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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 II randomized controlled trial in 52 men with localized 

prostate cancer undergoing active surveillance. Participants were randomly allocated to either 
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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 VO2peak assessment and 49 (94%) completed the postintervention 

functional fitness assessment and blood draw. The primary outcome of VO2peak significantly 

improved in the HIIT group compared to the UC group (adjusted between-group mean 

difference, 1.6 ml·kg-1·min-1; 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-1β (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. 

  



 

v 

PREFACE 

This dissertation is an original work by Dong-Woo Kang. The doctoral project entitled 

“Exercise During Active Surveillance for Prostate Cancer: The ERASE Trial” received research 

ethics approval from the Health Research Ethics Board of Alberta-Cancer Committee 

(HREBA.CC-17-0248) on January 9, 2018 and from the Northern Alberta Clinical Trials and 

Research Centre (NACTRC OA39314) on March 19, 2018.  

Chapter 2 of this dissertation has been published as Kang, D.W., Boulé, 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:e026438. DOI: 10.1136/bmjopen-2018-026438. I conceived and designed the study and wrote 

the first draft of the manuscript. KS Courneya, NG Boulé, and CJ Field contributed to the 

conception and design of the study and revising of the manuscript. All authors revised the 

manuscript critically for important intellectual content and approved the final manuscript.  

  



 

vi 

ACKNOWLEDGMENTS 

During my PhD, I was supported by the Alberta Innovates Graduate Studentship from the 

Government of Alberta, the Studying Abroad Graduate Scholarship from the National Institute 

for International Education of the Government of South Korea, the Andrew Stewart Memorial 

Graduate Prize from the University of Alberta, the Mary Louise Imrie Graduate Student Award 

from the University of Alberta, the Pan Asia Food Scholarship from the Korean Canadian 

Scholarship Foundation, the Korean Canadian Graduate Scholarship from the Korean Canadian 

Scholarship Foundation of Edmonton, and the Doctoral Recruitment Scholarship from the 

University of Alberta. 

My doctoral project entitled “Exercise During Active Surveillance for Prostate Cancer: 

The ERASE Trial” was funded by the Canadian Institutes of Health Research–Project Grant for 

2 years ($244,800; No. 389507) and Prostate Cancer Canada–Discovery Grant for 2 years 

($76;000; No. D2017-1820).  

I acknowledge the support of Dr. Niels-Erik Jacobsen, Dr. Michael Chetner, Sarah 

Rayner, and Nupur Agarwal for patient recruitment; Sue Goruk and Dhruvesh Patel for blood 

assays; Andria Morielli, Terri Wood, Ki-Yong An, Fernanda Arthuso, Stephanie Ntoukas, 

Spencer Allen, and Morgan Corbett for exercise testing and intervention; and the study 

participants for their time and commitment. Exercise equipment was donated by Apple Fitness, 

Edmonton, Alberta, Canada. 

 

  



 

vii 

TABLE OF CONTENTS 

 

CHAPTER 1 – INTRODUCTION ................................................................................................. 1 

1.1 Prostate Cancer ...................................................................................................................... 2 

1.2 Lifestyle Interventions During Active Surveillance .............................................................. 3 

1.3 Exercise in Prostate Cancer Patients ..................................................................................... 4 

1.4 Rationale and Objectives ....................................................................................................... 5 

1.5 Overview of the Dissertation ................................................................................................. 6 

1.6 References ............................................................................................................................. 8 

CHAPTER 2 – PAPER 1 (Rationale and Protocol)...................................................................... 18 

2.1 Abstract ............................................................................................................................... 19 

2.2 Introduction ......................................................................................................................... 21 

2.3 Methods ............................................................................................................................... 23 

2.4 Discussion ........................................................................................................................... 31 

2.5 Reference ............................................................................................................................. 38 

CHAPTER 3 – PAPER 2 (Primary Outcomes) ............................................................................ 57 

3.1 Abstract ............................................................................................................................... 58 

3.2 Introduction ......................................................................................................................... 59 

3.3 Methods ............................................................................................................................... 60 

3.4 Results ................................................................................................................................. 64 

3.5 Discussion ........................................................................................................................... 66 

3.6 References ........................................................................................................................... 71 

CHAPTER 4 – PAPER 3 (Biomarkers)........................................................................................ 83 

4.1 Abstract ............................................................................................................................... 84 

4.2 Introduction ......................................................................................................................... 86 

4.3 Methods ............................................................................................................................... 87 

4.4 Results ................................................................................................................................. 89 

4.5 Discussion ........................................................................................................................... 90 

4.6 References ........................................................................................................................... 95 



 

viii 

CHAPTER 5 – PAPER 4 (Patient-reported Outcomes) ............................................................. 101 

5.1 Abstract ............................................................................................................................. 102 

5.2 Introduction ....................................................................................................................... 104 

5.3 Methods ............................................................................................................................. 105 

5.4 Results ............................................................................................................................... 109 

5.5 Discussion ......................................................................................................................... 110 

5.6 References ......................................................................................................................... 116 

CHAPTER 6 – DISCUSSION .................................................................................................... 129 

6.1 Overview ........................................................................................................................... 130 

6.2 Strengths and Limitations .................................................................................................. 131 

6.3 Future Research Directions ............................................................................................... 136 

6.4 Practical Implications ........................................................................................................ 140 

6.5 Conclusion ......................................................................................................................... 141 

6.6 References ......................................................................................................................... 142 

BIBLIOGRAPHY ....................................................................................................................... 148 

APPENDIX A: PROSTATE CANCER TREATMENTS AND ACTIVE SURVEILLANCE . 180 

APPENDIX B: INTERVENTION TRIALS DURING ACTIVE SURVEILLANCE ............... 191 

APPENDIX C: PHYSICAL ACTIVITY, EXERCISE, AND PROSTATE CANCER ............. 197 

APPENDIX D: ERASE TRIAL BASELINE QUESTIONNAIRE ............................................ 203 

APPENDIX E: ERASE TRIAL ASSESSMENT PROTOCOL ................................................. 225 

 

  



 

ix 

LIST OF TABLES 

Table 2-1. Study activities/assessments schedule based on the Standard Protocol Items: 

Recommendations for Interventional Trials (SPIRIT) .............................................................. 52 

Table 2-2. The 12-week high-intensity interval training (HIIT) periodization scheme and 

program details in the ERASE trial. .......................................................................................... 53 

Table 3-1. Baseline characteristics of participants in the ERASE trial. .................................... 78 

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. ............................ 79 

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. .......... 80 

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. ........................ 99 

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. ............................ 100 

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. .... 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. ...... 125 

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. ............................ 126 

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. ........................ 127 

  



 

x 

LIST OF FIGURES 

Figure 2-1. Proposed effects of exercise during active surveillance in prostate cancer patients.

.................................................................................................................................................... 54 

Figure 2-2. Proposed patient flow diagram of the ERASE trial. .............................................. 55 

Figure 2-3. High-intensity interval training (HIIT) program in the ERASE trial. .................... 56 

Figure 3-1. CONSORT diagram of the ERASE Trial. ............................................................. 81 

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. ...................................... 82 

Figure 5-1. Effects of exercise on prostate cancer-specific anxiety in prostate cancer patients on 

active surveillance in the ERASE trial....................................................................................... 128 

 

  



 

xi 

LIST OF KEY ABBREVIATIONS 

AS: active surveillance 

HIIT: high-intensity interval training 

NK: natural killer 

PCa: prostate cancer 

PSA: prostate-specific antigen  

QOL: quality of life 

UC: usual care 

VO2peak: peak volume of oxygen consumption 

 



 

1 

 

 

 

 

 

 

 

CHAPTER 1 – INTRODUCTION 

  



 

2 

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 
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$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 
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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-
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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 
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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 
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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 5 (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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Exercise duRing Active Surveillance for prostatE cancer: the ERASE trial 

- A study protocol of a phase II randomized controlled trial 

 

A version of this chapter has been published.  

Kang, D.W., Boulé, 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:e026438. 

  



 

19 

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 VO2peak 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 (VO2peak) measured at baseline. The exercise programme consists of: (1) ‘warm-up’ 

for 5 min at a workload corresponding to 60% of VO2peak, (2) ‘high-intensity’ phase for 2 min at 

a gradually increasing workload corresponding to 85%–95% of VO2peak (ie, 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 VO2peak, (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 

VO2peak). 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/e026438). 

Primary outcome 

The primary outcome of the study will be cardiorespiratory fitness. Cardiorespiratory 

fitness will be measured as VO2peak 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 

https://bmjopen.bmj.com/content/9/7/e026438
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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. VO2peak is 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-γ, interleukin (IL)−1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, 

tumour-necrosis factor (TNF)-α and c-reactive protein (CRP)), metabolism (eg, serum insulin, 

glucose, HbA1c, 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 VO2peak, 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 

http://www.erasestudy.com/
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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 VO2peak 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, Galvão 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-α 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) 

 

Activity/assessment Staff member 

Approx. 

time to 

complete 

T-1 T0 T1 T2 T3 F1 F2 

 
Screening/ 

consent 

Baseline 

assessment/ 

randomization 

Start 

intervention 

End 

intervention 

Post-

intervention 

assessment 

6-momth 

Follow-up 

Follow-up 

1-year 

ENROLMENT          

 Eligibility screen Study coordinator 5 mins X       

 Informed consent Study coordinator 5 mins X       

 Randomization Study coordinator 5 mins  X      

INTERVENTIONS          

 
Exercise training CEPs 

30 mins per 

session 
       

 Usual care N/A N/A        

ASSESSMENTS          

 
Demographic/behavioral 

/medical variables 
Study coordinator 5 mins  X      

 
Primary outcome          

 Cardiorespiratory fitness CEPs 20 mins  X   X   

 
Secondary outcomes          

 
Physical function/ 

anthropometrics 
CEPs 20 mins  X   X   

 Blood biomarkers Lab technicians 15 mins  X   X   

 PSA Lab technicians 15 mins  X   X X X 

 
Patient reported 

outcomes 
Study coordinator 30 mins  X   X X X 

 
Exploratory outcomes          

 Clinical events Study coordinator 5 mins  X   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. 

Intervention 

Period 
Week 

Warm-

up 

High-intensity phase 
 

Recovery phase 

Cool-

down 

Total 

duration 

(min) Intensity 

(VO2peak) 

Duration 

(min) 

No. 

intervals 

Sum  

high-

intensity 

duration 

(min) 

 

Intensity 

(VO2peak) 

Duration 

(min) 

No. 

intervals 

Sum 

recovery 

duration 

(min) 

Period 1 1-4 

5 mins 

at 60% 

VO2peak 

85% 2 5-8 10-16 
 

40% 2 4-7 8-14 

5 mins 

at 30% 

VO2peak 

28-40 

Period 2 5-8 90% 2 8 16 
 

40% 2 7 14 40 

Period 3 9-12 95% 2 8 16 
 

40% 2 7 14 40 
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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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Figure 2-3. High-intensity interval training (HIIT) program in 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 VO2peak 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 VO2peak assessment and 

adherence to HIIT was 96%. Compared to UC, HIIT showed higher VO2peak (adjusted between-

group mean difference, 1.6 ml·kg-1·min-1; 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. 

  



 

59 

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 II 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% VO2peak and 2-minute active recovery at 40% of VO2peak, and (3) 5-minute cool-

down at 30% of VO2peak. Oxygen consumption was not directly measured during the exercise 

sessions but the treadmill speed and grade were selected to match the targeted % VO2peak 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 (VO2peak) and assessed at baseline and postintervention. VO2peak 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). VO2peak is reported in both relative (ml·kg-1·min-1) 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-1·min-1) on our primary outcome of VO2peak, 

assuming a SD of 5.6 ml·kg-1·min-1, 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-

https://www.mskcc.org/nomograms/prostate/psa_doubling_time


 

64 

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 VO2peak 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 VO2peak increased by 0.9 ml·kg-1·min-1 in the 

HIIT group and decreased by 0.5 ml·kg-1·min-1 in the UC group (adjusted between-group mean 

difference, 1.6 ml·kg-1·min-1; 95% confidence interval [CI], 0.3 to 2.9; p=0.014). Compared to 

the UC group, the HIIT group also significantly increased VO2peak 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-1·year-1; 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 VO2peak improvement in our study did not reach our initial target of 3.5 ml·kg-

1·min-1. A meta-analysis of exercise and cardiorespiratory fitness in cancer patients showed that, 

compared with usual care, aerobic exercise training significantly improved VO2peak by 2.4, 1.4, 

and 2.5 ml·kg-1·min-1 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 VO2peak improvement of 3.7 ml·kg-1·min-1 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 VO2peak 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 VO2peak. 

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

Variables 
Overall 

(N=52) 

HIIT 

(N=26) 

UC 

(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/m2) 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    

T1c 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-1·cc-1) 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) 31±54 18±42 44±62 

Data are presented as mean±standard 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. 

Variables 
Baseline 

 
Postintervention 

 
Mean change 

 Adjusted between-group 

difference 

Mean SD  Mean SD  Mean 95% CI  Mean 95% CI P 

Cardiopulmonary Fitness             

VO2peak (ml·kg-1·min-1)             

HIIT (n=23) 29.6 5.8  30.4 6.1  0.9 0.0 to 1.7  1.6 0.3 to 2.9 0.014 

UC (n=23) 28.4 6.9  27.9 7.0  -0.5 -1.4 to 0.4     

VO2peak (L/min)             

HIIT (n=23) 2.55 0.56  2.60 0.58  0.05 -0.01 to 0.12  0.12 0.00 to 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 0 to 3  1 0 to 3 0.15 

UC (n=25) 15 4  15 4  1 0 to 2     

Arm curl (reps)             

HIIT (n=24) 17 5  19 5  2 1 to 3  3 1 to 4 0.001 

UC (n=25) 18 5  18 6  0 -1 to 1     

Sit-and-reach (cm)             

HIIT (n=24) -6.3 14.5  -3.6 17.4  2.6 -1.1 to 6.4  4.8 0.2 to 9.4 0.042 

UC (n=25) -4.4 11.5  -7.2 13.5  -2.8 -5.6 to -0.1     

Back scratch (cm)             

HIIT (n=23) -14.7 16.0  -11.9 17.4  2.8 -0.8 to 6.5  3.7 -0.4 to 7.8 0.072 

UC (n=25) -15.3 11.3  -16.3 12.1  -0.9 -2.5 to 0.6     

8-foot up & go (sec)             

HIIT (n=24) 4.2 1.0  4.2 1.0  0.0 -0.2 to 0.2  0.6 -0.4 to 1.7 0.22 

UC (n=25) 4.1 0.9  3.8 2.3  -0.4 -1.5 to 0.7     

6MWT (meter)             

HIIT (n=24) 559 65  586 71  27 12 to 41  20 -2 to 41 0.072 

UC (n=25) 579 72  585 66  6 -10 to 22     

Body Weight/Size             

Body weight (kg)             

HIIT (n=24) 87.1 16.8  86.3 16.4  -0.8 -1.5 to -0.1  -0.8 -1.8 to 0.3 0.15 

UC (n=25) 88.9 14.3  88.9 14.9  0.0 -0.8 to 0.7     

Waist circumference 

(cm) 
  

 
  

 
  

 
   

HIIT (n=24) 100.2 13.9  99.7 13.6  -0.4 -1.7 to 0.8  -0.7 -2.5 to 1 0.41 

UC (n=25) 103.5 12.8  104.1 13.2  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; VO2peak, 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. 

Variables 
Baseline 

 
Postintervention 

 
Mean change 

 Adjusted between-group 

difference 

Mean SD  Mean SD  Mean 95% CI  Mean 95% CI P 

PSA (ug/L)             

HIIT (n=24) 6.1 2.2  5.7 1.7  -0.4 -0.8 to 0.0  -1.1 -2.1 to 0.0 0.043 

UC (n=25) 8.3 3.2  8.6 4.2  0.3 -0.7 to 1.3     

PSA doubling time (months)             

HIIT (n=23) 61.3 39.1  80.2 49.5  18.9 -1.2 to 38.9  17.9 -3.8 to 39.6 0.10 

UC (n=24) 57.3 37.6  62.0 36.5  4.7 -7.0 to 16.5     

PSA velocity (ug·L-1·year-1)             

HIIT (n=23) 1.1 3.3  0.1 1.7  -1.0 -2.1 to 0.1  -1.3 -2.5 to -0.1 0.040 

UC (n=24) 1.3 5.0  1.2 5.2  -0.1 -1.0 to 0.8     

Testosterone (nmol/L)             

HIIT (n=22) 13.5 4.6  13.9 3.9  0.4 -1.0 to 1.7  1.0 -0.7 to 2.6 0.24 

UC (n=23) 12.1 3.9  12.0 3.7  -0.1 -1.2 to 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. 

  



 

81 

 

Figure 3-1. CONSORT diagram of the ERASE Trial.  
  

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) 

52 (30%) randomized 

26 allocated to exercise group 
 

24/26 (92%) attended ≥80% of exercise 

sessions 

26 allocated to usual care group 
 

2/26 (8%) reported ≥75 minutes of vigorous 

intensity exercise/week 

23/26 (88%) completed postintervention VO2peak 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 

23/26 (88%) completed postintervention VO2peak 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  

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) 
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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 

  



 

84 

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-α). 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-1β (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-α. 
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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.  
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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, HbA1c, 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-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, 

interferon-gamma (IFN-γ), tumour necrosis factor-alpha (TNF)-α, 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-1·min-1 with an SD of 5.6 mL/kg/min on our primary outcome of 

VO2peak
 with 80% power using a two-tailed α <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 VO2peak by 1.6 ml·kg-1·min-1 (p=0.014) and PSA by -1.1 ug·L-1 

(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, 

HbA1c, 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-1β (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-γ, TNF-

α, 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-1β, 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-α, which have been widely studied mostly in breast cancer patients [5, 6, 16]. In our 

study, significant reductions were found in IL-1β, IL-4, and IL-12p70, and only IL-1β was 

included in a meta-analysis [16] and its reduction with exercise did not reach statistical 

significance. Given the roles of IL-1β [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-

α 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-α as well as non-significant decreases in IL-6, IL-8, INF-γ, and IL-1β [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 HbA1c [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. 

Variables 
Baseline  Postintervention  

Change from 

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 to 0.2)  0.88 

UC (n=24) 5.5 (0.7)  5.6 (0.6)     

HbA1c (%)        

HIIT (n=23) 5.7 (0.5)  5.7 (0.4)  0.0 (-0.1 to 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 to 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 (-0.05 to 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; 

HbA1c, hemoglobin A1c; 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. 

Variables 
Baseline  Postintervention  

Adjusted between-group 

mean difference 
 

p 

Mean (SD)  Mean (SD)  Mean (95% CI)  

IL-1β (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 to 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 to 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-γ (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-α (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)  2.2 (2.1)  -0.3 (-1.2 to 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-γ, interferon-gamma; TNF-α, tumor necrosis factor-alpha; hs-CRP, high-sensitive c-reactive 

protein. 

 

 



 

101 

 

 

 

 

 

 

 

 

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, aerobic 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 

(p=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 

https://clinicaltrials.gov/ct2/show/NCT03203460
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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 VO2peak for 5 minutes, high-

intensity walking or jogging at 85 to 95% VO2peak for 2 minutes followed by active recovery at 

40% of VO2peak 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. 
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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 VO2peak. 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 VO2peak 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, 

-3.5 to -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 to -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. 

Variables (range) 
Baseline 

 
Postintervention 

 
Mean change 

 Adjusted between-group difference 
a 

Mean SD  Mean SD  Mean 95% CI  Mean 95% CI p d 

MAX-PC              

 Total score (0-54)              

HIIT (n=24) 10.6 9.4  7.7 7.4  -2.9 -4.5 to -1.2  -2.7 -5.0 to -0.4 0.024 -0.28 

UC (n=25) 11.7 9.4  11.2 9.2  -0.5 -2.2 to 1.1      

 Prostate cancer anxiety (0-33)              

HIIT (n=25) 6.0 6.9  4.7 5.5  -1.4 -2.9 to 0.1  -0.6 -2.4 to 1.2 0.52 -0.09 

UC (n=25) 6.9 7.2  6.1 7.0  -0.8 -1.9 to 0.3      

 PSA anxiety (0-9)              

HIIT (n=25) 0.4 1.3  0.5 1.0  0.1 -0.1 to 0.4  0.0 -0.4 to 0.3 0.87 0.02 

UC (n=25) 0.2 1.0  0.4 1.0  0.1 -0.2 to 0.4      

 Fear of recurrence (0-12)              

HIIT (n=25) 4.2 3.3  2.6 2.1  -1.6 -2.7 to -0.5  -2.0 -3.5 to -0.4 0.013 -0.67 

UC (n=25) 4.6 2.6  4.7 3.2  0.2 -1.1 to 1.4      

              

FCRI (0-36)              

HIIT (n=25) 11.9 6.9  11.0 5.7  -0.9 -2.4 to 0.6  0.6 -1.4 to 2.6 0.55 0.09 

UC (n=25) 13.5 5.9  11.6 5.4  -1.9 -3.3 to -0.5      

              

CWS (8-32)              

HIIT (n=25) 12.5 3.4  12.1 2.5  -0.4 -1.3 to 0.6  0.3 -0.9 to 1.5 0.58 0.11 

UC (n=25) 13.3 2.2  12.5 2.8  -0.8 -1.6 to -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.   
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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 -5.3 to 4.3  0.5 -7.0 to 6.0 0.88 0.04 

UC (n=25) 93.1 11.0  91.5 12.1  -1.6 -5.6 to 2.5      

Urinary irritative/obstructive              

HIIT (n=25) 86.9 11.3  86.6 10.0  -0.3 -4.1 to 3.4  -2.4 -6.7 to 1.8 0.26 -0.20 

UC (n=25) 86.3 13.0  89.0 10.4  2.8 -0.1 to 5.6      

Bowel               

HIIT (n=25) 97.2 4.1  95.2 7.3  -2.0 -4.3 to 0.3  0.7 -3.3 to 4.7 0.73 0.13 

UC (n=25) 95.6 6.3  92.9 11.3  -2.7 -5.8 to 0.4      

Sexual               

HIIT (n=24) 67.9 23.4  70.6 23.5  2.8 -4.0 to 9.6  3.1 -6.0 to 12.2 0.49 0.12 

UC (n=22) 57.0 30.1  58.7 29.8  1.7 -2.5 to 5.9      

Hormonal               

HIIT (n=25) 88.8 14.0  95.6 5.1  6.8 1.9 to 11.7  6.0 2.0 to 10.1 0.005 0.55 

UC (n=24) 93.5 6.5  92.3 8.5  -1.2 -4.8 to 2.4      

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 -1.7 to 9.7  6.8 -0.4 to 13.9 0.062 0.49 

UC (n=25) 74.7 14.9  74.3 16.7  -0.3 -5.2 to 4.6      

Functional Scales              

Physical functioning              

HIIT (n=25) 94.9 8.5  96.3 6.4  1.3 -2.1 to 4.8  1.2 -2.7 to 5.0 0.55 0.17 

UC (n=25) 96.8 4.8  96.3 7.2  -0.5 -3.0 to 2.0      

Role functioning              

HIIT (n=25) 94.0 12.6  94.7 13.4  0.7 -6.1 to 7.4  0.5 -6.9 to 7.8 0.90 0.04 

UC (n=25) 95.3 11.3  94.7 11.5  -0.7 -6.8 to 5.4      

Emotional functioning              

HIIT (n=25) 83.3 22.4  90.3 10.9  7.0 0.1 to 13.9  5.6 -1.1 to 12.2 0.098 0.30 

UC (n=25) 82.0 14.2  84.7 14.6  2.7 -3.4 to 8.7      

Cognitive functioning              

HIIT (n=25) 84.7 19.8  92.0 11.9  7.3 1.3 to 13.3  1.2 -4.4 to 6.9 0.66 0.07 

UC (n=25) 86.7 13.6  92.0 9.8  5.3 -0.2 to 10.9      

Social functioning              

HIIT (n=25) 92.7 12.8  95.3 10.2  2.7 -2.5 to 7.8  -1.0 -7.5 to 5.6 0.77 -0.08 

UC (n=25) 94.0 10.6  96.7 11.8  2.7 -2.5 to 7.8      

Symptom Scales              

Fatigue              

HIIT (n=25) 20.4 15.6  14.2 12.6  -6.2 -12.3 to -0.1  -5.6 -13.2 to 2.0 0.14 -0.38 

UC (n=25) 13.8 13.7  16.9 13.3  3.1 -4.2 to 10.4      

Nausea and vomiting              

HIIT (n=25) 2.0 5.5  2.7 6.2  0.7 -2.5 to 3.8  1.9 -1.0 to 4.9 0.20 0.43 

UC (n=25) 0.7 3.3  0.7 3.3  0.0 0.0      

Pain              

HIIT (n=25) 20.0 18.0  15.3 14.4  -4.7 -13.7 to 4.3  1.3 -7.8 to 10.4 0.78 0.08 

UC (n=25) 13.3 15.2  10.7 15.1  -2.7 -9.2 to 3.8      

Dyspnea              

HIIT (n=24) 13.9 16.8  11.1 16.1  -2.8 -9.9 to 4.3  -0.4 -8.9 to 8.1 0.92 -0.03 

UC (n=25) 8.0 17.4  8.0 14.5  0.0 -5.6 to 5.6      

Insomnia              

HIIT (n=25) 29.3 22.2  24.0 24.6  -5.3 -13.9 to 3.3  -5.4 -19.8 to 9.0 0.46 -0.26 

UC (n=25) 21.3 19.0  22.7 28.4  1.3 -8.8 to 11.4      

Appetite loss              

HIIT (n=25) 6.7 13.6  5.3 12.5  -1.3 -6.2 to 3.5  -3.0 -9.4 to 3.5 0.36 -0.28 

UC (n=25) 1.3 6.7  4.0 11.1  2.7 -1.1 to 6.5      

Constipation              

HIIT (n=25) 2.7 9.2  1.3 6.7  -1.3 -4.1 to 1.4  -4.5 -11.1 to 2.1 0.17 -0.70 

UC (n=25) 0.0 0.0  2.7 13.3  2.7 -2.8 to 8.2      

Diarrhea              

HIIT (n=25) 8.0 14.5  13.3 25.5  5.3 -4.1 to 14.8  1.5 -9.4 to 12.3 0.79 0.11 

UC (n=25) 5.3 12.5  10.7 18.6  5.3 0.2 to 10.5      

Financial Difficulties              

HIIT (n=25) 4.0 11.1  1.3 6.7  -2.7 -6.5 to 1.1  -0.7 -3.3 to 2.0 0.61 -0.05 

UC (n=25) 2.7 13.3  1.3 6.7  -1.3 -4.1 to 1.4      

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. 

Variables (range) 
Baseline 

 
Postintervention 

 
Mean change 

 
Adjusted between-group difference 

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 -5.8 to -0.2  -1.0 -3.4 to 1.3 0.37 -0.19 

UC (n=25) 16.4 4.9  15.1 4.3  -1.3 -2.8 to 0.1      

Depression (0-30)              

HIIT (n=25) 8.2 3.9  3.3 2.2  -4.9 -6.4 to -3.4  -0.7 -2.5 to 1.2 0.48 -0.19 

UC (n=25) 7.4 3.2  3.6 3.8  -3.8 -5.3 to -2.3      

Stress (0-56)              

HIIT (n=25) 16.1 8.8  12.8 6.5  -3.3 -6.7 to 0.0  -3.7 -7.2 to -0.2 0.037 -0.57 

UC (n=25) 18.0 6.7  16.4 7.7  -1.5 -3.3 to 0.3      

Fatigue (0-52)              

HIIT (n=25) 43.6 6.6  46.0 4.3  2.5 0.1 to 4.9  3.2 0.4 to 6.1 0.029 0.48 

UC (n=25) 45.3 4.7  44.6 6.0  -0.6 -2.7 to 1.4      

Self-esteem (4-40)              

HIIT (n=25) 34.2 3.4  36.4 3.1  2.2 1.0 to 3.4  3.1 0.9 to 5.3 0.007 0.69 

UC (n=25) 33.6 5.3  33.2 5.9  -0.4 -2.2 to 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-1·min-1 vs. 3.5 

ml·kg-1·min-1). 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 VO2peak. 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 18.9±8.3 %; 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 ln; 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 (-69.94±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 (VO2peak) 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. <1h/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 = 0.26; 

95% CI = 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 VO2peak 

(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. 

  

mailto: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 
all 

A little 
Quite a 

bit 
Very 
much 

1. Do you have any trouble doing strenuous 
activities, like carrying a heavy shopping bag or 
a suitcase? ················································  0 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? ··································  0 1 2 3 

4. Do you need to stay in bed or a chair during the 
day? ·························································  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: Not at 
all 

A little 
Quite a 

bit 
Very 
much 

6. 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? ·······················  0 1 2 3 

8. Were you short of breath? ························  0 1 2 3 

9. Have you had pain? ································  0 1 2 3 

10. Did you need to rest?·······························  0 1 2 3 

11. Have you had trouble sleeping? ··················  0 1 2 3 

12. Have you felt weak? ·································  0 1 2 3 

13. Have you lacked appetite? ························  0 1 2 3 

14. Have you felt nauseated? ··························  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: Not at 
all 

A little 
Quite a 

bit 
Very 
much 

17. Have you had diarrhea? ···························  0 1 2 3 

18. Were you tired? ·······································  0 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 
television? ··············································  0 1 2 3 

21. Did you feel tense? ···································  0 1 2 3 

22. Did you worry? ·········································  0 1 2 3 

23. Did you feel irritable? ································  0 1 2 3 

24. Did you feel depressed? ····························  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 
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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 

once a day 
About once a 

day 
More than 

once a week 
About once a 

week 
Rarely or 

never 

 

 

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

 1 2 3 4 
 No urinary control 

whatsoever 
Frequent dribbling Occasional 

dribbling 
Total control 

 

 

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 
problem 

Very small 
problem 

Small 
problem 

Moderate 
problem 

Big 
problem 

 a. Dripping or leaking urine ·  0 1 2 3 4 

 b. Pain or burning on 
urination ······················  0 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 

problem 
Small problem Moderate 

problem 
Big problem 

 

 

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

   No 
problem 

Very small 
problem 

Small 
problem 

Moderate 
problem 

Big 
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 ····························  0 1 2 3 4 

 d. Bloody stools ··················  0 1 2 3 4 

 e. Abdominal/ Pelvic/Rectal 
pain ······························  0 1 2 3 4 

 

 

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 

problem 
Small problem Moderate 

problem 
Big problem 

 

 

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

   Very poor 
to none 

Poor Fair Good 
Very 
good 

 a. Your ability to have an 
erection? ·······················  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 

any sexual activity 
Firm enough for 

masturbation and 
foreplay only 

Firm enough for 
intercourse 

 

 

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

 1 2 3 4 5 
 I NEVER had 

an erection 
when I wanted 

one 

I had an 
erection LESS 
THAN HALF 

the time I 
wanted one 

I had an 
erection 

ABOUT HALF 
the time I 

wanted one 

I had an 
erection MORE 

THAN HALF 
the time I 

wanted one 

I had an erection 
WHENEVER I 

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 

problem 
Small problem Moderate 

problem 
Big problem 

 

 

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

   No 
problem 

Very small 
problem 

Small 
problem 

Moderate 
problem 

Big 
problem 

 a. Hot flashes ··················  0 1 2 3 4 

 b. Breast tenderness/ 
enlargement ················  0 1 2 3 4 

 c. Feeling depressed ········  0 1 2 3 4 

 d. Lack of energy ·············  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. 

 
I.  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. 

  Not at all Rarely 
Some-
times 

Often 

1. Any reference to prostate cancer brought up 
strong feelings in me. ·······························  0 1 2 3 

2. Even though it’s a good idea, I found that 
getting a PSA* test scared me. ···················  0 1 2 3 

3. Whenever I heard about a friend or public 
figure with prostate cancer, I got more 
anxious about me having prostate cancer. ···  0 1 2 3 

4. When I thought about having a PSA* test, I 
got more anxious about me having prostate 
cancer. ··················································  0 1 2 3 

5. Other things kept making me think about 
prostate cancer. ······································  0 1 2 3 

6. I felt kind of numb when I thought about 
prostate cancer. ······································  0 1 2 3 

7. I thought about prostate cancer even though 
I didn’t mean to. ······································  0 1 2 3 

8. I had a lot of feelings about prostate cancer, 
but I didn’t want to deal with them. ··············  0 1 2 3 

9. I had more trouble falling asleep because I 
couldn’t get thoughts of prostate cancer out 
of my mind. ············································  0 1 2 3 

10 I was afraid that the results from my PSA* 
test would show that my disease was getting 
worse. ···················································  0 1 2 3 

11. Just hearing the words “prostate cancer” 
scared me.·············································  0 1 2 3 

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

EVER been true for you. 

  Not at all Rarely 
Some-
times 

Often 

12. I have been so anxious about my PSA* test 
that I have thought about delaying it. ···········  0 1 2 3 

13. I have been so worried about my PSA* test 
result that I have thought about asking my 
doctor to repeat it. ···································  0 1 2 3 

14. I have been so concerned about my PSA* 
test result that I have thought about having 
the test repeated at another lab to make 
sure they were accurate. ··························  0 1 2 3 

 

 

III.  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 

Agree Disagree 
Strongly 
disagree 

15. Because cancer is unpredictable, I feel I 
cannot plan for the future. ·························  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. I am afraid of my cancer getting worse. ·······  0 1 2 3 

18. I am more nervous since I was diagnosed 
with prostate cancer. ································  0 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. I am worried or anxious about the possibility of cancer 
progression ·····························································  0 1 2 3 4 

2. I am afraid of cancer progression ·································  0 1 2 3 4 

3. I believe it is normal to be worried or anxious about the 
possibility of cancer progression ··································  0 1 2 3 4 

4. When I think about the possibility of cancer progression, 
this triggers other unpleasant thoughts or images (such 
as death, suffering, the consequences for my family) ·······  0 1 2 3 4 

5. I believe that I 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 

risk 
A lot at risk A great deal at 

risk 
 

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

 0 1 2 3 4 
 Never A few times a 

month 
A few times a 

week 
A few times a 

day 
Several times a 

day 
 

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

 0 1 2 3 4 
 I don’t think 

about it 
A few seconds A few minutes A few hours Several hours 

 

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

 0 1 2 3 4 
 I don’t think 

about it 
A few weeks A few months A few years Several years 
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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 Not at all 
Some-
what 

Moderately 
so 

Very 
much so 

1. I felt calm ····································  1 2 3 4 

2. I was tense ··································  1 2 3 4 

3. I felt at ease ·································  1 2 3 4 

4. I worried over possible misfortunes ···  1 2 3 4 

5. I felt frightened ·····························  1 2 3 4 

6. I felt self-confident ·························  1 2 3 4 

7. I was jittery ··································  1 2 3 4 

8. I was relaxed ································  1 2 3 4 

9. I was worried ································  1 2 3 4 

10 I felt steady ··································  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. 

 
 

During the PAST WEEK 
Rarely or 

none 
(<1 day) 

Some of 
the time 

(1-2 days) 

Much of 
the time 

(3-4 days) 

Most or all 
of the time 
(5-7 days) 

1. I felt depressed ·································  0 1 2 3 

2. I felt that everything I did was an effort ··  0 1 2 3 

3. My sleep was restless ························  0 1 2 3 

4. I was happy ·····································  0 1 2 3 

5. I felt lonely ·······································  0 1 2 3 

6. People were unfriendly ·······················  0 1 2 3 

7. I enjoyed life ····································  0 1 2 3 

8. I felt sad ··········································  0 1 2 3 

9. I felt that people disliked me ················  0 1 2 3 

10 I could not get "going" ························  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 
Not at 

all 
A little 

bit 
Some-
what 

Quite a 
bit 

Very 
much 

1. I feel fatigued ···································  0 1 2 3 4 

2. I feel weak all over ····························  0 1 2 3 4 

3. I feel listless (“washed out”) ·················  0 1 2 3 4 

4. I feel tired ········································  0 1 2 3 4 

5. I have trouble starting things because I 
am tired···········································  0 1 2 3 4 

6. I have trouble finishing things because I 
am tired···········································  0 1 2 3 4 

7. I have energy ···································  0 1 2 3 4 

8. I am able to do my usual activities ········  0 1 2 3 4 

9. I need to sleep during the day ··············  0 1 2 3 4 

10 I am too tired to eat ···························  0 1 2 3 4 

11. I need help doing my usual activities ·····  0 1 2 3 4 

12. I am frustrated by being too tired to do 
the things I want to do ························  0 1 2 3 4 

13. I have to limit my social activity because 
I am tired ·········································  0 1 2 3 4 
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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: 

 
 

In the LAST MONTH, how often have you… Never 
Almost 
never 

Some-
times 

Fairly 
often 

Very 
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 ··················  0 1 2 3 4 

3. felt nervous and stressed ·····················  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 life ············································  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 
things 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 ·············································  0 1 2 3 4 

12. found yourself thinking about things that 
you have to accomplish ·······················  0 1 2 3 4 

13. been able to control the way you spend 
your time ··········································  0 1 2 3 4 

14. felt difficulties were piling up so high that 
you could not overcome them ···············  0 1 2 3 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 
Disagree 

Disagree Agree 
Strongly 
Agree 

1. On the whole I am satisfied with myself. ··  1 2 3 4 

2. At times I think that I am no good at all ····  1 2 3 4 

3. I feel that I have a number of good 
qualities ············································  1 2 3 4 

4. I am able to do things as well as most 
other people ·······································  1 2 3 4 

5. I feel I do not have much to be proud of ···  1 2 3 4 

6. I certainly feel useless at times ··············  1 2 3 4 

7. I feel that I am a person of worth, at least 
on an equal plane with others ················  1 2 3 4 

8. I wish I could have more respect for 
myself ···············································  1 2 3 4 

9. All in all, I am inclined to feel that I am a 
failure ···············································  1 2 3 4 

10 I take a positive attitude toward myself ····  1 2 3 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? 
 

AEROBIC EXERCISE 
Times 

Per Week 
Average Duration 

Per Session 

a. VIGOROUS EXERCISE 

= HEART BEATS RAPIDLY, SWEATING 

(e.g., running, aerobics classes, cross country 

skiing, vigorous swimming, vigorous bicycling) 

___ 
times/week 

______ 
minutes/time 

b. MODERATE EXERCISE 

= NOT EXHAUSTING, LIGHT PERSPIRATION 

(e.g., fast walking, tennis, easy bicycling,  

easy swimming, popular or folk dancing) 

___ 
times/week 

______ 
minutes/time 

c. LIGHT EXERCISE 

= MINIMAL EFFORT, NO PERSPIRATION 

(e.g., easy walking, yoga, bowling, 

shuffleboard) 

___ 
times/week 

______ 
minutes/time 

  
  

RESISTANCE/STRENGTH EXERCISE 

(e.g., weight lifting, push-ups, sit-ups, resistance 

band) 

___ 
times/week 

______ 
minutes/time 
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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 beneficial 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 

 



 

 

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. 

 
 

-3 -2 -1 0 1 2 3 

Very much 

worse 

Somewhat 

worse 

Slightly 

worse 
No change 

Slightly 
better 

Somewhat 
better 

Very much 

better 

 

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

following for you? 

 

1. Your physical fitness -3 
(worse) 

-2 -1 0 1 2 3 
(better) 

         
2. Your ability to stop thinking about your 

prostate cancer 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
3. Your sense of control over your 

prostate cancer 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
4. Your preparation for prostate cancer 

treatments if they are needed 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
5. Your fear and worry of your prostate 

cancer progressing 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
6. The chance that you will need prostate 

cancer treatments 
-3 

(higher) 
-2 -1 0 1 2 3 

(lower) 
         
7. Your quality of life -3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
8. Your immune system’s ability to fight 

your cancer 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
9. The growth of your prostate cancer -3 

(worse) 

-2 -1 0 1 2 3 

(better) 

         
10. The aggressiveness of the biology 

(grade) of your prostate cancer 
-3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         
11. Your PSA levels -3 

(higher) 
-2 -1 0 1 2 3 

(lower) 
         
12. How long you survive -3 

(worse) 
-2 -1 0 1 2 3 

(better) 
         

 

Any other positive or negative effects you expect?  
 

______________________________________________________________________ 
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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 ☐ Married ☐ Common Law ☐ 

Separated ☐ Widowed ☐ Divorced ☐ 

 

3. Education (Please check highest level attained): 

Some High School ☐ Completed High School ☐ 

Some University/College ☐ Completed University/College ☐ 

Some Graduate School ☐ Completed Graduate School ☐ 

 

4. Annual Family Income:  

< 20,000 ☐ 20,000 – 39,999 ☐ 

40,000 – 59,999 ☐ 60,000 – 79,999 ☐ 

80,000 – 99,999 ☐ > 100,000 ☐ 

 

5. Current Employment Status: 

Full Time ☐ Part Time ☐ Sick Leave ☐ 

Retired ☐ Homemaker ☐ Disability  ☐ 

 

6. What is your primary ethnic origin or race? 

White ☐ Black ☐ Hispanic ☐ 

Asian ☐ Aboriginal ☐ 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 ☐ 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 

(e.g., Tenormin) 

(e.g., Super Prostate) 

Purpose 

(e.g., Hypertension) 

(e.g., Prostate health) 

Dose (if known) 

(e.g., 50mg twice per day) 

(e.g., 1 tablet per day) 

   

   

   

   

   

   

   

 

 

Participant initials:    ______________ 

Questionnaire completion date:    __ __ __ __ - __ __ - __ __ 

 
      y     y     y     y   -   m   m   -   d    d 
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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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ERASE Trial Assessment Protocol 

 

I. Blood Draw 

a. Paperwork 

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

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

Fasting hours 

• Fill out a research blood draw requisition form (red-color) and highlight the 

contact person and number in the sheet. 

• 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 

c. Blood work 

• Meet the participant in the waiting area at Level 0 of the Kaye Edmonton Clinic at 

the scheduled time. 

• Fill out the blood collection form. 

• 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. 

• Come back to the patient and wait them to call out the number again. 

• Once called out, let the patient follow the nurse next to the front desk. 

• Text the second tester for a heads up. 

• Once blood draw is done, escort him to the fitness testing room.  

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. 
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II. Body Composition 

a. Weight and Height 

• Purpose 

- To calculate Body Mass Index (BMI) as a measure of body composition. 

- Weight is also used to calculate the relative VO2peak from the absolute term. 

• Equipment 

- Electronic body weight scale located in the RTF testing room. 

- SECA movable stadiometer with 'squaring' at top at the wall. 

• 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 

• Purpose 

- To quantify and estimate body fat distribution 

• Equipment 

- A flexible yet inelastic tape measure 

• 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 5mm. 

- 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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III. Physical Fitness/Function Test 

a. Cardiopulmonary Fitness Test 

• Purpose 

- To assess cardiopulmonary fitness by measuring peak oxygen consumption 

during maximal exercise 

• 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 

• 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 > l.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 
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▪ 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 >l.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 O2 and CO2, 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 SaO2 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 O2 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). 

• If RER ≤ 1.00, take the participants standing HR, BP and SaO2 then start 

the test at the 1-minute mark. 

• If RER ≥ l.00, have the participant continue to stand another minute, 

take standing HR, BP and SaO2, and start the test at the 2-minute mark. 

* Test should only start at the 1 or 2 minute marks, not at½ or¼ 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 rhythm 

• SaO2 of less than 90% 

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

treadmill testing sheet, filling in HR, BP, SaO2 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 

SaO2 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 SaO2 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<l00bpm. 

 

Protocol – Reports 

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

>0.05, circle “Yes” on the sheet and then a drift will be calculated on the 

final VO2 values. 

- Print/Save the following metabolic results under text report. 

• Click “Text Report” → “Config” → choose “15 Seconds” → “Ok” → 

print →  

• Click “Excel Export” → save in USB as “ERASE00BL(or FU)” (e,g, 

ERASE06FU)  

• 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 part1c1pant'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 

• Purpose 

- To assess lower-body strength 

• Equipment 

- Stopwatch; Straight-back chair with a seat height of approximately 17 

inches (placed against a wall to prevent slipping) 

• 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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- 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.  

• 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.  

- Ask if participant have any joint 

issues, especially knee, and 

inform that they can stop at any 

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 

• Purpose 

- To assess upper-body strength  

• Equipment 

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

pound (for men) dumbbells 

• 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. 

• 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 

• Purpose 

- To assess lower-body {primarily hamstring) flexibility 

• Equipment 

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

wall to prevent slipping) 

• Procedure 



 

234 

- 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. 

• 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  

• Purpose 

- To assess upper-body (shoulder) flexibility 

• Equipment 

- 18-inch (46 cm) ruler 

• 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. 

• 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 

• Purpose 

- To assess agility and dynamic balance 

• Equipment 

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

(or similar marker) 

• Procedure 

- Place the chair against the wall, 

facing a cone marker exactly 8 feet 

(2.4 m) away (a), measured from the 

back of the cone to a point on the 

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. 

-  

• 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 

• Purpose 

- To assess aerobic endurance 

• Equipment 

- Long measuring tape; two stopwatches; cones (or similar markers); chairs 

for waiting partners and for walkers who need to rest  

• 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. 

• 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. 


