (n=25) 103.5 12.8 104.1 132 0.6 -0.6 to 1.8

Between-group difference was adjusted for strength exercise behaviors and baseline value of the outcome. SD,
standard deviation; CI, confidence interval; VOypeak, volume of peak oxygen consumption; HIIT, high-intensity

interval training; UC, usual care; 6MWT, 6-minute walk test.
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Table 3-3. Effects of 12 weeks of high-intensity interval training on prostate cancer-related
markers in prostate cancer patients undergoing active surveillance in the ERASE trial.

Adjusted between-group

Variables Baseline  Postintervention Mean change difference
Mean SD  Mean SD Mean 95% CI Mean  95% CI P
PSA (ug/L)
HIIT (n=24) 6.1 22 5.7 1.7 -04 -0.8t00.0 -1.1 -2.1t00.0 0.043
UC (n=25) 83 32 8.6 4.2 0.3 -0.7t0 1.3
PSA doubling time (months)
HIIT (n=23) 61.3 39.1 80.2 49.5 189 -1.2t038.9 179 -3.8t039.6 0.10
UC (n=24) 573 376 62.0 36.5 47 -7.0to 16.5
PSA velocity (ug-L-!-year™)
HIIT (n=23) 1.1 33 0.1 1.7 -1.0  -2.1t00.1 -1.3 -2.5t0-0.1 0.040
UC (n=24) 1.3 5.0 1.2 5.2 -0.1 -1.0t0 0.8
Testosterone (nmol/L)
HIIT (n=22) 13.5 4.6 13.9 3.9 0.4 -1.0to 1.7 1.0 -0.7t02.6 0.24
UC (n=23) 12.1 39 12.0 3.7 -0.1 -1.2t0 1.0

Between-group difference was adjusted for aerobic and resistance exercise behaviors and baseline value of the
outcome. SD, standard deviation; CI, confidence interval; PSA, prostate-specific antigen.
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361 men with prostate cancer on active surveillance
assessed for eligibility

185 (51%) ineligible
Living too far (n=83)
Medical (n=42)

Too active (n=35)

Out of town (work/travel) (n=13)
Language (n=8)

Compliance (n=3)

Other (n=1)

176 (49%) eligible

124 (70%) declined
Not interested (n=37)
No contact (n=32)

No time (n=31)
No transportation (n=7)
Other / unknown (n=17)

52 (30%) randomized

4

26 allocated to exercise group

24/26 (92%) attended >80% of exercise
sessions

N\

23/26 (88%) completed postintervention VOapeak test
2 lost to follow-up
1 metabolic cart issue
24/26 (92%) completed postintervention blood draw
2 lost to follow-up
24/26 (92%) completed postintervention functional
fitness and anthropometric tests
2 lost to follow-up

Figure 3-1. CONSORT diagram of the ERASE Trial.
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26 allocated to usual care group

2/26 (8%) reported >75 minutes of vigorous
intensity exercise/week

23/26 (88%) completed postintervention VOzpeak test
1 lost to follow-up
2 medical issues
25/26 (96%) completed postintervention blood draw
1 lost to follow-up
25/26 (96%) completed postintervention physical
function and anthropometric tests
1 lost to follow-up
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Figure 3-2. Effects of exercise on prostate cancer-specific antigen, doubling time, and velocity
in prostate cancer patients on active surveillance in the ERASE trial. p-values indicate between-
group difference at postintervention using analysis of covariance adjusting for resistance exercise
behaviours and baseline value of the outcome. Error bars indicate standard error. HIIT, high-
intensity interval training; PSA, prostate-specific antigen; PSADT, PSA doubling time; PSAV,

PSA velocity.
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CHAPTER 4 - PAPER 3 (Biomarkers)

Effects of high-intensity interval training on cardiometabolic and inflammatory biomarkers in

prostate cancer patients undergoing active surveillance: A randomized controlled trial
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4.1 Abstract

Purpose: To report the effects of a 12-week aerobic high-intensity interval training (HIIT)
program on cardiometabolic and inflammatory biomarkers in prostate cancer (PCa) patients on
active surveillance (AS) from the ERASE Trial.

Methods: A total of 52 men diagnosed with PCa on AS were recruited. Participants were
randomized to either exercise (HIIT; n=26) or usual care (UC; n=26) group. The HIIT
intervention consisted of progressive, supervised, aerobic HIIT at an intensity of 85 to 95%
VO2peak for 28 to 40 minutes per session performed three times/week for 12 weeks. Fasting blood
was collected at baseline and postintervention. Cardiometabolic biomarkers included fasting
glucose and circulating lipid profiles, and inflammatory cytokines included interleukin (IL)-axis,
c-reactive protein (CRP), and tumour necrosis factor-alpha (TNF-a). Analysis of covariance was
used to determine significant adjusted between-group mean differences.

Results: In the ERASE Trial, participants were aged 63.4+7.1 years and 40% were obese. Blood
data were obtained from 49/52 (94%) participants. Participants in the HIIT group attended 96%
of the planned exercise sessions. Compared to UC, HIIT significantly reduced total cholesterol
(between-group difference, -0.40 mmol/L; 95% confidence interval[CI], -0.70 to -0.10;
p=0.011), non-high-density lipoprotein-c (between-group difference, -0.35 mmol/L; 95% CI, -
0.60 to -0.11; p=0.006), IL-1p (between-group difference, -0.050 pg/ml; 95% CI, -0.085 to -
0.015; p=0.006), IL-4 (between-group difference, 0.013 pg/ml; 95% CI, -0.024 to -0.003;
p=0.017), and IL-12p70 (between-group difference, -0.119 pg/ml; 95% CI, -0.207 to -0.032;
p=0.009). No significant differences were found in other cytokines including IL-6, c-reactive

protein, and tumour necrosis factor-a.
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Conclusions: HIIT significantly reduced several lipid markers and inflammatory cytokines, and
an overall trend of improvement in these outcomes was observed. HIIT may provide

cardioprotective benefits and reduce PCa-related systemic inflammation in men with PCa on AS.

85



4.2 Introduction

One in seven men in Canada is diagnosed with prostate cancer over their lifetime, with
approximately 23,000 new cases each year [1]. Low-to-moderate grade prostate cancers are often
indolent and managed by active surveillance, where patients can avoid immediate invasive
treatment and are regularly monitored for any sign of disease progression. About one in three
men on active surveillance eventually experience disease progression and undergo invasive
treatment, however, the most common cause of death among early-stage prostate cancer patients
is cardiovascular disease (CVD), followed by second cancers and other cardiometabolic diseases
[2].

Increased levels of cardiometabolic and inflammatory biomarkers such as glucose, lipids,
interleukin (IL)-6, and c-reactive protein (CRP), are linked to CVD, metabolic disease and can
be improved by physical activity [3]. Recent meta-analyses of randomized controlled trials
support the positive effects of exercise on cardiometabolic and inflammatory biomarkers in
cancer patients [4, 5][6, 7]. Most of these studies, however, have focused on breast cancer
patients [5-7] or prostate cancer patients during androgen deprivation therapy (ADT) [4]. Only
one study has been conducted in prostate cancer patients undergoing active surveillance and it
reported some preliminary effects of exercise on blood outcomes [8]. In the Exercise During
Active Surveillance for Prostate Cancer (ERASE) trial [9], we previously reported the benefits of
high-intensity interval training (HIIT) on cardiopulmonary fitness and prostate-specific antigen
in prostate cancer patients on active surveillance. Here, we report the changes in cardiometabolic
and inflammatory outcomes in the ERASE trial. We hypothesized that, compared to usual care
(UC), HIIT would improve blood outcomes related to cardiometabolic disease and systemic

inflammation in prostate cancer patients undergoing active surveillance.
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4.3 Methods
Study Design and Population

Detailed study methods of the ERASE Trial have been published elsewhere [9]. The
ERASE Trial was a randomized controlled trial examining the effects of a 12-week aerobic HIIT
in prostate cancer patients on active surveillance. The trial was registered to clinicaltrial.gov
(NCT03203460) and approved by the Health Research Ethics Board of Alberta — Cancer
Committee (HREBA.CC-17-0248). All participants provided written consent for study
participation and blood banking. Participants were recruited from the Kaye Edmonton Clinic in
Edmonton, Alberta, Canada. Eligibility criteria included 18 years of age or above, having been
diagnosis with prostate cancer and undergoing active surveillance, no plan for any curative
treatment at the time of recruitment, not having contraindications for or being medically cleared
for performing cardiopulmonary fitness test and high-intensity aerobic training such as
uncontrolled hypertension, and no participation in any structured vigorous-intensity exercise.
Once patients agreed to participate in the study, baseline blood draw and fitness assessments
were completed and participants were randomized either to HIIT or UC.
Exercise Intervention

Details of the study interventions have been described elsewhere [9]. In brief, the HIIT
group was given a supervised, thrice-weekly, aerobic HIIT program for 12-weeks. Each HIIT
session comprised 2 minutes of high-intensity exercise (workload corresponding to 85-95%
VO2peak) followed by 2 minutes of light-intensity exercise recovery (workload corresponding to
40% VO2peak), with progression from 5 to 8 intervals resulting in 28 minutes to 40 minutes of
exercise (including warm-up and cool-down for 5 minutes each). Participants in the UC group

were asked not to begin any structured high-intensity exercise during the intervention period (12
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weeks). They were then offered a 4-week HIIT program at your facility and a 12-week
community-based exercise program.
Blood Outcome Measures

Fasting (> 12 hours) blood samples were collected at the Kaye Edmonton Clinic
Laboratory Services. Serum blood was drawn in the 6.0mL red top tube, clotted for 30-60
minutes, and spin for 20 minutes at 2860 rpm. 0.75mL of serum was transferred to each of the
four cryovials provided. Fasting glucose, HbAlc, triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and non-
HDL-C were analyzed on fresh serum at the central processing laboratory and the results were
available through medical records. Two additional 6.0ml EDTA were collected for inflammatory
cytokines and sent to the biochemistry lab in the Li Ka Shing Centre for Health Research
Innovation at the University of Alberta. Plasma & buffy coat samples were spin for 10 minutes at
2860 rpm within one hour of collection and 1.0mL of plasma was transferred to a secondary tube
to each of the eight cryovials. Samples were frozen and stored at -70°C until the completion of
blood collection from all participants at baseline and postintervention in order to assay the
samples at the same time using paired assays plated in random order to minimize measurement
errors. Inflammatory cytokines including IL-18, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13,
interferon-gamma (IFN-y), tumour necrosis factor-alpha (TNF)-a, and high sensitive (hs)-CRP
were analyzed using a sandwich immunoassay (Meso Scale Discovery, Gaithersburg, MD,
USA). Duplicate testing was performed with coefficients of variation for all samples < 10%. The
lab technicians were blinded to the treatments and appropriate standard and reference samples

were included in each assay.
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Statistical Analyses

The planned sample size was 66 (33 participants per group) to detect a between-group
mean difference of 3.5 mL-kg!'-min! with an SD of 5.6 mL/kg/min on our primary outcome of
VO2peak With 80% power using a two-tailed o <0.05. This power was also sufficient for detecting
standardized effects sizes of approximately d=0.5 for the blood outcomes of the study. Missing
values were not replaced due to low missing data (<5%). Extreme outliers that were greater than
three times the interquartile range were removed [10]. Data normality was explored using
skewness and kurtosis. Due to the approximately normal distribution of the data and equal and
sufficient sample size in each group, analysis of covariance was performed to determine
significant between-group mean differences at postintervention adjusting for baseline value of

the outcome. SPSS version 26 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses.

4.4 Results

Participant flow in the ERASE trial has been reported elsewhere (Chapter 3; Figure 3-
1). In brief, a total of 52 PCa patients undergoing active surveillance were randomized either to
the HIIT (n=26) or UC (n=26) group. Postintervention biomarkers data were obtained in 24/26
(92%) participants in the HIIT group and 25/26 (96%) participants in the UC group. The HIIT
group attended 96% of planned exercise sessions with 100% compliance to the exercise protocol.

Demographic, behavioural, and medical profiles of the ERASE participants have been
described elsewhere (Chapter 3; Table 3-1). Briefly, the mean age was 63.4+7.1, the mean body
mass index was 29.0+4.7, 83% had one or more comorbidities with 60% arthritis/arthralgia, 31%
hypertension (systolic blood pressure>140 mmHg or diastolic blood pressure>90 mmHg, 17%

dyslipidemia (LDL-c>6.0 mmol/L), and 4% diabetes (fasting glucose>7.0 mmol/L or
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HbA1c>6.5%). 12% were regular drinkers, 2% were current smokers, and the average time spent
in moderate-intensity exercise was 61+99 minutes per week. 90% were T1c stage PCa, 96%
Gleason grade of 6, the mean PSA level was 7.3+3.2, and the mean time since starting active
surveillance was 1.9+£2.2 years. We have previously reported that the HIIT group showed
significant improvement in VOzpeak by 1.6 ml-kg!-min! (p=0.014) and PSA by -1.1 ug-L!
(p=0.042) compared to the UC group.

The changes in cardiometabolic biomarkers from baseline to postintervention are
presented in Table 4-1. There were significant between-group differences in TC (adjusted
between-group mean difference, -0.40 mmol/L; 95% confidence interval[CI], -0.70 to -0.10;
p=0.011) and non-HDL-C (adjusted between-group mean difference, -0.35 mmol/L; 95% CI, -
0.60 to -0.11; p=0.006). No significant between-group differences were found in fasting glucose,
HbAlc, TG, HDL-C, and LDL-C. The changes of inflammatory cytokines are presented in
Table 4-2. Significant between-group differences were found in IL-1f (adjusted between-group
mean difference, -0.050 pg/ml; 95% CI, -0.085 to -0.015; p=0.006), IL-4 (adjusted between-
group mean difference, -0.013 pg/ml; 95% CI, -0.024 to -0.003; p=0.017), and IL-12p70
(adjusted between-group mean difference, -0.119 pg/ml; 95% CI, -0.207 to -0.032; p=0.009). No
significant between-group differences were found in IL-2, IL-6, IL-8, IL-10, IL-13, IFN-y, TNF-

o, and hs-CRP.

4.5 Discussion
We have previously reported from the ERASE trial that 12-weeks of aerobic HIIT
yielded improvements in cardiopulmonary and functional fitness and a decrease in biochemical

progression of prostate cancer [Chapter 3; Table 3-2, Table 3-3]. In this report, we presented
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that HIIT resulted in significant reductions in TC and non-HDL-C. HIIT also reduced
inflammatory cytokines such as IL-1p, IL-4, and IL-12p70, which may have positive
implications related to PCa.

The probability of CVD-related death in men diagnosed with early-staged prostate cancer
is as threefold higher compared to prostate cancer-specific death [11]. The impact of exercise on
lipid parameters, as strong predictors of CVD [12], has been studied in prostate cancer patients
[4, 8], and most studies were done during ADT, where a meta-analysis did not find significant
improvements on any lipid parameters [4]. Similarly, one preliminary study focusing on prostate
cancer patients undergoing active surveillance (Prostate Cancer Novel Therapy; PANTERA) did
not observe a trend favouring their physical activity intervention [8]. The discrepancies between
these results and our findings of significant improvements in TC and non-HDL-C may be
attributed to the mode and dose of exercise regimen [13]. Given that changes in systemic
cholesterol levels are more susceptible to higher dose (intensity or duration) aerobic exercise
[13], resistance training-focused exercise programs during ADT or a low-dose community-based
physical activity program during active surveillance in previous studies might not have exerted
notable changes in blood lipids compared to our HIIT intervention. This is consistent to recent
randomized controlled trials reporting significant improvements in serum cholesterol levels after
HIIT in breast [14] and testicular [15] cancer survivors. Therefore, our findings suggest that HIIT
may play a role in lowering risks of CVD by improving blood lipids in prostate cancer patients
during active surveillance. Still, more research should further establish which exercise mode and
dose would be optimal in this cancer population.

HIIT also exerted reductions in proinflammatory cytokines, which were comparable with

a recent meta-analysis [16], reporting that most proinflammatory cytokines tend to decrease with
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exercise training in cancer patients (pooled standardized mean difference, -0.253; p=0.001).
Consistent findings have been observed for a few tumour-related cytokines, such as IL-6, CRP,
or TNF-a, which have been widely studied mostly in breast cancer patients [5, 6, 16]. In our
study, significant reductions were found in IL-1p, IL-4, and IL-12p70, and only IL-1p was
included in a meta-analysis [16] and its reduction with exercise did not reach statistical
significance. Given the roles of IL-1p [17] and IL-4 [18] in androgen-dependent prostate cancer
cell line (LNCaP) signalling, our findings may provide evidence for the link between exercise
and reduction in the proliferation of LNCaP [19]. Furthermore, preoperative IL-12p70 is
associated with biochemical recurrence of prostate cancer [20], and the change of IL-12p70 in
our study might have played as a mediator of the lengthened prostate-specific antigen doubling
time after 2-year of endurance exercise training in a previous study [21]. To date, IL-6 and TNF-
a have been identified as important cytokines attributing to the effects of exercise on suppression
of prostate tumour progression [22, 23], however, the roles of exercise on other pro- or anti-
inflammatory cytokines in prostate cancer should be further examined in both preclinical and
clinical settings

The importance of chronic inflammatory cytokines in prostate cancer progression has
been addressed in active surveillance settings [24]. For example, increased IL-6, one of the most
studied cytokines in prostate cancer, is associated with prostate cancer progression and higher
mortality [25, 26]. A number of exercise randomized controlled trials have investigated the
effects of exercise training on inflammatory cytokines in cancer survivors [16]. Khosravi et al.
conducted a meta-analysis and showed that exercise yielded a significant reduction in CRP and
TNF-a as well as non-significant decreases in IL-6, IL-8, INF-y, and IL-1p [16], which suggests

that larger sample sizes may be needed. The mechanisms have been suggested that exercise
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training lowers chronic systemic inflammation, which may modulate the inflammation-immune
axis and increase immune infiltration in tumours, resulting in suppression in cancer progression
[27]. However, it appears that the effects of exercise on inflammatory cytokines can be highly
heterogeneous depending on cancer type, treatment status, and exercise mode and intensity [16].
Future studies should determine the impacts and mechanisms of different modalities of exercise
on systemic changes of inflammatory markers in cancer survivors.

In our study, there were no changes of metabolic biomarkers in both the HIIT and UC
groups. Previous exercise trials found improvements in fasting blood glucose in men with
prostate cancer undergoing ADT [4]. However, consistent with our study findings, the
PANTERA study in active surveillance patients did not find an improvement in HbAlc [8]. It is
unclear why our exercise intervention did not improve glucose regulation as metabolic markers
[28], however, it may be partially due to the study population with generally normal glucose
levels, where exercise may not be expected to further improve such metabolic outcomes.

Strengths of our study include randomized controlled trial design in a novel cancer
population, high-intensity exercise intervention that might have exerted greater physiological
responses, high study follow-up and intervention adherence rates, and complex set of
inflammatory cytokines. Limitations include statistical analyses on multiple inflammatory
outcomes that might have increased a chance finding and potential recruitment bias (selection
bias).

In conclusion, the ERASE Trials examined for the first time the effects of HIIT on
cardiometabolic and inflammatory biomarkers in men with prostate cancer patients on active
surveillance. Our findings of lower values for some lipid parameters and inflammatory cytokines

suggest that a 12-week high-intensity aerobic exercise training may improve cardiovascular
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health and systemic inflammation that might lower the risks of CVD and prostate cancer
progression. Larger trials need to further determine the longer-term effects of exercise on
disease-related biomarkers and clinical events in prostate cancer patients undergoing active

surveillance.
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Table 4-1. Effects of a 12-week high-intensity interval training on cardiometabolic biomarkers

in prostate cancer patients undergoing active surveillance in the ERASE trial.
Change from

Baseline Postintervention .
Variables baseline P
Mean (SD) Mean (SD) Mean (95% CI)

Fasting glucose (mmol/L)
HIIT (n=23) 5.6 (0.6) 5.7(0.5) 0.0 (-0.2 t0 0.2) 0.88
UC (n=24) 5.5(0.7) 5.6 (0.6)

HbAlc (%)
HIIT (n=23) 5.7 (0.5) 5.7(0.4) 0.0 (-0.1 t0 0.1) 0.77
UC (n=24) 5.7 (0.3) 5.8(0.4)

Triglycerides (mmol/L)
HIIT (n=24) 1.69 (0.91) 1.55(0.73) -0.10 (-0.37 t0 0.17) 0.46
UC (n=25) 1.46 (0.72) 1.48 (0.79)

Total cholesterol (mmol/L)
HIIT (n=24) 4.83 (0.85) 4.69 (0.85) -0.40 (-0.70 to -0.10) 0.011
UC (n=24) 4.64 (0.83) 4.90 (1.12)

HDL-C (mmol/L)
HIIT (n=24) 1.22 (0.23) 1.21(0.25) 0.03 (-0.05t0 0.11) 0.50
UC (n=24) 1.23 (0.24) 1.19 (0.20)

LDL-C (mmol/L)
HIIT (n=24) 2.79 (0.76) 2.77 (0.75) -0.17 (-0.40 to 0.06) 0.14
UC (n=23) 2.70 (0.74) 2.84(0.92)

Non-HDL-C (mmol/L)
HIIT (n=24) 3.60 (0.94) 3.47 (0.94) -0.35 (-0.60 to -0.11) 0.006
UC (n=24) 3.40 (0.78) 3.62 (0.99)

Analysis of covariance were conducted to determine between-group differences at postintervention adjusting for
baseline value of the outcome. CI, confidence interval; HIIT, high-intensity interval training; UC, usual care;
HbAlc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 4-2. Effects of a 12-week high-intensity interval training on inflammatory cytokines in
prostate cancer patients undergoing active surveillance in the ERASE trial.

Adjusted between-group

Baseline Postintervention .
Variables mean difference p
Mean (SD) Mean (SD) Mean (95% CI)

IL-1P (pg/ml)
HIIT (n=23) 0.075 (0.070) 0.056 (0.038) -0.050 (-0.085 to -0.015) 0.006
UC (n=25) 0.092 (0.063) 0.109 (0.073)

IL-2 (pg/ml)
HIIT (n=21) 0.521 (0.293) 0.404 (0.151) -0.116 (-0.269 to 0.037) 0.13
UC (n=25) 0.892 (0.675) 0.848 (0.705)

IL-4 (pg/ml)
HIIT (n=22) 0.065 (0.053) 0.052 (0.012) -0.013 (-0.024 to -0.003) 0.017
UC (n=25) 0.061 (0.021) 0.065 (0.023)

IL-6 (pg/ml)
HIIT (n=23) 1.117 (0.581) 0.978 (0.458) -0.077 (-0.298 to 0.144) 0.49
UC (n=25) 0.962 (0.540) 0.966 (0.508)

IL-8 (pg/ml)
HIIT (n=23) 2.249 (0.791) 2.441 (1.046) 0.112 (-0.393 t0 0.617) 0.66
UC (n=25) 2.096 (0.653) 2.203 (1.005)

IL-10 (pg/ml)
HIIT (n=23) 0.460 (0.226) 0.387 (0.174) -0.054 (-0.127 t0 0.019) 0.15
UC (n=25) 0.408 (0.215) 0.409 (0.190)

IL-12p70 (pg/ml)
HIIT (n=22) 0.304 (0.184) 0.250 (0.113) -0.119 (-0.207 to -0.032) 0.009
UC (n=25) 0.491 (0.413) 0.527 (0.410)

IL-13 (pg/ml)
HIIT (n=22) 2.010 (0.956) 1.785 (0.728) -0.372 (-0.909 to 0.166) 0.17
UC (n=25) 3.321(2.328) 3.369 (2.489)

IFN-y (pg/ml)
HIIT (n=21) 6.582 (3.347) 6.719 (3.291) -0.382 (-1.801 to 1.037) 0.59
UC (n=25) 5.978 (2.884) 6.608 (3.489)

TNF-a (pg/ml)
HIIT (n=24) 0.967 (0.432) 0.981 (0.469) 0.002 (-0.098 to 0.102) 0.97
UC (n=25) 0.870(0.319) 0.883 (0.337)

hs-CRP (mg/L)
HIIT (n=20) 2.9 (2.4) 22(2.1) -0.3(-1.2t0 0.7) 0.58
UC (n=25) 2.1(1.8) 2.1(1.7

Analysis of covariance were conducted to determine between-group differences at postintervention adjusting for
baseline value of the outcome. CI, confidence interval; HIIT, high-intensity interval training; UC, usual care; IL,
interleukin ; IFN-y, interferon-gamma; TNF-q, tumor necrosis factor-alpha; hs-CRP, high-sensitive c-reactive

protein.
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CHAPTER 5 - PAPER 4 (Patient-reported Outcomes)

Effects of high-intensity interval training on anxiety, fear of cancer progression, and quality of

life in prostate cancer patients on active surveillance: A randomized controlled trial
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5.1 Abstract

Purpose: To examine the effects of a 12-week exercise program on patient-reported outcomes in
prostate cancer (PCa) patients on active surveillance (AS).

Methods: 52 PCa patients undergoing AS were randomized to high-intensity interval training
(HIIT; n=26) or usual care (UC; n=26). The HIIT group performed a 12-week, thrice-weekly,
supervised, acrobic HIIT intervention. Patient-reported outcomes were assessed at baseline and
postintervention (12-weeks), including PCa-specific anxiety (Memorial Anxiety Scale for
Prostate Cancer; MAX-PC), fear of cancer progression (Fear of Cancer Recurrence Inventory;
FCRI), PCa-related symptoms (Expanded Prostate Cancer Index Composite-26; EPIC-26),
cancer-related quality of life (European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30-item; EORTC QLQ-C30), and generic psychosocial
outcomes (e.g., fatigue, stress, and self-esteem). Analysis of covariance was used to compare
between-group differences.

Results: 50/52 (96%) participants completed patient-reported outcome assessments at 12-weeks
and adherence to the HIIT program was 96%. Compared to UC, HIIT significantly reduced total
PCa-specific anxiety (adjusted between-group mean difference, -2.7; 95% confidence
interval[CI], -5.0 to -0.4; p=0.024; d=0.28) and fear of recurrence (adjusted between-group mean
difference, -2.0; 95% CI, -3.5 to -0.4; p=0.013; d=0.67) in MAX-PC; hormonal dysfunction
(»=0.005) in EPIC-26; and perceived stress (p=0.037), fatigue (p=0.029), and self-esteem
(p=0.007).

Conclusions: A 12-week supervised HIIT program reduced PCa-specific anxiety, fear of cancer

progression, hormone symptoms, stress, and fatigue, and increased self-esteem in men with PCa
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on AS. Larger trials are warranted to determine the longer-term effects of exercise on patient-

reported outcomes and whether such effects influence willingness to continue on AS.
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5.2 Introduction

Prostate cancer (PCa) treatments have side effects, including sexual and urinary
dysfunction, fatigue, and reduced quality of life (QOL) [1, 2]. Active surveillance (AS) allows
men with low-to-moderate grade PCa to avoid immediate treatments and their side effects until
PCa becomes clinically significant [3]. Due to these advantages, the number of PCa patients
being offered AS continues to increase [4]. Unfortunately, PCa patients on AS have a higher
chance of disease progression and metastasis, and approximately 55% will have radical treatment
within ten years [5]. Increased anxiety and fear of cancer progression are concerns among PCa
patients on AS [6, 7] that are associated with poor QOL [8] and may even prompt these men to
opt for radical treatments in the absence of clinical PCa progression [9]. Interventions to reduce
anxiety and fear of cancer progression in these men may improve QOL and reduce the chances
of them opting for medically unnecessary radical treatments.

Exercise has been shown to significantly improve anxiety and QOL in PCa patients
during and after radical treatments [10-13]; however, no study to date has examined the role of
exercise in managing the psychosocial distress that arises in the AS setting. Moreover, no study
to date has examined the effects of exercise on fear of cancer recurrence/progression in any
cancer patient group. We conducted the Exercise During Active Surveillance for Prostate Cancer
(ERASE) Trial to examine the effects of exercise in PCa patients on AS [14]. We previously
reported that a 12 week, high-intensity interval training (HIIT) program significantly improved
cardiovascular fitness and reduced prostate-specific antigen (PSA) levels and velocity (Chapter
3; Table 3-3). Here, we report the effects of the exercise intervention on patient-reported

outcomes, including PCa-specific anxiety, fear of cancer progression, PCa symptoms, QOL, and
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psychosocial outcomes. We hypothesized that HIIT would improve each of these patient-

reported outcomes in PCa patients undergoing AS compared to usual care (UC).

5.3 Methods
Study Design

Study protocol and methods of the ERASE Trial have been reported elsewhere [14]. In
brief, this single-centre, two-armed randomized controlled trial compared a 12-week HIIT
program with UC on changes in physical fitness, cancer-related biomarkers, and patient-reported
outcomes. The study was conducted at the University of Alberta and the Kaye Edmonton Clinic
in Edmonton, Alberta, Canada and approved by the Health Research Ethics Board of Alberta —
Cancer Committee (HREBA.CC-17-0248). Written informed consent was obtained from all

participants. The trial was registered with clinicaltrial.gov (NCT03203460).

Participants, Recruitment, and Randomization

Eligible participants were (1) >18 years old, (2) diagnosed with PCa and currently
undergoing AS as the primary management strategy, (3) having no plans for radical treatment at
the time of recruitment, (4) medically cleared for study participation, (5) not performing any
vigorous-intensity exercise, and (6) English-speaking. PCa patients on AS identified through
medical records were referred to the study coordinator by their urologists during their checkup
visits. Patients who agreed to participate in the study were scheduled for baseline assessments
and, upon the completion of the assessments, were randomized to the HIIT or UC group. The
randomization sequence was produced using a computer-generated program with a 1:1 ratio and
random blocks of 4 or 6. It was concealed from study staff involved in recruitment and baseline

assessment. Due to the nature of the exercise intervention, participants and interventionists were
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not blinded to group assignment when completing the patient-reported outcomes at
postintervention.
Intervention

The exercise intervention has been described in detail elsewhere [14]. In brief, the HIIT
group was provided with a 12-week supervised aerobic HIIT program three times per week on a
treadmill. Each exercise session consisted of a warm-up at 60% of VOzpeak for 5 minutes, high-
intensity walking or jogging at 85 to 95% VOzpeax for 2 minutes followed by active recovery at
40% of VOzpeak for 2 minutes, and alternating high-intensity intervals and recovery for 5 to 8
times. Exercise intensity and the number of intervals during each session were progressed over
the intervention period. After each session, participants conducted a cool-down at 30% of
VO2peak for 5 minutes and stretching for lower body muscles for 5 minutes. The UC group was
asked to maintain their baseline exercise levels during the intervention period. Upon the
completion of the postintervention assessments at 12-weeks, participants in the UC group were
offered a 4-week HIIT program at our facility and given information about a 12-week
community-based exercise program.
Patient-Reported Outcome Measures

Patient-reported outcome measures in the ERASE Trial have been described elsewhere
[14]. In brief, patient-reported outcomes were assessed by questionnaire at baseline and
postintervention (12 weeks). Participants were asked to complete the questionnaire within one
week of the assessment dates. PCa-specific anxiety was assessed by the Memorial Anxiety Scale
for Prostate Cancer (MAX-PC) [15]. MAX-PC consists of 18 items with three subscales
assessing PCa anxiety, PSA anxiety, and fear of recurrence. The total and subscale score ranges

are 0-54, 0-33, 0-9, and 0-25. Scores above 27, 16, 4, and 6, respectively, are considered a high
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degree of anxiety [16]. Fear of cancer progression was assessed using the 9-item Fear of Cancer
Recurrence Inventory (FCRI) short-form [17] and the 8-item Cancer Worry Scale (CWS) [18].
The FCRI short-form and CWS were modified to adapt to the AS context by replacing
“recurrence” or “development” with “progression”.

PCa symptoms were assessed using the Expanded Prostate Cancer Index Composite-26
(EPIC-26) [19]. EPIC-26 comprises 5 PCa-related symptom scales, including urinary symptoms
(e.g., urinary incontinence and irritative/obstructive), bowel symptoms (e.g., abdominal bloating
and diarrhea), sexual symptoms (e.g., erectile dysfunction and lack of sexual desire) and
hormonal (testosterone-related) symptoms (e.g., lack of energy and loss of weight). Values range
from 0 to 100, and higher values indicate better symptoms. Minimally important difference
(MID) was determined as 8, 6, 5, 11, and 5 for each of the five subscales above, respectively
[20]. Cancer-related QOL was assessed by the European Organization for Research and
Treatment of Cancer- Quality of Life Questionnaire Core 30-item (EORTC QLQ — C30) [21].
The EORTC QLQ-C30 consists of 15 subscales, including global health status/QOL, five
functional scales (physical, role, emotional, cognitive, and social), eight symptom scales (fatigue,
nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, and diarrhea), and
financial difficulties. All values range from 0 to 100, and higher values indicate better QOL for
global health status and functional scales, and worse symptoms for symptom scales and financial
difficulties. MID was determined as between-group mean difference of 10 [22, 23].

General anxiety, depression, fatigue, and stress were assessed using the 10-item
Spielberger State-Trait Anxiety Inventory (STAI) [24], the 10-item Center for Epidemiologic
Studies-Depression Scale (CES-D) [25], the 13-item Functional Assessment of Cancer Therapy-

Fatigue (FACT-F) Scale [26], and the 14-item Perceived Stress Scale (PSS) [27], respectively.

107



Self-esteem was measured using the 10-item Rosenberg Self-Esteem Scale (RSES) [28]. Higher
values indicate worse psychosocial status for anxiety, depression, and stress; and better
psychosocial status for fatigue and self-esteem. For fatigue, MID of 3 was used [29]. Baseline
demographic and behavioural information was obtained using a self-reported questionnaire,
including age, ethnicity, education, marital status, income, employment status, smoking, alcohol
consumption, and exercise behaviour.
Statistical Analyses

With the targeted sample size of 66 (33 participants per group) and the adjustment for the
baseline values of the outcome and selected covariates, our study would provide 80% power
using a two-tailed alpha <0.05 to detect a between-group mean difference of 3.5 mL/kg/min with
an SD of 5.6 mL/kg/min on our primary outcome of VOzpeak. This power was also sufficient for
detecting the standardized effects sizes of approximately d=0.5. MID was used for interpretation
of the results when appropriate. We performed analyses of covariance to compare the between-
group differences at postintervention after adjustment for covariates. Covariates included
baseline values of the outcome and other demographic variables that were unbalanced at baseline
between the two groups. All study participants who had baseline and postintervention data were
included for statistical analysis, and scores were calculated based on all available data. No
adjustment was made for multiple testing, and no missing data strategy was used because of very
low missing data (<5%). SPSS version 26 (SPSS Inc., Chicago, IL, USA) was used for all

statistical analyses.
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5.4 Results

Flow of study participants has been reported elsewhere (Chapter 3; Figure 3-1). In brief,
52 PCa patients on AS were enrolled in the study and 26 participants were randomized to each
group. Attendance at the HIIT program was 96% with 100% compliance to the HIIT protocol. At
postintervention, patient-reported outcome data were available from 50/52 (96%) participants
(25 from each group).

Participants’ demographic, behavioural, and medical information at baseline have been
reported elsewhere (Chapter 3; Table 3-1). Briefly, participants were on average 63.4+7.1 years
of age, 89% Caucasian, 71% married, 39% completed university/college, 63% employed, 40%
were obese, 83% had comorbidities, 58% were current or former smokers, 90% had T1c stage
PCa, 96% were Gleason grade of 6, the average PSA level was 7.3+£3.2, and the average time
since starting AS was 23+26 months. Marital status and employment status were not balanced
between groups (HIIT: 65% vs. UC: 77% [p=0.034] and HIIT: 48% vs. UC: 77% [p=0.026],
respectively) and were adjusted for in the analyses. As previously reported (Chapter 3; Table 3-
2, Table 3-3), HIIT significantly improved VOzpeax by 1.6 ml/kg/min (p=0.014) and reduced
PSA by -1.1 (p=0.042) compared to UC.

Patient-Reported Outcomes

The effects of HIIT on PCa-specific anxiety and fear of cancer progression are reported
in Table 5-1. For MAX-PC, participants in the HIIT group showed a significant reduction in
total PCa-specific anxiety (adjusted between-group mean difference, -2.7; 95% CI, -5.0 to -0.4;
p=0.024; d=0.28) and fear of recurrence (adjusted between-group mean difference, -2.0; 95% CI,
-3.5t0 -0.4; p=0.013; d=0.67) compared to the UC group (Figure 5-1). No significant

differences were observed for FCRI and CWS.
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The effects of HIIT on PCa symptoms are presented in Table 5-2. HIIT showed a
significant improvement in self-reported hormonal symptom (less symptom) compared to UC
(adjusted between-group mean difference, 6.0; 95% CI, 2.0 to 10.1; p=0.005; d=0.55). No
significant between-group differences were found in urinary, bowel, or sexual quality of life.

The effects of HIIT on cancer-related QOL are shown in Table 5-3. Compared to the UC
group, the HIIT group showed a borderline significant increase in global health status/QOL
(adjusted between-group mean difference, 6.8; 95% CI, -0.4 to 13.9; p=0.062; d=0.49) and
emotional functioning (adjusted between-group mean difference, 5.6; 95% CI, -1.1 to 12.2;
p=0.098; d=0.30). There were no significant between-group differences in functional and
symptom scales and financial difficulties.

The effects of HIIT on general psychosocial outcomes are shown in Table 5-4. HIIT
significantly reduced perceived stress (adjusted between-group mean difference, -3.7; 95% CI, -
7.2 t0 -0.2; p=0.037; d=0.57) and fatigue (adjusted between-group mean difference, 3.2; 95% CI,
0.4 to 6.1; p=0.029; d=0.48) and increased self-esteem (adjusted between-group mean difference,
3.1; 95% CI, 0.9 to 5.3; p=0.007; d=0.69). No significant differences were observed in general

anxiety and depression.

5.5 Discussion

In our study, a 12-week aerobic HIIT program that improved cardiopulmonary fitness
and PSA in PCa patients on AS (Chapter 3; Table 3-2, Table 3-3) also elicited positive changes
in important patient-reported outcomes. Specifically, HIIT reduced PCa-specific anxiety (total
score and fear of recurrence), hormonal dysfunction, and general psychosocial outcomes (stress,

fatigue, and self-esteem) compared to the UC group. For cancer-related QOL, global health
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status/QOL showed a trend to increase. To our knowledge, our findings demonstrate for the first
time the efficacy of exercise for improving patient-reported outcomes in men with PCa
undergoing AS.

Perhaps most important clinically, we found a significant decrease in overall PCa-specific
anxiety after 12-weeks of HIIT exercise compared to UC with a small-moderate effect size.
Anxiety has been identified as one of the major psychological distresses among PCa patients on
AS [30-32] and is associated with a 5% to 13% increase in AS discontinuation [31, 33-35].
Strong evidence supports that aerobic exercise reduces anxiety in cancer survivors [36] both
during [37] and after [38] treatments. More specifically for PCa patients, a meta-analysis showed
that exercise produced a marginally significant reduction in anxiety [39]. Most PCa patients
included in these studies, however, had completed or were receiving radical treatment [40, 41].
Our study is the first to suggest that exercise may manage the anxiety that arises from being on
AS for PCa. If so, it is also possible that exercise may help some PCa patients remain on AS
longer.

Interestingly, the decrease in overall PCa-specific anxiety was largely attributable to the
decrease in fear of cancer recurrence (progression). We observed a large standardized effect size
and there was a notable reduction in the number of participants in the HIIT group who had
clinically high fear of cancer progression from 9/25 (36%) to 3/25 (12%) compared to the UC
group which showed no change from 10/25 (40%). Fear of cancer progression is a common
concern among cancer patients, as approximately 50% of cancer survivors experience moderate
to severe fear of cancer progression [42]. In PCa patients, fear of cancer progression is a
significant problem associated with reduced QOL [43] and, especially in AS settings, fear of

cancer progression appears to influence treatment decisions [9]. The potential benefit of exercise
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on fear of cancer progression in cancer survivors has been proposed previously [42], however, no
data have been reported. Our study is the first to suggest that exercise may help manage fear of
cancer progression in PCa patients on AS.

The effects of exercise on overall PCa-specific anxiety in our study, however, did not
seem to extend to PSA- or PCa-related anxiety. For PSA-related anxiety, one possible
explanation is the very low level at baseline that likely resulted in a floor effect. For PCa-related
anxiety, one plausible explanation is that the questions comprising the PCa-related anxiety
subscale in the MAX-PC focus on patients’ past conceptualization of their PCa, whereas the fear
of recurrence subscale focuses on the future influence of PCa [15]. Moreover, exercise did not
significantly change fear of cancer progression measured by the FCRI and the CWS. This may
be due to the differences in the target population for each questionnaire. FCRI and CWS assess
general fear of cancer progression whereas the MAX-PC assesses PCa-specific fear of cancer
progression. Nevertheless, future studies are needed to investigate the sensitivity and specificity
of fear of cancer progression questionnaires in the context of AS.

In terms of PCa-specific symptoms, hormonal symptoms were better by a MID of 5.0
[20] in the HIIT group compared to the UC group (p=0.005). Culos-Reed et al. [44] investigated
the effects of 16-week home-based aerobic and resistant training in PCa patients on androgen
deprivation therapy (ADT), and hormonal symptoms showed a trend favouring the exercise
group but it was not statistically significant compared to UC. It is interesting that our study found
a large effect on hormonal symptoms, which are more relevant to PCa patients undergoing
hormonal treatments (i.e., ADT) and may not be pertinent to AS settings. The reasons are unclear
especially given that HIIT did not change testosterone levels (Chapter 3; Table 3-3); however,

participants in the HIIT group might have experienced better perceived hormone-related
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symptoms, such as lack of energy, feeling depressed, or change in body weight. Future studies
are needed to identify specific hormone-related patient-reported outcomes that may be distinct in
AS patients and whether they can be improved by exercise.

HIIT also yielded improvements in several general psychosocial outcomes, including
stress, fatigue, and self-esteem. The importance of stress management during AS and the
necessity of improving coping skills have been noted [45]. Our finding of reduced stress,
however, is in contrast to previous studies reporting that both low-dose exercise [46] and HIIT
[47] did not change perceived stress during and after cancer treatment. These data suggest that
exercise may manage stress in the AS setting but not in the treatment or recovery settings.
Moreover, we also found that HIIT significantly lessened fatigue which is a well-established
benefit of exercise in the oncology setting [37, 38] and is consistent with a recent study of HIIT
in testicular cancer survivors [47]. Although PCa patients on AS have less fatigue compared to
PCa patients who undergo radical treatments [48], our finding suggests that exercise could still
reduce fatigue levels in AS patients. Finally, HIIT also showed a large effect in improving self-
esteem. This finding is consistent with previous studies that showed a moderate to large increase
in self-esteem after exercise training in the oncology setting [37, 38, 47]. A unique aspect
regarding self-esteem in AS settings is that high self-efficacy or self-esteem seems to play a key
role in their treatment decision-making process and is associated with higher decisional
satisfaction and QOL [49, 50]. Therefore, our finding may imply that better self-esteem through
HIIT may help men on AS more actively engage in the decision-making process towards radical
treatment and improve the overall satisfaction of their decisions and overall QOL.

HIIT also exerted a borderline significant but potentially meaningful increase in global

health status/QOL. Strong evidence supports the benefits of exercise on cancer-related QOL
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during and after cancer treatment [37, 38, 51, 52]; however, only one study has focused on AS
settings [53], reporting the preliminary efficacy of a 1-year physical activity intervention on
QOL. In our study, it is notable that the potential exercise effects were found in overall QOL
with no changes in physical functions or symptoms. This finding is comparable to the Prostate
Cancer Lifestyle Trial reporting non-significant change in QOL and physical function after a
lifestyle intervention (exercise, diet, and stress management) in AS patients and these outcomes
remained high across all assessment timepoints [54]. It is understandable that AS patients do not
experience cancer-related or treatment-induced symptoms [1], where exercise may have had a
potential ceiling or floor effect. In the AS setting, the marginally significant increase in overall
QOL in our study suggests that HIIT may further elicit better cancer-related QOL without
addressing physical functions and symptoms. Although not significant, the largest effect of
exercise on the patient functioning subscales was for the emotional functioning subscale. These
data suggest a largely psychosocial effect of exercise in the AS setting as opposed to
improvements in physical functioning. Future research should investigate whether HIIT could
provide long-term effects in psychosocial or functional QOL that may improve overall QOL in
AS patients.

Overall strengths and limitations of the ERASE Trial have been discussed elsewhere
(Chapter 3). The ERASE Trial was the first randomized controlled trial to examine the efficacy
of exercise in men with PCa on AS. We achieved a high adherence to exercise (96%), an
excellent follow-up (96%) of patient-reported outcomes, and we assessed a comprehensive set of
important patient-reported outcomes in the AS setting. Limitations include the modest sample
size, the likely recruitment bias (self-selection), the lack of long-term follow-up data, and the

potential self-reporting bias.
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In conclusion, the ERASE Trial demonstrated the benefits of a 12-week supervised HIIT
program in managing PCa-specific anxiety and fear of cancer progression, hormonal
dysfunction, stress, fatigue, and self-esteem. Cancer-related global health status/QOL also
showed a borderline significant improvement. Our findings may have clinical implications for a
subgroup of AS patients who opt for radical treatment to manage their anxiety, fear of cancer
progression, or general psychosocial distress. Larger trials are warranted to further establish the
longer-term effects of exercise on patient-reported outcomes and its potential impact on AS

continuation.
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Table 5-1. Effects of 12-week high-intensity interval training on anxiety and fear of cancer progression in
prostate cancer patients undergoing active surveillance in the ERASE trial.

. Baseline Postintervention Mean change Adjusted between-group difference
Variables (range) 4
Mean SD Mean SD Mean 95% CI Mean 95% CI p d
MAX-PC
Total score (0-54)
HIIT (n=24) 106 94 7.7 7.4 29 -45to-1.2 27 -5.0to-04 0.024 -0.28
UC (n=25) 11.7 94 11.2 9.2 -0.5 -22tol.1
Prostate cancer anxiety (0-33)
HIIT (n=25) 6.0 6.9 4.7 55 -1.4  -29t00.1 -06 -24t01.2 0.52 -0.09
UC (n=25) 6.9 7.2 6.1 7.0 -0.8 -19t00.3
PSA anxiety (0-9)
HIIT (n=25) 0.4 1.3 0.5 1.0 0.1 -0.1t0 0.4 0.0 -04t003 0.87 0.02
UC (n=25) 0.2 1.0 0.4 1.0 0.1 -0.2t00.4
Fear of recurrence (0-12)
HIIT (n=25) 4.2 33 2.6 2.1 -1.6 -2.7t0-0.5 20 -35t0-04 0.013 -0.67
UC (n=25) 4.6 2.6 4.7 3.2 0.2 -1.1to 1.4
FCRI (0-36)
HIIT (n=25) 11.9 69 11.0 5.7 -09 -24t00.6 0.6 -14t02.6 0.55 0.09
UC (n=25) 135 59 11.6 54 -1.9  -33t0-0.5
CwS (8-32)
HIIT (n=25) 125 34 12.1 2.5 -04 -13t00.6 0.3 -09t0o 1.5 0.58 0.11
UC (n=25) 133 2.2 12.5 2.8 -0.8  -1.6t0-0.1

A higher value indicates worse anxiety or fear/worry. Between-group difference at postintervention was analyzed using analysis of
covariance adjusting for marital status, employment status, and baseline value of the outcome. SD, standard deviation; CI, confidence
interval; MAX-PC, Memorial Anxiety Scale for Prostate Cancer; HIIT, high-intensity interval training; UC, usual care; PSA, prostate
specific antigen; FCRI, Fear of Cancer Recurrence Inventory; CWS, Cancer Worry Scale.

124



Table 5-2. Effects of 12-week high-intensity interval training on prostate cancer-specific symptoms in prostate
cancer patients undergoing active surveillance in the ERASE trial.

Variables Baseline Postintervention Mean change Adjusted between-group difference
Mean SD Mean SD Mean 95% CI Mean 95% CI p d
Urinary incontinence
HIIT (n=25) 91.3 12.0 90.8 13.8 -0.5 -5.3t04.3 0.5 -7.0t06.0 088 0.04
UC (n=25) 93.1 11.0 91.5 12.1 -1.6 -5.6t02.5
Urinary irritative/obstructive
HIIT (n=25) 8.9 113 86.6 10.0 -0.3 -4.1t03.4 24  -67t018 026 -0.20
UC (n=25) 86.3 13.0 89.0 10.4 2.8 -0.1t0 5.6
Bowel
HIIT (n=25) 972 4.1 95.2 7.3 -2.0 -4.31t00.3 0.7 -33to4.7 073 0.13
UC (n=25) 95.6 6.3 92.9 11.3 2.7 -5.8t0 0.4
Sexual
HIIT (n=24) 67.9 234 70.6 23.5 2.8 -4.0t0 9.6 31 -6.0to122 049 0.12
UC (n=22) 57.0 30.1 58.7 29.8 1.7 -2.5t05.9
Hormonal
HIIT (n=25) 88.8 14.0 95.6 5.1 6.8 1.9to11.7 6.0 2.0to 10.1 0.005 0.55
UC (n=24) 93.5 6.5 92.3 8.5 -1.2 -4.8t02.4

Values range 0-100. A higher value indicates a better symptom. Between-group difference at postintervention was analyzed using
analysis of covariance adjusting for marital status, employment status, and baseline value of the outcome. SD, standard deviation; CI,
confidence interval; HIIT, high-intensity interval training; UC, usual care.
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Table 5-3. Effects of 12-week high-intensity interval training on cancer-related quality of life in prostate cancer
patients undergoing active surveillance in the ERASE trial.

Variables Baseline Postintervention Mean change Adjusted between-group difference
Mean SD Mean SD Mean 95% CI Mean 95% CI p d
Global Health Status/QOL
HIIT (n=25) 76.7 13.4 80.7 13.5 4.0 -1.7t0 9.7 6.8 -0.4t0 139  0.062 0.49
UC (n=25) 74.7 149 74.3 16.7 -03  -52t04.6
Functional Scales
Physical functioning
HIT (n=25) 949 85 96.3 6.4 1.3 -2.1t04.8 1.2 -2.71t05.0 0.55 0.17
UC (n=25) 96.8 4.8 96.3 7.2 -0.5  -3.0t02.0
Role functioning
HIT (n=25) 94.0 12.6 94.7 13.4 0.7 -6.1t07.4 0.5 -6.91t0 7.8 0.90 0.04
UC (n=25) 953 113 94.7 11.5 -0.7  -6.8t054
Emotional functioning
HIT (n=25) 833 224 90.3 10.9 70 0.1to013.9 5.6 -1.1t0 122 0.098 0.30
UC (n=25) 82.0 142 84.7 14.6 2.7 -3.41t08.7
Cognitive functioning
HIT (n=25) 84.7 19.8 92.0 11.9 7.3 1.3t013.3 1.2 -44106.9 0.66 0.07
UC (n=25) 86.7 13.6 92.0 9.8 53 -02t0109
Social functioning
HIT (n=25) 92.7 12.8 95.3 10.2 2.7 -2.5t07.8 -1.0 -7.5105.6 0.77 -0.08
UC (n=25) 94.0 10.6 96.7 11.8 2.7 -2.5t07.8
Symptom Scales
Fatigue
HIT (n=25) 204 15.6 14.2 12.6 -6.2  -12.3t0-0.1 5.6  -132t02.0 0.14 -0.38
UC (n=25) 13.8 13.7 16.9 13.3 31 -42t0104
Nausea and vomiting
HIT (n=25) 20 55 2.7 6.2 0.7 -2.5t03.8 1.9 -1.0t0 4.9 0.20 0.43
UC (n=25) 07 33 0.7 33 0.0 0.0
Pain
HIT (n=25) 20.0 18.0 15.3 14.4 47 -13.7t04.3 1.3 -7.8t010.4  0.78 0.08
UC (n=25) 13.3 152 10.7 15.1 27 -92t03.8
Dyspnea
HIT (n=24) 13.9 16.8 11.1 16.1 28 -99t04.3 -0.4 -8.91t08.1 0.92 -0.03
UC (n=25) 8.0 174 8.0 14.5 0.0 -5.61t05.6
Insomnia
HIT (n=25) 29.3 222 24.0 24.6 -53 -139t033 54 -19.8t09.0 0.46 -0.26
UC (n=25) 21.3  19.0 22.7 28.4 1.3 -88toll4
Appetite loss
HIT (n=25) 6.7 13.6 5.3 12.5 -1.3  -62t03.5 -3.0 -9.41t03.5 0.36 -0.28
UC (n=25) 1.3 6.7 4.0 11.1 2.7 -1.1t0 6.5
Constipation
HIT (n=25) 2.7 9.2 1.3 6.7 -1.3  41tol4 45  -11.1to2.1 0.17 -0.70
UC (n=25) 0.0 0.0 2.7 13.3 2.7 -2.8t08.2
Diarrhea
HIT (n=25) 8.0 145 13.3 25.5 53 -4.1t014.8 1.5 -9.4t012.3 0.79 0.11
UC (n=25) 53 125 10.7 18.6 53 02t010.5
Financial Difficulties
HIT (n=25) 40 11.1 1.3 6.7 27  -65to0l.1 -0.7 -3.31t02.0 0.61 -0.05
UC (n=25) 2.7 133 1.3 6.7 -1.3  41tl4

Values range 0-100. A higher value indicates better quality of life for global health status/QOL and functional scales and worse
symptoms for symptom scales. Cancer-related quality of life was measured using the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30-item (EORTC QLQ C30). Between-group difference at postintervention
was analyzed using analysis of covariance adjusting for marital status, employment status, and baseline value of the outcome. SD,
standard deviation; CI, confidence interval; QOL, quality of life; HIIT, high-intensity interval training; UC, usual care.
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Table 5-4. Effects of 12-week high-intensity interval training on general psychosocial outcomes in prostate
cancer patients undergoing active surveillance in the ERASE trial.

. Baseline Postintervention Mean change Adjusted between-group difference
Variables (range)
Mean SD Mean SD Mean 95% CI Mean 95% CI p d
Anxiety (10-40)
HIIT (n=25) 17.7 6.3 14.7 3.5 -3.0 -5.8t0-0.2 -1.0 -34t01.3 0.37 -0.19
UC (n=25) 16.4 4.9 15.1 4.3 -1.3 -2.8t00.1
Depression (0-30)
HIIT (n=25) 8.2 3.9 33 2.2 -4.9 -6.4t0-3.4 -0.7 25t01.2 048 -0.19
UC (n=25) 7.4 3.2 3.6 3.8 -3.8 -53t0-2.3
Stress (0-56)
HIT (n=25) 16.1 8.8 12.8 6.5 -3.3 -6.71t0 0.0 -3.7 -72t0-0.2 0.037 -0.57
UC (n=25) 18.0 6.7 16.4 7.7 -1.5 -3.31t00.3
Fatigue (0-52)
HIT (n=25) 43.6 6.6 46.0 43 2.5 0.1t04.9 3.2 0.4 t0 6.1 0.029 0.48
UC (n=25) 45.3 4.7 44.6 6.0 -0.6 27t 1.4
Self-esteem (4-40)
HIIT (n=25) 342 34 36.4 3.1 2.2 1.0t0o 3.4 3.1 09t05.3 0.007  0.69
UC (n=25) 33.6 5.3 33.2 5.9 -0.4 22t 1.4

A higher value indicates worse psychosocial status for anxiety, depression, and stress and better psychosocial status for fatigue and
self-esteem. Anxiety, depression, stress, fatigue, and self-esteem were measured using the State-Trait Anxiety Inventory (STAI), the
Center for Epidemiologic Studies-Depression Scale (CES-D), the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-
F), the Perceived Stress Scale (PSS), and the Rosenberg Self-Esteem Scale (RSES). Between-group difference at postintervention was
analyzed using analysis of covariance adjusting for marital status, employment status, and baseline value of the outcome. SD, standard
deviation; CI, confidence interval; HIIT, high-intensity interval training; UC, usual care.
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Figure 5-1. Effects of exercise on prostate cancer-specific anxiety in prostate cancer patients on active
surveillance in the ERASE trial. p-values indicate between-group difference at postintervention using analysis
of covariance adjusting for marital status, employment status, and baseline value of the outcome. Error bars
indicate standard error. PCa, prostate caner; PSA, prostate-specific antigen.
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CHAPTER 6 — DISCUSSION
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6.1 Overview

The aim of this dissertation was to investigate the effects of high-intensity interval
training (HIIT) on cardiopulmonary and physical fitness, biochemical progress of prostate
cancer, cancer-related biomarkers, and patient-reported outcomes in men with prostate cancer
(PCa) on active surveillance (AS). To summarize, Chapter 1 and Appendix A and B reviewed
current clinical practice in managing low-risk PCa including AS and up-to-date literature on
behaviour intervention trials in AS settings. Chapter 2 and Appendix E described the
development of the ERASE Trial, including the rationale, design, and detailed study protocol.
The primary findings of the ERASE Trials were reported in Chapter 3 that HIIT exerted
significant improvements in cardiopulmonary fitness and biochemical progression on PCa.
Chapter 4 further reported that HIIT reduced several circulating lipid and inflammatory
markers, which provides mechanistic evidence that exercise could reduce the risks of
cardiovascular disease and PCa progression in PCa patients on AS. Lastly, Chapter 5 showed
that HIIT reduced clinically important psychological outcomes such as PCa-related anxiety and

fear of cancer progression as well as improved fatigue, self-esteem, and perceived stress.

As illustrated in Figure 2-1, I proposed that physiological conditioning through a 12-
week HIIT program, which is an improvement in cardiopulmonary fitness, would yield positive
changes in cancer-related biomarkers, patient-reported outcomes, and overall physical and
functional fitness. As hypothesized, HIIT yielded an improvement in cardiorespiratory fitness,
although the magnitude of the effect did not reach the target effect size (1.6 ml-kg'-min™! vs. 3.5
ml-kg!-min™!). For the biological pathway, the study found the improvements in biochemical
progression of prostate tumour, several inflammatory cytokines, and lipid profiles, while no

changes were found in selected metabolic biomarkers. Further assays for other metabolic
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outcomes (i.e., insulin, insulin-like growth factor (IGF)-axis, adiponectin, and leptin) and
immune markers (i.e., natural killer cell counts and cytotoxic activity), and PCa cell line (i.e.,
LNCaP) are still in progress and the results will be reported in the future. Also, further statistical
analyses will identify whether circulating immune or inflammatory markers were associated with
the PCa biochemical and cell line outcomes. For the psychological pathway, HIIT reduced
anxiety and fear of cancer progression, which potentially induced a non-significant but
meaningful improvement in quality of life. For the functional pathway, HIIT improved a few
functional fitness outcomes such as upper body strength and lower body flexibility. Taken
together, the ERASE Trial suggests for the first time the potential clinical utility of exercise in
addressing disease-related and psychological concerns for PCa patients undergoing AS.
Additional results from the ERASE Trial on biomarkers that are currently being analyzed and 1-
year follow-up patient-reported and clinical outcomes will further provide important evidence of

the effects of HIIT in PCa patients on AS.

6.2 Strengths and Limitations

The strengths and limitations of the ERASE Trial have been discussed in each chapter
with regards to the study outcomes of each paper. In this section, I will further expand the key
strengths and limitations of the ERASE Trial. The primary strength of the ERASE Trial is its
novelty in three aspects: First, it is one of the few randomized controlled trials testing the effects
of an isolated exercise intervention in the AS setting. Previous exercise interventions in PCa
patient on AS have been part of a multicomponent package which do not allow for the evaluation
of the independent effects of exercise. Moreover, most previous trials involving isolated exercise

interventions in PCa patients have focused on patients during or after treatments, particularly
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androgen deprivation therapy. Findings from patients receiving or recovering from active
treatments are unable to answer the unique questions related to AS including disease progression,
fear of cancer progression, and preparation for treatments. To date, only one study has tested an
exercise intervention in AS patients; however, it focused on the feasibility of exercise during AS

and was not able to provide the efficacy of the intervention compared to the control counterpart.

Second, our study is the first clinical trial to examine the effect of exercise on clinical
outcomes (i.e., biochemical progression) in relation to existing biological mechanisms.
Epidemiological studies have shown a positive association between physical activity and PCa
survival. In recent years, pre-clinical studies have suggested a potential impact of exercise on
prostate tumour growth and metastasis various biological mechanisms; however, this question
has not been studied in a clinical setting. The ERASE Trial measured biochemical progression of
disease in addition to metabolic, inflammatory, and immune markers for a comprehensive
understanding of the exercise mechanisms of anti-tumour effects. In this dissertation, we have
reported the changes of biochemical progression (i.e., PSA and PSA kinetics), sex hormone (i.e.,
testosterone) and cardiometabolic/inflammatory markers. Other PCa-related biomarkers
including PCa cell line (LNCaP), immune activity (i.e., NK cell counts and NK cell cytotoxic
activity), and additional metabolic markers (i.e., IGF-axis, adiponectin, and leptin) are currently
assayed and analyzed, and the findings will be published in the future. Furthermore, the ERASE
Trial includes follow-up up to 1-year after the intervention period for biochemical and biopsy-
based PCa progression as well as clinical events, which will provide preliminary evidence of the

longer-term effect of HIIT on important clinical outcomes.

Third, ERASE was the first exercise randomized controlled trial that examined fear of

cancer progression in AS settings. Fear of cancer progression is emerging as a major unmet
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psychosocial need in PCa patients that can undermine quality of life and may even prompt
unnecessary medical intervention. As a unique psychological construct, fear of cancer
progression is strongly related to overall quality of life and is a major concern during both pre-
treatment (i.e., fear of progression) and survivorship (i.e., fear of recurrence). Given the unique
AS setting where patients are living with untreated tumours for months to years, it is especially
important to alleviate possible fear of PCa progression due to its implication on quality of life
and clinical decision. Unfortunately, no intervention during AS has been studied for fear of PCa
progression nor implemented in most clinical settings. The ERASE Trial comprehensively
examined the effects of exercise on PCa-specific and generic fear of cancer progression in

relation to anxiety.

There are other important strengths of the ERASE Trial based on the high-quality study
design and implementation: (1) the study design was developed through a comprehensive model
as illustrated in Chapter 2. I have proposed the multidimensional benefits of exercise in men
with PCa on AS in three distinct pathways (i.e., biological, psychological, and functional
pathways) that possess clinically-relevant and long-term implications (e.g., time on AS and cost-
effectiveness); (2) HIIT, as one type of exercise modality, was selected to maximize the
proposed benefits of exercise based on the current evidence as described in Chapter 2 and
supervised HIIT was well-implemented with high adherence (96%) and compliance (100%) to
the exercise protocol; (3) the ERASE Trial employed a gold-standard measure for the primary
outcome of cardiopulmonary fitness (i.e., VO2peak using a metabolic cart), comprehensive PCa-
related biomarkers, and validated patient-reported outcome measures; (4) the ERASE Trial
achieved minimal loss of follow-up at post intervention for the primary outcome of VO2peak

(88%) and the secondary outcomes of biomarkers, functional fitness, and patient-reported
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outcomes (94%); and (5) the ERASE trial incorporated postintervention follow-up period for a
year on medical records (e.g., PCa progression and clinical events) and patient-reported
outcomes (e.g., fear of cancer progression and exercise behaviour). To date, I have obtained 6-
month and 12-month follow-up data from 90% (43/48) and 85% (28/33) of the study participants
and the follow-up data collection is expected to be completed by April 2021. Once completed, it
would provide important information on whether there are any longer-term effects of HIIT on

psychosocial outcomes, exercise behaviours, and PCa progression.

Several important limitations exist in the ERASE Trial, which should be taken into
account for the interpretation and application of the findings. First, the ERASE Trial did not
reach the targeted sample size of 66 (52/66; 79%) due to slower recruitment. This smaller sample
size would still have led to limited power to detect statistically significant differences between
groups. Therefore, cautions are needed to interpret the findings in that there is a possibility of
chance finding due to between-group imbalances at baseline, outliers, or unknown factors. The
ERASE trial had 80% of the target sample size and employed robust statistical methods (i.e.,
elimination of extreme outliers, and analysis of covariance to adjust identified baseline

imbalances), which would have minimized potential chance findings.

Second, potential selection bias in the recruitment of the study participants may exist. In
the ERASE trial, eligible PCa patients on AS were provided with the study information in person
or via phone call and interested patients participated in the study. Among 176 patients who were
eligible and approached by study coordinators, only 30% participated in the trial and about 56%
were not interested, including those who expressed no interest (30%) and did not respond to the

follow-up phone calls (26%). It means that the majority of our study participants were already
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keen on participating in exercise, which may not represent the entire PCa patients on AS and

thereby limit the generalizability of the study findings.

Third, postintervention assessments for the health-related fitness and patient-reported
outcomes may have influenced by potential bias from the lack of blinding to group assignment
for study participants, outcome assessors, and exercise program interventionists. Due to the
nature of exercise intervention, it was not possible for study participants to be blinded to group
assignment. For example, a systemic review in 12 non-conventional medicine clinical trials
reported that non-blinded patients had an exaggeration of the effect size by an average of 0.56
standard deviation in patient-reported outcomes [1]. Also, due to the limited source of staff and
logistic issues, we were not able to have separate personnel for outcome assessments and
exercise intervention. Group assignment was revealed to participants, outcome assessors, and
interventionists at the time of the completion of baseline assessments, and this may have induced
potential bias in postintervention assessments. To minimize the potential bias, the outcome
assessors in the ERASE trial strictly followed the standardized assessment protocols for the
fitness outcomes. Also, study participants, outcome assessors, interventionists were blinded to

group assignment for other study outcomes such as biomarkers and medical records.

Lastly, our cross-over design has the potential to contaminate the findings at a 6-month
and 12-month follow-up. In the ERASE trial, participants in the UC group were offered a 4-week
complimentary HIIT program at our facility and a 12-week community-based exercise program
after the 12-week intervention period. This strategy potentially allowed us to maximize
recruitment (i.e., ensuring exercise programs regardless of their group assignments) and
minimize drop-outs (i.e., exercise programs given after the intervention period). However, more

than half (54%) of participants in the UC group were given the 4-week supervised HIIT program,
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which may also influence our long-term patient-reported and medical outcomes especially given

the potential lingering effects of the 4-week program on their exercise behaviours.

6.3 Future Research Directions

There are several insights that the ERASE Trial can offer for future exercise oncology
research in AS settings. The findings from the ERASE Trial inform larger phase trials to confirm
the benefits of exercise in men on AS, focusing on long-term oncological outcomes. One of the
most important lines of inquiry for patients on AS is how to avoid unnecessary treatments or
lengthen the time on AS without compromising survival. Although the survival benefits of AS
compared to active treatment has appeared inconsistent across studies [2], the 10-year disease-
free survival rate among AS patients is still as high as 95% regardless of treatment strategies [3].
Interestingly, more recent findings from two large randomized controlled trials, the Prostate
Testing for Cancer and Treatment (ProtecT) trial [3] and the Scandinavian Prostate Cancer
Group Study Number 4 (SPCG-4) trial [4], agreed that active monitoring showed higher risks of
disease progression and metastasis while having low PCa symptoms compared to radical
prostatectomy or radiation therapy. Therefore, future exercise oncology trials in AS settings may
focus on AS-related clinical concerns such as biochemical or pathological progression of PCa
(i.e., PSA, PSA kinetics, and tumour profile), disease reclassification or time to radical treatment,
post-treatment side effects (i.e., prehabilitative effect), and early onset of metastasis. For
example, Galvao et al. have been conducting a multi-centre randomized controlled trial in AS
patients to investigate the effects of a 3-year progressive stepped-down exercise intervention on
the time to active treatment [5], which will provide important evidence on clinical outcomes. The

ERASE Trial will report 1-year follow-up data on exploratory PCa and clinical outcomes and it
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would further bridge the gap between short- and long-term clinical effects of exercise in AS

patients.

On a similar note, another aspect to consider is the feasibility of recruitment and
intervention delivery with regards to the efficacy-effectiveness spectrum. For example, the
design of the ERASE Trial has mixed components to address the efficacy of the intervention
(e.g., interested in and medically cleared for high-intensity exercise, living in a specific urban
area, individualized HIIT program, supervised setting, and no cost involved for a gym
membership or travelling) as well as effectiveness (e.g., relatively radical recruitment criteria
such as the inclusion of men with PCa on AS regardless baseline PSA levels or Gleason Score
and those who were engaged in moderate-intensity exercise). However, future exercise oncology
trials in AS settings that involve long-term clinical outcomes and larger sample sizes should
consider various ways of intervention delivery to optimize recruitment. For instance, Parsons et
al. conducted the Men’s Eating and Living (MEAL) study [6], a phase III randomized controlled
trial examining the effects of a behavioural intervention (i.e., vegetable diet) on clinical
outcomes in men with PCa on AS. They found no significant reduction in the primary outcome
of time to PCa progression at 24-month follow-up in the diet group compared to the control
group; however, it was notable that they achieved a high accrual rate (103%; 478/464) over
approximately 4 years with minimal dropouts (7%; 35/478). Also, their national-wide telephone-
based behavioural change intervention resulted in a substantial increase in vegetable
consumption that persisted for two years of the intervention period [7]. This may inform that
recruitment of a large sample to detect clinical outcomes would be feasible in AS settings and
this was partly possible due to the easy accessibility to the intervention. Therefore, distance-

based (e,g., telephone) intervention modality can be considered as a viable option for larger
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effectiveness trials such as the Breast cancer Weight Loss (BWEL) study [8] examining the
effects of a telephone-based lifestyle intervention (including physical activity) on cancer

outcomes in early-stage breast cancer patients.

Another aspect to consider is exercise modality. In the ERASE trial, HIIT intervention
was performed only on a treadmill, which was either jogging or fast-paced walking on a higher
incline. Notably, 60% of participants had at least one type of joint arthritis or arthralgia at
baseline and nearly one-fourth of participants in the HIIT group reported aggravation of their
joint issues (e.g., knee or ankle) during the intervention period. Consequently, HIIT on a
treadmill might have worsened the previous joint pain, although it is unclear from previous
literature likely due to poorly recorded/reported adverse events [9, 10]. In the ERASE Trial,
although speed and incline were modified to minimize joint pain without reducing the exercise
intensity corresponding to the target VOapeak. Therefore, given that the average age of men
diagnosed with low-risk localized PCa is between 60-70 years, other modalities of exercise using
a bike, row, or elliptical would be able to address possible joint issues that might have been

caused by body weight-based exercise such as jogging or incline walking on a treadmill.

The biological mechanisms that exercise could suppress PCa tumour growth or
metastasis are unclear; however, one of the most plausible mechanisms would include increased
cancer surveillance. Recent evidence suggests that one key pathway is an enhanced innate
immune function based on natural killer (NK) cell activity, accounting for more than 50% of
tumour suppression [11]. NK cells, as central components of the first-line innate immunity, play
important roles in inhibiting tumour proliferation and promoting apoptosis, and in recent years,
therapies aimed at increasing the number and/or function of NK cells have been tested for a role

in immune surveillance [12] and immunotherapy [13]. NK cell cytotoxic activity (NKCA) is an
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indicator of NK function and poorer NKCA is present in higher stage PCa patients (e.g.,
approximately 40% and 65% lower in low- and high-grade PCa patients, respectively, compared
to healthy counterparts) [14, 15]. A meta-analysis showed that exercise increases NKCA levels
up to fourfold compared to resting values, and long-term exercise training also induces elevated
basal NKCA levels up to 1.5 fold [16]. Therefore, it is plausible that exercise can induce
systemic NKCA numbers and function and inhibit tumour progression in patients with PCa
during AS [17]. In the ERASE Trial, further assays in immune profiles including NK cell counts
and NKCA are currently in progress and these findings would provide important information on

the potential mechanisms between exercise and PCa progression.

Lastly, further research is needed in cancer prehabilitation settings. In recent years, the
importance of prehabilitative interventions for cancer patients has been emerging [18]. Potential
advantages of cancer prehabilitation include decreased morbidity, improved physical and
psychological health, the increased number of available treatment options, decreased hospital
stay and readmissions, and reduced direct and indirect cancer-related healthcare costs [19].
Physical exercise can be one of the crucial components in unimodal or multimodal cancer
rehabilitation programs [20]; however, as Courneya and Friedenreich noted in their article
describing the Physical Exercise Across the Cancer Experience Framework [21], only minimal
attention has been paid to exercise during the pre-treatment period for cancer control outcomes
[18]. To date, several studies have investigated the effects of “prehabilitation” exercise
interventions [22] including exercise trials in lung cancer [23-28], colorectal cancer [29-32], PCa
[33, 34], and breast cancer patients [35]. Most of these studies, however, are conducted
presurgical or preoperative settings where only a limited period between a cancer diagnosis and

curative treatments from several days to several weeks. Low-risk cancer patient groups with an
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extended “prehabilitation” period, such as PCa patients on AS, present unique unmet clinical
needs as described in Chapter 1 and 2. AS practice has been introduced to other cancer types
other than PCa such as early-stage breast cancer or ductal carcinoma in situ (DCIS) and thyroid
cancer, and the number of cancer patients who choose AS is increasing [36]. Exercise
interventions in these unique cancer groups on AS may provide not only evidence on potential
clinical and phycological benefits of exercise but also opportunities for exercise oncologists to

further identify the impacts of exercise on existing tumours in clinical settings.

6.4 Practical Implications

In most of the current AS practices, patients are not offered any guidance that may
potentially reduce the risk of PCa progression or psychological distress such as fear of cancer
progression. It is reported that there is a lack of reliable PCa resources and many men on AS and
care providers seek information or guidance such as lifestyle modifications [37, 38]. Although
the clinical benefits of exercise in AS settings are needed to be confirmed from larger trials, the
findings from the ERASE Trial suggest that high-intensity aerobic exercise can be a cost-
effective intervention to improve physical fitness and psychological distress during AS. If
exercise were further shown to suppress PCa progression, reduce the risk of metastasis, and
ultimately improve long-term survival, it would represent a critical advance in the supportive
care of PCa patients receiving AS. Therefore, men with PCa undergoing AS would be benefited
from HIIT by improving physical fitness and psychological distress, and further research still is

warranted to determine whether exercise could benefit long-term oncologic prognosis.
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6.5 Conclusion

This dissertation aimed to provide scientific evidence on the effects of exercise on fitness,
biological, and psychological outcomes in men with PCa on AS. The findings of the ERASE
Trial demonstrated that HIIT improved cardiopulmonary fitness, biochemical progression of
PCa, systemic lipid and inflammatory markers, and psychological outcomes compared to UC.
Larger phase II/III trials are required to confirm our findings and further investigate the long-
term clinical outcomes. Lastly, the strengths and limitations of the ERASE Trial should be taken
into account in the interpretation and application of the study findings as well as would provide

guidance to future exercise oncology research in AS settings.
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Prostate Cancer Treatments

Most prostate cancer patients undergo conventional treatments including surgery (radical
prostatectomy), radiotherapy (e.g., external beam radiation therapy, brachytherapy, and systemic
radiation therapy), or hormonal therapy (androgen deprivation therapy) [1]. Radical
prostatectomy is the most common surgical procedure when there is no evidence of the prostate
tumour spreading outside of the prostate gland. In this procedure, the prostate gland, often with
some surrounding tissues (e.g., seminal vesicles), is resected [2]. There are two different
approaches to radical prostatectomy in general: open approaches and laparoscopic approaches.
Open approaches are considered a traditional way of treating prostate cancer where the prostate
and adjacent tissues are removed through a single long incision. Two main operations are radical
retropubic prostatectomy (through an incision made in the bowel abdomen, from the belly button
to the pubic bone) and radical perineal prostatectomy (through an incision made between the
anus and scrotum) [3, 4]. This approach is not used as often as in the past. On the other hand,
laparoscopic approaches are more common for prostate cancer treatment in recent years [5].
Laparoscopic radical prostatectomy is an operation where the surgeon uses several smaller
incisions and inserts long instruments to remove the prostate tumour [6]. Robotic prostatectomy
is also a laparoscopic radical prostatectomy using a robotic interface (also known as the da Vinci
system) and the surgeon controls robotic arms to operate while sitting at a control panel in the
operating room [7]. Although the laparoscopic approaches seem to offer more precision and
better manoeuvrability as well as less blood loss and pain, shorter hospital stay, and faster
recovery than open radical surgeries, it profoundly depends on the surgeon’s skill and experience

similar to open approaches. Any type of prostate cancer surgery has side effects and the major
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side effects include urinary incontinence, erectile dysfunction, loss of fertility, lymphedema, and
inguinal hernia [8, 9].

Radiation therapy can be chosen as the first treatment when the cancer is low grade and
the treatment is limited to the prostate gland or as a supplementary treatment when there is any
sign of tumour residue/coming back/advance after surgery [10]. There are two types of radiation
therapy: external beam radiation therapy (EBRT) and brachytherapy (also known as internal
radiation therapy or seed implantation) [11]. EBRT used radiation beams targeting the prostate
gland from outside of the body, and it is used to treat low-grade cancers or help alleviate certain
prostate cancer-related symptoms (e.g., bone pain) [12]. To increase precision and reduce harm
to adjacent healthy tissues, EBRT utilizes several techniques including three-dimensional
conformal radiation therapy (3D-CRT) [13], intensity modulated radiation therapy (IMRT) [14],
image-guided radiation therapy (IGRT) [15], volumetric modulated arc therapy (VMAT) [16],
stereotactic body radiation therapy (SBRT) [17], and proton beam radiation therapy (PBRT)
[18]. Although the procedure is quick and painless, there are some side effects from EBRT
similar to prostatectomy such as bowel, urinary, and erection, problems as well as fatigue and
lymphedema [19]. Alternatively, brachytherapy treats cancer using radioactive pellets, or
“seeds”, that are directly injected into the prostate. It is generally used to treat a low-grade
tumour or sometimes high-risk cancer in combination with EBRT [20] and either low-dose rate
(LDR) brachytherapy or high-dose rate (HDR) brachytherapy are used. There are several
possible risks and side effects from brachytherapy including radiation precautions (e.g., infants
and pregnant women) and travelling pellets for LDR brachytherapy [21] as well as any other

sides effects from other prostate treatment such as bowel, urinary, or sexual problems [22].
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Hormone therapy, also known as androgen deprivation therapy (ADT) or androgen
suppression therapy is based on the idea that androgens (e.g., testosterone and
dihydrotestosterone[ DHT]) stimulate prostate tumour progression[23]. Hormonal therapy may be
used in addition to radical prostatectomy or radiotherapy. It can be used when the prostate cancer
has spread or if the patient is at a higher risk of cancer recurrence based on Gleason score or
prostate cancer antigen (PSA) [24]. Types of hormone therapy include orchiectomy (surgical
castration), luteinizing hormone-releasing hormone (LHRH) agonists (also called LHRH analogs
or GnRH agonists), and other drugs such as LHRH antagonists, CYP17 inhibitors, anti-
androgens, and estrogens [24]. Although side effects from hormone therapy depend on the type
of drugs [25], common side effects may include sexual dysfunction [26], osteoporosis [27],
muscle loss and weight gain[28], fatigue [29], and/or depression [30]. Hormone therapy has been
widely used for prostate cancer treatment, however, further evidence is needed for several
hormonal therapy-related issues such as treating early-stage cancer, early versus delayed
treatment after surgery or radiation therapy [31], intermittent versus continuous hormone therapy
[32], usage of combined/triple androgen blockade therapy [33], and castrate-resistant (low
testosterone levels helped by other forms of hormone therapy, such as the drugs abiraterone and
enzalutamide) versus hormone-refractory (no longer helped by any type of hormone therapy)
prostate cancer [34, 35].

Chemotherapy has not been considered as a standard prostate cancer treatment before or
after surgery, but it can be used if hormone therapy does not work when prostate cancer has
spread out from the prostate gland [36]. Most common chemotherapy drugs for prostate cancer
include Docetaxel (Taxotere), Cabazitaxel (Jevtana), Mitoxantrone (Novantrone), Estramustine

(Emcyt). Although some drugs help men with prostate cancer increase survival [34, 37],
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chemotherapy is still unlikely to cure prostate cancer [31]. Possible side effects of chemotherapy
for prostate cancer include hair loss, nausea and vomiting, loss of appetite, diarrhea, and fatigue

[38, 39].

Active Surveillance

In recent years, a clinical practice, “active surveillance”, has been introduced in low- or
intermediate-risk prostate cancer patients [40]. Under active surveillance, prostate cancer patients
are closely monitored using repeated prostate biopsies and serum prostate specific antigen (PSA)
concentrations to determine whether there are any signs of tumour progression, but they do not
receive any immediate treatment [41]. Therefore, active surveillance allows early-stage prostate
cancer patients to avoid radical treatments, risks of tumour spreading during surgery, and side
effects, as well as to maintain quality of life [42].

In a recent large cohort follow-up study with 82,429 men diagnosed with prostate cancer,
there was no significant difference in prostate-cancer-specific mortality among surgery,
radiotherapy, and active surveillance [43]. Furthermore, in the same cohort, general health-
related or cancer-related quality of life, anxiety, and depression did not show significant
differences among the three groups [44]. These results may imply that, without significant
benefits in survival and patient-reported outcomes, traditional treatments such as prostatectomy
or radiation therapy, which are accompanied by side effects, may not be preferable, while active
surveillance might be a better option. Therefore, it can be expected that the number of early stage
prostate cancer patients choosing active surveillance over radical treatments will continue to

increase.
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Lifestyle Interventions in Prostate Cancer Patients on Active Surveillance

There are a few lifestyle intervention trials that included an exercise component in
prostate cancer patients undergoing active surveillance. One study investigated the effects of a
year-long intense lifestyle program on prostate cancer progression and health-related quality of
life (Prostate Cancer Lifestyle Trial, PCLT) [1, 2]. The intervention was comprised of a vegan
diet, moderate-intensity aerobic exercise (walking 30 minutes per day for 6 days per week),
stress management, and a weekly 1-hour support group session [3]. At 3 months, an interim
analysis only for the experimental group showed significant improvements in cardiovascular risk
factors such as body mass index, abdominal obesity, blood pressure, and lipid profile as well as
several indicators of psychological functioning including mental component summary, intrusive
thoughts, and avoidance [4]. Also, total and free PSA levels were not significantly improved
although the percentage of free PSA showed a non-significant but clinically meaningful change
(17.5+7.4 to 18.948.3 %, p = 0.055) [4]. Though preliminary, they further analyzed prostate gene
expression and telomerase activity (Gene Expression Modulation by Intervention with Nutrition
and Lifestyle, GEMINAL) where they found 48 up-regulated and 453 down-regulated transcripts
relating to prostate tumorigenesis [5] and an increase in telomerase activity in peripheral blood
mononuclear cells (2.0+£0.4 to 2.2+0.5 In; p =0.031) implying telomere maintenance capacity in
human immune-system cells [4]. After one year of intervention, in addition to similar
improvements in cardiovascular risk factors, total PSA significantly reduced by 4% in the
intervention group while it increased by 6% in the control group (-0.25%1.2 vs. 0.38%1.3 ng/ml,
respectively; p =0.016) [1]. Also, the growth of LNCaP prostate cancer cells (androgen-sensitive
human prostate adenocarcinoma cells) was substantially inhibited by approximately 8-times in

the intervention group compared to the control group (-69.944+19.5 vs. -9.06+42.8 %,
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respectively; p < 0.001) [1]. Moreover, overall health-related quality of life increased in the
intervention group compared to the control group (p < 0.001) although no significant differences
were found in other subscales such as physical- and mental-health, perceived stress, and sexual
function [2]. After 2 years of follow-up with clinical events since study entry, they reported that
2 of 43 (5%) patients in the intervention group and 13 of 49 (27%) patients in the control group
had proceeded to invasive prostate cancer treatments (radical prostatectomy, radiotherapy, or
hormone therapy; p < 0.05), while no significant differences in PSA levels and the number of
other clinical events were found [6]. After 5 years of follow-up, telomere length increased in the
intervention group and decreased in the control group (p = 0.03) while PSA and telomerase
activity were not significantly different between groups (p = 0.93 and p = 0.64, respectively) [7].

Second, another randomized controlle trial with 26 men with prostate cancer undergoing
active surveillance tested the effects of a six-month combined whole-grain diet and vigorous
(60<90% heart rate reserve [HRR] or % oxygen uptake reserve [VO2R]) exercise program [8].
The exercise program included non-supervised aerobic exercise three times/week for 45
minutes/session targeting 70% of maximal heart rate in addition to at least 10,000 steps daily.
The combined intervention resulted in an improvement of aerobic capacity (VOzpeak) in the
intervention group (29+7 to 32+7 ml O2/min/kg) compared to the control group (26+5 to 27+5
ml O2/min/kg). No significant differences were found in body composition, cardiometabolic
outcomes, and PSA after six months of intervention.

Last, one study with 40 overweight or obese men with PCa provided a presurgical weight
loss intervention consisting of diet and physical activity [9]; however, only feasibility outcomes
have been reported and the focus of the study is on men electing radical prostatectomy. Several

other cohort, cross-sectional, and systematic review studies have also concluded that lifestyle
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interventions are a promising avenue of research for improving tumor outcomes in PCa patients

on AS [10-12].
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Physical Activity and Prostate Cancer

Over the last decade, many observational studies have examined the associations between
physical activity and the risk of prostate cancer. A meta-analysis using 88,294 cases from 24
case-control and 19 cohort studies showed that a risk of prostate cancer was inversely associated
with time spent in total physical activity (relative risk [RR] = 0.90; 95% confidence interval [CI]
= 0.84-0.95; p=0.001), occupational physical activity (RR = 0.81; 95% CI =0.75 to 0.91;
p<0.001), and recreational physical activity (RR = 0.95; 95% CI = 0.89 to 1.00; p=0.07) [1].
Moreover, several high-quality studies from large national cohorts reported that there is a
positive relationship between physical activity and prostate cancer survivorship [2-6]. For
example, the results from the Health Professionals Follow-Up Study demonstrated that
participating in vigorous physical activity three hours per week or more was associated with
reduced prostate cancer-specific mortality by 46% and all-cause mortality by 61%. Interestingly,
one study has reported an unfavorable association between a risk of prostate cancer and
recreational physical activity (p =0.006 for trend) and household physical activity (p=0.04 for
trend) [7], and another study has also showed an increased risk of prostate cancer in obese men
(RR=1.29; 95% CI =1.00 to 1.66 for physical activity >1h/d vs. <lh/d). However, most of
epidemiological studies support that an increased physical activity level reduces the risk and

mortality of prostate cancer.

Exercise Interventions in Prostate Cancer Patients
A recent systematic review and meta-analysis involving 16 randomized controlled trials
found that there were significant positive effects of exercise on cancer-specific fatigue

(standardized mean difference [SMD] = 0.25; 95% CI = 0.02 to 0.49; p=0.03), sub-maximal
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aerobic fitness (SMD = 0.49; 95% CI = 0.12 to 0.85; p=0.01), upper body strength (SMD = (.26
95% CI1=0.02 to 0.51; p=0.04), and lower body strength (SMD = 0.29; 95% CI =0.07 to 0.50;
p=0.01) [8]. There were statistically non-significant but meaning effects of exercise on VOopeax
(SMD = 0.27; 95% CI = 0.00 to 0.54; p=0.05) and sexual activity (SMD = 0.37; 95% CI = 0.00
to 0.73; p=0.05). Cancer-specific quality of life (SMD = 0.13; 95% CI =-0.08 to 0.34; p=0.23),
PSA (SMD = 0.14; 95% CI = -0.06 to 0.35; p=0.17), systolic blood pressure (SMD =-0.10; 95%
CI=-0.33 to 0.13; p=0.39) did not reach statistical significance; however, a sensitivity analysis
for quality of life involving high-quality studies showed a significant improvement cancer-
specific quality of life (SMD = 0.33; 95% CI = 0.08 to 0.58; p=0.009). According to the
American College of Sport Medicine (ACSM) [9], the evidence of safety and efficacy of
exercise training in prostate cancer patients is A-level (overwhelming data from randomized
controlled trials) on safety, aerobic fitness, muscular strength, and fatigue and B-level (few
randomized controlled trials exist, or they are small and the results are inconsistent) on quality of
life, body composition, and physical function. Reported adverse events include soft-tissue
injuries only (e.g., ankle sprain), which can be preventable using progressive and individualized
exercise programming. The reasons for the heterogeneity of the findings from each study may
include different exercise programs (resistance, aerobic, or resistance + aerobic), medical
characteristics (metastasis), and/or treatment status (during radiotherapy or androgen deprivation
therapy).

In summary, a body of evidence from RCTs showed that exercise can positively affect
cancer-specific fatigue and quality of life, aerobic fitness and muscle strength in prostate cancer
patients, while further evidence in cancer outcomes (e.g., PSA or survival) from large

randomized controlled trials is needed to be established. In addition, none of exercise clinical
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trials has focused on prostate cancer patients undergoing active surveillance, which also should

be further investigated.
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Identification #:

Exercise During Active Surveillance for Prostate Cancer
The ERASE Trial

Dong-Woo (Derek) Kang, MSc; Adrian S. Fairey, MD;
Normand G. Boulé, PhD; Catherine J. Field, PhD; Kerry S. Courneya, PhD

BASELINE QUESTIONNAIRE

Instructions

Thank you for agreeing to participate in this study. In this questionnaire, we are going
to ask you a series of questions about yourself. Many of the questions ask you about
your physical and mental health, and some may be viewed as personal. It is important
to answer as many of these questions as possible, however, if you feel uncomfortable
answering certain questions please leave them blank. All responses are completely
confidential and will never be used in any way that could link them to you. Many of the
questions may seem similar but it is important to treat each question separately and
provide an answer for each. There are no right or wrong answers and all we ask is that
you provide responses that are as honest and accurate as possible. The questionnaire

should take about 30-45 minutes of your time to complete.

If you have any questions about the questionnaire, please contact the study coordinator,
Dong-Woo (Derek) Kang, at 780.492.8246 or derek.kang@ualberta.ca.
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We are interested in some things about you and your health. Please answer all of
the questions yourself by circling the number that best applies to you. There are no
"right" or "wrong" answers. The information that you provide will remain strictly
confidential.

Not at A little Qui’ge a Very
all bit much
1. Do you have any trouble doing strenuous
activities, like carrying a heavy shopping bag or
a SUItcase? ................................................ O 1 2 3
2. Do you have any trouble taking a long walk? - 0 1 2 3
3. Do you have any trouble taking a short walk
Outside Of the house? .................................. O 1 2 3
4. Do you need to stay in bed or a chair during the
day7 ......................................................... 0 1 2 3
5. Do you need help with eating, dressing,
washing yourself or using the toilet? -------------- 0 1 2 3
During the past week: Notat . ... ~Quitea Very
all bit much
0. Were you limited in doing either your work or
other daily activities? ................................. 0 1 2 3
7. Were you limited in pursuing your hobbies or
other leisure time activities? -----------rorreeeeees 0 1 2 3
8.  Were you short of breath? --------ereeeeeeeeeenes 0 1 2 3
9. Have you had pain? ................................ O 1 2 3
10- Dld you need to rest? ............................... O 1 2 3
11. Have you had trouble sleeping? ------------x---- 0 1 2 3
12- Have you felt Weak’) ................................. O 1 2 3
13. Have you lacked appetite?---------eeeeeeeeeee 0 1 2 3
14. Have you felt nauseated? ««-----xoereeeeeeeeeene 0 1 2 3
15. Have you vomited? 0 1 2 3
16. Have you been constipated? 0 1 2 3
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During the past week: Notat A |4y Quitea  Very

all bit much
17 Have yOU had diarrhea? ........................... O 1 2 3
18 Were yOU t"-ed’) ....................................... O 1 2 3
19. Did pain interfere with your daily activities? --- 0 1 2 3

20. Have you had difficulty in concentrating on
things, like reading a newspaper or watching

LOIEVISIONT +++vvv+rerererrerernsmermrniiemunieaannnns 0 1 2 3
21.  Did you feel tense? -« ---=wrrrerseraeraenaness 0 1 2 3
22, Did yOU WOITY?++++esseesirssessiisessiniessiisneenns 0 1 2 3
23.  Did you feel irritable? ««--«---ereeraeraeranens 0 1 2 3
24. Did you feel depressed? -« -« wemreaeenes 0 1 2 3
25. Have you had difficulty remembering things?- 0 1 2 3

26. Has your physical condition or medical
treatment interfered with your family life? ----- 0 1 2 3

27. Has your physical condition or medical

treatment interfered with your social

activities? .............................................. 0 1 2 3
28. Has your physical condition or medical

treatment caused you financial difficulties? --- 0 1 2 3

For the following questions please circle the number between 1 and 7 that best applies
to you

29.  How would you rate your overall health during the past week?

1 2 3 4 5 6 7

Very poor Excellent

30. How would you rate your overall quality of life during the past week?

1 2 3 4 5 6 7

Very poor Excellent

206



The next questions are designed to measure Quality of Life issues in patients with
Prostate cancer. To help us get the most accurate measurement, it is important that
you answer all questions honestly and completely.

1. Over the past 4 weeks, how often have you leaked urine?

1 2 3 4 5
More than About once a More than About once a Rarely or
once a day day once a week week never

2. Which of the following best describes your urinary control during the last 4

weeks?
1 2 3 4
No urinary control Frequent dribbling Occasional Total control
whatsoever dribbling

3. How many pads or adult diapers per day did you usually use to control leakage
during the last 4 weeks?

0 1 2 3
None 1 pad per day 2 pads per day 3 or more pads per
day

4. How big a problem, if any, has each of the following been for you during the last

4 weeks?
No Very small Small Moderate Big
problem problem problem problem problem
a. Dripping or leaking urine - 0 1 2 3 4
b. Pain or burning on
urlnatlon ...................... O 1 2 3 4
c. Bleeding with urination - 0 1 2 3 4

d. Weak urine stream or
incomplete emptying------ 0 1 2 3 4

e. Need to urinate
frequently during the day 0 1 2 3 4
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5. Overall, how big a problem has your urinary function been for you during the last

4 weeks?
1 2 3 4 5
No problem Very small Small problem Moderate Big problem

problem problem

6. How big a problem, if any, has each of the following been for you?

No Very small Small Moderate Big
problem problem problem problem problem

a. Urgency to have a bowel
movement ......................... 0 1 2 3 4

b. Increased frequency of
bowel movements ---------- 0 1 2 3 4

c. Losing control of your
Stools ............................ O 1 2 3 4

d. Bloody stools:«--«=xxerrereeee 0 1 2 3 4

e. Abdominal/ Pelvic/Rectal

7. Overall, how big a problem have your bowel habits been for you during the last 4

weeks?
1 2 3 4 5
No problem Very small Small problem Moderate Big problem

problem problem

8. How would you rate each of the following during the last 4 weeks?

Vtery poor Poor Fair Good Ve
0 none good
a. Your ability to have an

Erection? -« :-::-uxseerenraaacn. 1 2 3 4 5
b. Your ability to reach

orgasm (climax)? ----------- 1 2 3 4 5
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9. How would you describe the usual QUALITY of your erections during the last 4
weeks?

1 2 3 4
None at all. Not firm enough for Firm enough for Firm enough for
any sexual activity masturbation and intercourse
foreplay only

10. How would you describe the FREQUENCY of your erections during the last 4

weeks?
1 2 3 4 5
| NEVER had | had an | had an | had an | had an erection
an erection erection LESS erection erection MORE WHENEVER |
when | wanted THAN HALF ABOUT HALF THAN HALF wanted one
one the time | the time | the time |

wanted one wanted one wanted one

11. Overall, how would you rate your ability to function sexually during the last 4

weeks?
1 2 3 4 5
Very poor Poor Fair Good Very good

12. Overall, how big a problem has your sexual function or lack of sexual function
been for you during the last 4 weeks?

1 2 3 4 5
No problem Very small Small problem Moderate Big problem
problem problem

13. How would you rate each of the following during the last 4 weeks?

No Very small Small Moderate Big
problem problem problem problem  problem

a. Hot flashes ««--«---rreeernree 0 1 2 3 4
b. Breast tenderness/

enlargement -+----------- 0 1 2 3 4
c. Feeling depressed -+ 0 1 2 3 4
d. Lackofenergy --------o- 0 1 2 3 4
e. Change in body weight - 0 1 2 3 4
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The next questions are to better understand how patients cope with aspects of their
prostate cancer and the medical tests frequently involved in their care.

|. Below is a list of comments made by men about prostate cancer. Please indicate by
circling the number next to each item how frequently these comments were true for you

during the past week.
Some-

Notatall Rarely times Often

1. Any reference to prostate cancer brought up

Strong feelings in me' ............................... O 1 2 3
2. Eventhough it’'s a good idea, | found that

getting a PSA™ test scared me. ------xseeeeeee 0 1 2 3
3.  Whenever | heard about a friend or public

figure with prostate cancer, | got more

anxious about me having prostate cancer. --- 0 1 2 3
4. When | thought about having a PSA’ test, |

got more anxious about me having prostate

Cancer. .................................................. O 1 2 3
5.  Other things kept making me think about

prostate CANGCE, "  rrrrerrrs st aaas 0 1 2 3
6. | felt kind of numb when | thought about

prostate CANCEN, "t rrrrrrrrs s aaas 0 1 2 3
7. | thought about prostate cancer even though

I dldn’t mean to ...................................... 0 1 2 3
8. I had a lot of feelings about prostate cancer,

but | didn’t want to deal with them.------------ 0 1 2 3
9. I had more trouble falling asleep because |

couldn’t get thoughts of prostate cancer out

of my mind. ............................................ O 1 2 3

10 | was afraid that the results from my PSA’
test would show that my disease was getting

11. Just hearing the words “prostate cancer”
Scared [NIE. - s s rrr s s O 1 2 3

"PSA: prostate specific antigen
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Il. For the next three questions, please indicate how frequently these situations have

EVER been true for you.

Notatall Rarely Stizwn;(:- Often

12. | have been so anxious about my PSA’ test
that | have thought about delaying it.----------- 0 1 2 3

13. | have been so worried about my PSA’ test
result that | have thought about asking my
dOCtor tO repeat |t ................................... O 1 2 3

14. | have been so concerned about my PSA’
test result that | have thought about having
the test repeated at another lab to make
sure they were accurate_ .......................... O 1 2 3

[ll. Listed below are a number of statements concerning a person’s beliefs about their
own health. In thinking about the past week, please indicate how much you agree or
disagree with each statement. Please circle the number of your answer.

Strongly Agree  Disagree Strongly
agree disagree
15. Because cancer is unpredictable, | feel |
cannot plan for the future. «--«-xeereeeeeeeeeee 0 1 2 3
16. My fear of having my cancer getting worse
gets in the way of my enjoying life. =------------ 0 1 2 3
17. | am afraid of my cancer getting worse. -+ 0 1 2 3
18. | am more nervous since | was diagnosed
Wlth prostate CANCEI. - rrrrrrrrre e O 1 2 3

"PSA: prostate specific antigen
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Most men who have been diagnosed with prostate cancer are worried, to varying
degrees, that there might be a progression of the cancer. By progression, we mean
the possibility that the cancer could grow or spread to another part of the body.
The next questions are to better understand the experience of worries about cancer
progression. Please read each statement and indicate to what degree it applied to you
DURING THE PAST MONTH by circling the appropriate number.

0 1 2 3 4
Not at all A little Somewhat A lot A great deal

1. | 'am worried or anxious about the possibility of cancer
progreSSion ............................................................. O 1 2 3 4

2. | am afraid of cancer progression ««-««-«=««-xxrereerereneeeees 0O 1 2 3 4

3. | believe it is normal to be worried or anxious about the
possibility Of Cancer progression .................................. O 1 2 3 4

4. When | think about the possibility of cancer progression,

this triggers other unpleasant thoughts or images (such

as death, suffering, the consequences for my family) ------- 0O 1 2 3 4
5. | believe that | am fine and that the cancer will not

progress ................................................................. 0 1 2 3 4

6. In your opinion, are you at risk of having a cancer progression?

0 1 2 3 4
Not at all at risk A little at risk Somewhat at A lot at risk A great deal at
risk risk

7. How often do you think about the possibility of cancer progression?

0 1 2 3 4
Never A few times a A few times a A few times a Several times a
month week day day

8. How much time per day do you spend thinking about the possibility of cancer
progression?

0 1 2 3 4
| don’t think A few seconds A few minutes A few hours Several hours
about it

9. How long have you been thinking about the possibility of cancer progression?

0 1 2 3 4
| don’t think A few weeks A few months A few years Several years
about it
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Please read each statement and indicate to what degree it applied to you DURING THE
PAST MONTH by circling the appropriate number.

1. How often have you thought about your chances of your cancer progressing?

1 2 3 4
Never Sometimes Often Almost always

2. Have these thoughts affected your mood?

1 2 3 4
Never Sometimes Often Almost always

3. Have these thoughts interfered with your ability to do daily activities?

1 2 3 4
Never Sometimes Often Almost always

4. How concerned are you about the possibility of your cancer progressing one day?

1 2 3 4
Never Sometimes Often Almost always

5. How often do you worry about your cancer progressing?

1 2 3 4
Never Sometimes Often Almost always

6. How much of a problem is this worry?

1 2 3 4
Never Sometimes Often Almost always

7. How often do you worry about the chance of family members developing cancer?

1 2 3 4
Never Sometimes Often Almost always

8. How concerned are you about the possibility that you will ever need surgery or
radiation therapy?

1 2 3 4
Never Sometimes Often Almost always
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A number of statements which people have used to describe themselves are given
below. Read each statement and then circle the appropriate number that best indicates
how you have felt during the past week. There are no right or wrong answers. Do not
spend too much time on any one statement but give the answer that best describes how
you felt.

During the PAST WEEK Notatall ~ Somer  Moderately  Very
1. 1felt CAIMM oreerrrerrerenmmmnnenraeeannns 1 2 3 4
D | WAS LENSE <+ rrrrrrrrrarrrnaerraneinann 1 2 3 4
3 | felt Ot @QSE - rrrrrrrrirrraerieaannn 1 2 3 4
4. | worried over possible misfortunes--- 1 2 3 4
5. | felt frightened «-----w-eeeemmmeeieeenns 1 2 3 4
6. | felt Self-CONfident - --«--rrmrremmrenns 1 2 3 4
7. I Was jittery - weeemeeeene e 1 2 3 4
8. | Was relaxed:--- - rrrreereiaernaeenn 1 2 3 4
Q. | WAS WOPTIEd - -wrrrrrrrrrenemrenameannns. 1 2 3 4
10 [felt steady e reerreemeerieesieniens, 1 2 3 4
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Below is a list of statements concerning how you might have felt or behaved in the past
week. Please use the following scale to indicate how often you felt or behaved in these
ways in the past week.

Rarely or Some of Much of  Most or all
During the PAST WEEK none the time the time  of the time
(<1day) (1-2days) (3-4days) (5-7 days)

1. | felt depressed: -« rwrremmraeraen. 0 1 2 3
2. | felt that everything | did was an effort -- 0 1 2 3
3. My sleep was restless «-«-w-eeeeenes 0 1 2 3
4. I Was happy e eeeersreseniienniieinn, 0 1 2 3
5. Ifeltlonely e eeeemeeeeeee 0 1 2 3
6. People were unfriendly:--------xeeeeeeeeeee 0 1 2 3
7. lenjoyed life - rwemrmeemmeerees 0 1 2 3
8. [ flt SAG wwrrrrrerrrrrrn e 0 1 2 3
9. Ifeltthat people disliked me---------------- 0 1 2 3
10 | could not get "going" «-+«-++-+=-seeseereen: 0 1 2 3
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Below is a list of statements that other people with your illness have said are important.
Please circle or mark one number per line to indicate your response as it applies to the

past week.

During the PAST WEEK

1.

10

11.

12.

13.

| feel fatlgued ...................................

I feel Weak a” over ............................

| feel listless (“washed out”)--------r-eeveee

| feel tired «---- - v

| have trouble starting things because |
am tired ...........................................

| have trouble finishing things because |
am tired ...........................................

I have energy ...................................

| am able to do my usual activities ---+---

| need to sleep during the day-----------

I am too tlred to eat ...........................

| need help doing my usual activities-----

| am frustrated by being too tired to do
the thlngS | Want to do ........................

| have to limit my social activity because
| am tired .........................................
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The next questions ask you about your feelings and thoughts during the last month.
Although some of the questions are similar, there are differences between them and
you should treat each one as a separate question. The best approach is to answer
each one fairly quickly. For each question, please choose from the following
alternatives:

Almost  Some- Fairly Very
In the LAST MONTH, how often have you... Never ' = %o often often

1. been upset because of something that

happened unexpectedly ---------------------- 0 1 2 3 4
2. felt that you were unable to control the

important things in your life ------xexeeeeeeee 0 1 2 3 4
3. felt nervous and stressed:-------=--xoeeeeeee 0 1 2 3 4

4. dealt successfully with irritating life
haSSleS ............................................ 0 1 2 3 4

5. felt that you were effectively coping with
important changes that were occurring in

your Iife ............................................ 0 1 2 3 4
6. felt confident about your ability to handle

your‘ personal problems ----------------------- 0 1 2 3 4
7. felt that things were going your way ------- 0 1 2 3 4
8. found that you could not cope with all the

thlngs that you had to do ..................... 0 1 2 3 4
9. been able to control irritations in your life 0 1 2 3 4
10 felt that you were on top of things ---------- 0 1 2 3 4

11. been angered because of things that
happened that were outside of your

Control ............................................. O 1 2 3 4

12. found yourself thinking about things that
yOU have to accompliSh ....................... O 1 2 3 4

13. been able to control the way you spend
your tlme .......................................... O 1 2 3 4

14. felt difficulties were piling up so high that
you could not overcome them:--------------- 0 1 2 8 4
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The next questions concern the general perceptions that you currently have about
yourself. Please circle the number that best reflects your current view of yourself using
the following scale as a guide for your responses.

Strongly . Strongly
Disagree Disagree Agree Agree
1. On the whole | am satisfied with myself. -- 1 2 3 4
2. Attimes | think that | am no good at all ---- 1 2 3 4
3. Ifeel that | have a number of good
qualities ............................................ 1 2 3 4
4. | am able to do things as well as most
Other people ....................................... 1 2 3 4
5. Ifeel | do not have much to be proud of--- 1 2 3 4
6. | certainly feel useless at times -------------- 1 2 &) 4
7. |feel that | am a person of worth, at least
on an equal plane with otherg -------+------ 1 2 3 4
8. | wish | could have more respect for
myself ............................................... 1 2 3 4
9. Allinall, l am inclined to feel that | am a
failure ............................................... 1 2 3 4
10 | take a positive attitude toward myself ---- 1 2 &) 4
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For this next question, we would like you to recall the amount of exercise you have done
during the past month.

When answering these questions please:
» Only count exercise sessions that lasted 10 minutes or longer in duration.

» Only count exercise that was done during free time (i.e., not occupation or
housework).

> Note that the main difference between the first three categories is the intensity of
the endurance (aerobic) exercise and the fourth category is for strength
(resistance) exercise.

» Write the average frequency on the first line and the average duration on the
second.

» Write in “0” if you did not do any exercise in one of the categories.

Considering a typical week (7 days) over the PAST MONTH, how many times on the
average did you do the following kinds of exercise?

Times Average Duration
AEROBIC EXERCISE Per Week Per Session
a. VIGOROUS EXERCISE
= HEART BEATS RAPIDLY, SWEATING
(e.g., running, aerobics classes, cross country times/week  minutes/time
skiing, vigorous swimming, vigorous bicycling)

b. MODERATE EXERCISE
= NOT EXHAUSTING, LIGHT PERSPIRATION

(e.g., fast walking, tennis, easy bicycling, times/week  minutes/time
easy swimming, popular or folk dancing)

Cc. LIGHT EXERCISE
= MINIMAL EFFORT, NO PERSPIRATION
(e.g., easy walking, yoga, bowling, times/week minutes/time
shuffleboard)

RESISTANCE/STRENGTH EXERCISE
(e.g., weight lifting, push-ups, sit-ups, resistance
band)

times/week  minutes/time

219



The following questions ask you to rate how you feel about doing a high-intensity
aerobic interval exercise training (HIIT) program during active surveillance for your
prostate cancer. Please pay careful attention to the words and descriptions for each
scale and circle the number that best represents how you feel.

The HIIT exercise program involves 2-minutes of high-intensity walking or running on a
treadmill (about 85-100% of maximal intensity) directly followed by 2-minutes of light walking
recovery, repeated 5-8 times. One exercise session lasts approximately 30-40 minutes
including warm-up and cool-down. It will be performed 3 days per week for 12 weeks at our
fitness center at the University of Alberta.

1. How bené€ficial do you think it will be for you to do this HIIT program during
active surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

2. How enjoyable do you think it will be for you to do this HIIT program during
active surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

3. How supportive do you think family/friends will be of you doing this HIIT program
during active surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

4. How motivated are you to do this HIIT program during active surveillance for
your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

5. How difficult do you think it will be for you to do this HIIT program during active
surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

6. How much control do you think you will have over doing this HIIT program during
active surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

7. How confident are you that you will be able to do this HIIT program during active
surveillance for your prostate cancer?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much
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The next questions ask you about any possible benefits or harms of doing the high-
intensity aerobic interval exercise training (HIIT) program during active surveillance for

your prostate cancer. Please use the scales below to guide your responses.

Very much Somewhat Slightly
worse worse worse

-3 -2 -1 0

No change

1

Slightly
better

2

Somewhat
better

3
Very much
better

What effect, if any, do you think the HIIT exercise program will have on each of the
following for you?

1.

10.

11.

12.

Your physical fitness -3
(worse)

Your ability to stop thinking about your -3

prostate cancer (worse)
Your sense of control over your -3
prostate cancer (worse)
Your preparation for prostate cancer -3
treatments if they are needed (worse)
Your fear and worry of your prostate -3
cancer progressing (worse)

The chance that you will need prostate -3

cancer treatments (higher)
Your quality of life -3
(worse)
Your immune system’s ability to fight -3
your cancer (worse)
The growth of your prostate cancer -3
(worse)
The aggressiveness of the biology -3
(grade) of your prostate cancer (worse)
Your PSA levels -3
(higher)
How long you survive -3
(worse)

Any other positive or negative effects you expect?

0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1

2 3
(better)
2 3
(better)
2 3
(better)
2 3
(better)
2 3
(better)
2 3
(lower)
2 3
(better)
2 3
(better)
2 3
(better)
2 3
(better)
2 3
(lower)
2 3
(better)




This part of the questionnaire is needed to help understand the characteristics of the
people participating in the study. For this reason, it is very important information.

All information is held in strict confidence and its presentation to the public will be
group data only.

1. Age:

2. Current Marital Status:
Never Married O Married O Common Law O
Separated O Widowed O Divorced O

3. Education (Please check highest level attained):

Some High School O Completed High School O
Some University/College O Completed University/College [
Some Graduate School O Completed Graduate School [

4. Annual Family Income:

< 20,000 O 20,000 - 39,999 O
40,000 -59,999 OO 60,000 — 79,999 O
80,000-99,999 O > 100,000 O

5. Current Employment Status:
Full Time O Part Time O Sick Leave [
Retired O Homemaker [ Disability O

6. What is your primary ethnic origin or race?
White O Black O Hispanic [
Asian O Aboriginal O Other

7. Which of the following best describes your current smoking status?

Never Smoked [ Ex-Smoker [ Current Smoker [

8. Which of the following best describes your current alcohol consumption?

Never Drink O Social Drinker [ Regular Drinker [
(drink every day)
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9. In the past month, was your ability to exercise limited by any health condition, injury,

or disability?
1 2 3 4 5
No, Not at All A Little Somewhat Quite A Lot Completely

If yes, what is it?

10.Are you currently taking any medications or supplements?

(e.g., blood pressure, anxiety, pain, insomnia, vitamins, prostate supplements, etc.).

Medication or Supplement Purpose Dose (if known)
(e.g., Tenormin) (e.g., Hypertension) (e.g., 50mg twice per day)
(e.g., Super Prostate) (e.g., Prostate health) (e.g., 1 tablet per day)

Participant initials:

Questionnaire completion date: - -
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Please feel free to make any comments concerning your prostate cancer,
active surveillance, the questionnaire, the exercise study, or anything else
you think may be helpful to us.

Thank you very much for your participation in this research project.
Please place the completed questionnaire in the envelope provided and
bring it to your scheduled fitness test.
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APPENDIX E: ERASE TRIAL ASSESSMENT PROTOCOL
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I|II||||I
ERASE Study

ERASE Trial Assessment Protocol

[.  Blood Draw
a. Paperwork

e Fill out a DynaLife requisition form (gray-color).

*required info: Participant’s PHN, Sex, Last name, First name, Date of birth, and
Fasting hours

e Fill out a research blood draw requisition form (red-color) and highlight the
contact person and number in the sheet.

o Fill out six blood tube labels (required info: Participant number and Date of blood
draw) and put two 6mL EDTA (purple top) blood vials in a plastic biohazard bag
with “Refrigerate” checked.

*use a permanent marker on the labels.
b. Instructions for Participants

Please abstain from any food and beverages other than water at least 12 hours prior to
your scheduled time.

If you are on any medications, take them on your usual schedule and complete the
medication question in the questionnaire.

Please bring a light breakfast that you can have after the blood draw and before fitness
testing.

Refrain from smoking, consuming alcohol and caffeine at least 3 hours before testing.

Avoid strenuous physical activity one day (24 hours) prior to testing.

c. Blood work
e Meet the participant in the waiting area at Level 0 of the Kaye Edmonton Clinic at
the scheduled time.
e Fill out the blood collection form.
e Pull out the ticket number out and wait for the number called out from a nurse
(this is just for the staff checking in and submitting documents).
¢ Go to the registration desk and submit:
- Dyna-Life requisition (gray-color)
- Research blood requisition (red-color) — emphasize the highlighted section
(“call Dhruvesh after collection for pick-up”)
- Blood vials in the plastic bag.
e Come back to the patient and wait them to call out the number again.
e Once called out, let the patient follow the nurse next to the front desk.
e Text the second tester for a heads up.
¢ Once blood draw is done, escort him to the fitness testing room.
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II.  Body Composition
a. Weight and Height
e Purpose
- To calculate Body Mass Index (BMI) as a measure of body composition.
- Weight is also used to calculate the relative VOzpeak from the absolute term.
e Equipment
- Electronic body weight scale located in the RTF testing room.
- SECA movable stadiometer with 'squaring' at top at the wall.
e Procedure
- Have participant wearing minimal clothing and having empty pockets with
shoes removed
- Have participant step onto the stadiometer with their back to the wall and
heels flat against the floor and back panel
- Have them look straight ahead, as tall as possible and take a deep breath
while the measurement is taken
- Record weight and height to the nearest 0.1kg
- Record height to the nearest 0.1cm
b. Waist and Hip Circumferences
e Purpose
- To quantify and estimate body fat distribution
e Equipment
- A flexible yet inelastic tape measure
e Procedure
- The tape should be placed on the skin surface without compressing the
subcutaneous adipose tissue.
- Take duplicate measures at each site and retest if duplicate measurements
are not within Smm.
- Repeat measures should be done after allowing time for skin to regain normal
t e X t u r e
- For waist circumference, with the subject standing, arms at the sides, feet
together, and abdomen relaxed, horizontal measure is taken directly above
the iliac crest.
- For hip circumference, With the subject standing and feet together, a
horizontal measure is taken at the maximal circumference of the buttocks.
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II1.

Physical Fitness/Function Test
a. Cardiopulmonary Fitness Test

e Purpose

To assess cardiopulmonary fitness by measuring peak oxygen consumption
during maximal exercise

e Equipment

Woodway treadmill (up to 20% and 10mph)

Parvo-Medics True One R2400 Metabolic Measurement Cart - Flow and gas
calibrated before every test, signal display before and after each test (see
Pretest Setup in protocol)

Hans Rudolph Calibration Syringe

Polar heart rate monitors

Welch-Allyn Blood Pressure Cuff

Stethoscope

Vacumetics C201 Pulse Oximeter

e Procedure
Gas Calibration

Find and press Gas Calibration on the main home screen

Ensure the temperature, pressure, and humidity match our weather station,
correct them if necessary. Push ok

Turn on gas tank and ensure it is at 3 psi (computer will prompt this as well)
The system will automatically sample room air and standard air

If the change in Gain Factor is <1%, press save. If it is > 1.0% press cancel
and calibrate again.

If on the 3rd calibration, the Gain factor is still >1.0%, save the calibration
and recalibrate against that calibration (total of 4 calibrations)

* Note - if Gain Factor is >3% check that the cart is set up correctly and
there are no leaks as 3% would indicate something going wrong

Flow Calibration

Find and press Flow Calibration on the main home screen
Ensure the temperature, pressure, and humidity match our weather station,
correct them if necessary. Push ok
Attach the Hans Rudolph calibration syringe to the mouthpiece on the
calibration tube
The flow calibration is divided into 3 stages requiring calibration strokes:
* Detection (1) - to ensure the strokes are being read properly
* Flushes (4) - to flush the accumulated hot air inside the heated
pneumolachometer out
» Strokes (5) - to measure the volume of flow at different flow rates, from
slow to maximal expiration
= Using the lines on screen, pump the syringe so that it stays within
each zone allowing the zones to disappear

228



= Pressing the Cancel button will cancel the last stroke in case the
syringe got stuck

= Pressing Baseline will re-sample baseline if you suspect it has drifted
When the calibration strokes are finished, the program will calculate new
flowmeter volumes in the save data screen.
If the Diff: is less than <1.0%, press save. If the Diff: is >1.0% press cancel
and calibrate again
If on the 3rd calibration, the Diff : is still >1.0%, save the calibration and
recalibrate against that calibration (total of 4 calibrations)
* Note - if Diff: is >3% check that the cart is set up correctly and there are
no leaks as 3% would indicate something going wrong

Pre-Test Signal Display

Find and press Signal Display on the main home screen.

Click the check boxes for “0” and “1”.

Watching the values for Oz and CO», wait for the numbers to stabilize (1 -
20 seconds) and record the values on the backside of the treadmill testing
sheet.

Treadmill Test — Warm-up and gear up

Ask if participant want go to the bathroom (recommended to go)

Explain test to participant making sure to hit key points from the Modified

Bruce Protocol Script (Appendix)

Warm up takes place at a walking speed for 5 minutes before the actual

graded exercise test (GXT), 0-2.5min at 1.7mph and 2.5-5.0min at 2.5mph

Between the 4th and 5th minute HR, BP and SaO; are measured

Immediately following the end of the warm up, go over stop protocol (hand

in the middle of the front treadmill bar) so that it is the last thing in the

participant's mind before the test starts.

Allow the participant a 5 minute break to drink water and get setup with the

headgear and mouthpiece.

Once the participant is setup with the headgear and mouthpiece, have them

step onto the treadmill facing forward and attach the hose from the cart to

their mouthpiece.

Start the test on the cart while the participant is standing.

Wait for the O> concentration to get to <18.5% and push OK.

Have the participant remain standing until the first set of metabolic

measurements comes up (~ 15 seconds).

» IfRER <1.00, take the participants standing HR, BP and SaO then start
the test at the 1-minute mark.

« IfRER >1.00, have the participant continue to stand another minute,
take standing HR, BP and SaO», and start the test at the 2-minute mark.

* Test should only start at the 1 or 2 minute marks, not at’2 or’ intervals
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Treadmill Test (Modified Bruce Protocol; McINNIS K & Balady GJ, 1994)

The test will be terminated at any stage if contraindications to graded

exercise occur:

* Angina or angina like symptoms

* Drop in SBP > 10mmHg despite increased workload

* Excessive rise in SBP > 250mmHg and/or DBP > 115mmHg

» Shortness of Breath, wheezing, leg cramps or claudication

» Light headedness, confusion, ataxia, pallor, cyanosis, nausea/cold
clammy skin

« Failure of HR to increase with increased workload

* Noticeable changes in heart thythm

* Sa0; ofless than 90%

Once the test has started, follow the workload increases according to the

treadmill testing sheet, filling in HR, BP, SaO> and RPE where noted

The participant goes until they feel that they can no longer exercise or keep

up with the workload required and indicates stopping using the previously

discussed stop protocol. Stop the treadmill belt immediately but have the

participant continue to step on the spot while taking maximal HR, BP and

Sa0; measurements.

Once the VO2 measurements on the computer begin to drop (~15sec), press

“Stop Test” on the computer and remove the mouthpiece/headgear from the

participant.

Allow the participant to have a couple drinks of water then immediately

start them on the cool down

* Important Notes

» Throughout test participants should be verbally encouraged.
* Ensure participant does not hold onto the treadmill tightly during test
(tight
enough to reduce workload), while light grip for balance is acceptable.
* NEVER change the spit trap in the final minute of a stage or right at the
end of
the test. The metabolic readings during these periods of time are crucial
and should not be disrupted.

Protocol — Cool-down

Follow the 5-minute cool down workloads according to the treadmill testing
sheet.

Ask participant their end RPE and reason for stopping the test.

After the initial 1-minute, take HR, BP, and SaO, measurements.

Once the 5-minute cool down has finished, have the participant step off the
treadmill, sit down and rest for an additional 5 minute.
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Take HR and BP one more time to ensure it is safe for them to move on the
next tests: BP back to pre exercise values and HR<100bpm.

Protocol — Reports

Perform another signal display. If the values differ from the initial ones by

>(.05, circle “Yes” on the sheet and then a drift will be calculated on the

final VO; values.

Print/Save the following metabolic results under text report.

* Click “Text Report” = “Config” = choose “15 Seconds” - “Ok” -
print -2

» Click “Excel Export” = save in USB as “ERASE00BL(or FU)” (e,g,
ERASEO6FU)

* Click “Ventilatory Threshold” button = pick a VT (see VT Appendix
for details on picking a VT) - print

* Find FPO number from top right corner beside the partlclpant's name
—> click Start button on the Windows and go to “FPO shortcut” folder >
copy the participant's FPO file and paste it in USB without renaming.

b. Physical Functioning Test (Senior’s Fitness Test; Senior Fitness Test Manual-2nd
Edition, Human Kinetics, 2013)

1) 30-second Chair Stand Test

e Purpose

To assess lower-body strength

e Equipment

Stopwatch; Straight-back chair with a seat height of approximately 17
inches (placed against a wall to prevent slipping)

e Procedure

Instruct participant to sit in the middle of the chair with back straight, feet
flat on the floor, and arms crossed at the wrists and held against the chest
(a).

On the signal “go”, the participant rises to a full stand, then returns to a fully
seated position (b).

Before testing, have the participant practice one or two stands.

Demonstrate the test slowly to show proper form, then a faster pace that the
objective is to do the best on can within safety limits.

Encourage the participant to complete as many full stands as possible in the
30 seconds.

Administer only on trial.

The test time can stop once you observe the person is no longer able to
perform additional stands.
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e Important Notes

The score is the total number of stands completed in 30 seconds. If a person
is more than halfway up at the end of 30 seconds, it counts as a full stand.

Count the number out loud that
participant can listen. If
participant did not follow the
instructed posture (cheating), do
not count the ones participant did
not do properly and let participant
know immediately.

Ask if participant have any joint
issues, especially knee, and
inform that they can stop at any g
time if any issue occurs (e.g., . §

serious knee pain and dizziness).

Ensure that the chair is not slipping (even can have someone hold it steady).
Watch that the chair is under the participants when they sit, especially for
people who are visually impaired or physically and cognitively frail.

Watch for balance problems; quick movement could especially increase
instability for people with sensory impairments (e.g., vision or inner ear
problems).

2) 30-second Arm Curl Test

e Purpose

To assess upper-body strength

e Equipment

Stopwatch; Straight-back chair with no arms; 5-pound (for women) and 8-
pound (for men) dumbbells

e Procedure

Have the participant sit on a chair with back straight and feet flat on the
floor, with the dominant side of the body close to the edge of the seat.
The weight is held down at the side, perpendicular to the floor, in the
dominant hand with a handshake grip.

From the down position, as the elbow bends the weight is curled up, with
the palm gradually rotating to a facing-up position during flexion of the
elbow.

The weight is returned as the elbow is fully extended down, with the hand
returning to a handshake grip.

The wrist should not move-the bending is at the elbow.

Demonstrate the test slowly to illustrate the form, then at a faster speed to
illustrate the pace.
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Have the participant practice one or
two repetitions without the weight to
ensure proper form.

On the signal "go," the participant curls
the weight through the full range of
motion (from full extension to full
flexion of the lower arm) as many
times as possible in 30 seconds.

The upper arm must remain still
throughout the test. If needed, brace the
elbow against the body helps stabilize
the upper arm.

The score is the total number of arm
curls executed in 30 seconds. If the arm
is more than halfway up at the end of
30 seconds, it counts as a curl.
Administer only one trial.

e Important Notes

Count the number out loud that
participant can listen. If participant did

not follow the instructed posture (cheating), do not count the ones
participant did not do properly and let participant know immediately.
If participant did not follow the instructed posture (cheating), do not count

the ones participant did not do properly

Make sure participants do not have extensive flexion at the wrist when
performing the test. The flexion and extension are from the elbow-not the
wrist. The wrist should not bend forward and backward.

Ask participants if they have any elbow, wrist, or hand pain.

3) Chair Sit-and-Reach Test

e Purpose

To assess lower-body {primarily hamstring) flexibility

e Equipment

18-inch ruler; Chair with a seat height of 17 inches chair (placed against a

wall to prevent slipping)

e Procedure
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The participant sits on the edge
of the chair.

The crease between the top of
the leg and the buttocks should
be even with the front edge of
the chair seat.

One leg is bent and slightly off
to one side with the foot flat on
the floor.

The other leg is extended as
straight as possible in front of
the hip.

The heel is placed on the floor,
with the foot flexed at
approximately 90 degrees.
With arms outstretched, hands overlapping, and middle fingers even, the
participant slowly bends forward at the hip joint, reaching as far as possible
toward or past the toes.

If the extended knee starts to bend, ask the participant to move slowly back
until the knee is straight.

The maximum reach must be hold for 2 seconds.

The participant should practice the test on both legs to see which is preferred
(the one resulting in the better score). Only the preferred leg is used for
scoring purposes (for comparison with norms).

Once the preferred leg is determined, have the participant practice two
times, administer two test trials and mark the better test score.

Measure the distance from the tips of the middle fingers to the toe end of the
shoe to the nearest half inch (centimeter). The midpoint at the toe end of the
shoe represents the zero point. If the reach is short of this point, record the
distance as a minus(-) score; if the middle fingers touch the toes, record a
score of zero; and if the reach is past the midpoint of the toes, record the
distance as a plus(+) score.

e Important Notes

Place the chair securely against a wall so it doesn't slip during testing.
Remind participants to exhale as they bend slowly forward and to avoid
bouncing.

Participants should stretch only to a point of slight discomfort, never to the
point of pain.

Remind participants not to hold their breath-just continue breathing
throughout the test.

Do not administer the test to people with severe osteoporosis, with recent
knee or hip replacements, or who have pain when flexing forward.
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Tester should get down beside the participant to the outside of the extended
leg and place one hand on the knee (gently) so that if the tester feels the
knee start to bend, she can have the participant stop or pull back if
necessary.

4) Back Scratch Test

e Purpose

To assess upper-body (shoulder) flexibility

e Equipment

18-inch (46 cm) ruler

e Procedure

Have the participant stand and place the preferred
hand over the same shoulder, palm down and
fingers extended, reaching down the middle of the
back as far as possible.

Note that the elbow is pointed up. Ask the
participant to place the other arm around the back
of the waist with the palm up, reaching up the
middle of the back as far as possible in an attempt
to touch or overlap the extended middle

fingers of both hands.

The participant should practice the test to
determine the preferred position (the hand over the
shoulder that produces the best score).

Two practice trials are given before scoring the
test.

Check to see if the middle fingers are directed
toward each other as best as possible.

Without moving the participant's hands, direct the
middle fingers to the best alignment.

Do not allow participants to grab their fingers
together and pull.

After giving the participant two warm-up practice
trials in the preferred position, administer two test trials and record the better
test score to the nearest half inch (cm), measuring the distance of overlap, or
distance between, the tips of the middle fingers.

Give a minus(-) score if the middle fingers do not touch, a zero score if the
middle fingers just barely touch, and a plus (+) score if the middle fingers
overlap.

Always measure the distance from the tip of one middle finger to the tip of
the other, regardless of their alignment behind the back.

e Important Notes
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Stop the test if the participant experiences pain. This test is contraindicated
for people with neck and shoulder injuries or problems (e.g., frozen
shoulder, rotator cuff problems, pinched nerves).

Remind participants to avoid any bouncing or rapid movements.

Try to take the measurement as quickly as possible so participants don't
have to hold an uncomfortable position.

Have participants shake and roll their shoulders between trials.

5) 8-Foot Up-and-Go Test

e Purpose

To assess agility and dynamic balance

e Equipment

Stopwatch; chair with 17-inch (43 cm) seat height; tape measure; and cone
(or similar marker)

e Procedure

Place the chair against the wall, Q
facing a cone marker exactly 8 feet

(2.4 m) away (a), measured from the |
back of the cone to a point on the ﬁ
floor even with the front edge of the .
chair.

Instruct the participant to sit in the

middle of the chair with back straight,

feet flat on the floor, and hands on the
thighs.

On the signal "go," the participant

gets up from the chair, walks as

quickly as possible around either side

of the cone (b), and sits back down in

the chair.

Be sure to start the timer on the signal "go" whether or not the participant
has started to move, and stop the timer at the exact instant the person sits
back down on the chair.

After you have demonstrated the proper form and desired pace, have the
participant practice the test once, and then administer two test trials. Record
the best (fastest) time to the nearest tenth of a second.

e Important Notes

When administering the 8-foot up-and-go test, stand between the chair and
cone in order to assist participants in case they lose their balance.

For the frail, you may need to spot them more closely, especially as they
stand, turn around the cone, and sit down.
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If at any time you believe a person is at risk for falling, do not administer the
test.

With a frail or very obese person, watch that he stands up and sits down
safely; you may have to direct the person's bottom to the chair as he sits
down.

6) 6-Minute Walk Test

e Purpose

To assess aerobic endurance

e Equipment

Long measuring tape; two stopwatches; cones (or similar markers); chairs
for waiting partners and for walkers who need to rest

e Procedure

For improved pacing and maximum scoring accuracy, have participants
practice a 6-minute walk before test day.

The distance between the cones (longest distance including the cone size) is
15 meters.

On the signal "go," the participant begins walking as fast as possible (not
running) around the course, covering as much distance as possible in the 6-
minute time limit.

We recommend using two stopwatches to time the test, just in case one
stops working.

Keep track of the laps and the remaining time should be called out every
minute to assist with pacing.

Participants can stop and rest on the chairs provided, but the time keeps
running.

The tester should encourage participants a few times by saying, e.g., "You're
doing well," and "Keep up the good work."

Count down when the time is at almost 6-minute mark to prevent a sudden
stop.

At 6 minutes, the tester asks participant to stop and stay right on the stop
where stopped.

Measure the distance between participant and one of the cones and calculate
the total distance.

e Important Notes

When administering tests, the 6-minute walk test should always be given
last.

Select a well-lit walking area with a level, nonslip surface.

Position a chair outside of the walking area for participants who want to rest
during or after the test and for emergency situations (e.g., dizziness or
overexertion).

Monitor participants for signs of overexertion.
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- Remind participants that they can slow down; or they can stop, rest, and
start again until the 6 minutes are up.
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