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ABSTRACT  

Bladder and kidney cancer are among the eight most common cancers in Canada. 

Cancer and its treatments affect patient functioning and quality of life. Exercise 

interventions help many patients with cancer improve health-related fitness, treatment-

related side effects, quality of life, and possibly survival; however, limited research has 

been conducted in patients with bladder and kidney cancer. The overarching goal of this 

dissertation is to generate new knowledge in the field of exercise oncology in two 

common, yet understudied genitourinary cancers - bladder and kidney cancer.  

Chapter 1 reviews bladder and kidney cancer statistics, pathophysiology, staging, 

and treatments. Briefly, bladder cancer is classified as muscle-invasive bladder cancer 

(MIBC) or non-muscle-invasive bladder cancer (NMIBC). MIBC is managed by 

chemotherapy in combination with bladder-removal surgery. NMIBC is treated with 

transurethral resection of the bladder tumor followed by induction adjuvant intravesical 

therapy. Renal cell carcinoma (RCC) is the most common type of kidney cancer. The 

primary treatment for localized RCC is kidney-removal surgery. 

Study 1 (Chapter 2, Paper 1) retrospectively investigated the associations of pre-

surgical body mass index (BMI) with bladder cancer outcomes in 488 patients treated 

with radical cystectomy. Cox regression were used to estimate the hazard ratio (HR). The 

HR for overweight during the first 63 months was 0.66 (95% CI 0.49–0.90, p=0.008), 

whereas it was 1.41 (95% CI 0.89–2.23, p=0.14) after 63 months. Although not 

statistically significant, a similar pattern was observed for obese patients. These data 

suggest that the obesity paradox in bladder cancer patients treated with radical 

cystectomy may be short-lived.  
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Study 2 (Chapter 3, 4, and 5, Papers 2, 3, and 4) was a randomized controlled 

trial. The Bladder cancer and exeRcise trAining during or after intraVesical thErapy 

(BRAVE) trial evaluated the feasibility and safety of high-intensity interval training 

(HIIT) in NMIBC patients during or after intravesical therapy. Secondary aims were 1) to 

assess the preliminary efficacy of HIIT on cardiorespiratory fitness and physical 

functioning, and 2) to explore the motivational outcomes, perceived benefits and harms, 

and perceived barriers to exercise. Patients scheduled to receive intravesical treatment or 

on surveillance after intravesical treatment for NMIBC were randomly assigned to usual 

care (UC, n=8) or HIIT (n=13). The HIIT group performed thrice-weekly, supervised 

HIIT at 75-95% of peak cardiorespiratory fitness (VO2peak) for 12 weeks. In 24 months, 

21 out of 129 eligible participants (16.3%) were randomized. Median exercise attendance 

was 100%, VO2peak increased from baseline to 12 weeks by 1.2 ml/kg/min in the HIIT 

group but was not significantly higher than the UC group (p=0.33). Compared to the UC 

group at 12 weeks, the HIIT group significantly improved six-minute walk distance 

(p=0.034) and time in the 8-foot up-and-go (p=0.039). The HIIT group reported that the 

exercise was meaningfully (d≥0.33) more enjoyable, elicited higher confidence, and was 

less difficult than anticipated. Compared to the UC group post-intervention, the HIIT 

group reported meaningfully lower motivation, lower confidence, and higher difficulty to 

exercise on their own for the next 6 months. The most common perceived benefits of 

HIIT included cardiovascular endurance and physical functioning. The most common 

exercise barriers were being too busy/having limited time. Despite limited accrual, the 

BRAVE trial demonstrated that HIIT during or after intravesical therapy was feasible and 

safe for NMIBC patients and resulted in significant improvements in several indicators of 
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physical functioning. Moreover, HIIT was more motivating than anticipated with many 

perceived benefits and few perceived harms or barriers, however, it appeared to reduce 

confidence and motivation to exercise on their own over the next 6 months. 

Study 3 (Chapter 6, Paper 5) was a scoping review of physical activity in kidney 

cancer patients. A comprehensive search identified 17 articles from nine independent 

studies, including one cross-sectional study (n=8 articles), one randomized controlled 

trial (n=2 articles) and seven cohort studies (n=7 articles). Due to limited evidence, no 

conclusions can be drawn from current research on the role of physical activity in patients 

with kidney cancer.  

Chapter 7 discusses the strengths and limitations of the dissertation and proposes 

future directions for research. In summary, this dissertation provides novel findings and 

important future directions for research examining how exercise could benefit patients 

with bladder and kidney cancer and ultimately be incorporated into the standard clinical 

care. 
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PREFACE  

This dissertation is an original work designed, planned, performed and interpreted 

by Fernanda Zane Arthuso under the supervision of Dr. Kerry S. Courneya. Study 1 

entitled “A retrospective analysis of the associations between body mass index and 

bladder cancer recurrence and survival” received research ethics approval from the 

Health Research Ethics Board of Alberta-Cancer Committee (HREBA.CC-20-0294) on 

August 11, 2020. Study 2 entitled “Feasibility and Efficacy of High-Intensity Interval 

Training in Bladder Cancer Patients Undergoing Intravesical Therapy: a randomized 

controlled trial” received research ethics approval from the Health Research Ethics Board 

of Alberta-Cancer Committee (HREBA.CC-20-0184) on July 14, 2020 and from the 

Northern Alberta Clinical Trials and Research Centre (NACTRC PRJ37630) on 

November 17, 2020. Study 3 entitled “Physical Activity in Patients with Kidney Cancer: 

A Scoping Review” do not require ethical approval because of the nature of the research. 

Chapter 2 (Study 1) of this dissertation has been published as “Arthuso, F. Z., 

Fairey, A. S., Boulé, N. G., & Courneya, K. S. (2022). Associations between body mass 

index and bladder cancer survival: Is the obesity paradox short-lived?. Canadian 

Urological Association journal = Journal de l'Association des urologues du 

Canada, 16(5), E261–E267. https://doi.org/10.5489/cuaj.7546”. I conceived and designed 

the study, analyzed and interpreted the data, and wrote the first draft of the manuscript. 

AS Fairey collected and managed the data. KS Courneya, AS Fairey, and NG Boulé 

made important contributions to the conception and design of the study, data analyses and 

interpretation. All authors revised the manuscript critically for important intellectual 

content and approved the final manuscript. 

https://doi.org/10.5489/cuaj.7546
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CHAPTER 1. INTRODUCTION 
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1.1 Background 

Urologic cancers comprise cancers of the urinary tract and the male reproductive 

organs. The most common urologic cancers are prostate, bladder, and kidney cancer [1, 

2]. Bladder and kidney cancers are cancers of the urinary tract predominantly diagnosed 

in older individuals, affecting men two and three times more often than women [1]. 

Bladder and kidney cancers are respectively ranked as the fifth and the eighth most 

common cancers in Canada [1], and the ninth and the fourteenth most common cancers 

worldwide [2]. In 2023, it is estimated a total of 13,400 new cases of bladder cancer and 

8,600 new cases of kidney cancer, accounting together for 9.2% of all new cases of 

cancer in Canada [1]. Approximately 2,600 bladder cancer and 1,900 kidney cancer 

deaths were estimated in 2023, corresponding to 5.2% of the total deaths by cancer in 

Canada [1]. The 10-year survival rate is 66% for bladder cancer and 64% for kidney 

cancer [1]. 

Despite being amongst the most prevalent urologic cancers, patients with bladder 

and kidney cancers are an understudied population. In 2022, research on the disparity of 

the global distribution of urologic clinical trials identified 3,331 active trials in urologic 

malignancies of which approximately 62% were in prostate cancer, 20% in bladder 

cancer, and 18% in kidney cancer [3]. Disparities in research, whether due to differences 

in research focus, funding, patient recruitment, or trial access, can lead to unequal 

understanding and advancements of cancer treatment and management across different 

cancer types.  

The exercise oncology field, which investigates the role of exercise after a cancer 

diagnosis, is rapidly evolving and providing evidence on the safety, feasibility, and 
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efficacy of exercise on a diverse range of patient-reported outcomes, health-related 

outcomes, and cancer outcomes [4, 5]. The advancements in the field contributed to 

developing physical activity and exercise guidelines [5-8]. However, the majority of 

research supporting the publicly available guidelines is based on the most common 

cancer types, including breast, prostate, lung, and colorectal cancers [6-8], with little or 

no supporting evidence of exercise on bladder and kidney cancers. There is an urgent 

need to address these cancer patient groups to inform targeted exercise interventions and 

ensure that bladder and kidney cancers patients have access to the benefits that exercise 

may provide across the cancer continuum. This document is a paper-based dissertation in 

exercise oncology with the overarching goal of generating new knowledge in the field of 

exercise oncology in two common, yet understudied, cancer groups - bladder and kidney 

cancer.  

1.2 Bladder cancer 

Bladder cancer is classified as muscle-invasive bladder cancer (MIBC) or non-

muscle-invasive bladder cancer (NMIBC) depending on the tumor penetration into the 

layers of the bladder wall [9]. The degree of the tumor invasiveness and tumor grade 

determines the risk profile for bladder cancer recurrence and progression, as well as the 

treatment options [9]. For a detailed description of bladder cancer and its treatment, 

please see Appendix A.  

Briefly, MIBC is managed by neoadjuvant or adjuvant systemic chemotherapy in 

combination with radical cystectomy (i.e., bladder removal) or trimodal treatment, which 

includes transurethral resection of the bladder tumor (TURBT), radiation treatment, and 

chemotherapy [9]. Patients with very high-risk NMIBC also have cystectomy as the 
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preferred treatment approach. Radical cystectomy is a major surgery with high morbidity 

and mortality rates, the 90-day complications rate following surgery is 58.5% (range 

36.1%–80.5%) and the 90-day mortality rate is 4.7% (range 0.0%–7.0%) [10].  

The primary treatment for intermediate and high-risk NMIBC is TURBT followed 

by induction adjuvant intravesical immunotherapy (i.e., bacillus calmette-guerin) or 

chemotherapy (i.e., mitomycin or gemcitabine) [9]. Treatment regimen vary depending 

on the medication being administered but usually consists of weekly instillations for six 

weeks. NMIBC has a high rate of recurrence (15-40%) and progression (1-10%) that may 

lead to MIBC [11]. Therefore, NMIBC patients may receive adjuvant maintenance 

therapy for one year if intermediate-risk disease and up to three years if high-risk NMIBC 

[9, 12].  

Bladder cancer and its treatment often leads to side effects that adversely affect 

patient functioning and quality of life [13, 14]. Observational studies have reported an 

association between increased physical activity levels with better health-related quality of 

life [15-17] and a protective effect of exercise on physical health status in bladder cancer 

patients [18]. For a detailed review of observational studies and exercise intervention 

trials in bladder cancer patients, please see Appendix B. In summary, there is limited, but 

growing evidence suggesting that physical activity and exercise may be feasible and 

beneficial for a subgroup of bladder cancer patients [19-21]. Research to date have 

focused on bladder cancer patients treated with radical cystectomy due to the high 

morbidity and mortality rates, and the potential benefits of exercise in the pre- and post- 

surgical setting on cardiorespiratory fitness and quality of life [21-26].  
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Bladder cancer is often diagnosed among those in their 70s [27]. Age-related 

changes and comorbidities affect bladder cancer prognosis [28, 29]. Some studies have 

suggested that obesity is a predictor of clinical outcomes and survival rates in bladder 

cancer patients treated with radical cystectomy. However, the findings are inconsistent 

across the literature [30-33]. Higher body mass index (BMI) has been linked to a worse 

prognosis in some studies [30, 34], whereas other studies found that individuals with 

higher BMI have better bladder cancer prognosis [32, 33, 35], a phenomenon known as 

the obesity paradox. For a brief review of obesity on bladder cancer patients, please see 

Appendix C. Understanding the association between BMI and survival in bladder cancer 

patients is essential to improve bladder cancer management and inform future exercise 

interventions. A chapter of this thesis is dedicated to investigating the associations 

between BMI and bladder cancer outcomes.  

Patients with NMIBC have received substantially less attention, as we can 

observe by the literature comprising two reviews on exercise and physical activity 

interventions among individuals with bladder cancer [19, 20]. This observation is 

important because it indicates that despite NMIBC being the most common type of 

bladder cancer (70-75% of newly diagnosed patients), it is an understudied patient group 

in the exercise oncology field. It is currently unknown if patients with NMIBC are able 

and motivated to exercise during or after their therapy and if exercise is safe, beneficial or 

harmful. Therefore, research addressing this knowledge gap is urgently needed before 

making clinical recommendations. A randomized controlled trial named Bladder cancer 

and exeRcise trAining during or after intraVesical thErapy (BRAVE) trial, was 

developed to examine the safety, feasibility, and preliminary efficacy of exercise in 
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patients with NMIBC during or after intravesical therapy. The BRAVE trial comprises 

the main focus of this dissertation and is presented in detail in three chapters containing 

the study protocol, and primary and secondary outcomes. 

1.3 Kidney cancer 

Treatment for kidney cancer is based on histology, tumor size, location, and 

spread. The most common type of kidney cancer (85%) is renal cell carcinoma (RCC), 

with less common types including papillary, chromophobe, translocation, and collecting 

duct tumors [36]. The primary treatment for non-metastatic kidney cancer is partial 

nephrectomy (i.e., kidney-sparing surgery) or radical nephrectomy (i.e., kidney-removal 

surgery). If clinically indicated, patients can be treated with ablative techniques (e.g., 

extreme heat or cold on the tumor and surrounding tissue), or undergo active 

surveillance. Depending on the cancer stage and grade, patients with kidney cancer may 

receive adjuvant immunotherapy (i.e., pembrolizumab) or targeted therapy (i.e., 

sunitinib). Although surgery is the main treatment option, it can potentially result in 

reduced kidney function or kidney failure leading to dialysis or kidney transplantation 

and increased risk of cardiovascular diseases and mortality [37, 38].  

Kidney cancer, along with its treatments, places a considerable strain on patients, 

with psychosocial and physical challenges that may affect their well-being, quality of life, 

and survival [39-41]. More specifically, declines in the physical component score of 

quality of life from pre- to post- kidney cancer diagnosis were significantly associated 

with a 10% increased risk of death in a population based-cohort study [40]. This 

emphasizes the importance of physical health on kidney cancer prognosis. Physical 

activity and exercise interventions positively impact health-related fitness outcomes, 
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patient outcomes, and treatment outcomes after a cancer diagnosis [5-8]. Evidence has 

been compiled in many systematic reviews and meta-analysis across many cancer groups, 

informing public guidelines [5-8]. A systematic approach of the literature is important to 

synthesize knowledge, identify gaps in the existing research, inform clinical practice, and 

provide justification to funding agencies the need for further research in a specific area 

[42, 43]. No study to date, however, have conducted a systematic approach to map 

evidence on physical activity and exercise interventions after a kidney cancer diagnosis. 

A chapter of this thesis addresses this important issue and presents a scoping literature 

review of physical activity and kidney cancer. 

1.4 Objectives 

Objective 1: To investigate the association between body mass index and bladder 

cancer outcomes in muscle-invasive bladder cancer patients treated by radical 

cystectomy. 

Objective 2: To examine the safety, feasibility, and preliminary efficacy of 

exercise in non-muscle invasive bladder cancer patients during or after intravesical 

therapy. 

Objective 3: To examine the motivational outcomes, perceived benefits and 

harms, and perceived barriers to exercise during or after intravesical therapy in patients 

with non-muscle invasive bladder cancer. 

Objective 4: To conduct a scoping review of physical activity and kidney cancer, 

report current findings, delineate strengths and limitations, and provide key 

recommendations for future research. 

1.5 Overview of the Dissertation  
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The dissertation consists of seven chapters, including this brief introduction. 

Chapter 2 (Paper 1) examines the association of pre-surgical body mass index with 

bladder cancer outcomes in patients treated with radical cystectomy. Chapter 3 (Paper 2) 

reports the rationale and protocol for the BRAVE trial. Chapter 4 (Paper 3) examines the 

feasibility, safety, and the preliminary efficacy of the BRAVE trial on cardiorespiratory 

fitness and physical functioning. Chapter 5 (Paper 4) explores the effects of the BRAVE 

trial on motivational outcomes, perceived benefits and harms, and perceived barriers to 

exercise during or after intravesical therapy. Chapter 6 (Paper 5) provides a scoping 

review of physical activity and kidney cancer, aiming to summarize current findings, 

delineate strengths and limitations, and provide key recommendations for future research. 

Chapter 7 reflects on the overall findings, strengths, and limitations of this dissertation, 

and discusses practical implications and future directions 



 

9 

 

1.6 References 

1. Canadian Cancer Statistics Advisory Committee, et al., Canadian Cancer 

Statistics 2023. 2023, Canadian Cancer Society: Toronto, ON. 

2. Ferlay J, et al. Global Cancer Observatory: Cancer Today. Lyon, France: 

International Agency for Research on Cancer. 2024  March 4, 2024]; Available from: 

https://gco.iarc.who.int/today. 

3. Choksi, A.U., et al., The disparities in clinical trials addressing urologic 

conditions among lower-income countries. 2023: Front. Urol. 

4. Jones, L.W. and C.M. Alfano, Exercise-oncology research: past, present, and 

future. Acta Oncol, 2013. 52(2): p. 195-215. 

5. Ligibel, J.A., et al., Exercise, Diet, and Weight Management During Cancer 

Treatment: ASCO Guideline. J Clin Oncol, 2022. 40(22): p. 2491-2507. 

6. Campbell, K.L., et al., Exercise Guidelines for Cancer Survivors: Consensus 

Statement from International Multidisciplinary Roundtable. Med Sci Sports Exerc, 

2019. 51(11): p. 2375-2390. 

7. Hayes, S.C., et al., The Exercise and Sports Science Australia position statement: 

Exercise medicine in cancer management. J Sci Med Sport, 2019. 22(11): p. 1175-

1199. 

8. Rock, C.L., et al., American Cancer Society nutrition and physical activity 

guideline for cancer survivors. CA Cancer J Clin, 2022. 72(3): p. 230-262. 

9. National Comprehensive Cancer Network   [NCCN], NCCN Clinical Practice 

Guidelines on Oncology: Bladder Cancer, Version 1.2024. 2024. 

https://gco.iarc.who.int/today


 

10 

 

10. Maibom, S.L., et al., Short-term morbidity and mortality following radical 

cystectomy: a systematic review. BMJ Open, 2021. 11(4): p. e043266. 

11. Kamat, A.M., et al., Definitions, End Points, and Clinical Trial Designs for Non-

Muscle-Invasive Bladder Cancer: Recommendations From the International Bladder 

Cancer Group. J Clin Oncol, 2016. 34(16): p. 1935-44. 

12. Lamm, D.L., et al., Maintenance bacillus Calmette-Guerin immunotherapy for 

recurrent TA, T1 and carcinoma in situ transitional cell carcinoma of the bladder: a 

randomized Southwest Oncology Group Study. J Urol, 2000. 163(4): p. 1124-9. 

13. Nayak, A., J. Cresswell, and P. Mariappan, Quality of life in patients undergoing 

surveillance for non-muscle invasive bladder cancer-a systematic review. Transl 

Androl Urol, 2021. 10(6): p. 2737-2749. 

14. Clements, M.B., et al., Health-related Quality of Life for Patients Undergoing 

Radical Cystectomy: Results of a Large Prospective Cohort. Eur Urol, 2022. 81(3): p. 

294-304. 

15. Karvinen, K.H., et al., Associations between exercise and quality of life in bladder 

cancer survivors: a population-based study. Cancer Epidemiol Biomarkers Prev, 

2007. 16(5): p. 984-90. 

16. Gopalakrishna, A., et al., Physical activity patterns and associations with health-

related quality of life in bladder cancer survivors. Urol Oncol, 2017. 35(9): p. 540.e1-

540.e6. 

17. Chung, J., et al., Modifiable lifestyle behaviours impact the health-related quality 

of life of bladder cancer survivors. BJU Int, 2020. 125(6): p. 836-842. 



 

11 

 

18. Koelker, M., et al., Impact of exercise on physical health status in bladder cancer 

patients. Can Urol Assoc J, 2023. 17(1): p. E8-E14. 

19. Bessa, A., et al., Is there a role for physical activity interventions in the treatment 

pathway of bladder cancer? A scoping review of the literature. BMJ Open Sport Exerc 

Med, 2021. 7(1): p. e000951. 

20. Rammant, E., et al., A systematic review of exercise and psychosocial 

rehabilitation interventions to improve health-related outcomes in patients with 

bladder cancer undergoing radical cystectomy. Clin Rehabil, 2018. 32(5): p. 594-606. 

21. Briggs, L.G., et al., Prehabilitation Exercise Before Urologic Cancer Surgery: A 

Systematic and Interdisciplinary Review. Eur Urol, 2022. 81(2): p. 157-167. 

22. Jensen, B.T., et al., Exercise-based pre-habilitation is feasible and effective in 

radical cystectomy pathways-secondary results from a randomized controlled trial. 

Support Care Cancer, 2016. 24(8): p. 3325-31. 

23. Porserud, A., A. Sherif, and A. Tollbäck, The effects of a physical exercise 

programme after radical cystectomy for urinary bladder cancer. A pilot randomized 

controlled trial. Clin Rehabil, 2014. 28(5): p. 451-9. 

24. Minnella, E.M., et al., Multimodal Prehabilitation to Enhance Functional 

Capacity Following Radical Cystectomy: A Randomized Controlled Trial. Eur Urol 

Focus, 2019. 7(1): p. 132-138. 

25. Kaye, D.R., et al., The Feasibility and Impact of a Presurgical Exercise 

Intervention Program (Prehabilitation) for Patients Undergoing Cystectomy for 

Bladder Cancer. Urology, 2020. 145. 



 

12 

 

26. Taaffe, D.R., et al., Efficacy and Feasibility of Presurgical Exercise in Bladder 

Cancer Patients Scheduled for Open Radical Cystectomy. Med Sci Sports Exerc, 

2023. 55(7): p. 1123-1132. 

27. National Institute of Health and National Cancer Institute. Surveillance, 

Epidemiology, and End Results Program. Cancer Stat Facts: Bladder Cancer. Cancer 

Stat Facts: Bladder Cancer. 2023  March 4, 2024]; Available from: 

https://seer.cancer.gov/statfacts/html/urinb.html. 

28. Burg, M.L., et al., Frailty as a predictor of complications after radical 

cystectomy: A prospective study of various preoperative assessments. Urol Oncol, 

2019. 37(1): p. 40-47. 

29. Qin, F. and J. Wu, Impact of sarcopenia on outcomes of bladder cancer 

undergoing radical cystectomy: A systematic review and meta-analysis. Scott Med J, 

2024: p. 369330241234690. 

30. Chromecki, T.F., et al., Obesity is associated with worse oncological outcomes in 

patients treated with radical cystectomy. BJU Int, 2013. 111(2): p. 249-55. 

31. Bachir, B.G., et al., Effect of body mass index on the outcomes of patients with 

upper and lower urinary tract cancers treated by radical surgery: results from a 

Canadian multicenter collaboration. Urol Oncol, 2014. 32(4): p. 441-8. 

32. Bi, H., et al., Impact of Body Mass Index and Pretreatment Hemoglobin Level on 

Prognosis Following Radical Cystectomy for Bladder Cancer in Males and Females. 

Urol Int, 2020. 104(1-2): p. 28-35. 

33. Psutka, S.P., et al., Mortality after radical cystectomy: impact of obesity versus 

adiposity after adjusting for skeletal muscle wasting. J Urol, 2015. 193(5): p. 1507-13. 

https://seer.cancer.gov/statfacts/html/urinb.html


 

13 

 

34. Dabi, Y., et al., Impact of body mass index on the oncological outcomes of 

patients treated with radical cystectomy for muscle-invasive bladder cancer. World J 

Urol, 2017. 35(2): p. 229-235. 

35. Kwon, T., et al., Obesity and prognosis in muscle-invasive bladder cancer: the 

continuing controversy. Int J Urol, 2014. 21(11): p. 1106-12. 

36. National Comprehensive Cancer Network [NCCN], NCCN  Clinical Practice 

Guidelines on Oncology: Kidney Cancer, Version 2.2024. 2024. 

37. McKiernan, J., et al., Natural history of chronic renal insufficiency after partial 

and radical nephrectomy. Urology, 2002. 59(6): p. 816-20. 

38. Huang, W.C., et al., Chronic kidney disease after nephrectomy in patients with 

renal cortical tumours: a retrospective cohort study. Lancet Oncol, 2006. 7(9): p. 735-

40. 

39. Ames, S.C., et al., Quality of life of patients undergoing surgical treatment for 

newly-diagnosed, clinically localized renal cell carcinoma. J Psychosoc Oncol, 2011. 

29(6): p. 593-605. 

40. Bhandari, N.R., et al., Association of Health-Related Quality of Life with Overall 

Survival in Older Americans with Kidney Cancer: A Population-Based Cohort Study. 

Healthcare (Basel), 2021. 9(10). 

41. O'Dea, A., et al., Identifying the unmet supportive care needs of people affected 

by kidney cancer: a systematic review. J Cancer Surviv, 2021. 

42. Tricco, A.C., et al., PRISMA Extension for Scoping Reviews (PRISMA-ScR): 

Checklist and Explanation. Ann Intern Med, 2018. 169(7): p. 467-473. 



 

14 

 

43. Swartz, M.K., The PRISMA statement: a guideline for systematic reviews and 

meta-analyses. J Pediatr Health Care, 2011. 25(1): p. 1-2. 

 

 

  



 

15 

 

 
 

 

 

 

 

 

 

 

 

 

CHAPTER 2: PAPER 1 

Associations between body mass index and bladder cancer survival: is the obesity 

paradox short-lived? 
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2.1 Abstract  

Introduction: We investigated the associations of pre-surgical body mass index with 

bladder cancer outcomes in patients treated with radical cystectomy. Methods: We 

retrospectively analyzed data from 488 bladder cancer patients treated with radical 

cystectomy between 1994 and 2007 and followed-up until 2016. Cox regression with step 

function (time-segment analysis) was conducted for overall survival because the 

proportional hazard assumption was violated. Results: Of 488 bladder cancer patients, 

155 (31.8%) were normal weight, 186 (38.1%) were overweight, and 147 (30.1%) were 

obese. During the median follow-up of 59.5 months, 363 (74.4%) patients died including 

197 (40.4%) from bladder cancer. In adjusted Cox regression analyses, body mass index 

was not significantly associated with bladder cancer-specific survival for overweight 

(HR=0.79; 95% CI: 0.57 to 1.10; p=0.16) or obese (HR=0.76; 95% CI: 0.52 to 1.09; 

p=0.13) patients. In the Cox regression with step function for overall survival, the time-

interaction was significant overall (p=0.020) and specifically for overweight patients 

(p=0.006). In the time-segment model, the HR for overweight during the first 63 months 

was 0.66 (95% CI: 0.49–0.90, p=0.008) whereas it was 1.41 (95% CI: 0.89–2.23, p=0.14) 

after 63 months. Although not statistically significant, a similar pattern was observed for 

obese patients. Conclusions: Our findings suggest that overweight and obese bladder 

cancer patients had better outcomes within the first five years after radical cystectomy; 

however, there were no differences in longer-term survival. These data suggest that the 

obesity paradox in bladder cancer patients treated with radical cystectomy may be short-

lived. 

Keywords: body mass index; cystectomy; obesity; survival; urinary bladder neoplasms.  
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2.2 Introduction 

Bladder cancer is the fifth most common cancer in Canada [1] and the tenth most 

common cancer worldwide [2]. Radical cystectomy is the main treatment for muscle 

invasive bladder cancer and high risk non-muscle invasive bladder cancer [3]. Although 

bladder cancer survival has increased slightly, [4] bladder cancer remains the eighth most 

common cause of cancer mortality in Canada[1]. The 90-day mortality rate after radical 

cystectomy ranges from 3.2%-7.5% [5, 6] and the five-year relative survival rate ranges 

from 16% to 55% depending on the tumor stage [7]. 

Overweight and obesity are potential risk factors for developing bladder cancer 

because fat mass is related to inflammatory processes, alterations in sex hormone 

metabolism, abnormal levels of insulin and insulin-like growth factor, adipokine 

pathways, and microenvironment perturbations that contribute to tumor cell growth and 

proliferation [8, 9]. The association of obesity with bladder cancer survival, however, is 

much less clear. Some studies have reported that higher body mass index (BMI) is 

associated with a worse prognosis [10, 11] whereas other studies have found no 

association [12, 13]. Conversely, some studies have reported that higher BMI is 

associated with better survival in bladder cancer patients, [14-16] a phenomenon known 

as the obesity paradox. 

Obesity may be linked to cancer treatment-related symptoms, treatment tolerance 

and response, recurrence, and long-term survival. Understanding the association between 

obesity and survival in bladder cancer patients after radical cystectomy may improve 

prognosis and guide bladder cancer management. The purpose of the present study was to 
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investigate the association of pre-surgical BMI with bladder cancer outcomes in patients 

treated with radical cystectomy. 

2.3 Materials and Methods 

After institutional review board approval (Health Research Ethics Board of 

Alberta (HREBA) – Cancer Committee #20-0294), we analyzed an existing database of 

bladder cancer patients undergoing radical cystectomy from the Northern Alberta 

Urology Centre in Edmonton, Canada. The data set was collected retrospectively and 

included bladder cancer patients undergoing radical cystectomy between 1994 and 2007 

and followed-up for mortality outcomes until 2016. The primary exposure of interest was 

BMI defined as weight in kilograms divided by the square of height in meters (kg/m2). 

BMI was measured objectively during a clinical visit prior to radical cystectomy and was 

recorded in the patient electronic medical record. Eligible patients had to have a measure 

of BMI recorded in the data set. 

The primary outcomes were length of hospitalization, 90-day mortality, bladder 

cancer-specific survival (BCSS), and overall survival (OS). Length of hospitalization was 

the number of days hospitalized from the time of radical cystectomy until discharge. 90-

day mortality was assessed as death from any cause within 90 days of the radical 

cystectomy. BCSS was defined as the time from radical cystectomy to the date of death 

from bladder cancer or last follow-up if the patient had not died of bladder cancer. If the 

patient died of other causes, the event was censored at the time of death. OS was 

determined as the time from radical cystectomy to the date of death from any cause. 

Patients who were still alive were censored at the date of last follow-up. 
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Patients were categorized as normal weight (18.5-24.9 kg/m2), overweight (25-

29.9 kg/m2), or obese (≥30 kg/m2). Descriptive statistics were used to summarize the data 

overall and by BMI category. Missing values for covariates (<3%) were replaced with the 

mean for continuous variables and the mode for categorical variables. Univariable 

associations between BMI and clinicopathologic variables were assessed using Pearson 

chi-square for categorical variables and ANOVA for continuous variables. Life tables 

were used to obtain median survival time overall and by BMI category. Kaplan-Meier 

curves were used to describe survival probabilities of OS by BMI category. Log-rank 

tests were used to assess differences in unadjusted survival probabilities by BMI 

category.  

Proportional hazard assumption was verified graphically using the log minus log 

plot and considered valid if the curves run in parallel. Cox proportional model was used 

to estimate the hazard ratio (HR) and 95% confidence intervals (CI) for 90-day mortality 

and BCSS. We observed evidence of non-proportionality for OS, indicating that the 

effect of a fixed baseline covariate (i.e. BMI) may change over time [17]. Therefore, a 

Cox regression with a step-function (time-segment analysis) was applied to explore the 

time varying coefficient [17, 18]. Two separate analyses were conducted based on a split 

of the median survival time [18]. All the survival analyses were adjusted for established 

prognostic factors including age, sex, cancer subtype (urothelial vs non-urothelial), 

lymphovascular invasion, tumor grade, pathologic T stage, pathologic N stage, and 

adjuvant chemotherapy. All tests were 2-sided and statistical significance was set at 

p<0.05. All analyses were performed using SPSS (SPSS Inc., Chicago, IL, USA). 

2.4 Results 
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A total of 508 patients were initially available in the data set. Twenty patients 

were excluded from the analyses due to missing data on weight or height (n=6), 

implausible BMI (n=4), and being underweight (n=10). The final sample included 488 

bladder cancer patients who underwent radical cystectomy and had a valid measure of 

BMI before surgery. 

Table 2-1 summarizes the baseline demographic and disease characteristics of the 

bladder cancer patients overall and by BMI category. Mean age at diagnosis was 65.8 

years, BMI was 27.7 kg/m2, and 78.5% were males. Most patients were diagnosed with 

urothelial carcinoma (89.8%), high-grade tumors (88.5%), and ≥T2 stage (71.1%). 

Overall, 155 patients (31.8%) were normal weight, 186 (38.1%) were overweight, and 

147 (30.1%) were obese. Sex differed among the BMI categories, with the overweight 

and obese groups having more men (p<0.05). Regarding disease profile, overweight and 

obese patients generally had a more favorable prognostic profile compared to normal 

weight patients including a significantly lower pathologic T stage (p<0.05).  

Table 2-2 summarizes the treatment and survival outcomes of bladder cancer 

patients overall and by BMI category. Only 1% of patients underwent neoadjuvant 

chemotherapy. Surgical procedures did not vary among BMI categories; all women in the 

study underwent anterior exenteration and 98.2% of men had a radical 

cystoprostatectomy; 85.2% of patients had a standard lymph node dissection; and 77.7% 

had ileal conduit diversion. In the 30-day mortality analyses, overweight patients had a 

lower proportion of deaths compared to normal and obese patients (p=0.039) but the 

overall number of deaths was small (n=15; 3.1%). 
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Regarding our primary outcomes of interest, obese patients had a prolonged 

hospital stay compared to overweight patients (17.5±1.4 vs 13.2±1.3 days, p<0.05). After 

adjusting for prognostic factors, hospitalization remained significantly longer for obese 

versus overweight (17.8±1.4 vs 13.0±1.2 days; p=0.010) patients and became 

significantly longer for obese versus normal weight (17.8±1.4 vs 14.0±1.4 days; p=0.036) 

patients. In the 90-day mortality analyses, overweight patients had a lower proportion of 

deaths compared to normal and obese patients (p<0.001). The results remained 

statistically significant in the multivariable Cox regression analyses where overweight 

patients (HR=0.09; 95% CI: 0.02-0.38; p=0.001) were less likely to die within 90-days 

after radical cystectomy (Table 2-3).  

During the median follow-up of 59.5 months (interquartile range, 13-144), 363 

(74.4%) patients died including 197 (40.4%) from bladder cancer. Univariable analyses 

for bladder cancer-specific mortality showed that being obese was associated with 

improved BCSS (p=0.011). After adjusting for established prognostic factors in the 

multivariable Cox regression analyses (Table 2-3), the difference in BCSS was not 

significant for either overweight (HR=0.79; 95% CI: 0.57 to 1.10; p=0.16) or obese 

(HR=0.76; 95% CI: 0.52 to 1.09; p=0.13) patients. The supplementary Table 2-1 provides 

the multivariate analysis including all the covariates for the association of BMI with 90-

day mortality, bladder cancer-specific mortality, and all-cause mortality.  

Median OS for normal weight, overweight, and obese patients was 34.4, 88.5, and 

70.8 months, respectively. The OS probability was not significantly different by BMI 

category (Figure 2-1). When assessing the proportional hazard assumption using the 

graphical model log-log plot, we observed evidence of non-proportional hazards among 
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the BMI categories for OS. The violation of the proportional hazard assumption indicates 

that the hazard is transient over time (i.e. time-varying coefficient) and may lead to 

biased effect estimates when follow-up is long. One method to address the non-

proportionality is dividing the Cox model into time-intervals, therefore, we conducted 

two separate analyses split at the median survival of 63 months. In this analysis, BMI was 

included as a time-varying coefficient and the overall time-interaction was significant 

(p=0.020). More specifically, the interaction was significant for overweight (HR=2.13; 

95% CI: 1.24–3.66; p=0.006) but not obese, although the interaction was in the same 

direction (HR=1.57; 95% CI: 0.87-2.82; p=0.13). In the time-segment model, the 

estimated HR for overweight during the first 63 months was 0.66 (95% CI: 0.49–0.90, 

p=0.008) whereas it was 1.41 (95% CI: 0.89–2.23, p=0.14) after 63 months. The 

estimated hazards ratio for obese during the first 63 months was 0.88 (95% CI: 0.64-1.20, 

p=0.42) whereas it was 1.38 (95% CI: 0.84–2.28, p=0.21) after 63 months (Table 2-3). 

We conducted a sensitivity analysis for all survival analyses that excluded non-urothelial 

cancers and found no meaningful differences compared to the overall analyses (data not 

shown). 

2.5 Discussion 

In this retrospective analysis of a previously established database, overweight and 

obese patients had a lower 90-day mortality rate and a better OS within the first five years 

of radical cystectomy. After five years, however, overweight and obese patients had an 

increased risk of all-cause mortality, resulting in no difference in longer-term OS. These 

data suggest that the obesity paradox in bladder cancer patients treated with radical 

cystectomy may be driven by a lower 90-day mortality rate and fewer early bladder 
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cancer-specific deaths and, therefore, short-lived. Our findings suggest a more nuanced 

interpretation of the obesity paradox for bladder cancer survival.  

The role of BMI as a predictor of survival outcomes in bladder cancer patients 

varies considerably among studies [19, 20]. A recent systematic review and meta-analysis 

of BMI and survival in urothelial cancer patients treated with radical surgery reported 

that overweight was associated with better BCSS (HR=0.793; 95% CI:0.706-0.891; 

p<0.001) but worse OS (HR=1.125; 95% CI:1.018-1.244; p=0.021). Conversely, obesity 

was significantly associated with both worse BCSS (HR=1.138; 95% CI:1.028-1.261; 

p=0.013) and OS (HR=1.308; 95% CI:1.192-1.436; p < 0.001) [20]. This review noted 

substantial heterogeneity among the studies, although the source of the variance was not 

identified. One possible source of heterogeneity is that the review included Asian and 

Western-based studies with varying definitions of the BMI categories. Moreover, the 

studies had relatively short median follow-up times (from 21 to 64.1 months) making it 

difficult to compare the short-term and long-term survival experience of overweight and 

obese bladder cancer patients. 

The obesity paradox appears to only hold during the first five years after radical 

cystectomy, when most deaths are due to surgical complications or bladder cancer, and 

then dissipates during further follow-up when most deaths are due to other causes. After 

five years, obesity appears to exert its usual negative association with survival. This 

unique finding in our study was prompted by a violation of the proportional hazard 

assumption in our data set, which indicated BMI as a time-varying coefficient for OS 

[21]. Assessment of the proportionality of hazards is a fundamental step for survival 

analyses using the Cox model. When the assumption is violated, a significant effect in the 
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early (or late) follow-up period may be missed [18]. The verification of this assumption, 

however, is not commonly reported in survival analysis of BMI in oncology, including 

investigations in bladder cancer [11-15, 22]. 

It is possible that our observation may provide another explanation of the 

inconsistency in the obesity paradox across different cancers. Petrelli et al. [23] observed 

that the association between obesity and cancer survival may differ based on cancer type. 

More specifically, these authors reported evidence of the obesity paradox in lung, renal, 

and metastatic melanoma cancers; all cancers that generally have higher rates of surgical 

complications and more cancer deaths that occur early in the cancer trajectory. 

Conversely, they noted that the traditional negative association of BMI with survival 

seemed to hold in patients with breast, colon, and uterine cancers; all cancers that 

generally have lower rates of surgical complications and fewer early cancer-specific 

deaths, where patients are more likely to die of other causes during longer-term follow-

up. 

Nevertheless, the obesity paradox, whether short-lived or not, should be 

interpreted with caution. Explanations in the literature include methodological biases, 

such as unmeasured confounding [24]. For instance, smoking status was not assessed in 

our study and it may confound the association between BMI and survival in bladder 

cancer patients. Other studies have suggested clinical and biological differences among 

BMI categories including body composition and tumor expression [24]. 

For example, in patients with clear cell renal cell carcinoma, another malignancy 

of the genitourinary tract, differences in gene expression pathways within the tumor 

microenvironment might be associated with the obesity paradox [25, 26]. Sanchez et al. 
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[25] reported that obese patients had significant tumor up-regulation angiogenic pathways 

in comparison to normal weight patients; therefore they were more likely to increase 

local drug delivery and benefit from therapy. Hakimi et al. [26] identified that fatty acid 

synthase (FASN) gene expression, an indicator of tumor aggressiveness and prognosis, 

differed by BMI categories. FASN was significantly upregulated in the 

normal BMI group and downregulated in the obese group, suggesting that the tumors of 

obese patients may be less aggressive than normal weight patients with renal cell 

carcinoma. [26] In our sample, overweight and obese patients had a more favorable 

prognostic profile compared to normal weight patients. The literature has conflicting 

findings, however, regarding the associations of BMI with tumor characteristics in 

bladder cancer patients and further investigation is needed [10, 22]. 

BMI as a measure of obesity is also questionable since it fails to distinguish body 

composition compartments among individuals in the same BMI range [27]. Psutka et al. 

[16] explored the association of BMI and fat mass index with OS in patients treated with 

radical cystectomy and urinary diversion. Increased BMI was associated with improved 

5-year OS, however, obesity based on fat-mass index had no association. In addition, 

after adjusting for the presence of low skeletal muscle mass, the association disappeared 

[16]. Skeletal muscle mass is an important prognostic factor not assessed by BMI. 

Bladder cancer patients with lower skeletal muscle mass are at increased risk of early 

complications, cancer specific mortality, and all-cause mortality [28, 29]. Bladder cancer 

patients have a high prevalence of low skeletal muscle mass at diagnosis and post-

treatment [30]. It is plausible that patients in the normal weight range might have lower 

muscle mass and, therefore, lower survival rates compared to overweight and obese 
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patients. Another possible explanation for better survival rates among overweight patients 

relates to the amount of subcutaneous fat. Cancer patients with higher subcutaneous 

adipose tissue experience longer survival than those with low subcutaneous fat [31]. The 

moderate amount of fat allows patients to survive weight losses that occur with treatment 

and may provide nutritional benefits [24, 32]. These explanations are only speculations, 

however, and further research is warranted.  

Our study has important strengths and limitations. The strengths of our study 

include a sufficient sample size, the balanced distribution across the BMI categories, the 

relatively long follow-up time, and the verification of the proportional hazard assumption 

for the survival analysis. The limitations of our study include the exploratory nature of 

the analysis, the retrospective design of the study, the lack of data on potential 

confounders (e.g., smoking status, comorbidities), the use of BMI as the measure of 

obesity, and the measurement of BMI at only one time point. In addition, treatment has 

evolved since the completion of data collection (1994-2007) which may alter the 

association of obesity with survival. For example, our 90-day mortality rate of 12.3% is 

higher than that reported in the current literature, possibly due to changes in treatments 

and/or the likely higher rate of normal weight patients in our more dated sample. Finally, 

the generalizability of our results is limited only to patients treated with radical 

cystectomy. Future research should collect more sophisticated measures of obesity at 

multiple time points and check the proportional hazard assumption for a potential time-

varying interaction with obesity. Moreover, other measures of health-related fitness 

besides body composition (e.g., cardiovascular fitness, muscular strength, physical 
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functioning) may also be important predictors of clinical outcomes in bladder cancer 

patients as they have been in breast cancer patients [33]. 

2.6 Conclusions 

This exploratory analysis suggests that the obesity paradox in bladder cancer 

patients treated with radical cystectomy may only apply to postsurgical complications 

and bladder cancer deaths that typically occur early in the survival trajectory. With 

sufficient follow-up, the benefits of obesity on bladder cancer survival are reversed by an 

increased risk of other deaths, resulting in no long-term survival advantage for 

overweight/obese bladder cancer patients. Whether these associations were due to 

unmeasured confounding, limitations of BMI, or different tumor expression among the 

BMI groups is unknown. Well designed, prospective studies that include a direct measure 

of body composition and tumor expression pathways are warranted to understand if and 

how body composition is associated with survival outcomes in bladder cancer. 
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Table 2-1. Baseline demographic and disease characteristics of bladder cancer patients, overall and by body 

mass index. 

 

  Body Mass Index (kg/m2)  

Variables Overall Normal weight 

18.5-24.9 

Overweight 

25-29.9 

Obese 

≥30 

p value 

 (n=488) (n=155) (n=186) (n=147)  

 

Body Mass Index (kg/m2), M±SD 

 

 

27.7±4.8 

 

22.6±1.6 

 

27.3±1.4 

 

33.4±3.3 

 

- 

Weight (kg), M±SD 

 

81.8±17.1 65.8±9.5 81.4±9.6 99.3±13.5 - 

Sex (male), n (%) 

 

383 (78.5) 107 (69.0) 154 (82.8)a 122 (83.0)a 0.002 

Age (years), M±SD 

 

65.8±10.0 65.6±10.9 66.7±9.9 64.7±9.1 0.18 

Urothelial Carcinoma, n (%) 

 

438 (89.8) 138 (89.0) 164 (88.2) 136 (92.5) 0.41 

Lymphovascular Invasion, n (%) 

 

153 (31.4) 59 (38.1) 55 (29.6) 39 (26.5) a 0.08 

High-grade, n (%) 

 

432 (88.5) 143 (92.3) 159 (85.5) 130 (88.4) 0.15 

Pathologic T Stage (≥T2), n (%) 

 

347 (71.1) 124 (80.0) 130 (69.9)a 93 (63.3)a 0.005 

Pathologic N Stage (N+), n (%) 

 

104 (21.3) 41 (26.5) 37 (19.9) 26 (17.7) 0.15 

ap<.05 versus normal weight 
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Table 2-2. Treatment and survival outcomes of bladder cancer patients, overall and by body mass index. 

 

  Body Mass Index (kg/m2)  

Variables Overall Normal weight 

18.5-24.9 

Overweight 

25-29.9 

Obese 

≥30 

p value 

 (n=488) (n=155) (n=186) (n=147)  

 

Neoadjuvant chemotherapy, n (%) 

 

 

5 (1.0) 

 

2 (1.3) 

 

2 (1.1) 

 

1 (0.7) 

 

 

Surgical Procedure, n (%)      

Anterior Exenteration (women) 105 (100) 48 (100) 32 (100) 25 (100)  

Radical Cystoprostate (men) 

 

376 (98.2) 103 (96.3) 152 (98.7) 121 (99.2)  

Positive Surgical Margin, n (%) 

 

60 (12.3) 18 (11.6) 23 (12.4) 19 (12.9) 0.94 

Lymph Node Dissection, n (%)      

None/Limited 37 (7.6) 18 (11.6) 12 (6.5) 7 (4.8) 0.63 

Standard 416 (85.2) 124 (80.0) 161 (86.6) 131 (89.1)  

Extended 35 (7.2) 13 (8.4) 13 (7.0) 9 (6.1)  

      

Diversion, n (%)      

Ileal Conduit 379 (77.7) 121 (78.1) 147 (79.0) 111 (75.5) 0.62 

Neobladder 99 (20.3) 29 (18.7) 36 (19.4) 34 (23.1)  

Other 

 

10 (2.0) 5 (3.2) 3 (1.6) 2 (1.4)  

Estimated Blood Loss (ml), M±SD 
 

1.3±0.8 1.3±0.9 1.3±0.8 1.3±0.8 0.74 

Hospital Stay (days), M±SD 

 

14.7±16.8 13.7±14.5 13.2±8.4 17.5±24.9b 0.050 

Adjuvant chemotherapy, n (%) 

 

79 (16.2) 30 (19.4) 26 (14.0) 23 (15.6) 0.39 

30-day Mortality, n (%) 

 

15 (3.1) 7 (4.5) 1 (0.5) a 7 (4.8) b 0.039 

90-day Mortality, n (%) 

 

31 (6.4) 19 (12.3) 2 (1.1)a 10 (6.8) b <0.001 

Bladder Cancer Death, n (%) 

 

197 (40.4) 74 (47.7) 74 (39.8) 49 (33.3) a 0.038 

Overall Death, n (%) 

 

363 (74.4) 117 (75.5) 138 (74.2) 108 (73.5) 0.92 

ap<.05 versus normal weight 

bp<.05 versus overweight 
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Table 2-3. Cox Proportional HRs and 95% CIs for the association of body mass index with 90-day mortality, 

bladder cancer-specific mortality, and all-cause mortality. 

 

 
Overall (n=488) 

Body Mass Index (kg/m2)   
No. of Deaths/ No. 

of Person-Years 
HR (95% CI) p 

 

90-day Mortality 

   

Normal weight (18.5-24.9) 19/985 Referent  

Overweight (25-29.9) 2/1,417 0.09 (0.02 to 0.38) 0.001 

Obese (30) 10/1,071 0.63 (0.29 to 1.39) 0.25 

Per 1-unit increase 

 

 0.93 (0.85 to 1.02) 0.11 

Bladder cancer–specific mortality    

Normal weight (18.5-24.9) 74/985 Referent  

Overweight (25-29.9) 74/1,417 0.79 (0.57 to 1.10) 0.16 

Obese (30) 49/1,071 0.76 (0.52 to 1.09) 0.13 

Per 1-unit increase 

 

 0.98 (0.95 to 1.01) 0.21 

All-cause Mortality    

Normal weight (18.5-24.9) 117/985 Referent  

Overweight (25-29.9) 138/1,417 0.84 (0.65 to 1.09) 0.18 

Obese (30) 108/1,071 1.00 (0.77 to 1.31) 1.00 

Per 1-unit increase 

 

 1.01 (0.98 to 1.03) 0.70 

All-cause Mortality with time-

varying covariate 

  0.020* 

≤63 months    

Normal weight (18.5-24.9) 88/136 Referent  

Overweight (25-29.9) 82/166 0.66 (0.49 to 0.90) 0.008 

Obese (30) 72/141 0.88 (0.64 to 1.20) 0.42 

>63 months    

Normal weight (18.5-24.9) 29/841 Referent  

Overweight (25-29.9) 56/1,244 1.41 (0.89 to 2.23) 0.14 

Obese (30) 

 

36/920 1.38 (0.84 to 2.28) 0.21 

HR: hazard ratio; CI: confidence interval. *p value for time-interaction. 

Adjusted for age, sex, cancer subtype, lymphovascular invasion, tumor grade, pathologic T stage, pathologic N 

stage, and adjuvant chemotherapy.   
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Figure 2-1. Kaplan-Meier curves for overall survival stratified by BMI category. 
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Supplementary Table 2-1. Multivariate Cox Proportional HRs and 95% CIs for the association of body 

mass index with 90-day mortality, bladder cancer-specific mortality, and all-cause mortality 

 

Covariates HR (95% CI) p value 

   

90-day Mortality   

Body Mass Index  

Overweight vs Normal 

Obese vs Normal 

 

0.09 (0.02 to 0.38) 

0.63 (0.29 to 1.39) 

 

0.001 

0.25 

Age (continuous) 1.00 (0.96 to 1.04) 0.93 

Sex (male vs female) 1.01 (0.44 to 2.30) 0.98 

Cancer subtype (urothelial vs non-urothelial) 0.68 (0.23 to 2.03) 0.49 

Lymphovascular invasion (yes vs no) 1.47 (0.68 to 3.20) 0.33 

Tumor grade (high grade vs low-grade) 0.97 (0.29 to 3.30) 0.97 

Pathologic T Stage (≥T2 vs <T2) 2.13 (0.76 to 5.96) 0.15 

Pathologic N Stage (yes vs no) 0.55 (0.18 to 1.68) 0.30 

Adjuvant chemotherapy (no vs yes) 6.24 (0.80 to 48.36) 0.08 

   

Bladder cancer–specific mortality   

Body Mass Index  

Overweight vs Normal 

Obese vs Normal 

 

0.79 (0.57 to 1.10) 

0.76 (0.52 to 1.09) 

 

0.16 

0.13 

Age (continuous) 1.01 (1.00 to 1.03) 0.10 

Sex (male vs female) 0.92 (0.65 to 1.28) 0.61 

Cancer subtype (urothelial vs non-urothelial) 0.92 (0.57 to 1.47) 0.73 

Lymphovascular invasion (yes vs no) 1.53 (1.12 to 2.08) 0.007 

Tumor grade (high grade vs low-grade) 0.72 (0.46 to 1.13) 0.15 

Pathologic T Stage (≥T2 vs <T2) 3.07 (1-97 to 4.08) <0.001 

Pathologic N Stage (yes vs no) 1.93 (1.36 to 2.74) <0.001 

Adjuvant chemotherapy (no vs yes) 1.42 (0.95 to 2.10) 0.08 

   

All-cause Mortality   

Body Mass Index  

Overweight vs Normal 

Obese vs Normal 

 

0.84 (0.65 to 1.09)  

1.00 (0.77 to 1.31) 

 

0.18 

1.00 

Age (continuous) 1.03 (1.01 to 1.04) <0.001 

Sex (male vs female) 1.02 (0.79 to 1.32) 0.89 

Cancer subtype (urothelial vs non-urothelial) 0.96 (0.67 to 1.36) 0.80 

Lymphovascular invasion (yes vs no) 1.41 (1.10 to 1.79) 0.006 

Tumor grade (high grade vs low-grade) 0.74 (0.54 to 1.04) 0.08 

Pathologic T Stage (≥T2 vs <T2) 1.71 (1.32 to 2.23) <0.001 

Pathologic N Stage (yes vs no) 1.37 (1.03 to 1.83) 0.031 

Adjuvant chemotherapy (no vs yes) 1.30 (0.95 to 1.79) 0.10 
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CHAPTER 3: PAPER 2 

Bladder cancer and exercise training during intravesical therapy – the brave trial: a 

study protocol for a prospective, single-center, two-armed randomised controlled trial 

 

A version of this paper has been published. 

Arthuso, F. Z., Fairey, A. S., Boulé, N. G., & Courneya, K. S. (2021). Bladder cancer and 

exeRcise trAining during intraVesical thErapy-the BRAVE trial: a study protocol for a 

prospective, single-centre, phase II randomised controlled trial. BMJ open, 11(9), 

e055782. https://doi.org/10.1136/bmjopen-2021-055782 
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3.1 Abstract 

Introduction: Non-muscle invasive bladder cancer (NMIBC) accounts for about 75% of 

newly diagnosed bladder cancers. The treatment for NMIBC involves surgical removal of 

the tumor followed by six weekly instillations of immunotherapy or chemotherapy 

directly into the bladder (i.e., intravesical therapy). NMIBC has a high rate of recurrence 

(31-78%) and progression (15%). Moreover, bladder cancer and its treatment may affect 

patient functioning and quality of life. Exercise is a safe and effective intervention for 

many cancer patient groups, however, no studies have examined exercise during 

intravesical therapy for NMIBC. The primary objective of the Bladder cancer and 

exeRcise trAining during intraVesical thErapy (BRAVE) trial is to examine the safety 

and feasibility of an exercise intervention in bladder cancer patients undergoing 

intravesical therapy. The secondary objectives are to investigate the preliminary efficacy 

of exercise on health-related fitness and patient-reported outcomes; examine the social 

cognitive predictors of exercise adherence; and explore the potential effects of exercise 

on tumor recurrence and progression. Methods and Analysis: BRAVE is a phase II 

randomised controlled trial that aims to include 66 patients with NMIBC scheduled to 

receive intravesical therapy. Participants will be randomly assigned to the exercise 

intervention or usual care. The intervention consists of three supervised, high-intensity 

interval training sessions/week for 12-weeks.Feasibility will be evaluated by eligibility, 

recruitment, adherence, and attrition rates.  Preliminary efficacy will focus on changes in 

cardiorespiratory fitness and patient-reported outcomes from baseline (prior to 

intravesical therapy) to pre-cystoscopy (3 months). Cancer outcomes will be tracked at 3 

months, and one-year follow-up by cystoscopy. Analysis of covariance will compare 
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between-group differences at post-intervention (pre-cystoscopy) for all health-related 

fitness and patient-reported outcomes. Ethics and dissemination: The study was 

approved by the Health Research Ethics Board of Alberta-Cancer Committee (#20-0184). 

Dissemination will include publication and presentations at scientific conferences and 

public channels. 

  



 

40 

 

3.2 Introduction 

Bladder cancer is the fifth most common cancer in Canada and most new cases 

are non-muscle invasive bladder cancer (NMIBC) [1]. The treatment for NMIBC initially 

involves surgical removal of the tumor through a procedure called transurethral resection 

of the bladder tumor (TURBT). Surgery is usually followed by six weeks of intravesical 

therapy, which consists of weekly instillations of immunotherapy or chemotherapy 

placed inside the bladder through the urethra [1, 2]. Additional intravesical therapy may 

be offered to the patient depending on the risk profile and initial response to treatments. 

NMIBC has a high rate of recurrence (31-78%) [1] and progression (15%) [3], making it 

one of the most distressing and expensive cancers to treat [4]. Moreover, bladder cancer 

and its treatments may affect patient functioning and quality of life [5], and increase the 

risk of cardiovascular mortality [6]. 

Exercise is generally safe and effective for most cancer patients and is 

recommended specifically for improving health-related fitness and some side effects [7]. 

Few exercise studies, however, have focused on bladder cancer patients [8]. Limited 

research has suggested that exercise in bladder cancer patients may improve health 

related quality of life, cardiorespiratory fitness, functional capacity, and muscle power [9-

15]; however, none of these studies have focused on NMIBC patients receiving 

intravesical therapy [9-15]. Currently, it is unclear if exercise is safe and feasible for 

NMIBC patients receiving intravesical therapy or whether it has any meaningful benefits 

(or harms). 

Here, we propose the Bladder cancer and exeRcise trAining during intraVesical 

thErapy (BRAVE) trial, the first phase II randomised controlled trial with the primary 
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objective of determining the safety and feasibility of exercise in bladder cancer patients 

scheduled to receive intravesical therapy. The secondary objectives are to examine the 

preliminary effects of exercise on health-related fitness (cardiorespiratory fitness and 

physical functioning), patient-reported outcomes (health-related quality of life, fear of 

cancer recurrence, anxiety, depression, fatigue, perceived stress, self-esteem, and sleep 

quality), and social cognitive predictors of exercise adherence (motivation, perceived 

benefits, enjoyment, support from others, self-efficacy, and barriers). An exploratory 

objective is to track the short-term bladder cancer recurrence and progression rates for 

each trial arm. The hypotheses of the BRAVE trial are: (1) exercise will be feasible and 

safe in this patient population, (2) exercise will significantly improve health-related 

fitness and patient-reported outcomes, and (3) social cognitive variables from the theory 

of planned behavior will predict exercise adherence. 

3.3 Methods 

Study design 

The BRAVE Trial will be conducted as a prospective, single-center, two-armed, 

phase II randomised controlled trial at the University of Alberta and the Northern Alberta 

Urology Centre (NAUC) in Edmonton, Alberta, Canada. Participants will be randomly 

assigned to either the usual care or exercise training group. The proposed participant flow 

through the study includes 1) enrollment, 2) baseline assessment (before intravesical 

therapy), 3) allocation, 4) post-intravesical therapy assessment (6-week), 5) pre-

cystoscopy (post-intervention) assessment (3-month) and 6) 1 year follow-up assessment 

(Figure 3-1). The study design is described based on the Standard Protocol Item for 
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Randomised Trials (SPIRIT) guideline [16] and the Consolidated Standards of Reporting 

Trials (CONSORT) statement for randomised pilot and feasibility trials [17]. 

Study Population 

Eligible participants will include men and women that (1) are ≥ 18 years old, (2) 

have a confirmed diagnosis of NMIBC (clinical stage cis, Ta or T1), and (3) are 

scheduled to begin or have received only one induction intravesical therapy with 

chemotherapy (e.g., Gemcitabine or Mitomycin) or immunotherapy (i.e., Bacillus 

Calmette Guerin – BCG) agents. In the face of a slower-than-expected recruitment rate, 

eligibility criteria may be extended to patients in the maintenance phases of treatment for 

NMIBC, where patients receive three weekly instillations of intravesical therapy. 

Exclusion criteria for participants include: (1) not medically cleared to participate in the 

exercise intervention by their treating urologist and a certified exercise physiologist using 

the Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) [18], (2) 

contraindications for cardiopulmonary stress and/or physical fitness tests (e.g., resting 

hypertension, mental impairment with limited ability to cooperate, physical disability that 

precludes safe and adequate testing) [7], (3) already meeting the exercise guidelines for 

cancer survivors [19] [20], assessed by the Godin Leisure-Time Exercise Questionnaire 

(GLTEQ) [21], (4) unable to read and comprehend English, and (5) not willing to be 

randomised to a supervised exercise training program or usual care (no exercise) for 12 

weeks. 

The target accrual number is 66 patients over 24 months (May 2021 to April 

2023). According to Cancer Control Alberta [22], 1,040 bladder cancers were diagnosed 

in 2020 in Alberta of which 75% (780) were NMIBC [1]. Approximately one third of 
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these cases (n=260) will be in the Edmonton region. Considering approximately 520 

available patients over 2 years, we anticipate a 50% eligibility rate (n=260) and a 25% 

recruitment rate (n=66) will achieve our target sample size. 

Recruitment and screening 

Recruitment will be conducted through NAUC medical records and checkup visits 

at the Kaye Edmonton Clinic, Alberta, Canada. Specifically, the study coordinator will 

verify if the patients are ≥ 18 years old and have a confirmed diagnosis of NMIBC. The 

study coordinator will then notify the urologist about a potential eligible participant prior 

to the appointment. If the patient is scheduled to begin or has received one intravesical 

therapy, the urologist will hand out the study brochure and ask for consent for contact by 

the study coordinator. The study coordinator will then contact the patient to provide 

further details about the study, clarify any questions, document enrollment data, and 

screen for current physical activity readiness and participation level. Using the GLTEQ, 

patients will be asked to recall their average weekly frequency and duration of light, 

moderate, and vigorous exercise that lasted 10 minutes or longer and was done during 

free time in the past month. The total minutes of exercise per week will be calculated as 

moderate minutes plus two times the vigorous minutes. Eligibility will be confirmed if 

the total minutes of exercise per week is <150 minutes. Eligible patients will be 

scheduled for baseline testing.  

Randomization and blinding 

After completing baseline assessments, patients will be randomly assigned to 

either the exercise training group or usual care group in a 1:1 ratio using a computer-

generated program with random blocks of 4 or 6. The allocation sequence will be 
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generated independently by a research assistant, not otherwise involved in the trial, and 

concealed from the study coordinator. The results of the randomization will be reported 

in person to the patient immediately after the baseline assessment. Participants and 

investigators will not be blinded to group assignment given the nature of the intervention. 

Outcome assessors will be blinded to group assignment for the clinical outcomes of 

tumor recurrence and progression. Fitness outcome assessors will not be blinded to group 

assignment but will follow a detailed protocol and be trained in the importance of 

standardizing outcome assessments. 

Intervention 

Exercise Group: In addition to standard medical care, which includes offer of a 

smoking cessation program for current smokers, the exercise group will be asked to 

perform36 high-intensity interval training sessions over a 12-week period. The exercise 

frequency will be three times per week during the 6 weeks of intravesical therapy and the 

6 weeks of recovery (total 12 weeks) prior to the 3-month surveillance cystoscopy. Figure 

3-2 shows the intervention within the treatment timeline. The intervention will be 

performed on a treadmill and will include a warm-up and cool-down at 50-60% and 40% 

of the VO2peak respectively, for five minutes. The HIIT protocol will be 4x4, which 

consists of four bouts of four minutes at a workload corresponding to vigorous intensity 

(75-95% of the baseline and 6-week VO2peak) alternating with three minutes of recovery 

intervals at 40% of the VO2peak (Figure 3-3). The exercise session will last 35 minutes and 

include 16 minutes of high intensity exercise. The exercise program will be personalized 

to patients: the intensity of the exercise will be modified by changing the speed and/or 

grade of the treadmill following a standardized equation [23] based on 75-95% of VO2peak 
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measured at baseline and updated at post-intravesical therapy (6-week). Moreover, a 

gradual approach for progression will be used to enhance adherence and reduce risk of 

cardiovascular events and injuries (Figure 3-4) [24]. To address safety concerns, prior to 

the beginning of each exercise session, the participants will have resting blood pressure, 

resting heart rate, and overall symptoms screened. Participants will be asked to wear a 

heart monitor while exercising. Heart rate will be registered at the last minute of each 

session component (warm-up, high-intensity interval, recovery interval and cool-down). 

The average heart rate and the highest heart rate of the entire HIIT session will be 

monitored. Exercise tolerance will be assessed at the end of the session using the 0-10 

Borg’s ratio of perceived exertion scale [25]. After the post-intervention assessments and 

3-month cystoscopy, patients will be provided with an updated exercise prescription and 

encouraged to continue the exercise program on their own. 

Usual Care: The usual care group will receive standard medical care, which does 

not include any exercise program or recommendations, only a smoking cessation program 

for current smokers. Patients in the usual care group will be asked not to initiate an 

exercise program or to increase their exercise level from baseline during the 12-week 

study. After the post-intervention assessments and 3-month cystoscopy, patients in the 

usual care group will be offered a 4-week supervised exercise program. 

Feasibility Measures 

Feasibility will be evaluated by tracking the eligibility rate (and reasons for 

ineligibility), recruitment rate (and reasons for declining), exercise adherence rate 

(including reasons for dose modification and exercise interruption), and follow-up 

assessment rate (and reasons for drop out). The eligibility rate will be the number of 
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NMIBC patients scheduled for intravesical induction therapy divided by the number of 

patients deemed eligible. The recruitment rate will be the number of NMIBC patients 

randomised in the study divided by the number of eligible patients. Adherence to the 

program will be measured by the number of exercise sessions completed with and 

without dose modifications. Reasons for not completing the exercise session or for dose 

adjustments will be recorded. The follow-up assessment rate will be determined by the 

number of participants who complete the post-intervention or follow-up assessments for 

each of the outcomes. 

To evaluate the safety of the program, any adverse events during the physical 

fitness assessments or exercise sessions will be recorded. Once the event has been 

evaluated, a decision will be made regarding the avoidance of future events, and whether 

the participant can return to the intervention. If the adverse event requires medical 

attention, the participant will need to be cleared by a physician before returning to the 

study. The research team will forward all adverse event report forms to the ethics board. 

Outcome measures 

There will be four assessment time-points: baseline (pre-intravesical therapy), 

post-intravesical therapy (6 weeks), pre-cystoscopy/post-intervention (12 weeks), and 1-

year follow-up (Table 3-1). Health-related fitness will be assessed at baseline, post-

intravesical therapy, and post-intervention. Patient-reported outcomes and social 

cognitive predictors of exercise adherence will be assessed at baseline, pre-cystoscopy 

(post-intervention), and 1-year follow-up. Tumor recurrence and progression will be 

assessed at post-intervention (3-month surveillance cystoscopy) and 1-year follow-up (1-

year surveillance cystoscopy). No follow-up research visits are required. All the 
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information needed for the follow-up assessments will be collected via medical records 

and by mail or email, as preferred by the participant. 

Cardiorespiratory fitness will be assessed through direct measurement of VO2peak 

(mL/kg/min) by the modified Bruce treadmill protocol exercise test, using a metabolic 

measurement system (Parvo Medics TrueOne® 2400; Sandy, UT, USA) [26]. This 

protocol was chosen because it was originally designed for high-risk and elderly 

individuals, it is widely used in the clinical setting, and because of its specificity with the 

exercise intervention for this study, which will be on a treadmill. Overall, the test consist 

of stages that are three minutes long starting at 0% grade and a speed of 1.7 mph, with a 

gradual increase of intensity by changing first the incline, then both incline and speed. 

The test will terminate when the patient achieves volitional exhaustion or in the presence 

of any test termination criteria [23]. VO2peak will be determined as the highest value 

obtained over a 30-second average [27]. The ventilatory threshold, defined as an increase 

in ventilation without a corresponding increase in VO2, will be determined by the V-slope 

method [28]. Physical functioning will be assessed by the Senior Fitness Test (SFT) 

which is used to evaluate health-related physical fitness and functional capacity among 

older adults [23]. The SFT includes: 1) 30-second chair stand, 2) Arm curl, 3) Chair sit-

and-reach, 4) Back Scratch, 5) 8-foot up-and-go, and 6) 6-minute walk. These tests are 

used to assess, respectively, lower and upper body strength, lower and upper body 

flexibility, agility/dynamic balance, and aerobic endurance [29]. Anthropometry and 

body composition measurements will include height, weight, waist, hip, and calf 

circumferences [7, 30]. 
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Patient-reported outcomes will include the assessment of health-related quality of 

life (HRQoL) using the European Organization for Research and Treatment of Cancer 

(EORTC) core 30-item questionnaire (QLQ-C30) version 3.0 [31]. The EORTC QLQ-

C30 is designed to cover a range of quality of life issues relevant to cancer patients, 

including functional scales (physical, cognitive, role, emotional, and social), symptom 

scales (fatigue, nausea and vomiting, pain, dyspnea, insomnia, loss of appetite, 

constipation, and diarrhea), perceived financial impact scale, and a global health 

status/QoL scale [31]. The assessment of HRQoL will be complemented by the EORTC 

QLQ NMIBC C24 [32], which evaluates urinary symptoms, intravesical treatment issues, 

future perspective, fever and feeling ill, abdominal bloating and flatulence, and sexual 

functioning [32]. Patient-reported outcome evaluation will also include fear of cancer 

recurrence/progression assessed by the Fear of Cancer Recurrence Inventory [33], 

anxiety using the 10-item State-trait anxiety inventory [34], depression using the 10-item 

Center for Epidemiologic Studies Depression Scale (CES-D) [35], fatigue using the 

Functional Assessment of Cancer Therapy–Fatigue [36], perceived stress using the14-

item Perceived Stress Scale [37], self-esteem using the Rosenberg self-esteem scale [38], 

and sleep quality using the Insomnia Severity Index (ISI) [39]. Social cognitive 

predictors of exercise adherence: motivation, perceived benefits, enjoyment, support from 

others, self-efficacy, and barriers will be assessed using standard scales for the Theory of 

Planned Behavior [40]. Patient-reported outcomes and social cognitive predictors will be 

assessed using e-mail or mail delivery format. 

Intravesical therapy adherence will be tracked by medical records of attendance 

and self-report drug retention time. Treatment toxicities will be abstracted from medical 
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records. Bladder cancer recurrence and progression will be assessed by cystoscopy. 

Specifically, the outcome of interest will be complete response (CR), defined as negative 

cytology, imaging, and cystoscopy and, when the TURBT is indicated, a negative biopsy. 

CR will be assessed at 3-month and one-year follow-up. 

Sociodemographic information will be obtained through baseline questionnaire 

and will include age, sex, ethnicity, marital status, education, income, smoking status, 

and comorbidities. Medical information will be assessed via medical records and will 

include date of cystoscopy, date of the surgical resection (TURBT), tumor histology, 

grade, stage, and intravesical therapy protocol.  

Sample size 

Given the descriptive nature of the primary objectives (safety and feasibility), we 

selected VO2peak for the sample size calculation because improvement in 

cardiorespiratory fitness (i.e. VO2peak) is the intended immediate effect of the 

intervention. Moreover, VO2peak may be considered a “bridge” between feasibility and 

efficacy because it reflects the patient’s ability and willingness to do the exercise 

program (feasibility) and is a potential surrogate for improved patient-reported outcomes 

and cancer outcomes (efficacy). If we reach the accrual of 66 participants (33 per group), 

it provides 80% power using a two-tailed alpha <0.05 to detect a clinically meaningful 

difference of one metabolic equivalent (MET = 3.5 ml/kg/min) in VO2peak assuming a 

standard deviation of 5.6 ml/kg/min, 10% missing data, and adjustment for baseline value 

and other prognostic covariates[41]. This power may also be sufficient for detecting 

differences in some patient-reported outcomes if the effects exceed standardized effect 

sizes of approximately ≥ d=0.60. This power is unlikely sufficient for detecting 
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differences in any of the cancer outcomes (recurrence and progression). Given that the 

purpose of this trial is to inform larger phase II and phase III trials, the patient-reported 

and clinical outcomes will be interpreted for clinical significance based on the direction 

and the magnitude of the numerical differences. 

Data collection and management 

All data will be recorded on Case Report Forms (CRFs) and stored anonymized in 

the Behavioral Medicine Laboratory at the University of Alberta. The investigators will 

provide access to the data file upon reasonable request. The investigator is ultimately 

responsible for the collection and timely reporting of all applicable data entered in CRFs 

and ensuring they are accurate, original, attributable, complete, legible, 

contemporaneous, and available when required. 

Statistical considerations 

All randomised participants will be included in the analyses using the intention-

to-treat approach. If missing data is <10% we will conduct a complete case analysis. If 

missing data is >10%, we will employ a multiple imputation missing data strategy [42, 

43]. There will be no interim analyses. Continuous variables will be described using 

mean (standard deviation) or median (interquartile range), while categorical variables 

will be described using frequencies (percentages) and confidence intervals. Descriptive 

analyses will be performed for participant characteristics, feasibility outcomes, and 

disease recurrence and progression. Analysis of covariance will be conducted for health-

related fitness outcomes and patient-reported outcomes to compare the between-group 

differences at post-intervention (pre-cystoscopy) after adjustment for the baseline value 

of the outcome as well as other potential covariates. All analyses will be performed using 
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SPSS (SPSS Inc., Chicago, IL, USA). The level of statistical significance will be set at 

0.05 and all hypotheses tests will be two-sided. 

Strategies to minimize drop-outs and protocol deviations will include: 1) reducing 

the intensity of the exercise session, 2) reducing the number of high-intensity intervals, 

and/or 3) reducing the frequency of visits to the exercise facility by offering home-based 

unsupervised exercise sessions when necessary and feasible. All patients who drop out of 

the intervention will be invited to complete the follow-up assessments in order to keep a 

low rate of missing data for the intention to treat analysis. 

Patient and public involvement 

A patient and public involvement panel were not specifically conducted to inform 

the research question, study design, recruitment, or dissemination plan for this study.  

Ethics and dissemination 

The BRAVE Trial was approved by the Health Research Ethics Board of Alberta-

Cancer Committee (#20-0184). All patients will provide written informed consent prior 

to the beginning of the study. The outcomes of the BRAVE trial will be disseminated 

through peer-reviewed academic journals, conferences, via the webpage 

www.bravestudy.ca, and monthly newsletter for stakeholders. 

3.4 Discussion 

Exercise is recommended to many cancer patients in different clinical settings, 

however, there are no studies examining the effects of exercise in NMIBC patients 

receiving intravesical therapy [44]. The NMIBC patient group is older and has significant 

comorbidities that may make exercise more unsafe or less feasible compared to other 

cancer patient groups. Moreover, no study to date has examined exercise during 

http://www.bravestudy.ca/
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intravesical therapy. Feasibility studies are important for understanding if further 

investigation should be conducted considering the sustainability and relevance of the 

research and findings [45]. The primary focus of the BRAVE Trial will be safety and 

feasibility because it is the first exercise trial in this patient population. 

To date, only four randomised controlled trials have been conducted exclusively 

among bladder cancer patients and all four have been in the prehabilitation setting (i.e., 

prior to radical cystectomy) [9-15]. These studies have provided promising evidence that 

exercise interventions prior to radical cystectomy may be associated with improvements 

in specific domains of health-related quality of life, including the physical domain [12] 

and disease-specific symptoms [10]. In addition, these studies have reported benefits in 

cardiorespiratory fitness [9, 11], functional capacity [12, 13, 15], and muscle power [14]. 

These studies have limitations, however, because they lack important information about 

the exercise intervention [9, 12], do not report recruitment and eligibility rates[14], 

include variability in disease invasiveness [10-14], have small sample sizes (18 to 107), 

and have substantial loss to follow-up (8% to 44%). As noted earlier, however, the most 

critical issue from our perspective is that these studies were conducted in the preoperative 

setting and focused on preparation for radical cystectomy [8-15]. To our knowledge, no 

studies have examined the feasibility, safety, and efficacy of exercise during intravesical 

therapy for NMIBC. 

HIIT was selected as the exercise intervention in the BRAVE trial for several 

reasons. First, HIIT seems to be safe and efficient for improving cardiovascular and 

metabolic function in both healthy [46] and chronic illness population [47-50], including 

a variety types of cancers such as lung [51], colorectal with liver metastasis [52], 
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testicular [53], prostate [54, 55], colorectal [56, 57], breast [58], bladder [11], and mixed 

cancers [59, 60]. Second, HIIT is a good option to increase the amount of time spent in 

vigorous intensity during an exercise session [23], resulting in comparable or greater 

improvements in cardiorespiratory fitness when compared to traditional moderate 

continuous endurance training [46, 49, 61-64]. The evidence suggests a dose-response 

relationship between the physical activity intensity and cancer risk reduction [65, 66] and 

cancer mortality [67]. Exercise intensity mediates physiological adaptations related to the 

aerobic energy metabolism, such as metabolic signal and mitochondrial protein synthesis 

rate, that are greater at higher intensities of exercise when training volumes are equal to 

moderate continuous training, or similar when the volume of the interval training is 

inferior [68]. When compared to moderate-intensity continuous training, HIIT has the 

ability to maximize the benefits on cardiorespiratory fitness with larger improvements in 

the volume of oxygen consumption [68, 69], and higher levels of cardiorespiratory fitness 

are strongly related with a reduced risk of cancer mortality [70]. In addition, HIIT may be 

perceived to be as enjoyable or more enjoyable than moderate intensity continuous 

training due to the changing stimulus [71, 72]. 

Moreover, HIIT may play a therapeutic role in tumor recurrence and progression, 

attenuating inflammatory processes and modifying the tumor microenvironment [73]. 

Changes at the tumor microenvironment level may contribute to an optimal therapeutic 

response [74]. Lastly, HIIT may protect against treatment-related cardiotoxicity and 

cardiometabolic disease [73, 75]. For instance, in animal models with urothelial 

carcinoma and disease-related cardiac dysfunction, HIIT induced biological processes 

related to cardiac regenerative ability (e.g., ATP metabolism), highlighting the exercise-
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related protective effect on cardiac function and providing insights on the beneficial 

effects of exercise training after bladder cancer diagnosis [76]. 

The BRAVE trial has several limitations including the modest sample size, the 

short-term follow-up, and the absence of a correlative (biological) component such as 

gene expression alterations potentially associated with bladder cancer recurrence and 

progression. The study is principally aimed at establishing safety and feasibility, and is 

underpowered to determine the efficacy of exercise on the most important clinical 

outcomes of tumor progression and recurrence. Moreover, the progression rate in this 

clinical setting is only 5% at 1 year, and the recurrence rate is 10%-30% depending on 

the treatment and disease stage [77]. We have included tumor recurrence and progression 

as an exploratory outcome in our trial primarily to demonstrate the feasibility of 

collecting such data at our site. We will also determine if there is any signal in the 

hypothesized direction (numerically superior) although we acknowledge that the 

likelihood of demonstrating a statistically significant effect is very low. This information 

will help inform the objectives and design of larger exercise trials in this clinical setting, 

should they be warranted.  

The BRAVE trial has several strengths including the novel patient population, the 

randomised controlled trial design, the supervised exercise, and the comprehensive and 

valid assessment of important outcomes. It will be the first randomised controlled trial to 

test the safety and feasibility of any exercise intervention in NMIBC patients receiving 

intravesical therapy. The BRAVE trial will also provide preliminary evidence on whether 

exercise may improve health-related fitness and patient-reported outcomes during 

intravesical therapy. Finally, the BRAVE trial will establish if social cognitive variables 
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from the theory of planned behavior predict exercise adherence during intravesical 

therapy, which will inform strategies to maximize adherence in future trials. The BRAVE 

trial may inform larger phase II and III trials designed to test the efficacy of exercise on 

important clinical outcomes in this setting including quality of life, symptom 

management, progression, recurrence, and overall survival.  
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Table 3-1. Outcomes measures and assessment time points of the BRAVE trial 

Outcome Instrument 

Pre-Intravesical 

Therapy 

(baseline) 

Post-Intravesical 

Therapy 

(6-weeks) 

Post-Intervention/ 

Pre-cystoscopy 

(3-months) 

Follow-up 

(12-months) 

      

Cardiorespiratory fitness Cardiopulmonary Exercise Test X X X  

      

Physical Functioning      

Lower body strength 30-second chair stand X X X  

Upper body strength  Arm curl X X X  

Flexibility Chair sit-and-reach and back scratch X X X  

Agility 8-foot up-and-go X X X  

Aerobic endurance 6-minute walk X X X  

      

Anthropometry and body composition  BMI and circumferences X X X  

      

Patient reported-outcomes      

Health-related quality of Life EORTC QLQ-C30 and EORTC NMIBC C24 X  X X 

Fear of cancer recurrence 9-item Fear of Cancer Recurrence Inventory X  X X 

Anxiety 10-item State-trait anxiety inventory X  X X 

Depression 10-item CES-D X  X X 

Fatigue FACIT - Fatigue scale X  X X 

Stress 14-item Perceived Stress Scale X  X X 

Self-esteem Rosenberg Self-esteem Scale X  X X 

Sleep quality Insomnia Severity Index X  X X 

      

Behavioural Outcomes      

Social cognitive variables Theory of Planned Behavior constructs X  X X 

Physical activity level Godin Leisure-time questionnaire X  X X 

      

Cancer-related outcomes      

Intravesical therapy adherence Medical Records  X   

Intravesical therapy toxicity Medical Records  X   

Tumour recurrence and progression Cystoscopy   X X 

      

Baseline descriptive variables      

Sociodemographic details Participant self-report X    

Medical information Medical Records X    

      

EORTC QLQ-C 30: European Organization for Research and Treatment of Cancer core 30-item questionnaire; EORTC NMIBC C24: European Organization for Research and 

Treatment of Cancer for non-muscle invasive bladder cancer 24-item;  CES-D: Center for Epidemiologic Studies Depression Scale; FACIT: Functional Assessment of Cancer 

Therapy; BMI: body mass index 
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Figure 3-1. Proposed participant flow diagram for the BRAVE trial with minimally 

accepted rates for demonstrating feasibility 

Figure 3-2. The BRAVE trial within non-muscle invasive bladder cancer treatment 

timeline  

Figure 3-3. High-intensity interval training protocol in the BRAVE trial 

Figure 3-4. The 12-week high-intensity interval training periodization scheme and the 

assessment time points in the BRAVE trial 
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CHAPTER 4: PAPER 3 

Feasibility, safety, and preliminary efficacy of high-intensity interval training during or after 

intravesical therapy for bladder cancer patients 
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4.1 Abstract 

Background: Standard treatment for non-muscle invasive bladder cancer (NMIBC) is tumor 

resection followed by 6 weeks of induction intravesical therapy and 1-3 years of maintenance 

intravesical therapy. NMIBC has a high rate of recurrence (15-40%) and progression (1-10%), 

making it one of the most distressing and expensive cancers to treat. NMIBC and its treatment 

affects patient functioning and quality of life. High-intensity interval training (HIIT) is beneficial 

for many chronic diseases including cancer, however, no studies have examined HIIT for 

NMIBC. The primary aim of the BRAVE trial was to evaluate the feasibility and safety of HIIT 

in NMIBC patients during or after intravesical therapy. A secondary aim was to assess the 

preliminary efficacy of HIIT on cardiorespiratory fitness and physical functioning. Methods: 

Patients scheduled to receive intravesical treatment or on surveillance after intravesical treatment 

for NMIBC were randomly assigned to usual care (n=8) or HIIT (n=13). The HIIT group 

performed thrice-weekly, supervised HIIT at 75-95% of peak cardiorespiratory fitness (VO2peak) 

for 12 weeks. Results: In 24 months, 224 patients were screened, 129 (57.6%) were eligible, and 

21 (16.3%) were randomized. Median exercise attendance was 100% and VO2peak was achieved 

by 71% to 82% of the participants during assessments at different time points. VO2peak increased 

from baseline to 12 weeks by 1.2 ml/kg/min in the HIIT group but was not significantly higher 

than the usual care group (adjusted between-group mean difference, 1.4 ml/kg/min; 95%CI: -1.8 

to 4.7; p=0.33). Compared to the usual care group at 12 weeks, the HIIT group significantly 

improved six-minute walk distance (adjusted between-group mean difference, 43 meters; 

95%CI: 4 to 82; p=0.034) and the timed 8-foot up-and-go (adjusted between-group mean 

difference, -1.1 seconds; 95%CI: -2.2 to -0.1; p=0.039). Conclusion: Despite limited accrual, the 

BRAVE trial demonstrated that HIIT during or after intravesical therapy was feasible and safe 
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for NMIBC patients and resulted in significant improvements in several indicators of physical 

functioning. Additional feasibility studies are necessary to establish the safety, applicability, and 

tolerability of different fitness assessment protocols in this understudied and challenging patient 

population and setting. 
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4.2 Introduction 

Bladder cancer is the 9th most commonly diagnosed cancer globally [1] and the 5th in 

Canada [2] with the majority of patients (>75%) being diagnosed with non-muscle invasive 

bladder cancer (NMIBC). Transurethral resection of the bladder tumor (TURBT) followed by 

intravesical therapy is the standard treatment for NMIBC [3]. The TURBT is essential to 

determine tumor grade and stage, and to treat low-risk bladder cancer tumors, while intravesical 

therapy is used to prevent tumor recurrence and progression [3]. Intravesical therapy regimens 

usually include an induction phase, which consists of 6 weeks of immunotherapy or 

chemotherapy, which may be followed by a maintenance phase consisting of intermittent therapy 

for one to three years [3, 4].  

NMIBC has a high rate of recurrence (15-40%) and progression (1-10%) [5], leading to 

frequent medical follow-ups and extended periods of treatment, making it one of the most 

distressing and expensive cancers to treat [6]. NMIBC and its treatments affect patient 

functioning and quality of life [7, 8]. Intravesical therapy can trigger bladder symptoms such as 

dysuria and hematuria, and systemic side effects including flu-like symptoms, body aches, and 

fatigue [9, 10]. Moreover, patients with bladder cancer are at an increased risk of death from 

cardiovascular diseases compared to other cancer populations [11]. Interventions aimed to reduce 

the burden of bladder cancer and potentially improve clinical, patient-reported, and health-

related outcomes are warranted [12]. 

Exercise is an intervention that benefits many cancer patient groups. Cancer-specific 

physical activity and exercise guidelines [13-15] were created based on the evidence that 

exercise improves cardiorespiratory fitness, strength, fatigue, physical functioning, quality of 

life, and possibly survival [16]. Moreover, exercise is emerging as a possible adjuvant and 
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maintenance cancer therapy to treat known or suspected micrometastases [17] by promoting 

biological and hemodynamics adaptations associated with tumor cell growth suppression [18, 

19]. The impact, however, of exercise interventions on bladder cancer patients is understudied. 

Research conducted to date [20-26] is limited to patients with advanced stages of bladder cancer 

in the pre- and/or post-operative cystectomy setting [27]. Trials providing insights into the 

feasibility and effects of exercise in different treatments and stages of bladder cancer are needed 

before incorporating it into exercise guidelines and making clinical recommendations [28]. To 

date, no studies have examined the safety, feasibility, and efficacy (benefits and harms) of 

exercise during or after intravesical therapy for NMIBC. 

 The primary aim of the Bladder cancer and exeRcise trAining during or after 

intraVesical thErapy (BRAVE) trial was to determine the feasibility and safety of exercise in 

NMIBC patients during or after intravesical therapy. A secondary aim was to examine the 

preliminary efficacy of exercise on cardiorespiratory fitness and physical functioning. We 

hypothesized that exercise during and/or after intravesical therapy for NMIBC would be feasible, 

safe, and produce meaningful improvements in health-related fitness outcomes. 

4.3 Methods 

Study Design  

The BRAVE trial protocol has been reported elsewhere [29]. Briefly, BRAVE was 

planned as a phase II, prospective, two-armed, randomized controlled trial conducted at the 

University of Alberta, Edmonton, Canada (Clinical Trial Registration #NCT04593862). The 

BRAVE trial was approved by the Health Research Ethics Board of Alberta-Cancer Committee. 

The trial is reported in line with the Consolidated Standards of Reporting Trials (CONSORT) 

extension to randomized pilot and feasibility trials [30]. 

https://www.equator-network.org/reporting-guidelines/consort/
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 Participants and Procedures 

Participants were recruited from the Northern Alberta Urology Centre at the Kaye 

Edmonton Clinic in Edmonton, Alberta, Canada between May 24, 2021, and May 31, 2023. 

Patients scheduled to receive intravesical treatment or on surveillance after intravesical treatment 

for NMIBC were pre-screened via electronic medical records. Potentially eligible participants 

were approached by their urologists during checkup visits to request permission for the 

researcher coordinator to contact them. The study coordinator approached agreeable potential 

participants to inquire about their interest in participating in the study, assess further eligibility 

criteria, and obtain consent for study enrollment. Written informed consent was obtained from all 

individual participants included in the study before enrollment.  

Eligible participants included include men and women who (1) were ≥18 years old, (2) 

had a confirmed diagnosis of NMIBC (clinical stage cis, Ta or T1), (3) were scheduled for 

induction intravesical therapy, and (4) living in Edmonton or surrounding area within 40 

kilometers of the fitness center. As a consequence of slower-than-expected accrual, eligibility 

criteria were expanded after 2 months of recruitment to patients in the maintenance phases and 

then to the surveillance phases after 10 months of recruitment. Participants were excluded if 

they: (1) were not medically cleared to participate in the exercise intervention, (2) had 

contraindications for cardiopulmonary stress and/or physical fitness tests, (3) were already 

meeting the exercise guidelines for cancer survivors, (4) were unable to read and comprehend 

English, and (5) were not willing to be randomized to a supervised exercise training program or 

usual care for 12 weeks. 

We aimed to schedule eligible participants for baseline assessments at least one week 

before their intravesical instillation if on induction or maintenance phase, or within about four 
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months of their next scheduled follow-up cystoscopy if on surveillance. After completion of 

baseline testing, participants were randomized to either the exercise group or the usual care 

group in a 1:1 ratio. Participants were randomized in block sizes of four or six by computer-

generated randomization, stratified by their current treatment protocol (TURBT + single 

instillation, TURBT + induction phase, TURBT + induction + maintenance phase, or 

surveillance). The allocation sequence was generated independently and concealed from the 

study coordinator who assigned participants to groups. Participants and interventionists were not 

blinded to group assignment. Outcome assessors were not blinded to group assignment for the 

feasibility, health-related fitness, and patient-reported outcome assessments; however, they were 

blinded for clinical outcomes assessments (i.e., cystoscopy outcomes).  

 Intervention  

The details of the intervention have been reported elsewhere [29]. Briefly, participants 

allocated to the exercise group were asked to complete a 12-week individualized high-intensity 

interval training (HIIT) program. We chose a HIIT intervention because of its potential safety, 

feasibility, and efficacy for optimizing cardiovascular fitness in other cancer populations [31, 

32]. The program started within a week of the baseline assessments and consisted of thrice-

weekly supervised sessions of 35 minutes duration.  

The exercise sessions were prescribed at a workload corresponding to a determined 

percentage (75%-95%) of the peak oxygen consumption (VO2peak) achieved at the baseline and 

6-week assessment. The criteria for achieving a valid VO2peak test included at least two of the 

following: a respiratory exchange ratio  ≥ 1.10; heart rate peak within 10 beats per minute of the 

predicted maximum heart rate (208-07*age) or failure of heart rate increase with increases in 
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workload for those with Ischemic Heart Disease; and rated perceived exertion  ≥ 7 (on a 0-10 

scale, with 0 indicating no exertion at all and 10 indicating maximum exertion) [33]. 

Each exercise session was planned to include a five-minute warm-up at a workload 

corresponding to 60% of the VO2peak, four bouts of four minutes (4x4 minutes) at a workload 

corresponding to vigorous intensity (75% to 95% of the VO2peak) alternating with a 3-minute of 

recovery intervals at a workload corresponding to 40% of the VO2peak, and a five-minute cool-

down at a workload corresponding to 40% of the VO2peak. Progression was gradual with changes 

in the intensity by 5% every two weeks for the first 6 weeks (75% to 85%VO2peak of the baseline 

assessment), and 5% every two weeks following the 6-week assessment (85% to 95%VO2peak of 

the 6-week assessment). Participants in the HIIT group who were symptom-limited and did not 

reach the criteria for a valid VO2peak test had the exercise prescription based on the 30-second 

average of the VO2 achieved during the baseline and 6-week assessment with adjustments based 

on rate of perceived exertion to match the initial planned exercise prescription (somewhat strong 

to very strong, RPE 4-7 in 0 to 10 scale).  

The missed sessions were rescheduled if the participant was willing and if the session 

was completed before the follow-up cystoscopy exam. Although not planned in the protocol, 

some participants required assessments and intervention on a cycle ergometer instead of the 

treadmill due to mobility and balance issues. Participants received the HIIT intervention on the 

same modality on which they were tested. Treadmill speed and grade, or pedal frequency and 

resistance of the cycle ergometer, were selected to match the targeted percentage of V̇O2peak (or 

VO2, if not a peak value) based on the baseline and the 6-week fitness levels using standardized 

equations [33].  
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Participants randomized to the usual care group were asked not to increase their current 

exercise levels for the duration of the intervention. After the post-intervention fitness 

assessments and the follow-up cystoscopy, the usual care group was offered a 4-week supervised 

HIIT program at our facility and/or referred to a 12-week community-based exercise program. 

 Outcomes Measures 

Outcomes were measured at four assessment time points based on the original plan to 

recruit patients starting 6-week induction intravesical therapy: baseline (pre-intravesical therapy), 

6-week (or post-intravesical therapy), pre-cystoscopy/post-intervention (12-week), and 1-year 

follow-up. Health-related fitness outcomes were assessed at baseline, post-intravesical therapy, 

and post-intervention. Patient-reported outcomes and social cognitive predictors of exercise 

adherence were assessed at baseline, post-intervention (12-week), and 1-year follow-up. Tumor 

recurrence and progression were assessed at post-intervention (follow-up surveillance 

cystoscopy) and 1-year follow-up (1-year surveillance cystoscopy).  

Primary Outcome 

The primary outcome of the BRAVE trial was feasibility and safety. Feasibility was 

evaluated by the eligibility rate (and reasons for ineligibility), recruitment rate (and reasons for 

declining), participation rate (combined eligibility and recruitment rate), VO2peak achievement 

rate (and reasons for test termination without achieving VO2peak criteria), adherence rate to the 

HIIT (including reasons for dose modification and exercise interruption), and follow-up 

assessment rates (and reasons for dropout) for both exercise intervention and usual care groups.  

The eligibility rate was measured as the percentage of patients who were eligible out of 

the number who met our inclusion criteria. The recruitment rate was defined as the percentage of 

randomized participants out of the number of eligible patients. The participation rate was defined 
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as the percentage of randomized participants out of the total number of patients who met our 

inclusion criteria. Although not planned in the original protocol, we opted to incorporate VO2peak 

achievement rates as a feasibility outcome. This decision was influenced by the fact that changes 

in VO2peak is a common metric for calculating sample sizes in exercise oncology trials, including 

our own. The VO2peak achievement rate was defined as the number of participants who completed 

the test and met the VO2peak criteria out of the number of participants who attempted the test.  

Adherence to the exercise program was measured by attendance rates (defined by the 

percentage of exercise sessions attended out of the total number of sessions prescribed) and 

exercise prescription compliance (defined by the percentage of exercise sessions completed 

without dose modifications out of the total number of sessions attended). Reasons for not 

completing the exercise session or for dose adjustments were recorded. The follow-up 

assessment rate was determined by the number of participants who completed the post-

intervention or follow-up assessments for each of the outcomes. Criteria for the feasibility and 

follow-up assessment rates were established a priori and reported elsewhere [29]. Briefly, we 

proposed a 50% eligibility rate, a 25% recruitment rate, 12.5% participation rate, 100% VO2peak 

achievement rate, ≥ 70% exercise adherence, ≥ 80% follow-up fitness assessment completion 

rates at 6 weeks and 12 weeks, ≥ 90% patient-reported outcomes completion rate at 12 weeks 

and one-year follow-up, and a 100% follow-up cystoscopy rate. 

 Safety was assessed by patient-reported and observed adverse events during the fitness 

assessments or exercise sessions. Participants in the HIIT group were questioned at each 

supervised session about any adverse event experience during and/or between sessions. Details 

of the adverse event were recorded by a certified exercise specialist and further investigated by 

the study coordinator. The adverse events were reported and graded following the National 
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Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE v5.0) [34]. If the 

adverse event required medical attention, the participant would need to be cleared by a physician 

before returning to the study. 

 Secondary Outcomes 

Secondary outcomes were related to efficacy and included cardiorespiratory fitness, 

physical functioning, and anthropometry measures. Cardiorespiratory fitness was assessed 

through direct measurement of VO2peak (mL/kg/min) by an incremental exercise test conducted 

on a treadmill [35] or an electronically-braked cycle ergometer [36], using a metabolic 

measurement system (Parvo Medics TrueOne 2400; Sandy, Utah, USA). VO2peak was calculated 

by averaging the highest values of oxygen uptake among every 30-second interval [37].  

 Physical functioning was assessed by the Senior Fitness Test (SFT) and included (1) 30-

second chair stand, (2) arm curl, (3) chair sit-and-reach, (4) back scratch, (5) 8-foot up-and-go 

and (6) 6-minute walk [38]. Anthropometry measurements included waist circumference, waist-

hip ratio, and calf circumference [39]. Additional pre-specified secondary outcomes not reported 

here included quality of life and exercise motivation. 

Statistical analysis 

Our goal was to recruit 66 participants (33 per group) over a 24-month period [29] to 

provide sufficient data for our feasibility outcomes. This sample size would also provide 80% 

power using a two-tailed alpha <0.05 to detect a clinically meaningful difference of one 

metabolic equivalent (MET=3.5 mL/kg/min) in VO2peak assuming a SD of 5.6 mL/kg/min, 10% 

missing data, and adjustment for baseline value and other prognostic covariates [40]. Given that 

the purpose of the BRAVE trial was to inform larger phase II and phase III trials, outcomes were 

interpreted for clinical significance based on the direction and the magnitude of the numerical 
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differences of at least a small-to-medium standardized effect size d≥0.33. The effect size was 

calculated using Cohen’s d by dividing the mean change with the pooled standard deviation at 

baseline. 

Descriptive analyses were performed for participant characteristics, feasibility outcomes, 

and disease recurrence and progression. Analysis of covariance was performed for health-related 

fitness outcomes to determine the between-group mean differences at 6-week and 12-week post-

intervention assessments after adjusting for baseline values of the outcome and current treatment 

status. For the cardiorespiratory fitness outcome, all participants who achieved a VO2peak test at 

baseline and 6-week or baseline and 12-week were included in the analysis regardless of testing 

protocol (i.e., treadmill or cycle ergometer). For any other outcomes, all randomized participants 

who had baseline and follow-up data were included in the analyses. All analyses were performed 

using SPSS version 28 (SPSS Inc., Chicago, IL). 

4.4 Results 

Eligibility, Recruitment, and Participation Rates 

Figure 4-1 shows the flow of participants through the BRAVE trial. Enrollment started in 

May 2021 and closed in May 2023. In 24 months, we screened 224 NMIBC patients who met 

our inclusion criteria, 129 (57.6%) were eligible, and 21 were randomized (16.3%) for an overall 

participation rate of 9.4%. Patients were ineligible mostly because of medical conditions 

(56.8%). Eligible patients declined mostly because they were not interested/declined contact 

(39.8%) or could not commit to the study requirements (20.4%). The 21 participants were 

randomized to the HIIT group (n = 13) or the usual care group (n = 8). The projected and 

achieved eligibility, recruitment, and participation rates are presented in Figure 4-2A.  

Baseline Characteristics  
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Baseline sociodemographic, medical and behavioral characteristics are presented in Table 

4-1. Of the 21 randomized participants, 19 (90%) were male, 18 (86%) self-identified as White, 

the mean age was 69.8±9.0 years, 20 (96%) had a body mass index (BMI) ≥25 kg/m2, 15 (71%) 

were current or ex-smokers, and 12 (57%) had more than 3 comorbidities. Baseline bladder 

cancer and treatment details are presented in Table 4-2. In terms of their cancer, 12 (57%) 

participants had or were being treated for a recurrent malignancy, 13 (62%) were in the 

maintenance phase of therapy, and 3 (14%) were scheduled to initiate induction therapy. At 

baseline, 16 (76%) participants had a history of BCG exposure and a negative cystoscopy and 

cytology. The remaining 5 (23%) participants had a positive cystoscopy and/or cytology at 

baseline, of which, three participants were BCG-naïve (HIIT n=2; usual care n=1) and two 

participants were BCG-relapsing (HIIT n=1; usual care n=1). Baseline health-related fitness 

outcomes are presented in Table 4-3. Briefly, 15 (71%) participants achieved a VO2peak test at 

baseline, the treadmill-determined VO2peak (n=12) was 6.8 mL/kg/min higher than the VO2peak 

determined from a cycle ergometer (n=3). Nine participants (43%, HIIT n=6 and usual care n=3) 

had low BMI-adjusted calf circumference (CC), of which 6 (29%, HIIT n=4 and usual care n=2) 

were in the severe low category (defined as BMI-adjusted CC≤32 cm in males and CC≤31cm in 

females) [39]. 

 Follow-up assessment completion rates and VO2peak achievement rates 

Overall, 18 (86%) participants completed the 6-week fitness assessments, 17 (81%) 

completed the 12-week fitness assessments, 19 (90%) completed the 12-week questionnaires, 

and 100% completed the follow-up cystoscopy (Figure 4-2B). Reasons for missed fitness 

assessments included hip arthritis (n=2 participants at 6-week and 12-week), work commitments 

(n=1 participant at 6-week and 12-week) and COVID-19 infection (n=1 at 12-week). Among 
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those who attempted the VO2peak test, the VO2peak criteria was achieved by 15/21 (71%) at 

baseline, 14/18 (78%) at 6-weeks, and 14/17 (82%) at 12 weeks (Figure 4-2C). Reasons for test 

termination without achieving VO2peak test criteria included symptom-limitation (n=7 participants 

at different time-points, supplementary Table 4-1) and inability to maintain the required protocol 

speed (n=2 participants, one at all assessment time-points and one at 6-week only). 

A well-defined bladder cancer clinical outcome was obtained in 20/21 (95%) of the 

follow-up cystoscopies. In total, 10/13 (77%) in the HIIT group and 8/8 (100%) in the usual care 

group had no disease at the treated tumor site based on follow-up cystoscopy and negative urine 

cytology. Among the remaining three participants in the HIIT group, one participant had a 

change from baseline cystoscopy status and was positive for carcinoma in situ, another 

participant was positive for multifocal low-grade bladder cancer recurrence tumors (no change 

from baseline cystoscopy status), and one case was ambiguous due to negative cystoscopy but 

positive cytology (atypical cells in the urine). There was no statistically significant difference 

between the groups regarding the cystoscopy outcomes (data not shown). 

Adherence to the HIIT program  

Figure 4-2D shows HIIT median exercise attendance and rate of exercise prescription 

compliance. The total number of attended sessions was 341/450 (75.8%) and median exercise 

attendance was 36 (100%) with a range of 1 (3%) to 41 (114%). One participant had work 

commitments out of town by the end of the intervention period and completed five extra 

unsupervised exercise sessions while away. The participant was provided with the exercise 

prescription, a heart rate monitor, and the rate of perceived exertion scale to maintain compliance 

with the intervention protocol. The most common reasons for missed sessions were fatigue, 

COVID-19 infection, travel, cold weather, and death in the family. In total, four participants 
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discontinued the exercise intervention because of aggravation of pre-existing medical conditions 

(n=2), hospitalization due to COVID-19 (n=1), and work commitments (n=1).  

Modifications to the exercise intervention protocol were necessary for two participants. 

One participant completed five sessions with lower intensity and duration due to pre-existing 

conditions (hip arthritis and lower limb lymphedema) limiting instrumental activities of daily 

living. Another participant had the duration of one session reduced due to fatigue, the participant 

was able to complete only the warm-up and one high-intensity interval (9/35 minutes in total). 

 Safety outcomes 

Supplementary Table 4-1 outlines adverse events that occurred during the 12-week study 

period, their relation with the exercise or the fitness assessments, and their implications. In 

summary, there were two moderate adverse events related to aggravation of previous medical 

issues (arthritis and lower limb lymphedema with wound complication) potentially related to 

HIIT that resulted in discontinuation of the exercise program after completing one and five HIIT 

sessions and omission from the follow-up fitness assessments. The decision to discontinue the 

exercise was made by the participant in one case, and by the primary care physician in the other 

due to wound complications.  

There were four mild adverse events reported during the study period in the HIIT group 

and one in the UC group. Dizziness was reported by three participants, two at the end of the 

VO2peak test, resulting in symptom-limited assessments, and another while the participant was 

stretching after the completion of the HIIT session. Musculoskeletal and connective tissue 

disorder was reported by two participants during the exercise sessions and included calf stiffness 

and shin pain. Additionally, there were six mild adverse events possibly related to and/or 

potentially aggravated by exercise. Three of those were in the HIIT group and included fatigue 
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(n=2) and ankle pain (n=1). The three participants in the usual care group reported knee pain 

(n=2) and vertigo (n=1), all resulting in symptom-limited VO2peak tests. 

Efficacy outcomes  

Within-group changes and between-group differences in health-related fitness outcomes 

are presented in Table 4-4 and Table 4-5. At 6-weeks, VO2peak increased by 0.9 ml/kg/min in 

both the HIIT and usual care groups (adjusted between-group mean difference, -0.2ml/kg/min; 

95%CI: -2.1 to 1.7; p=0.85; d=0.15). Among the physical functioning variables, the 30-second 

chair stand increased by 2 repetitions in the HIIT group compared to no change in the usual care 

group (adjusted between-group mean difference, 2.2 repetitions; 95%CI: 0.5 to 3.9; p=0.016; 

d=0.81). The 30-second arm curl and back scratch were meaningfully (d≥0.33) superior in the 

HIIT group compared with the usual care group. No statistically significant between-group 

differences were observed for any of the anthropometry outcomes at 6-week, however, waist-

circumference and calf circumference were meaningfully (d≥0.33) lower in the HIIT group.  

From baseline to 12 weeks, VO2peak increased by 1.2 ml/kg/min in the HIIT compared to 

a decrease of 0.2 ml/kg/min in the usual care group (adjusted between-group mean difference, 

1.4 ml/kg/min; 95%CI: -1.8 to 4.7; p=0.33; d=0.47). Compared with the usual care group, the 

HIIT group significantly improved six-minute walk distance (adjusted between-group mean 

difference, 43 meters; 95%CI: 4 to 82; p=0.034, d=0.58) and 8-foot up-and-go time (adjusted 

between-group mean difference, -1.1 seconds; 95%CI: -2.2 to -0.1; p=0.039; d=-0.54). The 30-

second chair stand, the 30-second arm curl, and sit-and reach were meaningfully (d≥0.33) 

superior in the HIIT group compared with the usual care group at 12-weeks. The waist-hip ratio 

decreased by 0.03 in the HIIT group and increased by 0.01 in the usual care group (adjusted 

between-group mean difference, -0.04; 95%CI: -0.07 to -0.01; p=0.008; d=-0.75). 
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4.5 Discussion  

The BRAVE trial is the first randomized controlled trial to examine the feasibility, safety, 

and preliminary efficacy of an exercise intervention in NMIBC patients during or after 

intravesical therapy. Contrary to our projections, the BRAVE trial demonstrated lower-than-

expected rates for recruitment and VO2peak achievement. Consistent with our projections, the 

BRAVE trial demonstrated acceptable rates of eligibility, follow-up assessments, exercise 

attendance, and exercise compliance. Moreover, although HIIT did not meaningfully improve 

cardiorespiratory fitness, it did result in significant improvements in several indicators of 

physical functioning. 

Eligibility and recruitment posed significant challenges in the BRAVE trial. A notable 

proportion of patients were ineligible primarily because of medical conditions (56.8%), including 

secondary or metastatic cancer, physical or cognitive impairment, and cardiovascular diseases 

with contraindications to exercise (data not shown). We anticipated recruiting 66 patients on 

induction intravesical therapy over 24 months; however, after expanding the eligibility criteria 

we recruited 21 (three patients on induction therapy, 13 on maintenance therapy, and five on 

surveillance) out of 129 eligible patients, resulting in a recruitment rate of 16%. Notably, our 

recruitment rate was below the median recruitment rate of 38% observed in a systematic review 

of recruitment rates in exercise trials among cancer survivors [41]. The systematic review, 

however, was based on interventional trials targeting the most common cancer types (i.e., breast, 

prostate, and colorectal cancers) after they had completed primary treatment. There is no study 

focused exclusively on exercise for NMIBC to directly compare our findings, however, our 
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recruitment rate was also lower than the rates of exercise trials in muscle-invasive bladder cancer 

patients (20.22% - 90.21%) [21-25]. Variations in recruitment may be attributed to differences in 

the delivery mode of the intervention (supervised versus home-based program) [24], the duration 

of participant commitment to the exercise intervention (from 2 to 4 weeks versus 3 months) [22, 

24], and the number of sites recruiting patients [20]. For instance, Kaye et al. had an increase in 

patient recruitment rate from 7 to 11.5 patients per year after expanding the study to nine 

additional intervention sites [20]. In the BRAVE trial, a single-center approach yielded an annual 

accrual rate of 10.5 NMIBC patients during and after intravesical therapy. Overall, our data 

indicates that multicenter trials will be required to achieve adequate accrual of NMIBC patients 

in a reasonable time, especially if testing supervised exercise interventions and limited to patients 

on induction intravesical therapy. 

The reasons for non-participation were similar to the ones identified in previous exercise 

trials in cancer survivors, including big commitment, lack of interest, failure to return contact, 

and travel distance [41]. Travel distance, in particular, was mentioned by two patients as a barrier 

associated with the symptoms of bladder cancer. Patients with bladder cancer may experience 

urinary frequency and urgency [9], therefore the distance to the exercise facility and the time 

they would spend in traffic were reasons why these patients declined participation. Future studies 

may improve eligibility and recruitment by using less strenuous assessment protocols and 

adopting a multi-center approach. These adjustments can offer valuable insights for designing 

more inclusive trials and interventions tailored to patients with NMIBC during or after 

intravesical therapy. 

The overall assessment follow-up rates for both health-related fitness and patient-reported 

outcomes were as projected. In fact, our follow-up assessments completion rate was similar [22] 
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or even higher [21, 23, 25, 42] in comparison to previous studies in bladder cancer patients in the 

pre- and post-operative setting. Although, the reasons for the loss of follow-up are not explicitly 

stated in all these studies, the higher retention rate in our study is potentially due to the better 

survival prognosis of NMIBC [43] compared to muscle-invasive bladder cancer patients 

undergoing surgery, who may experience surgical complications and are at higher risk of dying. 

The follow-up cystoscopy completion rates were also as expected, with 100% adherence to 

recommended medical care. This finding indicates the feasibility of assessing bladder cancer 

clinical outcomes in future exercise trials among NMIBC patients, including recurrence and 

progression rates.  

Interestingly, among those who attempted the maximal cardiorespiratory fitness 

assessment, only 71% to 82% of the participants were able to achieve a VO2peak test at the three 

different assessment time points. The test was prematurely ended because of symptom 

limitations. Bladder cancer is most often diagnosed in older individuals, predominantly among 

people aged 65-74 [43]. Moreover, bladder cancer patients often have a history of tobacco 

exposure, are overweight or obese, and are insufficiently active [44]. Therefore, it is possible that 

the combination of lifestyle factors and age-related changes [45] means that many patients with 

bladder cancer face multiple comorbidities that limit or even preclude maximal exercise testing. 

Although the cardiopulmonary exercise test remains the gold standard for the evaluation of 

exercise capacity, alternatives should be considered in this population. The 6MWT is a safe, 

easily performed, and well-tolerated test for the assessment of functional capacity of patients 

with cancer [46], and other chronic conditions [47, 48]. Moreover, the walking distance is 

correlated with VO2peak and perceived function [46]. In the BRAVE trial, all the participants were 

able to perform the 6MWT without adverse events. 
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HIIT has been demonstrated as a safe and beneficial intervention for some cancer patient 

groups [31, 32, 49], however, it has not been tested in NMIBC patients. Moreover, caution is 

needed due to the general inadequacy of harm assessment and reporting in exercise trials for 

cancer patients [50]. Although HIIT was relatively safe in the BRAVE trial, two moderate-severe 

adverse events, possibly related to the exercise program, occurred during the study. One occurred 

in a participant with a history of hip arthritis, and the other in a participant with hip arthritis, 

lower limb lymphedema, and diabetes. The exercise sessions were adapted from the beginning 

for those participants and performed on a cycle ergometer with reduced intensity (moderate, 

RPE=3 on a 0-10 scale) and duration (2 to 3 moderate intervals), considering the participant's 

rate of perceived exertion and feedback. However, exercise can be painful and difficult to 

perform in patients with lower-limb arthritis [48]. Despite our precautionary measures, one 

participant reported significant limitations on instrumental activities of daily living and decided 

to withdraw from the exercise program and follow-up assessments. Another participant 

experienced worsening in lower limb lymphedema accompanied by wound complications. These 

adverse events were potentially exacerbated by a concurrent heat wave, exercise training, and 

difficulties in wound healing due to diabetes. The participant was not cleared by the primary care 

physician to return to the exercise program. Additionally, two participants in the HIIT group 

reported mild adverse effects related to musculoskeletal disorders (i.e., calf stiffness and shin 

pain). To minimize muscle soreness, discomfort, and potential injuries, changes in the speed 

and/or grade of the treadmill were made according to metabolic equivalent equations for the 

estimation of energy expenditure relative to the individual’s peak capacity [33]. This strategy 

was essential to maintain the desired intensity of the training session (i.e., compliance) and the 

attendance to the exercise sessions. Our results indicate that HIIT may be feasible for the 
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majority of NMIBC patients during and after intravesical therapy based on satisfactory 

attendance and compliance with the exercise program. 

Contrary to our hypothesis, HIIT during and after the intravesical therapy did not 

improve VO2peak at 6 weeks or 12 weeks, possibly due to the limited number of patients who 

completed the assessments and were included in the analyses. Note that among the three 

participants from the HIIT group who did not achieve a VO2peak at baseline, two did not complete 

the follow-up assessments. The one who remained in the study achieved a VO2peak at the 6-week 

and 12-week assessment time points, without symptom-limitation (i.e., dizziness), suggesting 

that the exercise prescription was adequate to result in training adaptations and improve exercise 

tolerance. In addition, we found a statistically significant and clinically important increase of 43 

meters in walking distance at the 12-week 6MWT, surpassing the distance of 14-30.5 meters 

suggested as clinically meaningful across multiple patient groups [51]. Moreover, HIIT resulted 

in statistically significant and/or meaningful improvements in several indicators of physical 

functioning, including lower and upper body endurance, lower body flexibility, and 

agility/dynamic balance. Our results contrast a systematic review of randomized controlled trials 

evaluating the effects of HIIT on physical and function outcomes in cancer patients, showing 

significant improvements in walking distance and relative VO2peak following HIIT interventions 

[32]. Our small sample size, the loss to follow-up, and the strenuous protocol resulting in 

symptom-limited fitness assessments may have impacted our ability to detect any changes in 

cardiorespiratory fitness through the VO2peak measurement. 

Our study has important strengths and limitations. Strengths of our study include the 

novel cancer patient population and setting, the randomized controlled trial design, the 

supervised and individualized exercise program, and satisfactory adherence and compliance rates 
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to the intervention. The major limitation of our study is the small sample size, attributed to a 

slower-than-anticipated accrual rate from a single center. The small sample size may have 

hindered our ability to accurately estimate feasibility outcomes and detect meaningful 

differences in some of the health-related fitness outcomes. Other limitations include post-

registration changes in the protocol, including (1) the expansion of eligibility criteria; (2) the 

assessment and HIIT program on the cycle ergometer for some participants; and (3) the addition 

of VO2peak achievement rates as a feasibility outcome. Worth noting, the changes in the protocol 

were made, respectively, to: (1) enhance study recruitment; (2) improve protocol safety and well-

being of the participants; and (3) document unexpected findings that will inform future research 

design in this population. Consequently, the findings should be interpreted as preliminary, and 

further feasibility work is necessary in this patient population before definitive exercise trials are 

launched.  

In conclusion, the BRAVE trial is the first randomized controlled trial to assess the safety 

and feasibility of an exercise intervention in patients with NMIBC during or after intravesical 

therapy. We highlighted the significant challenges with eligibility, recruitment, and protocol 

assessments while also demonstrating the potential safety and feasibility of HIIT. The BRAVE 

trial provides novel and relevant information, contributing to the knowledge base and practice in 

the field of exercise oncology for an understudied patient group. Given the limitations of the 

BRAVE trial, additional feasibility studies are necessary to establish the safety, applicability, and 

tolerability of different fitness assessment protocols (e.g. submaximal cardiorespiratory fitness 

assessments) and intervention delivery methods (e.g. home-based exercise interventions) for 

patients with NMIBC during or after intravesical therapy. Future trials should consider 

expanding the number of collaborating centers, providing different exercise intervention delivery 
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methods, and tailoring assessment protocols to accommodate the this predominantly elderly, 

comorbid population. 
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Table 4-1. Baseline demographic, medical, and behavioral characteristics of participants in the 

BRAVE Trial. 

Variable 
Overall 

(n=21) 

HIIT 

 (n=13) 

Usual care 

(n=8) 

    

Sociodemographic profile 

Age, y, mean (SD) 69.8 (9.0) 69.5 (9.8) 70.1 (8.1) 

Sex, male, n (%) 19 (90) 11(85) 8 (100) 

Ethnicity, Caucasian, n (%) 18 (86) 11(85) 7 (88) 

Married, n (%) 17 (81) 11(85) 6 (75) 

Completed university or college, n (%) 11 (52) 8 (62) 3 (38) 

Employed, n (%) 6 (29) 4 (31) 2 (25) 

Family income ≥$100,000/year, n (%) 8 (38) 5 (38) 3 (38) 

Medical Profile 

Weight, kg, mean (SD) 93.9 (22.1) 91.2 (18.9) 98.4 (27.2) 

BMI kg/m2, mean (SD) 31.0 (6.5) 30.5 (5.6) 31.8 (8.1) 

Number of comorbidities, n (%)    

None 3 (14) 3 (23) - 

1-2 6 (29) 3 (23) 3 (38) 

≥3 12 (57) 7 (54) 5 (63) 

Most common comorbidities, n (%)    

Hypertension 11 (52) 5 (38) 6 (75) 

Hyperlipidemia 10 (48) 6 (46) 4 (50) 

Arthritis 8 (38) 5 (38) 3 (38) 

Behavioral profile 

Smoking status, n (%)    

Current cigarette smoker 3 (14) 2 (15.4) 1 (12.5) 

Former cigarette smoker 12 (57) 7 (53.8) 5 (62.5) 

Exercise behavior, median (IQR)    

Vigorous aerobic exercise, min/wk 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 

Moderate aerobic exercise, min/wk 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 

Resistance exercise, min/wk 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 

    

HIIT: high intensity interval training; BMI: body mass Index 
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Table 4-2. Baseline bladder cancer and treatment characteristics of participants in the BRAVE 

Trial.  

Variable 
Overall 

(n=21) 

HIIT 

(n=13) 

Usual care 

(n=8) 

    

Bladder cancer profile    

Clinical stage, n (%)    

Tis 3 (14) 2 (15) 1 (13) 

Ta 7 (33) 4 (31) 3 (38) 

T1 11 (52) 7 (54) 4 (50) 

Clinical grade, n (%)    

Low grade 1 (5) 1 (8) - 

High grade 20 (95) 12 (92) 8 (100) 

Concurrent CIS, n (%) 10 (48) 7 (54) 3 (38) 

Tumor size, n (%)    

<1 cm 2 (10) 2 (15) - 

1-3 cm 8 (38) 4 (31) 4 (50) 

≥3 cm 2 (10) 1 (8) 1 (13) 

Unknown 9 (43) 6 (46) 3 (38) 

Focality, n (%)    

Unifocal 8 (38) 4 (31) 4 (50) 

Multifocal 12 (57) 8 (62) 4 (50) 

Unknown 1 (5) 1 (8) - 

Current disease status    

Primary malignancy, n (%) 9 (43) 6 (46) 3 (38) 

Recurrent malignancy, n (%) 12 (57) 7 (54) 5 (63) 

Current treatment protocol    

TURBT + single instillation, n (%) 1 (5) 1 (8) - 

TURBT + induction, n (%) 3 (14) 2 (15) 1 (13) 

TURBT + induction + maintenance, n (%) 13 (62) 7 (54) 6 (75) 

Surveillance, n (%) 4 (19) 3 (23) 1 (13) 

Number of prior instillations, median (range) 15 (0-27) 19 (0-27) 13.5 (0-27) 

Time since last instillation, months, mean (SD) 9.3 (10.7) 11.2 (12.9) 6.1 (4.2) 

    

HIIT: high intensity interval training; CIS: carcinoma in situ; TURBT: transurethral resection of 

bladder tumor
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Table 4-3. Baseline health-related fitness of participants in the BRAVE Trial.  

Variable 
Overall 

(n=21) 

HIIT 

(n=13) 

Usual care 

(n=8) 

    

Cardiorespiratory fitness    

Treadmill Protocol*    

Peak VO2, mL/kg/min 23.2 (4.7) 23.1 (4.2) 23.3 (6.3) 

Peak VO2, L/min 2.19 (0.42) 2.05 (0.41) 2.46 (0.33) 

Bike Protocol*    

Peak VO2, mL/kg/min 16.4 (1.7) 17.2 (1.3) 14.7  

Peak VO2, L/min 1.28 (0.24) 1.35 (0.28) 1.13 

Physical functioning    

Six-minute walk, m 456 (132) 450 (148) 467 (109) 

30-second chair stand, n 11.7 (3.4) 11.5 (4.1) 11.9 (1.8) 

30-second arm curls, n 15.6 (2.6) 15.6 (2.8) 15.6 (2.6) 

Sit-and-reach, cm -9.5 (10.6) -8.2 (10.9) -11.4 (10.3) 

Back scratch, cm -28.0 (17.3) -25.1 (15.5) -32.8 (20.1) 

8-foot up-and-go, s 6.4 (2.4) 6.7 (2.6) 6.1 (2.0) 

Anthropometry    

Waist circumference, cm 112.4 (15.6) 110.8 (14.4) 115.0 (18.2) 

Waist-hip ratio 1.04 (0.09) 1.04 (0.11) 1.05 (0.04) 

Calf circumference, cm 39.1 (4.8) 39.0 (4.7) 39.4 (5.2) 

Calf circumference adjusted by BMI, cm 34.3 (3.7) 34.0 (3.5) 34.8 (4.1) 

    

HIIT: high intensity interval training; BMI: body mass Index; VO2: volume of oxygen 

consumption 

*Sample sizes are peak VO2 treadmill protocol n=12 (HIIT n=8, usual care n=4), peak VO2 cycle 

ergometer n=3 (HIIT n=2, usual care n=1). 
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Table 4-4. Effects of 6 weeks of exercise on health-related fitness outcomes in the BRAVE Trial. 

Outcome Baseline 6-week 
Baseline to 6-week 

Mean Change Adjusted Between-group Difference* 

 Mean (SD) Mean (SD) Mean (95% CI) Mean (95% CI) p d 

       

Cardiorespiratory fitness 
Peak VO2, mL/kg/min       

HIIT (n=8) 22.3 (5.0) 23.2 (5.8) 0.9 (-0.2 to 2.1) -0.2 (-2.1 to 1.7) 0.85 0.15 

Usual care (n=4) 21.5 (7.7) 22.3 (7.8) 0.9 (-0.1 to 1.8)    

Peak VO2, L/min       

HIIT (n=8) 1.88 (0.51) 1.96 (0.61) 0.08 (-0.02 to 0.17) -0.05 (-0.17 to 0.07) 0.39 -0.57 

Usual care (n=4) 2.23 (0.75) 2.30 (0.75) 0.07 (-0.03 to 0.18)    

Physical functioning 
Six-minute walk, m       

HIIT (n=10) 482 (113) 502 (117) 21 (-6 to 47) 3 (-23 to 29) 0.82 0.15 

Usual care (n=8) 467 (109) 482 (95) 14 (-10 to 38)    

30-second chair stand, n       

HIIT (n=10) 12.9 (2.2) 14.6 (2.0) 1.7 (0.3 to 3.1) 2.2 (0.5 to 3.9) 0.016 0.81 

Usual care (n=8) 11.9 (1.8) 11.8 (2.1) -0.1 (-1.3 to 1.1)    

30-second arm curls, n       

HIIT (n=10) 15.3 (2.9) 17.8 (4.7) 2.5 (0.6 to 4.4) 0.9 (-1.5 to 3.3) 0.43 0.33 

Usual care (n=8) 15.6 (2.6) 16.9 (3.1) 1.3 (-0.6 to 3.1)    

Sit-and-reach, cm       

HIIT (n=10) -9.0 (10.0) -10.0 (8.9) -1 (-5.3 to 3.4) -0.8 (-8.5 to 6.8) 0.82 0.14 

Usual care (n=8) -11.4 (10.3) -11.5 (12.3) -0.1 (-7.1 to 6.9)    

Back scratch, cm       

HIIT (n=10) -23.8 (15.9) -21.6 (15.3) 2.3 (-1.0 to 5.5) -3.4 (-14.5 to 7.6) 0.51 0.41 

Usual care (n=8) -32.8 (20.1) -28.7 (22.7) 4.1 (-8.3 to 6.5)    

8-foot up-and-go, s       

HIIT (n=10) 5.8 (1.6) 5.3 (1.2) -0.5 (-1.0 to 0.1) -0.2 (-0.7 to 0.4) 0.55 -0.17 

Usual care (n=8) 6.1 (2.0) 5.7 (1.4) -0.4 (-1.1 to 0.3)    

Anthropometry 
Body weight, kg       
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HIIT (n=10) 85.1 (14.7) 85.0 (15.1) -0.1 (-1.3 to 1.2) 0.6 (-1.1 to 2.3) 0.47 -0.57 

Usual care (n=8) 98.4 (27.2) 97.8 (27.2) -0.6 (-1.4 to 0.3)    

Waist circumference, cm       

HIIT (n=10) 105.8 (12.2) 103.9 (11.2) -1.9 (-5.1 to 1.2) -1.1 (-4.9 to 2.8) 0.56 -0.65 

Usual care (n=8) 115.0 (18.2) 114.2 (18.6) -0.8 (-2.2 to 0.5)    

Waist-hip ratio       

HIIT (n=10) 1.04 (0.08) 1.02 (0.07) -0.02 (0.04 to 0.00) -0.02 (-0.05 to 0.01) 0.16 -0.03 

Usual care (n=8) 1.05 (0.04) 1.05 (0.06) 0.00 (-0.02 to 0.02)    

Calf circumference, cm       

HIIT (n=10) 37.6 (2.9) 37.9 (3.0) 0.3 (-0.3 to 0.9) 0.4 (-0.4 to 1.2) 0.26 -0.33 

Usual care (n=8) 39.4 (5.2) 39.5 (5.6) 0.1 (-0.4 to 0.5)    

       

HIIT: high intensity interval training; VO2: volume of oxygen consumption. *Adjusted for age, baseline value of the outcome, and 

current treatment status   
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Table 4-5. Effects of 12 weeks of exercise on health-related fitness outcomes in the BRAVE Trial. 

Outcome Baseline 12-week 
Baseline to 12-week 

Mean Change Adjusted Between-group Difference* 

 Mean (SD) Mean (SD) Mean (95% CI) Mean (95% CI) p d 

       

Cardiorespiratory fitness 
Peak VO2, mL/kg/min       

HIIT (n=8) 22.9 (4.4) 24.1 (5.1) 1.2 (-0.4 to 2.8) 1.4 (-1.8 to 4.7) 0.33 0.47 

Usual care (n=4) 21.5 (7.7) 21.3 (7.7) -0.2 (-1.9 to 1.5)    

Peak VO2, L/min       

HIIT (n=8) 1.95 (0.43) 2.04 (0.58) 0.09 (-0.06 to 0.25) 0.05 (-0.20 to 0.30) 0.65 -0.34 

Usual care (n=4) 2.23 (0.75) 2.24 (0.74) 0.01 (-0.14 to 0.16)    

Physical functioning 
Six-minute walk, m       

HIIT (n=9) 504 (95) 547 (82) 44 (22 to 66) 43 (4 to 82) 0.034 0.56 

Usual care (n=8) 467 (109) 471 (105) 3 (-33 to 39)    

30-second chair stand, n       

HIIT (n=9) 12.8 (2.3) 14.9 (2.2) 2.1 (0.4 to 3.8) 4.7 (-0.4 to 9.8) 0.07 1.57 

Usual care (n=8) 11.9 (1.8) 9.5 (6.4) -2.4 (-7.3 to 2.5)    

30-second arm curls, n       

HIIT (n=9) 15.8 (2.6) 18.9 (7.2) 3.1 (-0.9 to 7.1) 0.9 (-2.1 to 4.0) 0.51 0.84 

Usual care (n=8) 15.6 (2.6) 16.6 (3.5) 1.0 (-0.5 to 2.5)    

Sit-and-reach, cm       

HIIT (n=9) -11.0 (8.2) -7.7 (9.2) 3.3 (1.2 to 5.3) 3.9 (-0.9 to 8.8) 0.10 0.44 

Usual care (n=8) -11.4 (10.3) -12.4 (8.7) -1.0 (-5.7 to 3.7)    

Back scratch, cm       

HIIT (n=9) -26.9 (13.4) -22.3 (12.0) 4.6 (-1.6 to 10.8) -2.4 (-12.6 to 7.8) 0.61 0.28 

Usual care (n=8) -32.8 (20.1) -27.1 (18.4) 5.6 (-5.1 to 16.3)    

8-foot up-and-go, s       

HIIT (n=9) 5.7 (1.6) 4.7 (0.8) -1.0 (-1.8 to -0.2) -1.1 (-2.2 to -0.1) 0.039 -0.54 

Usual care (n=8) 6.1 (2.0) 6.0 (1.6) -0.1 (-1.3 to 1.1)    

Anthropometry 
Body weight, kg       
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HIIT (n=9) 86.7 (14.7) 85.8 (15.3) -0.9 (-2.6 to 0.8) -0.7 (-4.5 to 3.0) 0.66 -0.57 

Usual care (n=8) 98.4 (27.2) 98.6 (28.0) 0.3 (-2.8 to 3.3)    

Waist circumference, cm       

HIIT (n=9) 106.7 (12.6) 103.2 (11.6) -3.6 (-7.0 to -0.2) -4.1 (-9.5 to 1.4) 0.13 -0.75 

Usual care (n=8) 115.0 (18.2) 115.2 (18.9) 0.2 (-3.4 to 3.8)    

Waist-hip ratio       

HIIT (n=9) 1.04 (0.09) 1.01 (0.06) -0.03 (-0.06 to 0.00) -0.04 (-0.07 to -0.01) 0.008 -0.06 

Usual care (n=8) 1.05 (0.04) 1.06 (0.05) 0.01 (-0.01 to 0.02)    

Calf circumference, cm       

HIIT (n=9) 38.0 (2.8) 38.1 (3.1) 0.1 (-0.4 to 0.7) 0.0 (-0.9 to 0.8) 0.97 -0.33 

Usual care (n=8) 39.4 (5.2) 39.7 (5.6) 0.3 (-0.4 to 1.0)    

       

HIIT: high intensity interval training; VO2: volume of oxygen consumption. *Adjusted for age, baseline value of the outcome, and 

current treatment status . 
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Figure Caption 

Figure 4-1. CONSORT diagram showing flow of participants through the BRAVE trial. 

Figure 4-2. Projected and achieved feasibility outcomes in the BRAVE trial. A. Eligibility, 

Recruitment, and Participation Rates, B. Follow-up Assessments Completion Rates. C. VO2peak 

Achievement Rates, D. High-Intensity Interval Training Adherence Rates. HIIT: high intensity 

interval training; UC: usual care; VO2peak: peak volume of oxygen consumption. All the values 

are expressed as mean percentage except exercise attendance which is expressed as median 

percentage. 
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224 NMIBC patients scheduled to receive intravesical therapy 

or on surveillance screened for eligibility 

95(42.4%) ineligible 

Medical issues (n=54) 

Language barrier (n=13) 

Already exercising (n=13) 

Not cleared by physician (n=13) 

Not compliant with medical care (n=2) 

21 (16.3%) randomized 

 13 (62%) allocated to exercise group 8 (38%) allocated to usual care group 

8 (100%) completed 6-week physical fitness 

assessment 

 

10 (76.9%) completed 6-week physical fitness 

assessment 

129 (57.6%) eligible 

108 (83.7%) declined  

Travel distance (n=20) 

Big commitment (n=22) 

Declined contact (n=21) 

Work (n=12) 

Not interested (n=22) 

Medical condition (n=9) 

No show at baseline assessment (n=2) 

 

8 (100%) completed cystoscopy 

8 (100%) completed post-intervention 

patient-reported outcomes assessment 

8 (100%) completed post-intervention 

physical assessment 

 

13 (100%) completed cystoscopy 

11 (84.6%) completed post-intervention 

patient-reported outcomes assessment 

9 (69.2%) completed post-intervention 

physical fitness assessment 

Allocation 

6-Week  

Physical Fitness Assessment 

3-Month Post Intervention/ 

Pre-cystoscopy Assessment 
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Supplementary Table 1. Adverse events 

Event 

# 

Group Type Severity Related to Exercise Remained in the 

Study 

# of missed or 

adapted sessions  

Omitted from 

testing 

Severe Adverse Event (Grade 3 CTCAE v5.0) 

1 HIIT Infection and infestations, 

COVID-19 positive 

Hospitalization Unrelated No 4 12-week 

Moderate Adverse Event (Grade 2 CTCAE v5.0) 

1 HIIT Arthritis, hip Limiting instrumental 

activities of daily living 

Pre-existing condition 

possibly aggravated by 

exercise. 

No 1 session with 

reduced intensity 

and duration  

Baseline symptom 

limited VO2peak test, 

omitted from 6-

week and 12-week 

2 HIIT Arthritis (hip), lower limb 

lymphedema, and wound 

complication 

Local intervention 

indicated, limiting 

instrumental activities 

of daily living 

Pre-existing conditions 

possibly aggravated by 

exercise and/or extreme 

heat. 

No 5 sessions with 

reduced intensity 

and duration 

Baseline symptom 

limited VO2peak test, 

omitted from 6-

week and 12-week 

3 HIIT Infection and infestations, 

bladder infection 

Oral intervention 

indicated 

Unrelated Yes 0  No 

4 HIIT Infection and infestations, 

COVID-19 positive 

Oral intervention 

indicated 

Unrelated Yes 3 No 

Mild Adverse Event (Grade 1 CTCAE v5.0) 

1 HIIT Dizziness Mild unsteadiness or 

sensation of movement 

Related Yes 0 No 

2 HIIT Dizziness Mild unsteadiness or 

sensation of movement 

Related Yes 0 Baseline symptom 

limited VO2peak test 

3 UC Dizziness Mild unsteadiness or 

sensation of movement 

Related Yes Not applicable Baseline symptom 

limited VO2peak test 

4 HIIT Musculoskeletal and 

connective tissue disorder 

- Other, calf stiffness 

Mild symptoms Related Yes 0 No 

5 HIIT Musculoskeletal and 

connective tissue disorder 

- Other, shin pain 

Mild symptoms Related Yes 0 No 

6 HIIT Fatigue Intervention not 

indicated 

Possibly related, 

participant exercised 

while holding BCG 

Yes 0 No 
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drug in the bladder and 

reported increased 

fatigue after the session. 

Participant preferred 

not to exercise on same 

day as BCG therapy. 

7 HIIT Fatigue Intervention not 

indicated 

Possibly aggravated by 

exercise. 

Yes 1 session with 

reduced total 

duration  

No 

8 HIIT Musculoskeletal and 

connective tissue disorder 

- Other, ankle pain 

Mild symptoms Pre-existing condition 

possibly aggravated by 

exercise. 

Yes 0 No 

9 UC Musculoskeletal and 

connective tissue disorder 

- Other, knee pain 

Mild symptoms Pre-existing condition 

possibly aggravated by 

exercise. 

Yes Not applicable Baseline, 6-week, 

and 12-week 

symptom limited 

VO2peak test 

10 UC Musculoskeletal and 

connective tissue disorder 

- Other, knee pain 

Mild symptoms Pre-existing condition 

possibly aggravated by 

exercise. 

Yes Not applicable 12-week symptom 

limited VO2peak test 

11 UC Vertigo Mild symptoms Pre-existing condition 

possibly aggravated by 

exercise. 

Yes Not applicable 12-week symptom 

limited VO2peak test 

12 HIIT Fatigue Intervention not 

indicated 

Unrelated, participant 

reported increased 

fatigue following BCG 

inductions and canceled 

exercise sessions. 

Yes 7 No 

13 HIIT Headache Mild pain Unrelated Yes 0 No 

14 HIIT Musculoskeletal and 

connective tissue disorder 

- Other, back pain 

Mild symptoms Unrelated Yes 0 No 

15 HIIT Ventricular arrhythmia  Asymptomatic, 

intervention not 

indicated  

Unrelated Yes 1 No 

16 HIIT Urinary frequency Present Unrelated Yes 0 – multiple 

washroom breaks 

(4) during 

exercise session 

No 
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17 HIIT Urinary Tract Pain Present Unrelated Yes 0 No 

18 HIIT Urinary Tract Pain Present Unrelated Yes 0 No 

CTCAE: common terminology criteria for adverse events; HIIT: high-intensity interval training; UC: usual care 
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CHAPTER 5: PAPER 4 

Effects of exercise during or after intravesical therapy for bladder cancer on 
perceptions of exercise motivation, benefits, harms, and barriers: results from a 

feasibility randomized controlled trial 
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5.1 Abstract 

Background: Understanding the motivational effects of exercise during or after intravesical 

therapy for non-muscle invasive bladder cancer (NMIBC) may help patients to initiate and 

sustain exercise behavior. We aimed to explore the motivational outcomes, perceived benefits 

and harms, and perceived barriers to exercise during or after intravesical therapy for NMIBC. 

Methods: NMIBC patients scheduled to receive intravesical therapy or post therapy 

surveillance were randomly assigned to usual care (n=8) or exercise (n=13) groups. The 

exercise group performed thrice-weekly, supervised high-intensity interval training (HIIT) 

for 12 weeks. Using the theory of planned behavior, we assessed exercise motivation, 

perceived benefits and harms, and perceived barriers before and/or after the intervention. 

Results: Compared to what they anticipated before the intervention, the HIIT group reported 

after the intervention that the exercise was meaningfully (defined as a standardized effect size 

d0.33) more enjoyable (mean change=0.6; 95%CI:-0.2 to 1.5, p=0.13, d=0.58), elicited 

higher confidence (mean change=0.5; 95%CI=-0.5 to 1.4, p=0.32, d=0.49), and was less 

difficult (mean change=-0.5; 95% CI=-1.5 to 0.4, p=0.24, d=-0.51). Compared to the usual 

care after the intervention, the HIIT reported meaningfully lower motivation (mean change=-

0.5; 95%CI:-2.0 to 0.9, p=0.46, d=-0.58), lower confidence  (mean change=-0.4; 95%CI=-1.8 

to 1.0, p=0.52, d=-0.46), and higher difficulty (mean change=0.9; 95%CI=-0.1 to 2.0, 

p=0.080, d=0.84) to exercise on their own for the next 6 months. The most common 

perceived benefits of exercising during or after intravesical therapy were cardiovascular 

endurance (91%), physical functioning (91%), and quality of life (82%). The most common 

exercise barriers were being too busy/having limited time (46%) and joint pain/soreness 

(36%). Conclusions: HIIT during or after intravesical therapy for NMIBC was more 

motivating than anticipated  with many perceived benefits and few perceived harms or 
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barriers, however, it appeared to reduce confidence and motivation to exercise on their own 

over the next 6 months.  
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5.2 Introduction 

Non-muscle invasive bladder cancers (NMIBC) are often managed by transurethral 

resection of the bladder tumor (TURBT) followed by induction intravesical therapy for six 

weeks. Due to the high rate of bladder cancer recurrence and progression to muscle-invasive 

bladder cancer (MIBC), NMIBC patients often receive intermittent maintenance therapy for 

one to three years and repeated surveillance cystoscopy for up to five years [1]. NMIBC 

imposes a significant strain on both the patient and healthcare system and is ranked among 

the most expensive cancers to treat [2]. 

 An NMIBC diagnosis and treatments significantly impact physical and mental 

health-related quality of life [3]. Adhering to recommended lifestyle behaviors, including 

healthy body weight, diet, and regular physical activity, is associated with better quality of 

life outcomes [4] and potentially decreased risk of NMIBC recurrence [5]. Patients with 

bladder cancer, however, do not meet the recommended guidelines for lifestyle behaviors [6]. 

Specifically, physical activity levels are generally low in this population [6-9], with one in 

three bladder cancer patients leading a sedentary lifestyle [7]. It is plausible that the negative 

side effects of bladder cancer and its treatment may impact patients' ability and willingness to 

adhere to physical activity programs [8]. 

Exercise, a structured and planned subset of physical activity, may ameliorate some of 

the functional challenges experienced by NMIBC patients. We recently completed the 

Bladder cancer and exeRcise trAining during or after intraVesical thErapy (BRAVE) 

feasibility trial, where we identified that a 12-week supervised exercise program consisting of 

high-intensity interval training (HITT) was feasible, safe, and positively associated with 

improvements in several physical functioning parameters in NMIBC patients during or after 

intravesical therapy compared to usual care [10]. Identifying and understanding the 

motivational effects of exercise during or after intravesical therapy is important in helping 
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NMIBC patients initiate and sustain exercise behavior to achieve potential benefits. No study 

to date, however, has specifically examined the effects of exercise on motivational outcomes 

of NMIBC patients during or after intravesical therapy.  

The Theory of Planned Behavior (TPB) is a social psychological theoretical model 

that attempts to explain and predict human behavior [11]. The TPB has been used to study 

exercise motivation and behavior across a broad range of cancer patient groups, including 

breast [12], lung [13], lymphoma [14], rectal [15], kidney [16], prostate [17], and bladder 

cancers [8]. The TPB proposes that the immediate precursor of a behavior is the intention 

(i.e. motivation) to perform the behavior, which indicates the extent of effort a person is 

willing to exert. In turn, intention is derived from behavioral attitudes, subjective norms, and 

perceived behavioral control. Behavioral attitudes reflect perceptions of the behavior (i.e., 

positive or negative evaluation of the behavior) and consist of instrumental attitudes (i.e., 

perceived benefits and harms) and affective attitudes (i.e., perceived enjoyment and 

displeasure). Subjective norms represent the perceived social pressure to perform the 

behavior, including injunctive norms (i.e., perceived support from others) and descriptive 

norms (i.e., perceived engagement of others in the behavior). Perceived behavioral control 

refers to individuals’ views of the ease or difficulty of performing the behavior and consists 

of self-efficacy (i.e., confidence in performing the behavior and overcoming barriers), and 

perceived controllability (i.e., perceived control over the behavior). According to the TPB 

[11], the more favorable the attitude and perceived norms, and the greater the perceived 

behavioral control, the stronger the individual's intention to perform the behavior. 

By identifying changes in behavioral attitudes, subjective norms, and perceived 

behavioral control among NMIBC patients who perform the behavior of interest (i.e., 

exercise during or after intravesical therapy), and those who do not, we can better understand 

the effects of exercise on motivation and provide information for the design of future exercise 
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behavioral change interventions [11]. Therefore, the primary purpose of this study was to 

examine the effects of a supervised HIIT program during or after intravesical therapy on 

motivational outcomes of NMIBC patients. We also aimed to identify the perceived benefits, 

harms, and barriers to exercise. Based on previous research in other cancer patient groups 

who completed a HIIT program [17, 18], we hypothesized that participants assigned to the 

HIIT intervention group would perceive exercise as more enjoyable and less difficult than 

anticipated. We also hypothesized that the HIIT group would be more motivated than the 

usual care group to exercise in the future. Finally, we expected that the HIIT group would 

report many benefits and few harms and barriers with respect to the HIIT program. 

5.3 Methods 

Study Design  

 The BRAVE trial (Clinicaltrials.gov identifier: NCT04593862) has been described 

elsewhere [19]. Briefly, BRAVE was planned as a phase II, prospective, two-armed, 

randomized controlled trial examining the safety, feasibility, and effects of a 12-week HIIT 

program in bladder cancer patients managed by intravesical therapy. The trial was approved 

by the Health Research Ethics Board of Alberta-Cancer Committee (HREBA. CC-20-0184) 

and conducted at the University of Alberta, Edmonton, Canada. After completion of baseline 

testing, participants were randomized to either the HIIT group or the usual care group in a 1:1 

ratio using a computer-generated program. Participants were randomized in block sizes of 

four or six and stratified by their current treatment protocol (TURBT + single instillation, 

TURBT + induction phase, TURBT + induction + maintenance phase, or surveillance). The 

allocation sequence was generated independently and concealed from the study coordinator 

who assigned participants to groups. The BRAVE trial is reported in line with the 

Consolidated Standards of Reporting Trials (CONSORT) extension to randomized pilot and 

feasibility trials [20]. 

https://www.equator-network.org/reporting-guidelines/consort/
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Participants and Procedures 

Participants were recruited from the Northern Alberta Urology Centre at the Kaye 

Edmonton Clinic in Edmonton, Alberta, Canada. All participants provided written informed 

consent for study participation. Eligibility criteria included men and women who (1) were 

≥18 years old, (2) had a confirmed diagnosis of NMIBC (clinical stage cis, Ta, or T1), (3) 

were scheduled for induction intravesical therapy, maintenance intravesical therapy, or 

surveillance, and (4) living in Edmonton or surrounding area within 40 kilometers of the 

fitness center. Participants were excluded if they (1) were not medically cleared to participate 

in the exercise intervention, (2) had contraindications for cardiopulmonary stress and/or 

physical fitness tests, (3) were already meeting the exercise guidelines for cancer survivors, 

(4) were unable to read and comprehend English, and (5) were not willing to be randomized 

to a supervised exercise training program or usual care for 12 weeks. 

Intervention  

Participants in the exercise group were asked to complete a thrice-weekly supervised 

HIIT program for 12 weeks. The HIIT sessions consisted of four intervals of four minutes 

(4x4 minutes) at a workload corresponding to vigorous intensity (75% to 95% of the VO2peak) 

alternating with 3-minute recovery intervals at a workload corresponding to 40% of the 

VO2peak. All the HIIT sessions included a 5-minute warm-up at a workload corresponding to 

60% of the VO2peak and a 5-minute cool-down at a workload corresponding to 40% of the 

VO2peak corresponding to 35 minutes in total. Progression was gradual with changes in the 

intensity by 5% every two weeks for the first 6 weeks (75% to 85%VO2peak of the baseline 

assessment), and 5% every two weeks following the 6-week assessment (85% to 95%VO2peak 

of the 6-week assessment). Participants in the HIIT group who were symptom-limited and 

did not reach the criteria for a valid VO2peak test had the exercise prescription based on the 

30-second average of the VO2 achieved during the baseline and 6-week assessment with 
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adjustments based on rate of perceived exertion to match the initial planned exercise 

prescription (somewhat strong to very strong, RPE 4-7 in 0 to 10 scale). 

Exercise sessions were completed either on a treadmill or a cycle ergometer based on 

participants' mobility and balance conditions. Treadmill speed and grade, or pedal frequency 

and resistance of the cycle ergometer, were selected to match the targeted percentage of 

V̇O2peak based on the baseline and the 6-week fitness levels using standardized equations [21]. 

The usual care group was asked not to participate in any new or additional exercise above 

their normal activities for the duration of the study. After the post-intervention fitness 

assessments and the follow-up cystoscopy, the usual care group was offered a 4-week 

supervised HIIT program at our facility and/or referred to a 12-week community-based 

exercise program. 

Outcomes Measures 

Motivational Outcomes 

Motivational outcomes were derived from key constructs of the TPB [11] and 

included instrumental (beneficial) and affective (enjoyable) attitudes, subjective norms 

(support), intention (motivation), and perceived behavioral control (difficulty, confidence, 

and controllability). The questions to assess each TPB construct were on a 5-point Likert 

scale with identical response options at all assessment time points (i.e., 1=not at all, 2=a little 

bit, 3=somewhat, 4=quite a bit, and 5=very much). Participants were assessed at baseline and 

12 weeks (post-intervention). At baseline (prior randomization), all participants were asked to 

anticipate how beneficial, enjoyable, supported, motivated, difficult, confident, and 

controllable it would be for them to exercise for the next 12 weeks during or after their 

intravesical therapy. At post-intervention, participants in the HIIT group were asked to 

complete a retrospective evaluation of their actual motivation experienced in the past 12 

weeks of exercise during or after their intravesical therapy (e.g., how beneficial was it, how 
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enjoyable was it). At the same assessment time point (post-intervention), participants in both 

groups were asked to anticipate how beneficial, enjoyable, supported, motivated, difficult, 

confident, and controllable it would be for them to exercise on their own over the next 6 

months, with an additional item about their exercise plan (i.e., “Do you have a specific plan 

for where, when, and how you are going to do exercise over the next six months?”). 

Perceived benefits/harms and barriers 

Perceived benefits and harms of the exercise program were assessed in the exercise 

group after completing the supervised HIIT using a 20-item questionnaire that listed the main 

health-related fitness and patient-reported outcomes assessed in the study, including 

questions relevant to NMIBC patients (e.g., fear of bladder cancer recurrence and 

progression, urinary symptoms, and intravesical treatment completion). Participants were 

asked, “What effect, if any, did the exercise program have on each of the following for 

you?”. Responses were assessed using a 7-point scale ranging from 1-3 (very much – 

somewhat – slightly worse) to 4 (no change) to 5-7 (slightly – somewhat – very much better). 

Perceived barriers to exercise in the exercise group were also measured post-intervention. A 

17-item questionnaire listing expected side effects from intravesical therapy (e.g., urinary 

incontinence, feeling unwell) and common barriers to exercise in cancer survivors (e.g., 

medical appointments, fatigue) was used at the 12-week assessment time point. Participants 

were asked, “How much of a barrier was each of the following factors for you in trying to do 

the exercise program?".  Responses were assessed using a 7-point scale ranging from 1 (not 

at all) to 3 (somewhat) to 5 (a fair bit) to 7 (very much) with higher scores indicating a 

greater perceived barrier. 

Statistical analysis 

Descriptive statistics were used to report baseline motivational outcomes, perceived 

benefits and harms, and perceived barriers to exercise during or after intravesical therapy. 
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Paired t-test was used to assess changes in anticipated versus experienced motivational 

outcomes before and after the intervention within the HIIT group. Between-group mean 

differences in motivational outcomes for exercising over the next 6 months were analyzed 

using analyses of covariance with adjustment for age, baseline value of the motivational 

outcome, and current treatment protocol. Given that this was a small feasibility study, results 

were interpreted for their meaningful differences of at least a small-to-medium standardized 

effect size of d≥0.33 [22]. Perceived benefits were presented as the percentage of patients 

who reported an outcome improved (score of 5-7) whereas perceived harms were reported as 

the percentage of patients who reported an outcome had worsened (score of 1-3). Perceived 

barriers were presented as the percentage of patients who reported each barrier (i.e., Not at 

all=score 1, Somewhat=score 2-4, and Very much=score 5-7). All randomized participants 

who had baseline and follow-up data were included in the analyses. The analyses were 

performed using SPSS version 28 (SPSS Inc., Chicago, IL). 

5.4 Results 

Flow of participants through the BRAVE trial and the baseline characteristics of the 

sample are reported elsewhere. Briefly, 21 of 129 (16.3%) eligible patients were randomized 

to the HIIT (n=13) or usual care (n=8) over a 24-month recruitment period. The main reason 

for ineligibility was significant medical contraindications to exercise (58.8%). Common 

reasons for refusal included lack of interest/declined contact (39.8%). Participants had a 

mean age of 69.8±9.0 years and were predominantly male (90%), Caucasian (86%), married 

(81%), overweight or obese (96%), ex-smokers (57%), and had more than three 

comorbidities (57%). In terms of bladder cancer profile, 52% had T1 NMIBC, 95% had high-

grade NMIBC, and 48% had a concurrent carcinoma in situ. Regarding treatment status, 57% 

were being treated for a recurrence, 62% were on maintenance intravesical therapy, and 14% 

were initiating induction intravesical therapy. Motivational outcome data were obtained from 



 

127 

 

11/13 (84.6%) participants in the HIIT group and 8/8 (100%) participants in the usual care 

group. Two participants from the HIIT group who withdrew from the intervention due to 

medical conditions (i.e., COVID-19 and hip pain) did not returned the 12-week follow-up 

questionnaires. The total number of attended sessions was 341/450 (75.8%), and the median 

exercise attendance was 100% with 98% compliance with the exercise protocol.  

Motivational outcomes 

Table 5-1 describes the baseline motivation of NMIBC patients to exercise during or 

after their intravesical therapy. The groups were balanced on baseline motivation. Overall, 

participants expected that exercise during or after intravesical therapy would be quite 

beneficial (4.3±0.8), somewhat/quite enjoyable (3.5±1.1), somewhat difficult (2.6±1.1), and 

somewhat/quite controllable (3.7±0.9). Participants were also quite motivated (4.0±0.9), 

somewhat/quite confident (3.9±0.9), and felt they would be quite supported by family/friends 

(4.2±1.1). 

Table 5-2 reports the changes in exercise motivation among participants assigned to 

the 12-week HIIT intervention during or after their intravesical therapy. There were no 

statistically significant differences in the anticipated versus experienced outcomes. There 

were, however, meaningful increases in enjoyment (mean change=0.6; 95%CI:-0.2 to 1.5, 

p=0.13, d=0.58), support (mean change=0.4; 95%CI=-0.5 to 1.2, p=0.37, d=0.33), confidence 

(mean change=0.5; 95%CI=-0.5 to 1.4, p=0.32, d=0.49), and a meaningful decrease in 

difficulty (mean change=-0.5; 95% CI=-1.5 to 0.4, p=0.24, d=-0.51).  

The effects of the supervised HIIT program on motivation for exercising over the next 

six months after the BRAVE trial is reported in Table 5-3 and illustrate in Figure 5-1. There 

were no statistically significant differences in the HIIT group versus usual care, however, the 

HIIT group anticipated that exercising over the next six months would be meaningfully less 

enjoyable (mean change=-0.4; 95%CI:1.7 to 0.9, p=0.55, d=-0.35), they would be less 
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motivated (mean change=-0.5; 95%CI:-2.0 to 0.9, p=0.46, d=-0.58) and less confident (mean 

change=-0.4; 95%CI=-1.8 to 1.0, p=0.52, d=-0.46), and it would be more difficult (mean 

change=0.9; 95%CI=-0.1 to 2.0, p=0.080, d=0.84) compared to the usual care group. The 

HIIT group also reported meaningfully higher controllability (mean change=0.4; 95%CI=-0.4 

to 1.3, p=0.33, d=0.45) and a more detailed plan (mean change=0.2; 95% CI=-1.2 to 1.6, 

p=0.77, d=0.46) compared to the usual care group. The patterns of change in motivational 

outcomes across the intervention are illustrated in Figure 5-2. 

Perceived Benefits/Harms and Barriers 

Table 5-4 lists the perceived benefits and harms of HIIT during or after intravesical 

therapy for patients with NMIBC. The most common reported benefits following the 

supervised HIIT were for cardiovascular endurance (91%), physical functioning (91%), 

quality of life (82%), fatigue (73%), and preparation for additional treatments (73%). There 

were three outcomes with reported harms: fear/worry of cancer recurrence or progression 

(9%), treatment efficacy (10%), and sense of control over bladder cancer (9%). 

Table 5-5 lists the perceived barriers to do HIIT during or after intravesical therapy 

for patients with NMIBC. When combining the percentage of patients who reported 

“somewhat” and “very much” as a barrier, the most common reported barriers for the 

supervised HIIT during or after intravesical therapy were too busy/limited time (46%), joint 

pain or soreness (36%), followed by fatigue, lack of motivation, muscle pain, and feeling 

unwell (27% each). 

5.5 Discussion 

The primary aim of this study was to examine the effects of a supervised HIIT 

program on motivational outcomes in patients with NMIBC during or after intravesical 

therapy. Although not statistically significant, the HIIT group experienced meaningful 

positive changes in enjoyment, support, and confidence following the 12-week supervised 



 

129 

 

exercise program. Contrary to our hypothesis, the HIIT group reported less motivation and 

confidence in their ability to exercise in the future compared to the usual care group. The 

HIIT group also anticipated that exercising on their own would be meaningfully less 

enjoyable and more difficult despite higher control and a more specific plan than the usual 

care group.  

Overall, NMIBC patients were quite motivated to exercise during or after their 

intravesical therapy. Instrumental attitude (i.e., benefit) was the strongest construct at 

baseline, followed by subjective norms (i.e. support) and intention (i.e., motivation). High 

baseline levels of benefits, support, and motivation are commonly seen in clinical exercise 

trials among cancer patients [13, 15-18]. These findings are potentially due to recruitment 

bias of participants who are more interested and aware of the general benefits of exercise and 

have more support from family [15, 18]. Previous studies in cancer patients have identified 

spouse and physicians’ approval as important normative beliefs correlated with subjective 

norm and exercise behavior [23, 24]. In the BRAVE trial, 81% of the participants were 

married and possibly received support from their spouses to join the study, moreover, all of 

the participants were referred by their treating oncologists to the study. Finally, the 

characteristics of the study intervention, which included a supervised exercise program in a 

research-based facility, potentially contributed to high levels of anticipated support. Future 

studies are needed to identify the salient beliefs towards exercise and comprehend why 

NMIBC patients held certain attitudes, subjective norms, and perception of control 

concerning exercising during and following intravesical therapy.  

To the best of our knowledge, the BRAVE study is pioneering in its investigation of 

how supervised HIIT intervention impacts the motivational outcomes of NMIBC patients 

during or after intravesical therapy. Nonetheless, the effects of a supervised HIIT program on 

exercise motivation of other cancer patient groups have been assessed in two previous 
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studies: 1) the ERASE trial, which included prostate cancer patients on surveillance [17] and 

2) the EXERT trial in rectal cancer patients on chemoradiation therapy [18]. Both studies 

used the TPB to assess prospective (i.e., anticipated) and retrospective (i.e., experienced) 

motivational constructs. Additionally, in both studies, the exercise program consisted of 

bouts of 2-minute high-intensity intervals (85%-95% of VO2 peak) followed by 2-minute 

active recovery intervals, with gradual progression of the number of high-intense intervals 

and/or intensity. In the ERASE trial, the HIIT intervention was experienced as significantly 

more enjoyable, and elicited higher motivation, control, and confidence and was 

meaningfully less difficult than anticipated [17]. In the EXERT trial, with rectal cancer 

patients during chemoradiation therapy, the results were non-statistically significant but 

suggested meaningful positive changes in enjoyment, control, and confidence, and lower 

difficulty [18]. Although the BRAVE study adopted a different HIIT protocol (i.e., 4 high-

intensity bouts of 4 minutes interspersed by a 3-minute recovery), the intervention was also 

perceived as meaningful more enjoyable and less difficult and elicited higher confidence than 

anticipated.  

Commonly, in all three studies (ERASE, EXERT, and BRAVE trials) the exercise 

program was prescribed based on each participant’s baseline cardiopulmonary fitness 

assessment with gradual increments, and conducted in an exercise oncology research-based 

facility [17, 18]. In the BRAVE trial specifically, participants had the option to perform the 

fitness assessments and exercise program on a treadmill or a cycle ergometer considering 

their mobility and balance issues. Additionally, adjustments to the treadmill speed and grade, 

or pedal frequency and resistance of the cycle ergometer, were made according to metabolic 

equivalent equations for the estimation of energy expenditure relative to the individual’s tests 

results [25].This strategy was essential to maintain the desired intensity of the training 

session considering participant’s needs and preferences, contributing to satisfactory levels of 
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adherence (78.5%) and high compliance (98%). The TPB postulates that performance of a 

behavior results in information about the actual (as opposed to anticipated) outcome 

experiences [11]. Therefore, taking part in a tailored exercise program with gradual progress 

in intensity potentially contributed to changes in individuals’ views of the difficulty of a HIIT 

program and increased their confidence in performing the exercise. Additionally, positive 

changes in enjoyment can potentially be attributed to the inherent characteristics of the HIIT 

program (i.e., the interval changes in stimuli within the session) [26, 27], and to the peer 

interactions including the exercise specialists supervising the sessions and other cancer 

patients exercising at the same facility.  

Conversely, in the BRAVE trial the HIIT group elicited small-to-medium effects on 

support at post-intervention, while no changes were observed in the two other HIIT studies 

among cancer patients [17, 18]. As previously mentioned, subjective norm was measured as 

the overall perceived social support to perform the HIIT intervention. In the BRAVE study, 

two out of 13 participants in the HIIT group requested to bring their spouse to some of the 

supervised sessions for logistical (the spouse would drive them) and personal 

(companionship) reasons and may have contributed to our meaningful findings. Second, 

worthy of note, the BRAVE study started after lifting the social restrictions of the COVID-19 

pandemic, in a post-isolation era, contributing to increased access to support networks (i.e., 

exercising among peers). Finally, previous studies had slightly higher levels of anticipated 

support at baseline, leading to ceiling effects on these outcomes, when compared to the 

BRAVE trial [17, 18]. 

At the 12-week follow-up assessment, all participants were asked about their 

motivation to exercise on their own over the next six months. We found that the HIIT group, 

compared to the usual care group, reported meaningful lower exercise intention, affective 

attitudes, and some constructs of perceived behavioral control. This means that at the end of 
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the study, those in the HIIT group felt lower motivation and confidence to exercise in the 

future, and that the exercise would be less enjoyable and more difficulty. This finding is 

concerning as intention and perceived behavioral control are independent predictors of 

exercise behavior among bladder cancer survivors [8]. A decrease in motivation following a 

supervised exercise intervention has been observed among non-small cell lung cancer 

survivors [13]. As suggested by Peddle McIntyre, the transition from a highly supervised 

exercise program to a self-directed program may impact motivation [13]. It is plausible that 

the anticipated absence of a an exercise specialist providing a tailored exercise prescription 

and encouraging them through the sessions, potentially contributed to decreased levels of 

perceived behavioral control (i.e., lower confidence and higher difficulty) which in turn may 

moderate the effect of intention on behavior as postulated by the TPB [11].  

 Interestingly, and similar to the ERASE trial, participants from the HIIT group 

reported meaningfully higher controllability and a detailed plan to exercise in the future, 

compared to the usual care group. The TPB explains that the degree of an individual’s control 

over the behavior depends on their ability to overcome barriers and on the presence of 

facilitating factors, such as previous experience [28]. We speculate that the structured 

supervise program possibly provided the participants with some experience and guidance on 

how to perform an interval training program, how to monitor exercise intensity, and how to 

manage their chronic conditions to overcome barriers and perform the behavior. The majority 

of the participants from the BRAVE trial were able to successfully navigate through potential 

NMIBC-related constrains including treatment medical appointments, fatigue, urinary 

symptoms, and additional comorbidities, potentially influencing control beliefs regarding 

exercise during or after intravesical therapy. Planning has been added to the TPB as an 

attempt to overcome the intention-behavior gap [29]. For bladder cancer survivors 

specifically, planning was found to be another independent predictor of exercise, therefore 
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having a more specific plan to carry out the behavior can assist in translating intentions into 

actions [8]. Although the HIIT group reported a meaningful higher plan, it was the lowest 

construct observed, meaning that NMIBC patients need education on how to develop a 

specific plan for where, when, and how to exercise on their own.  

Our study also aimed to explore benefits, harms, and barriers to exercise during or 

after intravesical therapy for NMIBC patients. Health-related fitness outcomes were the most 

common benefits reported following the exercise intervention, including cardiovascular 

endurance and physical functioning. This finding is aligned with our objective measurements 

showing significant improvements in several physical functioning parameters [10], and with 

previous studies [17, 18]. Furthermore, other common reported benefits included quality of 

life, fatigue, and preparation for additional treatment. These findings are particularly 

important for NMIBC patients due to the prolonged period of time on maintenance therapy 

and the frequent intravesical treatment and cystoscopies [1], negatively impacting their 

quality of life and symptoms like fatigue [3, 30, 31]. Overall, exercise has been 

recommended during and after cancer treatment in many cancer patient groups because of its 

efficacy in ameliorating treatment-related side effects and improving quality of life [32, 33]. 

Future analysis of the BRAVE trial will explore the effects of the HIIT on important patient-

reported outcomes, including fatigue and quality of life.  

Exercise harms were uncommon (≤10%), but one participant reported increased 

fear/worry of cancer recurrence or progression, and another reported slightly worse treatment 

efficacy and sense of control over bladder cancer. Patients on intravesical therapy for 

NMIBC are required to hold the drug inside the bladder for one or two hours after treatment 

instillation [34]. If patients are experiencing bladder cancer-related urinary symptoms such as 

urgency, frequency, or bladder spasms, the ability to keep the medication in the bladder for 

the required period of time is impaired. It is currently unknown either aerobic exercise plays 
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any influence on bladder cancer symptoms or treatment efficacy. Previous studies have 

investigated the effects of pelvic floor muscle training on bladder function (e.g., urinary 

incontinence) of cancer patients, including gynecological cancers [33] and prostate cancer 

[34], the level of evidence differed among cancer group. Future studies should address this 

important issue for patients with NMIBC on intravesical treatment and investigate either 

exercise helps NMIBC patients to hold the drug for the necessary time, as well as the effects 

of exercise on bladder cancer symptoms and treatment efficacy. 

With respect to the barriers of exercise during or after intravesical therapy, 

participants in the HIIT group reported too busy/limited time as the most common limiting 

factor followed by joint pain or soreness. Lack of time is a prominent barrier to exercise for 

survivors of varied types of cancer [35]. Although HIIT has been suggested as a more time-

efficient exercise option [35], time commitment should include the time to perform the 

exercise, the time required for travel to and from the exercise facility, and time spent for 

hygiene following the activity [36]. In order to address this barrier and contribute to a 

sustained behavior, education on effective time management strategies may be necessary, 

including prioritizing, scheduling, as well as alternate locations and home-based exercise 

programs. Our finding of joint pain or soreness as another common reported barrier to the 

HIIT was somewhat consistent with the findings from the ERASE trial. Common to both 

studies, sample characteristics included predominantly elderly comorbid population with pre-

existing joint or age-related musculoskeletal issues that were potentially exacerbated by the 

exercise program. In the BRAVE study, 5 out of the 13 (38%) participants allocated to the 

exercise group had arthritis, therefore, some level of join pain or soreness is unsurprising. 

However, two participants with hip arthritis experienced considerable aggravation of their 

baseline condition leading to discontinuation of the exercise program and fitness assessments. 

Details of the adverse events have been reported elsewhere [10]. Interestingly, NMIBC-
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specific barriers, such as tumor resection recovery, having intravesical therapy and urinary 

incontinence, were not commonly reported as significant barriers to the HIIT (9-11%), 

indicating that having NMIBC or going through intravesical therapy are not limiting factors 

to perform a HIIT program. Alternative exercise modalities and intensities should be tested in 

the future.  

Several strengths and limitations of this study should be acknowledged. Strengths of 

our study include (1) the first to explore the motivational outcomes of exercise in NMIBC 

patients during or after intravesical therapy, (2) the unique and understudied patient 

population, (3) the use of a validated theoretical model to assess constructs of motivation, (4) 

the assessment of anticipated and experienced motivational outcomes, (5) the assessment of 

perceived benefits, harms, and barriers to exercise during or after intravesical therapy, and (6) 

the randomized controlled design allowing to explore prospective motivation to exercise 

based on group allocation (usual care and exercise groups). Limitations of the study include 

(1) the small sample size with limited statistical power, (2) the inability to distinguish 

motivational outcomes, benefits and harms, and barriers based on treatment timeline (during 

versus after intravesical therapy), (3) the single item assessments of motivational constructs, 

and (4) the potential selection bias toward participants who are more motivated to exercise. 

In conclusion, the BRAVE study provides important hypothesis-generating data that 

highlights potential effects of exercise on motivational outcomes of NMIBC patients during 

or after intravesical therapy. Based on our preliminary findings, NMIBC patients are quite 

motivated to initiate a supervised exercise program. Moreover, the HIIT elicited general 

positive motivational outcomes and perceived benefits with minimal perceived harms or 

barriers. The transition, however, to a self-directed program may be motivationally 

challenging to these patients. More investigation is necessary to validate our findings, 

however, future interventions among NMIBC patients should consider applying evidence-
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based and theory-informed interventions targeting affective attitudes, confidence, and 

planning in an attempt to prevent or overcome decreases in motivation and promote a 

sustained behavior. Moreover, future research is needed to understand specific motives and 

barriers to exercise at different phases (i.e. induction therapy, maintenance therapy, 

surveillance) along the treatment continuum of NMIBC.  
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Table 5-1. Motivation of bladder cancer patients prior to randomization to perform the 12-

week supervised high intensity interval training program during or after intravesical therapy. 

Motivation Variables 
Overall (N=21) 

Mean (SD) 

HIIT (N=13) 

 Mean (SD) 

UC (N=8) 

 Mean (SD) 

    

Beneficial 4.3 (0.8) 4.3 (0.8) 4.3 (0.9) 

Enjoyable 3.5 (1.1) 3.6 (1.3) 3.4 (0.7) 

Supported 4.2 (1.1) 4.4 (0.9) 4.0 (1.4) 

Motivated 4.0 (0.9) 4.0 (1.0) 4.1 (0.6) 

Difficult 2.6 (1.1) 2.8 (1.1) 2.1 (1.0) 

Controllable 3.7 (0.9) 3.5 (0.9) 4.0 (0.9) 

Confident 3.9 (0.9) 3.8 (0.9) 3.9 (1.0) 

Motivational variables assessed on a 5-point scale from 1 (not at all) to 5 (very much). HIIT, 

high intensity interval training; UC, usual care 
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Table 5-2. Changes in motivation for the 12-week supervised high intensity interval training 

program in bladder cancer patients assigned to the exercise intervention during or after 

intravesical therapy (n=11). 

Variables 

Baseline 

(Anticipated) 

 Postintervention 

(Experienced) 

 
Mean change 

Mean (SD)  Mean (SD)  Mean (95% CI) p d 

 

Beneficial 4.2 (0.8)  4.1 (1.2)  -0.1 (-1.2 to 1.0) 0.85 -0.11 

Enjoyable 3.5 (1.3)  4.1 (1.3)  0.6 (-0.2 to 1.5) 0.13 0.58 

Supported 4.3 (0.9)  4.6 (0.7)  0.4 (-0.5 to 1.2) 0.37 0.33 

Motivated 3.8 (1.0)  3.8 (1.3)  0.0 (-1.2 to 1.2) 1.00 0.00 

Difficult 2.9 (1.2)  2.4 (0.9)  -0.5 (-1.5 to 0.4) 0.24 -0.51 

Controllable 3.4 (0.9)  3.5 (1.2)  0.2 (-0.9 to 1.3) 0.72 0.21 

Confident 3.6 (0.8)  4.1 (1.2)  0.5 (-0.5 to 1.4) 0.32 0.49 

Motivational variables assessed on a 5-point scale from 1 (not at all) to 5 (very much). 
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Table 5-3. Effects of the 12-week high intensity interval training program on motivation for 

exercising over the next 6 months in bladder cancer patients during or after intravesical 

therapy. 

Variables 
 
Mean (SE) 

 Adjusted between-group difference1 

  Mean (95% CI) p d 

       

Beneficial       

HIIT (n=11)  4.2 (0.3)  0.0 (-1.0 to 0.9) 0.92 -0.06 

Usual Care (n=8)  4.3 (0.3)     

 

Enjoyable 

 
 

 
  

 

HIIT (n=11)  3.4 (0.4)  -0.4 (-1.7 to 0.9) 0.55 -0.35 

Usual Care (n=8)  3.8 (0.5)     

 

Supported 

 
 

 
  

 

HIIT (n=11)  4.4 (0.2)   0.2 (-0.4 to 0.9) 0.44 0.23 

Usual Care (n=8)  4.2 (0.2)     

 

Motivated 

 
 

 
  

 

HIIT (n=11)  3.5 (0.4)  -0.5 (-2.0 to 0.9) 0.46 -0.58 

Usual Care (n=8)  4.0 (0.5)     

 

Difficult 

 

 

 
  

 

HIIT (n=11)  2.9 (0.3)  0.9 (-0.1 to 2.0) 0.080 0.84 

Usual Care (n=8)  2.0 (0.4)     

 

Controllable 

 

 

 
  

 

HIIT (n=11)  4.3 (0.2)  0.4 (-0.4 to 1.3) 0.33 0.45 

Usual Care (n=8)  3.9 (0.3)     

 

Confident 

 
 

 
  

 

HIIT (n=11)  3.5 (0.4)  -0.4 (-1.8 to 1.0) 0.52 -0.46 

Usual Care (n=8)  3.9 (0.5)     

 

Specific Plan 

 

 

 
  

 

HIIT (n=11)  3.0 (0.4)  0.2 (-1.2 to 1.6) 0.77 0.46 

Usual Care (n=8)  2.8 (0.5)     

       

       

Motivational variables assessed on a 5-point scale from 1 (not at all) to 5 (very much). HIIT, 

high intensity interval training.  
1 Adjusted for age, baseline value of the outcome, and current treatment status   
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Table 5-4. Perceived benefits and harms of the 12-week high intensity interval training 

program during or after intravesical therapy in bladder cancer patients assigned to the 

exercise intervention. 

Variables 
Mean 

(SD) 

 Percentage distribution  

 Improveda No changeb Worsenedc  

       

Cardiovascular endurance 6.3 (1.0)  90.9% 9.1% 0%  

Physical functioning 6.0 (1.0)  90.9% 9.1% 0%  

Quality of life 5.8 (1.2)  81.8% 18.2% 0%  

Fatigue 5.5 (1.2)  72.7% 27.3% 0%  

Preparation for additional treatments 5.4 (1.1)  72.7% 27.3% 0%  

Ability to recover from TURBT (n=10) 5.2 (1.2)  60.0% 40.0% 0%  

Self-esteem 5.2 (1.3)  54.5% 45.5% 0%  

Treatment efficacy (n=10) 5.1 (1.3)  60.0% 30.0% 10.0%  

Stress 5.1 (1.3)  45.5% 54.5% 0%  

Body weight/shape 5.0 (1.1)  54.5% 45.5% 0%  

Stop thinking about bladder cancer 5.0 (1.3)  45.5% 54.5% 0%  

Depressed feelings 4.9 (1.4)  36.4% 63.6% 0%  

Sense of control over bladder cancer 4.8 (1.3)  45.5% 45.5% 9.1%  

Fear/worry of cancer recurrence/progression 4.8 (1.5)  45.5% 45.5% 9.1%  

Sleep quality 4.8 (1.3)  36.4% 63.6% 0%  

Anxious feelings 4.7 (1.1)  36.4% 63.6% 0%  

Ability to complete intravesical therapy (n=9) 4.7 (1.1)  33.3% 66.7% 0%  

Urinary burning 4.6 (1.2)  27.3% 72.7% 0%  

Urinary leakage 4.6 (1.2)  18.2% 81.8% 0%  

Urinary frequency 4.5 (1.0)  18.2% 81.8% 0%  

       

Self-reported benefits and harms assessed on a 7-point scale from 1 (very much worse) to 4 

(no change) 7 (very much improved). HIIT, high intensity interval training; TURBT, 

transurethral resection of the bladder tumor.  
a Improved =5-7; b No change = 4; c Worsened =1-3. 
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Table 5-5. Perceived barriers to the 12-week high intensity interval training program during 

or after intravesical therapy in bladder cancer patients assigned to the exercise intervention.  

Variables 
Mean 

(SD) 

 Percentage distribution  

 Not at alla Somewhatb Very muchc  

       

Too busy/limited time 2.1(1.8)  54.5% 36.4% 9.1%  

Joint pain or soreness 1.8 (1.2)  63.6% 36.4% 0%  

Recovering from TURBT (n=9) 1.7 (1.7)  77.8% 11.1% 11.1%  

Feeling tired/fatigued 1.6 (1.3)  72.7% 18.2% 9.1%  

Muscle pain or soreness 1.6 (1.1)  72.7% 27.3% 0%  

Feeling sick/not well 1.5 (0.8)  72.7% 27.3% 0%  

Lack of motivation 1.5 (0.9)  72.7% 27.3% 0%  

Fear of a cancer progression or recurrence 1.4 (1.2)  90.9% 0% 9.1%  

Having bladder cancer 1.1 (0.3)  90.9% 9.1% 0%  

Urinary incontinence 1.1 (0.3)  90.9% 9.1% 0%  

Bowel problems 1.1 (0.3)  90.9% 9.1% 0%  

Travelling to fitness centre 1.1 (0.3)  90.9% 9.1% 0%  

Exercise program too difficult 1.1 (0.3)  90.9% 9.1% 0%  

Having intravesical therapy (n=10) 1.1 (0.3)  90% 10% 0%  

Bad weather 1.0 (0.0)  100% 0% 0%  

Medical appointment 1.0 (0.0)  100% 0% 0%  

Lack of family support 1.0 (0.0)  100% 0% 0%  

       

Self-reported barriers assessed on a 7-point scale from 1 (not at all) to 7 (very much). HIIT, 

high intensity interval training; TURBT, transurethral resection of the bladder tumor. a Not at 

all = 1; b Somewhat = 2-4; c Very much = 5-7 
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Figure Caption  

 

Figure 5-1. Changes in exercise motivation for the 12-week high-intensity interval training 

program within the exercise group and comparison of exercise motivation for the next 6 

months between the exercise and usual care groups in the BRAVE trial. 

 

Figure 5-2. Effects of the 12-week high-intensity interval training program on (a) benefits, 

(b) enjoyment, (c) support, (d) motivation, (e) difficulty, (f) control, and (g) confidence. 

Experienced HIIT and anticipated next 6 months means are adjusted for age, baseline value 

of the outcome, and current treatment status. 
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6.1 Abstract 

Introduction: Physical activity (PA) helps many cancer patients improve health-related 

fitness, treatment-related side effects, quality of life, and possibly survival; however, limited 

research has been conducted in patients with kidney cancer (KC). The aim of this scoping 

review focused on PA in patients with KC was to summarize current findings, delineate 

strengths and limitations, and provide key recommendations for future research. Materials 

and Methods: A scoping review was conducted and reported in line with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses extension for scoping reviews 

guidelines. The electronic databases of PubMed and Cochrane Library were screened for 

studies on October 14th, 2021, and the search was updated on October 31st, 2021. The data 

were abstracted and synthesized by study design. Results: 17 articles from nine independent 

studies were identified including one cross-sectional study (n=8 articles), one randomized 

controlled trial (n=2 articles) and seven cohort studies (n=7 articles). The cross-sectional 

study and randomized controlled trial reported on PA participation rates, preferences, social-

cognitive correlates, and quality of life in patients with KC. The seven cohort studies mostly 

reported on the risk of KC mortality in general population samples. Overall, no conclusions 

can be drawn from current research on the safety, feasibility, and efficacy (benefits and 

harms) of PA in patients with KC. Conclusions: Future research is urgently needed on PA in 

patients with KC, taking into account their unique disease- and treatment-related factors. This 

research is necessary to inform clinical exercise guidelines in this understudied cancer patient 

group.  

 

Keywords: Kidney neoplasm, exercise, physical activity, cancer, scoping review, renal cell 

carcinoma 
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6.2 Introduction 

Kidney cancer (KC) is the ninth most common cancer in Canada and the fifteenth 

most common worldwide [1, 2]. Globally, an estimated 431,288 people will be diagnosed 

with KC in 2020 and 179,368 will die of the disease [2]. KC affects men twice as often as 

women and the median age at diagnosis is 64 years [3]. In Canada, the incidence has been 

rising on average 0.3% each year, while deaths rates have been decreasing on average 1.5% 

each year [1]. Overall, the 5-year survival rate for KC in Canada is 73% [1], however, the 

range is 13.9% to 92.7% depending on tumor (i.e., stage, grade, local extension, and evidence 

of metastasis) and patient (i.e., age, comorbidities, frailty) characteristics at the time of 

diagnosis [3]. Approximately 65.4% of KCs are localized at the time of diagnosis whereas 

16% have spread to regional lymph nodes and 16% have metastasized [3]. 

Surgery is the first-line treatment for patients with non-metastatic KC, independent of 

the stage [4]. Surgery options include partial or radical nephrectomy, which consists of the 

partial or total removal of the organ [4]. Alternatively, if clinically indicated, patients may be 

treated with tumor ablation techniques (i.e., extreme heat or cold on the tumor and 

surrounding tissue) or undergo active surveillance (i.e., close monitoring through frequent 

medical examinations) [4]. Adjuvant therapies for KC have failed to demonstrate a survival 

advantage, however, novel drugs are being investigated [5, 6]. Treatment options for 

metastatic KC include cytoreductive surgery, targeted therapy, or immunotherapy [4].  

KC and its treatment impose a significant burden on the patient, with psychosocial 

and physical challenges that may affect their quality of life and survival [7-9]. Patients 

undergoing surgical treatment for KC may experience anxiety, depressive symptoms, and 

fatigue, as well as limited ability to engage in physical activity (PA) following surgery [8]. 

Moreover, kidney removal predisposes patients to increased risks of chronic renal 

insufficiency [10] and cardiovascular morbidity and mortality [11]. Even after surgery, about 



 

153 

 

20% to 30% of patients with localized tumors experience a relapse in a median time of 1 to 2 

years [4, 12]. Patients with KC have unmet supportive care needs for psychological and 

physical health[8] that decrease quality of life and have been associated with an 11%-21% 

increased risk of death [9]. Strategies to help patients with KC manage treatment-related side 

effects, improve quality of life, and extend survival are needed. 

PA, defined as any movement produced by the contraction of skeletal muscles that 

requires more energy than resting [13], has been linked to positive outcomes such as quality 

of life, physical function, and fatigue in many cancer patient groups [14, 15]. In addition, 

recent randomized controlled trials have suggested that the adoption a PA program after a 

cancer diagnosis can potentially help patients complete their treatment [16], alter the course 

of the disease [17, 18] and possibly extent survival [19]. Most of the evidence, however, has 

come from studies in breast and prostate cancers [14, 15]. Although KC is a common cancer 

and the most lethal urological malignancy [1], it remains an understudied cancer in the field 

of exercise oncology. KC and its treatments may alter the safety, feasibility, and efficacy of 

PA and, therefore, it is critical to research PA specifically in patients with KC before making 

clinical recommendations.  

Identifying what information is currently available in the literature is an initial step to 

inform where progress has been made, and identify research priorities for future 

investigations. For this reason, scoping reviews are indicated to detect and report the volume, 

variety, and characteristics of the available evidence on a given topic [20]. To date, no 

attempt has been made to collate and understand the currently available literature on PA in 

patients with KC. Here, we report the first scoping review on PA in patients with KC focused 

on the extent (amount), range (variety), and nature (characteristics) of the available evidence. 

This review aims to summarize current findings, identify strengths and limitations in the 
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existing literature, highlight important research gaps, and provide key recommendations for 

future research in this understudied cancer population. 

6.3 Methods 

Search strategy 

The protocol for the current scoping review was not published a priori. The scoping 

review was conducted and reported in line with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses extension for scoping reviews (PRISMA-ScR) guidelines [21]. 

To identify potentially relevant documents, the electronic databases of PubMed and Cochrane 

Library were screened for studies published in English up to October 2021. The literature 

search was conducted on October 14th, 2021, and updated on October 31st, 2021. The search 

strategy included the identification of Medical Subject Headings (MeSH) for the key 

concepts of the current scoping review (Supplementary Table 6-1). The use of MeSH terms 

allows the inclusion of all topic-related subheadings, resulting in a more efficient and precise 

search [22]. No additional free text searching was used during the search process. The 

Boolean operators "AND", "OR", and "NOT" were applied to combine or exclude search 

terms. Filters were used to narrow the search by language (English) and article type (reviews, 

comments, and editorials were excluded). No search limits were set for geographical location, 

race, or sex/gender.  

Eligibility criteria  

The eligibility criteria followed the Participant, Intervention or exposure, Comparator, 

Outcome, and Study design (PICOS) approach [23]. Participants included anyone diagnosed 

with KC regardless of type of KC, stage of disease, or phase of the cancer continuum. Studies 

with mixed cancer groups were included if they reported separate results for patients with 

KC. Intervention or exposure included any measure or intervention involving exercise, PA, 
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sedentary behavior or physical fitness prior to or after a KC diagnosis. Comparator was not 

specified as an inclusion variable. Outcomes were not specified other than the outcome had to 

occur after a KC diagnosis. Study Designs included observational and experimental studies in 

humans. Letters, editorials, commentaries, systematic reviews, meta-analyses, and preclinical 

studies were not eligible.  

Data extraction and data synthesis 

Two authors independently screened the titles and abstracts of the documents. The 

data charting process was conducted by FZA and reviewed by KSC. Any disagreements were 

resolved through discussion between the two reviewers. The studies were grouped by design 

(i.e., cross-sectional design, randomized controlled trial, and cohort study) and summarized 

in tables. The data abstraction and synthesis included the following information: first author’s 

name, year of publication, the country where the data was collected, study design, sample 

information (e.g., sample size, sex, age, tumor- and treatment-related information), primary 

and secondary aims (if applicable), data collection and measurements, and overall findings. 

The methodological quality of the studies was not assessed because scoping reviews are not 

intended to critically appraise the risk of bias of the evidence [21]. 

6.4 Results 

Selection of sources of evidence 

The search on PubMed and Cochrane Library databases returned 62 records. After the 

removal of duplicates, 57 papers had the title and abstract screened, and 15 full texts were 

assessed for eligibility. In addition, four papers were identified from the reference list of the 

full articles assessed. Two articles were excluded because they included mixed cancer groups 

and did not report separate results for patients with KC. As shown in the PRISMA flow 
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diagram (Figure 6-1), 17 articles met the inclusion criteria and were incorporated in the 

current scoping review.   

Characteristics of sources of evidence and study participants 

The 17 articles included in this scoping review were published between 2007 and 

2021. Of the 17 articles, 8 were from one cross sectional population-based study conducted in 

Alberta, Canada [24-31], 2 were from one randomized controlled trial [32, 33], and 7 were 

from 7 cohort studies [34-40], representing 9 independent studies. In terms of geography, 

88% (n=15) of the articles were from studies conducted in North America [24-37, 40], 6% 

(n=1) in Japan [38], and 6% (n=1) in Germany [39].  

Table 6-1 shows the characteristics of the cross-sectional study and randomized 

controlled trial. Overall, the sample sizes of the cross-sectional study articles ranged from 

432 to 703 patients with KC [24-33]. The mean time since diagnosis was more than five 

years, but the wide standard deviation indicates that patients in the early survivorship phase 

were also included, some of which were still undergoing treatment [24-30]. The randomized 

controlled trial included 32 participants (50% male) posttreatment, with a mean age of 61.8 

years, diagnosed with localized disease (93.8%), and treated with surgery (96.9%) [32, 33].  

Table 6-2 shows the study and sample characteristics of the 7 cohort studies. The 

study by Wunderle et al.[39] was the only prospective study examining pre-surgical physical 

function as a predictor of postoperative complications. The study by Schmid et al.[34] was 

the only study to investigate postdiagnosis PA and KC mortality. The other 5 cohort studies 

assessed PA in a general population sample who were then followed for KC deaths. The 

follow-up duration for KC mortality ranged from 2 to 16.4 years and the number of observed 

events ranged from 31 to 367 deaths from KC [35, 36, 38, 40]. One article only provided the 
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mortality rates expressed as cases per 100,000 based on the U.S. population [37]. Most of the 

cohort studies lacked disease (n=6) [35-40] and treatment information (n=5) [35-38, 40]. 

 PA measurements and outcomes of interest 

The summary of aims, measurements, and results of the 17 articles are presented in 

Tables 6-3 and 6-4. The cross sectional study (n=8 articles) had several aims including 

assessing correlates of meeting PA guidelines  [26, 27, 31]; estimating the prevalence of 

meeting the PA guidelines [24, 28]; examining the association of PA and/or sedentary 

behavior with quality of life [24, 25, 30]; and identifying PA preferences [29]. The 

measurements of PA and sedentary behavior in the cross-sectional study were self-reported 

and occurred after the diagnosis of KC [24-31].  

The randomized controlled trial aimed to evaluate the feasibility of adding behavioral 

counseling to supervised PA [32] and its effects on motivational outcomes [33]. The study 

used self-reported measurement of PA and direct measurement of cardiorespiratory fitness 

and physical function [32]. 

The cohort studies aimed to investigate the associations of PA, sedentary behavior, or 

physical fitness with post-operative complications [39] or KC mortality [34-38, 40]. 

Specifically, Wunderle et al.[39] used geriatric assessment tools, including direct 

measurements of physical functioning (i.e., time up and go, handgrip strength, and full 

tandem stand), as predictors of post-operative complications in patients with KC scheduled 

for partial nephrectomy [39]. Schmid et al. examined the associations of self-reported 

postdiagnosis PA and/or sedentary behavior with KC-specific and all-cause mortality [34]. 

The other 5 cohort studies examined the associations of pre-diagnosis PA [35-38] or fitness 

level [40] with KC mortality in general populations.  

Overall Findings 
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The cross-sectional study identified that higher PA was associated with better quality 

of life in many domains [24]. Moreover, 81.1% of patients with KC felt they would, or might, 

be able to participate in an exercise program at some point after their diagnosis [29], 

however, more than 65% were not meeting PA guidelines [28]. The most recent publication 

identified that 7.2% of the variance in meeting the PA guidelines was accounted for by 

demographic variables, 16.5% by medical variables, and 20.5% by social-cognitive variables 

(e.g., planning and intention) [27]. 

The randomized controlled trial evaluating the feasibility of adding behavioral 

counseling to supervised PA in KC patients identified that the intervention was feasible and 

the supervised PA plus motivationally enhanced behavioral counseling group increased PA 

by a non-significant 34 minutes more than the comparison group [32]. Adding behavioral 

counseling to supervised PA had significant effects on the motivational outcomes of 

planning, control, and behavioral beliefs [33], but there were no meaningful changes in 

parameters of quality of life [32].  

The study by Wunderle et al. reported that low handgrip strength and full tandem 

stand <10s were significant predictors of major post-operative complications (OR=4.76, 

p=0.021 and OR=4.25, p=0.047, respectively) [39]. Additionally, low handgrip strength 

(OR=0.28, p=.037), full-tandem-stand <10s (OR=0.18, p=.010), and time up and go 

(OR=0.11, p=.011) were associated with trifecta failure (i.e., surrogate of surgical quality 

defined by negative surgical margin, ischemia time <25 min, and no major complications) 

[39]. The authors` suggested that assessment of frailty and physical performance should be 

included before surgery to inform the treatment plan and alternative therapies for those KC 

patients at high preoperative risk [39].  

Regarding the associations of PA and KC mortality, the literature has reported 

contrasting findings. Three studies found no significant associations between PA or sedentary 
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behavior and KC deaths [34, 38, 40], while one study identified that those who reported any 

PA were about 50% less likely to die of KC than those reporting no PA (HR=0.50, 95% CI = 

0.27-0.93, p=0.0028) [35]. Another study found that physical inactivity correlated with 

increased renal cell carcinoma mortality rates among males (p=0.002) and females (p=0.03) 

[37]. Finally, one study reported an unexpected increased risk of KC mortality with higher 

moderate to vigorous intensity leisure time PA (HR for ≥7 hrs/wk of PA 1.42, 95% CI = 

0.98–2.03; p-trend = 0.016) [36]. The only study that measured PA in patients with KC 

reported that increased moderate to vigorous PA was significantly associated with reduced 

all-cause mortality (HR for ≥7 hrs/wk of PA = 0.60, 95% CI = 0.38–0.96; p-trend =0.03), but 

there were no significant associations between PA or sedentary behavior with KC mortality 

[34]. 

6.5 Discussion 

This scoping review is the first to focus on PA in patients with KC and to examine the 

extent, range, and nature of available evidence. The information presented here was obtained 

from 17 articles reporting nine independent studies that diverge in terms of design, exposure 

assessment tools, primary outcomes, and findings. 

 Summary of evidence  

In summary, the preliminary findings suggest that patients with KC have low PA 

participation rates and their PA behavior is strongly correlated with social cognitive 

(motivational) variables [24, 26-29, 31]. Behavioral interventions may be feasible in this 

population and potentially beneficial given that higher doses of PA might be associated with 

improvements in many domains of quality of life [32, 33]. The association of PA with KC 

survival, however, remains unclear [34-38, 40]. 
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 The studies included in this scoping review must be interpreted with respect to their 

strengths and limitations. Overall, the cross-sectional study was derived from a large 

population-based survey from a Canadian Provincial Registry, which to our knowledge, is the 

first and only survey on PA in patients with KC. The survey provided a comprehensive 

assessment of PA patterns, preferences, and prevalence rates, as well as demographic, 

medical, environmental, and social-cognitive correlates of PA. The comprehensive approach 

adopted in the cross-sectional study is considered a strength because the findings can be used 

to guide future PA interventions in patients with KC. The main limitation of the cross-

sectional study is that causality cannot be determined because exposures and outcomes are 

assessed at the same time. Additionally, the use of self-reported measurements of PA and 

medical information can lead to inaccuracy of the information provided. Finally, there is the 

risk of many chance findings as result of the numerous statistical analyses reported across the 

eight articles that derived from this single population-based survey. 

The only randomized controlled trial in this setting included balanced groups and was 

the first to implement behavioral counseling in a supervised PA program in any cancer group 

[32, 33]. Some of the limitations were the small sample size, the short intervention time, the 

limited follow-up, and the absence of a true control group that may have restricted the ability 

to detect any differences in anthropometric measures, cardiorespiratory fitness, and quality of 

life parameters. Additionally, the study included highly motivated participants that previously 

reported an interest in joining an exercise study; therefore, the results may not be 

generalizable to those patients with KC most in need of PA behavior change interventions. 

The 7 cohort studies had a relatively well-defined and long follow-up time that allows 

observation of the event of interest (e.g., KC specific mortality). The majority of the cohort 

studies, however, were limited in design and methodology, including heterogeneous 

populations, a low number of events, insufficient statistical power, and absence of objective 
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PA measurements, resulting in inaccurate and inconsistent findings. The main limitation, 

however, is that 6 of the 7 cohort studies measured PA in a general population that were 

followed for KC mortality. Consequently, it is unclear what role, if any, postdiagnosis PA 

played in influencing the survival outcomes. Moreover, most of the studies lacked 

information on KC, including treatment and disease variables (e.g., treatment type and status, 

disease grade and stage), which could potentially confound their findings.  

Future research 

This scoping review has highlighted that research into PA in patients with KC is 

preliminary in nature and no conclusions can be drawn. The most important research 

questions for this patient group relate to the effects of PA on cancer outcomes such as 

treatment tolerance, treatment response, cancer progression and recurrence, and cancer-

specific and overall survival. Additional important research questions concern the effects of 

PA on patient-reported outcomes such as symptoms and side effects, quality of life, and 

psychosocial outcomes. Finally, research on health-related fitness outcomes is needed to 

determine the role of physical fitness in improving these important outcomes. Given the very 

limited existing research, phase I and phase II clinical trials are initially needed to examine 

the safety, feasibility, and preliminary efficacy (benefits and harms) of PA in KC patients. 

Ultimately, large scale phase III trials will be needed to provide definitive answers to these 

important questions and to inform clinical exercise guidelines for this understudied cancer 

patient group. Here, we propose future research directions on PA in KC patients organized 

along four distinct post-diagnosis cancer-related time periods: pretreatment, treatment, 

survivorship, and end-of life [41]. 

Pretreatment is defined as the time between the cancer diagnosis and the beginning of 

treatment [41].  For instance, patients with small renal masses on active surveillance are 

deferring treatment until symptoms appear or tumor conditions change. A tumor growth rate 
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of 5 mm/year is one of the triggers for surgical intervention when on active surveillance [42]. 

PA interventions during active surveillance could potentially contribute to a decrease in 

tumor progression rate and prevent or delay the need for radical treatment. Proof of principle 

for this concept has been demonstrated in a randomized controlled trial in prostate cancer 

patients on active surveillance where biochemical progression was slowed by a high intensity 

interval training program for 12-weeks [17]. Moreover, it is plausible that PA interventions 

may have a positive effect on other aspects of patient functioning that are considered on the 

treatment pathway decision, including quality of life, renal function, frailty, and performance 

status. Taking the potential benefits together, PA interventions in the pretreatment phase may 

help avoid or delay treatments, prepare for treatments (prehabilitation), decrease the risk of 

complications following surgery, and reduce the use of medical resources in patients with KC 

[43]. The links between PA interventions, KC outcomes, and patient outcomes in the active 

surveillance setting are only hypotheses, however, and research is clearly warranted. 

The treatment time period is defined as the time that includes the main cancer 

treatments, such as surgery or systemic therapy [41]. Previous studies examining the effects 

of PA during cancer treatment have demonstrated improved side effects and quality of life 

[44, 45], a higher treatment completion rate [16, 46] and/or improved treatment response 

(e.g., pathologic complete response) [18, 46] in patients with breast, lymphoma, and rectal 

cancer. According to these studies, PA interventions may influence treatment tolerance and 

response rate by improving lean body mass, managing treatment-related side effects, direct 

influences on the tumor microenvironment, and improved efficacy of drug delivery or 

radiation effects [16, 18, 46]. The evidence of PA on cancer treatment efficacy is limited to a 

few pre-clinical and clinical studies, none of them in KC [47].  

Future studies in the treatment setting for KC should also assess the role of PA 

interventions on renal function since kidney removal predisposes patients to increased risk of 
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chronic kidney disease [10]. Renal function can be assessed via estimated glomerular 

filtration rate (eGFR) and albuminuria. Glomerular filtration rate is the best overall index of 

kidney function in health and disease, while albuminuria is a marker of kidney damage [48]. 

The prognosis of chronic kidney disease includes a combination of these markers, where 

GFR < 60 mL/min per 1.73 m2 and an albuminuria-albumin-to-creatinine ratio (ACR) > 

30mg/g put the patient at a moderate, high risk, or very high risk of chronic kidney disease 

[48]. Pre-operative renal function is a determinant of renal function following surgical 

management of KC [49], and about 45% of patients are able to return to their baseline 

glomerular filtration rate. A considerable proportion of patients (55%), however, have not 

recovered baseline renal function two years after surgery [50]. A previous study suggested 

that higher levels and intensity of PA were associated with a lower risk of kidney function 

decline in 4011 participants aged 65 or older [51]. Whether a PA program before or shortly 

after surgery for KC is safe, feasible, and has any short- and/or long-term effects on renal 

function is unknown and an important topic for future research.  

The survivorship phase refers to the time between the end of primary treatment until 

the development of cancer recurrence or death [41], therefore, the most critical issues in this 

phase are supportive care outcomes (e.g., physical and psychosocial adverse effects of cancer 

and its treatments) and disease outcomes (e.g., disease-free survival and overall survival). To 

date, however, there are no high quality cohort studies designed and powered to examine the 

association of PA with recurrence and survival in patients treated for KC. The Alberta 

Moving Beyond Breast Cancer (AMBER) study is an example of a prospective cohort study 

designed specifically to investigate the role of PA and health-related fitness in breast cancer 

survivorship [52]. Specifically, the AMBER study will inform whether PA and health-related 

fitness have any effects on treatment completion rates, treatment side effects, quality of life, 

cancer recurrence, and survival in patients with breast cancer [52]. Similar to the AMBER 
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study, future research in KC survivorship may include self-report and objective measures of 

PA and sedentary behavior, a comprehensive assessment of key patient-reported outcomes 

(e.g., fatigue, anxiety, depression, and quality of life), health-related fitness (i.e., 

cardiorespiratory fitness, body composition, physical functioning), and clinical outcomes 

(i.e., disease and treatment related outcomes).  

Finally, the end of life phase refers to the metastatic setting, when the disease is 

incurable and progressive [41]. Patients with metastatic KC could potentially benefit from PA 

in terms of quality of life, physical function, and alleviating treatment-related side effects as 

demonstrated by systematic reviews and meta-analysis in patients with advanced-stage 

cancer [53, 54]. It is also possible that PA interventions may slow disease progression and 

improve survival in patients with metastatic KC. Studies assessing the safety, feasibility, and 

efficacy of PA interventions in the metastatic KC setting are needed.  

The strengths of this scoping review include the novelty of examining PA in patients 

with KC, the comprehensive overview of the available literature, the future research 

directions across the cancer continuum, the methodological quality, and following the 

PRISMA extension guidelines for scoping reviews. The current review is limited by 

including articles only published in English, including articles with PA assessed before KC 

diagnosis, the number of sources searched, and the number of reviewers included in the 

process.  

6.6 Conclusion 

This paper reports the first scoping review to provide a synthesis of the current 

literature on PA in patients with KC. Overall, research on the effects of PA in patients with 

KC is profoundly limited and preliminary in nature. Our review highlights that only one 

experimental study has been conducted to date, and it focused on behavior change rather than 

efficacy outcomes. Currently, there are no randomized controlled trials demonstrating that 
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PA can improve cancer outcomes, treatment-related side effects, quality of life, or health-

related fitness in the pretreatment, treatment, survivorship, or end of life settings for patients 

with KC. Systematic research is warranted to assess the safety, feasibility, and efficacy 

(benefits and harms) of PA interventions in patients with KC across the cancer continuum.  
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Table 6-1. Study and sample characteristics of the cross-sectional study and randomized controlled trial of physical activity in patients with kidney cancer included 
in the scoping review. 

Author and year of 
publication 

Country Sample size Male (%) 
Age M ± SD 

(years) 

Time since 
diagnosis M±SD 

Treatment 
Status 

Localized 
disease (%) 

Surgery (%) 

Cross-Sectional Design 

Tabaczynski et al. (2020)27 
and Trinh et al. (2012)26 

Canada 651 62.4 64.4 ± 11.0 68.6 ± 56.5 
91.5% off 
treatment 

83.3  97.5 

Tabaczynski et al. (2020)30 Canada 463 63.9 62.7 ± 10.4 66.7 ± 55.7 
90.3% off 
treatment 

84.2  98.1  

Trinh et al. (2018)28, Trinh et 
al. (2012)29, and Trinh et al. 
(2011)24 

Canada 703 62.9 65.0 ± 11.1 69.0 ± 55.5 
91.3% off 
treatment 

81.7  97.3  

Trinh et al. (2016)31 Canada 432 63.2 64.4 ± 11.1 72.3 ± 60.8 Not reported 82.2  97.5  

Trinh et al. (2013)25 Canada 540 63.5 63.3 ± 10.7 66.7 ± 55.2 
90.7% off 
treatment 

83.3  97.6  

Randomized controlled trial 

Trinh et al. (2015)33 and Trinh 
et al. (2014)32 

Canada 32 50 61.8 ± 9.8 74.0 ± 38.9 
100 % off 
treatment 

93.8 96.9 
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Table 6-2. Study and sample characteristics of the cohort studies of physical activity and kidney cancer outcomes included in the scoping review. 

Author and year 
of publication 

Country Sample size Male (%) 
Age, median and/or 

range (years) 
Localized 

disease (%) 

Surgery  

(%) 

Follow-up 
duration (mean 

or range) 

Number of 
events 

Wunderle et al. 
(2021)39 

Germany 150 97  67 (33-93) Not reported 100 30 days 
23 post-
surgery 

complications 

Schmid et al. 
(2018)34 

United 
States 

667 73 50-71 81.5 42 7.1 years 
57 kidney 

cancer deaths 

Liss et al. (2017)35 
United 
States 

222,163 48 45 (43 - 45) Not reported 
Not 

reported 
2 - 8 years 

71 kidney 
cancer deaths 

Arem et al. 
(2014)36 

United 
States 

293,511 58 50-71 Not reported 
Not 

reported 
12.1 years 

367 kidney 
cancer deaths 

Colli et al. 
(2009)37* 

United 
States 

Not reported Not reported Not reported Not reported 
Not 

reported 
Not reported Not reported 

Thompson et al. 
(2008)40 

United 
States 

21,637 100 20-88 Not reported 
Not 

reported 
16.4 years 

31 kidney 
cancer deaths 

Washio et al. 
(2007)38 

Japan 110,788 42 40-79 Not reported 
Not 

reported 

Males: 12.8 years 
Females: 13.3 

years  

66 kidney 
cancer deaths 

*The authors provided only the mortality rates expressed as cases/100 000 based on the U.S. population 
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Table 6-3. Summary of aims, measurements, and findings of the cross-sectional and randomized controlled studies of physical activity in patients with kidney 
cancer included in the scoping review. 

Author 
(year) 

Primary and Secondary aim(s) Data collection and measurements Overall findings 

Cross-Sectional Studies 

Tabaczynski 
et al. (2020)27 

To examine the demographic, 
medical, social-cognitive, and 
environmental correlates of 
meeting independent and 
combined PA guidelines compared 
with meeting neither guideline. 

To examine the demographic, 
medical, social-cognitive, and 
environmental correlates of 
meeting independent, combined, 
and neither PA guidelines 
compared with one another. 

 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Self-reported demographic and 
medical information  

- Modified GLTEQ 

- Modified version of the TPB  

- NEWS  

- IPAPSESM 

- Built Environment characteristics 
through geographic information 
system-based 

PA participation correlates vary based on modality of interest. 
Compared with meeting neither guideline, meeting aerobic-only 
guideline was associated with higher intentions, planning, and 
access to workout attire (all p<.01), and proximity to retail (p=.02); 
meeting strength training-only guideline was associated with 
higher intentions (p=.02), planning (p<.01), and lower perceived 
behavior control (p=.03), healthy weight (p=.01) and older age 
(p<.01); meeting combined guidelines was associated with higher 
intentions (p<.01), planning (p=.02), higher instrumental attitudes 
(p<.01), higher education (p=.04), better heatlh (p<.01), and 
localized cancer (p=.05). 

7.2% of the variance in meeting the PA guidelines was accounted 
by demographic variables. 

Medical variables explained 16.5% of the variance. 

Social-Cognitive variables accounted for 20.5% for the variance in 
meeting the PA guidelines.  

Tabaczynski 
et al. (2020)30 

To examine the association of 
reallocating sedentary time to 
sleep, light PA, or moderate-to-
vigorous PA on quality of life in 
patients with KC. 

To identify the threshold of 
sedentary time substitution at 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Self-reported demographic and 
medical information  

- Modified GLTEQ 

- Domain-Specific Sitting Time 
Questionnaire  

Reallocating sedentary time to sleep, light PA, or moderate-to-
vigorous PA was statistically significant associated with different 
subscales of quality of life. 

65 minutes a day of sedentary time reallocated to light PA would 
be necessary for clinically meaningful improvements in fatigue. 

83 minutes of sedentary time reallocated to moderate-to vigorous 
PA might be necessary for clinically meaningful improvements in 
overall quality of life, fatigue, physical and functional well-being. 
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which the associations are 
significant. 

- FACT-General  

- FACT-Fatigue 

 -TOI-F 

200 minutes a day of sedentary time reallocated to sleep would be 
needed for associations to be clinically meaningful. 

Trinh et al. 
(2018)28 

To estimate the prevalence of 
meeting the combined and 
independent aerobic and strength 
PA guidelines in patients with KC. 

To determine any associations of 
meeting the combined and 
independent aerobic and strength 
PA guidelines with quality of life in 
patients with KC. 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Modified GLTEQ 

- FACT-General  

- FACT-Fatigue 

- FACT-Kidney Symptom Index 

- TOI-F 

- Self-reported demographic and 
medical information 

 

15.9% of patients with KC reported meeting aerobic-only PA 
guidelines, 8.8% meeting strength training-only PA guidelines, 
10.1% meeting combined guidelines, and 65.1% meeting neither 
guidelines.  

Univariate correlates of the various exercise guidelines were age, 
education, employment, drinking status, drug treatment, current 
disease status, and BMI.  

Meeting the combined guidelines was superior to meeting neither 
guideline (p<.001), strength training-only guideline (p=.021), and 
aerobic only guideline (p=.051) for TOI-F. 

Meeting either guideline independently was superior to meeting 
neither PA guideline (p<.001 for aerobic and p=.045 for strength), 
but not different from each other for TOI-F. 

Trinh et al. 
(2016)31 

To examine the associations 
between demographic, medical, 
social-cognitive, and 
environmental correlates of PA in 
patients with KC using several 
aspects of the social-ecological 
model. 

 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Self-reported demographic and 
medical information  

- Modified GLTEQ 

- Modified version of the TPB 

- NEWS  

- IPAPSESM  

- Built Environment characteristics 
through geographic information 
system-based 

Social-Cognitive variables accounted for 44.0% for the variance in 
meeting the PA guidelines. 

Perceived and objective built environment characteristics 
contributed to 1.7% and 2.4% of the variance explained in meeting 
PA guidelines. 

In the social-ecological model, meeting PA guidelines in patients 
with KC was associated with disease stage (p=.005), having drug 
therapy (p=.009),  higher levels of instrumental attitudes (p=.053), 
higher levels of intention (p=.002), and the perceived presence of 
retail shops in the neighborhood (p=.032). 



 

178 

 

Trinh et al. 
(2013)25 

To estimate the prevalence of 
sitting time and to determine any 
associations of quality of life in 
patients with KC. 

To explore if medical or 
demographic variables moderate 
the associations between sitting 
time and quality of life 

 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Modified version of the domain-
specific sitting time questionnaire  

-Modified GLTEQ 

- FACT-General  

- FACT-Fatigue 

- FACT-Kidney Symptom Index 

- TOI-F 

- Self-reported demographic and 
medical information 

The mean sitting time hours on a work day was 8.0 ±4.7h and 6.5 ± 
3.8h on a non-work day. 

There were no significant associations between sitting time and 
quality of life for non-word day and work day, except for 
appositive association between sitting time on a work day and 
emotional well-being (p=.019). 

Age was the only variable to moderate the association between 
sitting time and quality of life. 

PA categories did not moderate association between sitting time 
and quality of life, and sitting time did not differ across PA 
categories for both work day and non-work day. 

Trinh et al. 
(2012)26 

To test the utility of the modified 
TPB in patients with KC and to 
determine the most important 
social cognitive correlates of PA 
intentions and behavior. 

To determine if the TPB operates 
equivalently across demographic 
and medical variables. To identify 
the most common behavioral, 
control, and normative beliefs in 
patients with KC. 

 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Modified GLTEQ 

- Modified version of the TPB 

- Self-reported demographic and 
medical information 

The theory of planned behavior accounted for 69%, 63%, and 42% 
of the variance in intention, planning, and PA levels, respectively, 
supporting its utility. 

PA behavior was strongly associated with planning, intention (both 
p<.01). 

Intention was associated with perceived behavioral control 
(p<.01), instrumental attitude (p=.03), and descriptive norm 
(p=.01). Planning was strongly associated with intention (p<.01).  

Trinh et al. 
(2012)29 

To identify the PA preferences of 
patients with KC. 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

 

PA preferences include: receive PA information from a fitness 
expert at a cancer center, receive information via print material, 
start a PA program after treatment, exercise with a spouse, 
exercise at home, do moderate-intensity PA, and walk in both the 
summer and winter.  
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To explore the associations 
between medical/demographic 
variables and PA preferences 

- Questionnaire on PA preferences 
with open and closed-ended questions 
drawn from previous studies in cancer 
survivors  

- Self-reported demographic and 
medical information 

 

Preferences were associated with age, sex, and current PA. 

Trinh et al. 
(2011)24 

To estimate the prevalence of PA in 
patients with KC and determine 
any associations with quality of 
life. 

To explore if medical or 
demographic variables moderate 
the association between PA and 
quality of life 

- Canadian provincial registry, self-
administered mailed survey (May - 
September 2010) 

- Modified GLTEQ 

- FACT-General  

- FACT-Fatigue 

- FACT-Kidney Symptom Index 

- TOI-F 

- Self-reported demographic and 
medical information 

56.3% of patients with KC were completely sedentary, 17.6% were 
insufficiently active, 11.9% were within the guidelines, 14.1% were 
above guidelines. 

Dose-response association between PA and many domains of 
quality of life of patients with KC (p for trend <.001), from 
completely sedentary to within the guidelines, with no further 
increases for exceeding guidelines. 

Education, age, and comorbidities moderated the association 
between PA and TOI-F. 

Randomized controlled trial 

Trinh et al. 
(2015)33 

To investigate the impact of a 
supervised PA plus exercise 
counseling versus supervised PA 
plus behavioral counseling on 
motivation levels among patients 
with KC. 

- Self-reported demographic and 
medical information 

- Modified version of the TPB 

Adding behavioral counseling to supervised PA had positive effects 
on planning (p=.017), and different behavioral and control beliefs. 
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Trinh et al. 
(2014)32 

Feasibility of a supervised PA plus 
exercise counseling versus 
supervised PA plus motivationally 
enhanced behavioral counseling in 
patients with KC. 

To examine the preliminary effects 
of the intervention on PA, quality 
of life, body composition, 
cardiorespiratory fitness and 
physical function. 

 

- Feasibility was determined by 
recruitment rate, measurement 
completion rate, loss to follow-up, 
adherence to the intervention, adverse 
events, and program evaluation items 
assessing burden and satisfaction.  

- Modified GLTEQ 

- FACT-General  

- FACT-Fatigue 

- FACT-Kidney Symptom Index 

- TOI-F 

- SF-36  

- Submaximal aerobic test (modified 
Balke protocol)  

- Senior's fitness test  

- Anthropometric measures (height, 
weight, and waist circumferences) 

- Self-reported demographic and 
medical information 

35.2 % recruitment rate 88% and 94% measurement completion 
rates for fitness test and questionnaires, respectively 94% 
adherence rate to the 4-week intervention program.  

The supervised PA plus motivationally enhanced behavioral 
counseling group significantly improved the 6-minute walk scores 
(p=.046) and increased PA by 34 minutes more than the 
comparison group (non-significant, p=.47).  

No meaningful changes in the anthropometric measures or quality 
of life parameters. 

Abbreviations: BMI: body mass index; FACT: Functional Assessment of Cancer Therapy; GLTEQ: Godin Leisure Time Exercise Questionnaire; IPAPSESM: 
International Physical Activity Prevalence Study Environmental Survey Module; KC: kidney cancer; NEWS: Neighborhood Environment Walkability Scale; PA: 
physical activity; TOI-F: Trial Outcome Index Fatigue; TPB: Theory of Planned Behavior 
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Table 6-4. Summary of aims, measurements, and findings of the cohort studies of physical activity and kidney cancer outcomes included in the scoping review. 

Author 
(year) 

Primary and Secondary 
aim(s) 

Data collection and measurements Overall findings 

Wunderle et 
al. (2021)39 

To examine geriatric 
assessment tools, including 
physical functioning, in post-
operative complications in 
kidney cancer patients 
undergoing partial 
nephrectomy. 

 

- Time up and go  

- Handgrip strength measurement – 

- Full-Tandem Stand  

- Postoperative complications grade 

- Failure of trifecta (surrogate of surgical 
quality - negative surgical margin, ischemia 
time <25 min, and no major complications)  

– 30-day readmissions rate 

23 post-surgery complications within 30-days. 

Low handgrip (OR=4.76, p=.021), full-tandem-stand 
<10s (OR=4.25, p=.047) were significant predictors of 
major post-operative complications. 

Low handgrip (OR=0.28, p=.037), full-tandem-stand 
<10s (OR=0.18, p=.010), and time up and go tests 
(OR=0.11, p=.011) were significantly associated with 
trifecta failure. 

Schmid et al. 
(2018)34 

To examine the relations of PA 
and sedentary behavior with 
all-cause and cancer-specific 
mortality among individuals 
diagnosed with kidney cancer. 

 

- National Institutes of Health - AARP Diet and 
Health Study cohort 

- Self-report questionnaire of PA (weekly time 
spent doing moderate to vigorous PA over the 
prior 12 months) 

- Self-report questionnaire of TV viewing, and 
total sitting time  

- Participants reported categorical duration of 
activities (never, rarely, <1hr week, 1-3hr 
week, 4-7hr week, and >7hr week) 

- Renal cell cancer incidence and mortality was 
assessed via National Cancer Registry 

57 deaths of kidney cancer in 7.1 years of follow-up. 

There were no significant associations between PA or 
sedentary behavior with cancer-specific mortality 
among renal cell cancer patients. HRs for <1 hr/wk 
(reference), 1 to 3 hrs/wk, ≥3 to <7 hrs/wk, and ≥7 
hrs/wk = 1.0, 0.92 (95% CI = 0.44-1.91), 1.04 (95% CI = 
0.45-2.37), and 0.57 (95% CI = 0.24–1.33; p-trend = 
0.30). 

Increasing levels of moderate to vigorous PA was 
significantly inverse associated to all-cause mortality 
HRs for <1 hr/wk (reference), 1 to 3 hrs/wk, ≥3 to <7 
hrs/wk, and ≥7 hrs/wk = 1.0, 1.16 (95% CI = 0.78-1.72), 
0.94 (95% CI = 0.60-1.49), and 0.60 (95% CI = 0.38–
0.96; p-trend = 0.03).  

Being physically active (4h per week of more) before 
and after diagnosed was associated with a significant 
reduced risk of all-cause-mortality (HR=0.56, 95% CI = 
0.32-0.96) 
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Liss et al. 
(2017)35 

To investigate the association 
of Kidney cancer mortality 
with obesity, PA, and smoking. 

 

- National Health Information survey data 

- Self-report PA (average minutes of vigorous 
or moderate exercise per week); in-person 
interview  

 

71 deaths of kidney cancer 

Individuals who reported any physical activity were 
about 50% less likely to die of kidney cancer than non-
exercises (HR=0.50, 95% CI = 0.27-0.93, p=.0028)  

Obese individuals were about 3 times more likely to die 
of kidney cancer (HR=2.84, 95% CI = 1.30-6.23 
p=0.009)  

Former smokers were twice as likely to die of kidney 
cancer (HR=2.00, 95% CI = 1.05-3.80 p=0.034) 

Arem et al. 
(2014)36 

To examine the associations of 
pre-diagnosis physical activity 
and cancer-specific mortality. 

National Institutes of Health - AARP Diet and 
Health Study cohort 

 

- Non-validated PA questionnaire assessing 
leisure time activity performed in the last 10 
years. 

- Participants reported categorical duration of 
activities (never, rarely, <1hr week, 1-3hr 
week, 4-7hr week, and >7hr week).  

- Mortality was assessed via National Registry 

 

367 deaths of kidney cancer in 12.1 years of follow-up. 

Significant positive trend between moderate to 
vigorous intensity leisure time physical activity and 
kidney cancer mortality.  

HRs for never/rare (reference), <1 hr/wk, 1 to 3 
hrs/wk, ≥3 to <7 hrs/wk, and ≥7 hrs/wk = 1.0, 1.10 
(0.71-1.70), 1.14(95% CI = 0.80-1.64), 1.47 (95% CI = 
1.03-2.09), and 1.42 (95% CI = 0.98–2.03; p-trend = 
0.016).  

Colli et al. 
(2009)37* 

To explore the relationship 
between renal cell carcinoma 
rates with heath behaviors. 

The renal cell carcinoma mortality rates were 
obtained from the National Center of Health 
Statistics  

- Self-reported physical inactivity (no PA or 
exercise in the past month), telephone 
interviews 

Smoking, obesity, and physical inactivity correlated 
with renal cell carcinoma mortality rates among males 
(p=0.002) and females (p=0.03). 

Thompson et 
al. (2008)40 

To examine the risk of cancer 
mortality across levels of 
fitness. 

- Submaximal aerobic test (modified Balke 
protocol) 

31 deaths of kidney cancer in 16.4 years of follow-up.  

Relative risk of cancer mortality for kidney cancer-only 
was 0.91(95% CI: 0.45-2.68). 
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Washio et al. 
(2007)38 

To evaluate the association 
between diabetes mellitus and 
kidney cancer mortality 
among the Japanese 
population. 

- Self-reported leisure time per week 

- Self-reported occupational PA 

46 males and 20 females died of kidney cancer in 12.8 
and 13.3 years of follow-up, respectively.  

There was no association between leisure time PA, and 
occupational PA and kidney cancer death.  

In the multivariate analysis, diabetes mellitus was not 
associated with kidney cancer death.  
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Figure 6-1. PRISMA flow diagram of the search results of studies of physical activity in patients 
with kidney cancer. 
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Supplementary Table 6-1. Search strategy for studies of physical activity in patients with kidney 
cancer. 

 

PubMed 

 

#1 “Resistance Training” [Mesh] OR Exercise[Mesh] OR “Physical Fitness” [Mesh] OR 
“Leisure activities” [Mesh] 

#2 “Kidney Neoplasms”[Mesh] 

#3 Humans[Mesh] 

#4 English[Language] 

#5 (review[Publication Type]) NOT (comment[Publication Type])) NOT 
(editorial[Publication Type]) 

#6 #1 AND #2 AND #3 AND #4 NOT #5 

 
 

Cochrane Library 

 

#1 MeSH descriptor: [Resistance Training] explode all trees 

#2 MeSH descriptor: [Exercise] explode all trees 

#3 MeSH descriptor: [Physical Fitness] explode all trees 

#4 MeSH descriptor: [Leisure Activities] explode all trees 

#5 #1 OR #2 OR #3 OR #4 

#6 MeSH descriptor: [Kidney Neoplasms] explode all trees 

#7 #5 AND #6 
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CHAPTER 7. DISCUSSION 
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7.1 Overview 

The overall purpose of this paper-based dissertation was to generate new 

knowledge in the field oncology in two common, yet understudied, cancer groups - 

bladder and kidney cancer. Among the objectives of this dissertation, I aimed to (1) 

investigate the association between body mass index and bladder cancer outcomes in 

MIBC patients treated by radical cystectomy (Chapter 2, Paper 1); (2) examine the safety, 

feasibility, and preliminary efficacy of HIIT in NMIBC patients during or after 

intravesical therapy (Chapter 3 and Chapter 4, Paper 2 and Paper 3); (3) examine the 

motivational outcomes, perceived benefits and harms, and perceived barriers to exercise 

during or after intravesical therapy in patients with NMIBC (Chapter 5, Paper 4); and (4) 

conduct a scoping review of physical activity and kidney cancer, report current findings, 

delineate strengths and limitations, and provide key recommendations for future research 

(Chapter 6, Paper 5).  

7.2 Summary of Findings 

To summarize, Chapter 2 (Paper 1), through a retrospective analysis of a 

previously established database, reported that patients with a BMI higher than 25 kg/m2 

had a lower 90-day mortality rate and a better overall survival within the first five years 

of radical cystectomy, when most deaths are due to surgical complications or bladder 

cancer. After five years, however, when most deaths are due to other causes, patients with 

a BMI higher than 25 kg/m2 had an increased risk of all-cause mortality, resulting in no 

difference in longer-term overall survival. These data suggest that the obesity paradox in 

bladder cancer patients treated with radical cystectomy may be short-lived.  
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The BRAVE trial rationale, design, and detailed study protocol have been 

described in Chapter 3 (Paper 2). The major findings of the BRAVE trial have been 

discussed in Chapters 4 and 5. Briefly, Chapter 4 (Paper 3) reported the primary 

findings of the BRAVE trial, where despite limited accrual, the BRAVE trial 

demonstrated that HIIT was feasible and safe and resulted in significant improvements in 

several indicators of physical functioning of NMIBC patients during or after intravesical 

therapy, but not on peak oxygen consumption. Chapter 5 (Paper 4) reported that HIIT 

during or after intravesical therapy for NMIBC was more motivating than anticipated 

with many perceived benefits (e.g., cardiovascular endurance, physical functioning, and 

quality of life) and few barriers or harms (e.g., busy/having limited time and joint 

pain/soreness). However, after the intervention, the HIIT group reported lower 

motivation and confidence, and higher difficulty in exercising on their own for the next 6 

months when compared to the usual care group.  

Finally, Chapter 6 (Paper 5) reported a scoping review of physical activity in 

kidney cancer patients. This chapter highlighted the limited and preliminary nature of the 

available evidence on physical activity and kidney cancer. A comprehensive search 

identified 17 articles from nine independent studies, including one cross-sectional study 

(n=8 articles), one randomized controlled trial (n=2 articles) and seven cohort studies 

(n=7 articles). Due to the limited and preliminary nature of the evidence, no conclusions 

could be drawn from current research on the safety, feasibility, and efficacy (benefits and 

harms) of physical activity in patients with kidney cancer. Our findings highlight the 

urgent need for further research to inform clinical exercise guidelines in this understudied 

cancer patient group.  
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7.3 Strengths and Limitations 

In this section, I will further expand on the key strengths and limitations of each 

study. The study reported in Chapter 2 (Paper 1) has several strengths, including 

adequate sample size, a relatively clinically homogeneous cohort with the majority of 

patients scheduled to receive the same first line of treatment (i.e., radical cystectomy), the 

long follow-up time allowing observation of the event of interest, and the rigorous 

analysis, including the verification of the proportional hazard assumption. However, 

limitations should be acknowledged. First, although BMI has been widely used as a 

surrogate of adiposity to identify risk factors associated with excess body weight, it does 

not distinguish between adipose, skeletal, and muscle tissues, therefore there are 

significant variation in body composition within levels of BMI which may yield 

paradoxical findings [1]. Further limitations include the exploratory nature of the analysis 

and the retrospective design of the study [2]. Since the data was not collected in a pre-

designed and prospective manner, important data that have the potential to impact the 

outcome were missing, including behavioral measurements (i.e., smoking status and 

physical activity levels), and medical conditions (i.e., comorbidities). Finally, the 

observational nature of this study provides associative, not causal, evidence between risk 

factors and outcomes [2]. 

The BRAVE trial reported in Chapters 3, 4, and 5 (Papers 2, 3, and 4) was the 

focus of this dissertation due to its novelty and study design. The primary strength of the 

BRAVE trial is being the first randomized controlled trial examining the safety, 

feasibility, and preliminary efficacy of HIIT in patients with NMIBC during or after their 

intravesical therapy. Patients with NMIBC are an understudied cancer population with a 
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unique treatment protocol (i.e., intravesical therapy) not previously investigated in 

exercise oncology trials, therefore the BRAVE trial provides important considerations for 

exercise safety, feasibility, and potential benefit in this clinical setting. Second, BRAVE 

is the first exercise oncology trial to assess the feasibility of collecting bladder cancer 

clinical outcomes. Clinical outcomes are extremely important considering the high rate of 

cancer recurrence and progression in this patient group, potentially leading to additional 

therapy or radical treatment [3]. The BRAVE trial demonstrated the feasibility of 

collecting bladder cancer clinical outcomes, providing relevant information that will 

guide future research designed to examine the role of exercise as an adjuvant cancer 

treatment [4]. Third, the BRAVE trial is the first to explore the motivational basis of a 

HIIT program in NMIBC patients during or after intravesical therapy. Moreover, 

motivational outcomes were assessed using a validated theoretical model both 

prospectively and retrospectively.  

The outcomes of the BRAVE trial will inform the design of theoretical-based 

exercise interventions and may contribute to improved recruitment and adherence. 

Another major strength of the BRAVE is the quality of adverse events reporting, utilizing 

the Common Terminology Criteria for Adverse Events (CTCAE), a recognized and 

standardized classification of adverse events used in cancer therapy [5]. The BRAVE trial 

encoded the grade of the adverse event based on the CTCAE system, classified the 

adverse event in relation to the exercise sessions or assessments, and provided the 

consequence of the adverse event (e.g., study discontinuation). Previous research has 

highlighted the poor quality of adverse events reporting in exercise trials among cancer 

patients [6]. The approach adopted in the BRAVE trial provides a comprehensive 
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understanding of the adverse event and may serve as an example for future exercise 

oncology studies. Other important strengths of the BRAVE trial include the 

comprehensive and validated measurements of health-related fitness outcomes and 

patients-reported outcomes.   

Despite the strengths of the BRAVE Trial, several limitations should be 

considered for the interpretation of the findings and planning future research. First, the 

BRAVE Trial did not reach the targeted sample size due to a slower-than-anticipated 

accrual. Additionally, the slower-than-anticipated accrual led to changes in the eligibility 

criteria. Eligibility criteria were expanded first from induction to patients in the 

maintenance phases and then to those on surveillance, resulting in greater heterogeneity 

of clinical oncology scenarios. The clinical oncology scenarios were proposed by 

Courneya and Booth [4] in the Exercise as Cancer Treatment (EXACT) framework. The 

EXACT framework consists of a systematic and clinically informed approach that 

considers tumor status (i.e., surgically removed, not surgically removed, or metastatic 

disease) and treatment status (i.e., treatment naïve, actively treated, or previously treated). 

It is important to distinguish the scenarios in exercise oncology trials because the 

feasibility and the potential benefit of exercise may differ [4]. For instance, patients on 

induction intravesical therapy fall within the "actively treated micrometastases" clinical 

oncology scenario. In this scenario, complete surgical resection (i.e., TURBT) is followed 

by regional adjuvant therapy (i.e., induction intravesical therapy) with the main goal of 

treating known or suspected micrometastases. Exercise feasibility might be lower in this 

scenario because of possible concurrent treatment side effects in comparison to patients 

on surveillance (i.e., previously treated micrometastases oncology scenario) who had 
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completed their therapy. In terms of the benefit of exercise on bladder cancer outcomes, 

the potential benefit is probably higher in the scenario where patients were recently 

diagnosed are being actively treated given the high likelihood of recurrence within the 

first two years of diagnosis [3, 7], compared to those on surveillance and many years 

after diagnosis. Although the BRAVE trial is not powered for bladder cancer outcomes, 

these limitations should be considered when interpreting the findings and planning future 

research. Finally, another important limitation of the BRAVE trial is the low 

generalizability of our findings due to selection bias of motivated participants to initiate 

an exercise program and a higher proportion of men compared to women.  

Chapter 6 (Paper 5), the final study of the dissertation, also has important 

strengths and limitations. A major strength of the scoping review reported in Chapter 7 is 

the originality of examining physical activity in kidney cancer patients. This is the first 

study to collate, summarize, and provide a comprehensive overview of the currently 

available literature on physical activity in kidney cancer. A second strength is the study 

design, which was conducted and reported following the PRISMA guidelines extension 

for scoping review [8], resulting in methodological transparency and high-quality 

reporting. Third, scoping reviews guide future research and inform whether a systematic 

review of the literature is warranted [9]. The extent (amount), range (variety), and nature 

(characteristics) of the available evidence in physical activity and kidney cancer are still 

limited and preliminary, therefore more research should be conducted before proceeding 

to systematic reviews and meta-analysis. Another strength of the scoping review is the 

important research directions provided across the four phases of the cancer continuum 

(i.e., pretreatment, treatment, survivorship and end-of life).  
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The limitations should also be acknowledged, most of which were related to the 

nature of the included studies and the inherent limitations of scoping reviews. First, no 

conclusions could be drawn regarding the safety, feasibility, and efficacy of physical 

activity interventions in kidney cancer patients. The review was designed to identify the 

extent, range, and nature of the evidence on physical activity and kidney cancer, focusing 

on stimulating future research. A second limitation is the lack of quality assessment. 

Scoping reviews are not intended to critically appraise the risk of bias of the evidence [8], 

leading to the inclusion of studies regardless of their methodological quality. Third, the 

search strategy was limited by language and number of databases searched, which may 

have impacted the number of studies included.  

7.4 Future Research Directions 

The limitations discussed above hinder our ability to translate exercise into the 

standard of care for bladder and kidney cancer patients. Further phase I and phase II 

feasibility studies are urgent needed among these patient groups to confirm the safety, 

applicability, tolerability, and preliminary efficacy of physical activity and exercise 

interventions across the cancer continuum, including pretreatment, treatment, 

survivorship, and end-of-life phases. The key research questions for both patient groups 

that future investigations should address relate to: 1) the effects of physical activity and 

exercise interventions on cancer outcomes (e.g., treatment tolerance, treatment response, 

cancer recurrence, cancer progression); 2) the effects of physical activity and exercise 

interventions on patient-reported outcomes (e.g., symptoms and side effects, quality of 

life); and 3) the role of physical fitness and body composition in improving these 

important outcomes. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/symptoms
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An important challenge to consider when conducting research on bladder and 

kidney cancer patients is the risk of low patient accrual. Low patient accrual is the main 

factor associated with trial termination in genitourinary cancers [10], and may result in 

inappropriate interpretations of the findings, researcher and patient disappointment, and 

negative financial impact. Moreover, recruitment rates in exercise trials in cancer are 

often suboptimal and lower than cancer clinical trials [11]. Strategies to overcome low 

accrual should be planned and included in the trial protocol. For instance, collaboration 

with other institutions including those located in low- and middle-income countries. 

Research has found that multicenter trials were associated with higher completion rates 

among prostate, bladder, and kidney cancers [10]. Additionally, genitourinary cancer 

trials conducted in lower- and middle-income countries had higher completion rates in 

contrast to those in high-income countries [10]. Potential reasons for that may include the 

discrepancy in the number of trials available (small number of trials conducted in low- 

and middle-income countries) [10], but also the access to a larger patient pool since low- 

and middle-income countries often have larger populations.  

Another strategy that future studies should consider to address low accrual relates 

to changes in the study protocol, such as expanded eligibility criteria or modifications in 

the study intervention. For instance, one of the common reasons to decline participation 

in the BRAVE trial was that patients could not commit to the study requirements 

(20.4%). The BRAVE trial consisted of three supervised exercise sessions per week on a 

treadmill or a cycle ergometer for 12 weeks (if allocated to the exercise group), plus 

fitness assessments at three time points (baseline, 6-week, and 12-week), and completion 

of questionnaires at three time points (baseline, 12-week, and 12-month). Future studies 
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should reconsider the number of assessment time points and investigate if a reduced 

number of supervised exercise sessions would result in higher recruitment rates and still 

elicit benefits on parameters of physical functioning and motivation. Importantly, the 

findings from the BRAVE trial suggest that NMIBC patients do not have a well 

established plan and may have lower motivation and confidence in self-directed exercise 

programs. Therefore, unsupervised exercise could be challenging and may require 

distance-based behavioral support. Additional research is warranted to establish long-

term exercise benefits and adherence among NMIBC patients during or after intravesical 

therapy. The BRAVE trial will provide important information on the long-term effects of 

the HIIT intervention on patient-reported outcomes, exercise behavior, and cystoscopy 

outcomes. This data is being collected and will be reported in future papers.  

 Several other insights for future research directions in bladder and kidney cancer 

patients were identified and discussed in the respective studies comprising the main body 

of this dissertation. However, the final point I would like to emphasize is that for exercise 

to be part of the standard of care of bladder and kidney cancer patients, future exercise 

oncology research should be systematically designed and analyzed to demonstrate 

compelling connections between exercise and cancer variables in the distinct scenarios of 

clinical oncology practice [4, 12]. This approach is important to establish exercise 

feasibility and efficacy within a specific clinical oncology scenario, given the diversity of 

cancer types, the range and sequencing of treatment, and the timing of exercise in relation 

to these treatments [4].  

7.5 Practical Implications 
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The findings from this dissertation provide valuable information on the design, 

reporting, and direction of future exercise oncology trials in bladder and kidney cancer 

patient groups. The most notable practical implications are 1) the highlighted need for 

further research to understand the underlying mechanisms of the obesity paradox in 

bladder cancer patients treated with radical cystectomy; 2) the identification of challenges 

related to recruitment and assessment protocols in a typically elder and comorbid cancer 

population; 3) the demonstrated feasibility of assessing bladder cancer clinical outcomes; 

4) the identification of potential barriers, benefits, harms, and motivational outcomes of 

HIIT in NMIBC patients during or after intravesical therapy; and 5) the insightful 

guidance of research in physical activity and kidney cancer across the treatment 

continuum. In summary, this dissertation provides novel findings and important 

directions toward the development of further research examining how exercise could 

benefit patients with bladder and kidney cancer and be incorporated into the standard 

clinical care. 

7.6 Conclusion 

The overarching goal of this paper-based dissertation was to investigate and 

provide advancements to the field of exercise oncology in two common, yet 

understudied, cancer groups - bladder and kidney cancer. This thesis highlight the need of 

further research to understand the underlying mechanisms of the obesity paradox in 

bladder cancer patients treated with radical cystectomy. This thesis supports the safety 

and feasibility of a 12-week HIIT exercise program for people with NMIBC during or 

after intravesical therapy based on satisfactory adherence and high protocol compliance. 

Moreover, the HIIT program resulted in significant improvements in several parameters 
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of physical functioning, and was experienced as more enjoyable and less difficulty than 

anticipated, however, appeared to reduce NMIBC patients' confidence and motivation to 

exercise on their own. Finally, this thesis highlighted that physical activity research in 

kidney cancer patients is preliminary in nature, therefore no conclusions can be drawn 

regarding the safety, feasibility, and efficacy of physical activity in patients with kidney 

cancer. 
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Bladder cancer overview  

The bladder is a hollow muscular organ of the urinary system, located in the lower 

pelvis, with the function of storing urine [1, 2]. The bladder wall consists of three main 

layers: the urothelium or transitional epithelium, which is the inner layer; a thin layer of 

connective tissue called lamina propria or submucosa; and the outer layer called 

muscularis propria or smooth muscle, which is followed by perivesical fat [1-3]. The 

bladder cells located in any of the three layers might undergo a mutation, changing the 

pattern of cell growth and multiplication to an uncontrolled fashion, leading to the 

development of cancer [1, 2]. 

The most common histology type of bladder cancer is urothelial carcinoma (or 

transitional cell carcinoma), which develops in the lining tissue inside of the bladder 

called the urothelium [3-5]. Urothelial carcinoma accounts for more than 90% of bladder 

cancers [4, 5]. The remaining 10% of cases are non-urothelial bladder carcinoma which 

includes adenocarcinoma, squamous cell, small cell carcinoma, urachal carcinoma, and 

primary bladder sarcoma [4].  

Microscopic or gross hematuria (blood in the urine) is the most common sign of 

bladder cancer [4, 6]. Other signs and symptoms include changes in bladder habits or 

irritative symptoms such as dysuria (painful urination), nocturia (urinating several times 

during the night), frequency, and urge incontinence; obstructive symptoms, including a 

decreased force of stream and the feeling of incomplete voiding; and, in the case of 

metastases or advanced disease, abdominal or pelvic pain, lower extremity edema, renal 

failure, and suprapubic palpable mass [2, 6].  

In the presence of hematuria or symptoms related to bladder cancer, further 

investigation is required. The National Comprehensive Cancer Network guidelines for 
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bladder cancer [4] states that the initial evaluation of a suspected bladder cancer relies on 

cystoscopy, a medical examination in which a hollow tube is inserted through the urethra 

into the bladder to determine if a lesion is present. Urine cytology for microscopic 

examination of the cells is also recommended. Moreover, abdominal/pelvic computed 

tomography or magnetic resonance imaging and imaging of upper tract collecting system 

is indicated. The next step following the initial evaluation is the transurethral resection of 

the bladder tumor (TURBT), which is an examination performed under anesthesia to 

resect the tumor and determine the extent of disease in terms of stage and grade [4]. 

Bladder cancer stage is defined based on the TNM system, where T refers to the 

size and location of the tumor, N to the number of lymph nodes affected by the tumor, 

and M to the presence or absence of metastases [3]. Bladder cancer is also described as 

invasive or non-muscle invasive disease, based on the tumor penetration into the bladder 

wall [3, 4].  

Non-muscle invasive bladder cancer [NMIBC] stages are classified as Ta, when 

the tumor is only at the epithelium and grows toward the hollow center of the bladder 

(papillary carcinoma); Tis (or CIS – carcinoma in situ), a flat carcinoma located at the 

epithelium; and T1, papillary carcinoma where the tumor cells are present in two layers, 

the epithelium and lamina propria (Figure A-1) [3, 4]. Muscle-invasive bladder cancer 

[MIBC] varies according to the extent of the tumor into the bladder wall and surrounding 

organs and ranges from T2 to T4 (Figure A-2). The T2 classification refers to tumor 

invasion into the layer muscularis propria; T3 includes perivesical tissue; and T4, more 

aggressive, refers to metastases [3, 4]. All the stages of the muscle invasive disease are 
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subclassified as "a" or "b", respectively, to signify a smaller and greater tumor 

progression towards the outer layer of the bladder and surrounding organs [3]. 

 

 

Figure A-1. Stages of non-muscle invasive bladder cancer into the different layers of the bladder wall. 

Adapted from Cancer Research UK (2018). 

 

Figure A-2. Stages of muscle invasive bladder cancer into the different layers of the bladder wall. Adapted 

from Cancer Research UK (2018). 
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The grading system is used to compare tumor cells with normal cells, to verify 

how fast the tumor cells will grow and how likely they are to spread. The grade of the 

tumor is reported as "Low grade" or "High grade" depending on the aggressiveness of the 

disease [1, 7]. In general, high-grade cancers are muscle-invasive with cells that grow 

rapidly and have more probability of spreading [1]. The staging and grading system 

provide information on the biological aggressiveness of the disease that can be used to 

determine the probability of recurrence or progression of non-muscle invasive bladder 

cancer to muscle-invasive bladder cancer. Depending on the NMIBC risk category and 

treatment plan, the estimated recurrence and progression rates, respectively, range from 

15% to 40% and from 1% to 10% within 24 months from diagnosis [8]. 

Bladder cancer epidemiology and risk factors 

An estimated 13,400 new cases of bladder cancer will be diagnosed in 2023, 

making it the fifth most common cancer in Canada [9], and the nineth most common 

cancer worldwide [10]. The lifetime probability of developing bladder cancer in Canada 

is one in 34, with a likelihood of 4.5% for males (one in 22) and 1.4% for females (one in 

70) [9]. Bladder cancer is more prevalent among individuals between 65 and 79 years old 

[9, 11]. Although research indicates that bladder cancer mortality has been slightly 

decreasing in North American populations [12], bladder cancer has the nineth highest 

cancer mortality rate in Canada [9]. Overall, it is estimated there will be 2,600 deaths 

(1,850 men and 720 women) from bladder cancer in 2023, with a lifetime probability of 

dying from bladder cancer higher for males (1.1%) than females (0.4%) [9]. Predicted 

five and 10-year survival rates for bladder cancer in Canada are 77% and 66%, 

respectively [9]. 
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Risk factors for the development of bladder cancer include inherited genetic 

predispositions and/or exposures to carcinogens [12, 13]. The majority of bladder cancer 

tumors are associated with carcinogen exposures with the most important risk factor 

being tobacco smoking, responsible for half of the cases [1, 2, 13]. Tobacco smoke has 

aromatic amines that are eliminated in the urine, exposing the entire urinary system to 

carcinogenic substances [13]. Established risk factors for developing bladder cancer also 

include male sex, white race, environmental pollution (e.g., arsenic in drinking water), 

occupational exposure to chemicals, pelvic radiation, certain medical conditions 

including chronic bladder irritation, diabetes, and personal or family history of bladder 

cancer [1, 6, 13]. 

The association between other lifestyle factors, such as obesity and physical 

activity levels, with the risk of bladder cancer differ among the studies [14-18]. The 

investigation conducted by Koebnick et al. [17] indicate that, when compared with 

normal weight, overweight and obesity were respectively associated with 15% and 28% 

increase in the risk of bladder cancer, while Holick et al. [26] found no association 

between body mass index with bladder cancer risk. The International Agency for 

Research on Cancer (IARC) reunited a working group of 21 independent experts to 

review the scientific evidence on the association between excess body fatness and cancer 

risk [14]. Some of the evidence for bladder cancer was retrieved from four case-control 

studies, three meta-analyses, and 23 prospective cohort studies investigating the 

association between body mass index (BMI) and bladder cancer incidence or bladder 

cancer-related mortality. According to the IARC group of experts, there are inconsistent 

findings leading to an inadequate evidence of the relationships between BMI and bladder 
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cancer risk [14, 19]. Regarding physical activity, Koebnick et al. [17], Holick et al. [18], 

and Noguchi [15], found no association between physical activity and the risk of bladder 

cancer. In contrast, Keimling et al. [16] suggest 15% decreased risk of bladder cancer in 

those with higher levels of physical activity compared to lower levels.  

Bladder cancer treatments and side effects 

Bladder cancer treatments and their side effects depend on whether or not the 

tumor has invaded the muscularis propria layer, referred to as muscle-invasive bladder 

cancer and non-muscle invasive bladder cancer, respectively [4].  

Non-muscle invasive bladder cancer 

The standard treatment for NMIBC is the transurethral resection of the bladder 

tumor (TURBT), followed by a single dose of intravesical chemotherapy (e.g., 

gemcitabine or mitomycin) within 24 hours of surgery [4]. The transurethral resection is a 

procedure performed under anesthesia by inserting a cystoscope through the urethra into 

the bladder to confirm the diagnosis and to remove abnormal tissues or tumors inside the 

bladder [2, 20]. Intravesical single instillations, when the drug is placed directly in the 

bladder, is a crucial procedure in the management of bladder cancer to treat residual 

tumors by impeding the installation of any remaining cancer cells into the bladder wall 

and the subsequent development of cancer [5, 21]. The immediate postoperative 

intravesical chemotherapy is recommended for all patients with NMIBC due to its 

association with a significant decrease in the 5-year recurrence rate [5, 6]. 

A secondary TURBT within 6 weeks of the first procedure is recommended if the 

resection was initially incomplete or in the absence of muscle in the original specimen 

(for Ta high-grade tumors), or based on the clinical stage of the tumor (for T1 tumors) 

[4]. The repeat TURBT is associated with improved recurrence-free survival, 
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progression-free survival, and treatment outcomes [20, 22]. Patients diagnosed with T1 

high-grade tumors should be considered for bladder removal (cystectomy) instead of 

repeat TURBT [4]. 

Adjuvant intravesical therapy is the next treatment considered for NMIBC, 

indicated based on the probability of recurrence and progression to muscle-invasive 

bladder cancer, considering size, number, and tumor grade [4]. The most common 

therapy agents are bacillus calmette-guerin (BCG), which is immunotherapy, and 

mitomycin or gemcitabine, which are chemotherapies [4]. Adjuvant intravesical therapy 

consists of weekly instillations initiated 3-4 weeks after the TURBT given for 

approximately six weeks and a possible maintenance phase depending on tumor grade [4, 

5]. The role of maintenance therapy with a chemotherapy agent is controversial, while 

maintenance with BCG is better established and administered with the aim of preventing 

or delaying recurrence [4, 5]. The BCG maintenance phase consists of three weekly 

instillations at three, six and 12-months for intermediate-risk tumors or, in case of high-

risk bladder cancer tumors, maintenance continues for another two years with instillations 

every 6-months [1, 4, 5].  

Follow-up treatment for NMIBC differs among patients based on tumor grade, but 

overall it might include cystoscopy, upper tract and abdominal/pelvic imaging, blood 

tests (for those who underwent bladder removal), and urine tests [4]. Although more 

investigation is necessary to determine the optimal duration of the follow-up, it currently 

might last more than 10 years [4]. The long NMIBC treatment and follow-up procedures 

are necessary because of the high rates of recurrence and progression, making it the most 

expensive cancer to treat [4, 5, 7, 23]. 
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If the follow-up cystoscopy exam is positive or indicates suspicion of recurrent or 

persistent NMIBC, another TURBT is required to re-stage the tumor, which is followed 

by a single dose of intravesical chemotherapy [4]. Sequentially, the preferred treatment 

for T1 high grade as well as for those patients with incomplete response to treatment is 

bladder removal. For Ta and Tis tumors, changes in the adjuvant intravesical agent are 

recommended, however, no more than two consecutive adjuvant intravesical courses 

should be given [4]. If the follow-up cystoscopy exam is negative, but cytology is 

positive, a deep evaluation based on multiple biopsies, a transurethral biopsy of the 

prostate, cytology of the upper tract and possible ureteroscopy are indicated to check for 

urothelial carcinoma of the prostate and upper tract tumors [4]. Follow-up for recurrent or 

persistent NMIBC will be defined based on sites of disease, tumor biology, and length 

under treatment, but usually is done at three months and then at longer intervals [4].  

Overall, the main side effects of NMIBC treatment might include pain when 

urinating, irritation, burning feeling and bleeding, especially after the TURBT and 

intravesical chemotherapy [2]. In addition, patients treated with BCG might experience 

BCG associated toxicity, caused by the triggering of an immunostimulatory response that 

leads to the release of proinflammatory cytokines [4]. Some of the manifestations of BCG 

toxicity include flu-like symptoms, fever that may last 48 to 72 hours, local discomfort 

due to irritation of the lower urinary tract, and allergic reactions [4, 5]. 

Muscle-invasive bladder cancer 

The primary treatment for MIBC includes cisplatin-based neoadjuvant 

chemotherapy [NAC] followed by cystectomy (bladder removal) [1, 5]. In addition to 

bladder removal, bilateral pelvic lymphadenectomy is performed and tested for cancer 
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spread [1, 5, 17]. Cisplatin-based NAC is a systemic treatment, usually given 

intravenously every three or four weeks for three or four cycles [2, 5, 17]. Despite the 

significant survival benefit of cisplatin-based treatment, not all patients are eligible and, 

in this case, the recommendation is to move forward to the radical local treatment called 

cystectomy [5, 17, 18].  

Radical cystectomy [RC] is part of the treatment approach for those diagnosed 

with large tumors, metastasis or recurrent high grade cancer. It is a surgery for bladder 

removal, usually conducted within four to six weeks after NAC or within six weeks of the 

TURBT in absence of the systemic treatment [2, 5, 17]. Cystectomy varies by sex, and 

includes a prostatectomy in males (the removal of the prostate, seminal vesicles, proximal 

vas deferens, and proximal urethra) and a hysterectomy in females (removal of uterus, 

ovaries, fallopian tubes, urethra and part of the vagina) [2, 5, 17]. Alternatively, a partial 

cystectomy is a bladder preservation option [2], however, this approach is discouraged 

and conducted in less than 5% of the cases when a solitary small lesion extends to the 

muscle layer [2, 5, 17].  

After the RC, a reconstructive surgery called urinary diversion is required to 

collect and eliminate the urine. One type of urinary diversion is an ileal conduit, also 

called incontinent diversion, which is a procedure where a segment of the intestine is 

connected to the urethra and to an opening in the abdomen, creating a path to a 

removable bag called a urostomy pouch that collects the urine [1, 2, 5, 7]. Another 

urinary diversion option is the continent diversion, which might include an Indiana 

Pouch, where the urine can be stored in a pouch created from a piece of the large intestine 

and the ileum to be posterior drained by an opening in the abdomen. Alternatively, an 
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Orthotopic Neobladder, or “new” bladder is created using a longer segment of the small 

intestine that is connected to the urethra, maintaining the normally way to urinate as 

before [2, 5, 7]. The decision on the type of urinary diversion depends on several factors 

including health conditions such as renal and hepatic function, comorbidities, life 

expectancy, performance status, patient preference, and tumor location [2, 17].  

An additional treatment approach for MIBC includes radiotherapy as a single 

therapy for patients that are not eligible for radical cystectomy or chemotherapy [17]. 

However, whenever possible, radiotherapy should be offered as a trimodal therapy 

[TMT] that combines TURBT, radiotherapy and chemotherapy [17]. The TMT is a 

treatment approach that preserves the bladder of those selected healthy patients, 

diagnosed with stage II or IIIA, who wish to preserve the bladder [5, 17].  

In suspected metastasis, further investigation to evaluate the extent of the disease 

is required and should include bone scan, chest computed tomography, central nervous 

system imaging, biopsy if feasible, and estimation of glomerular filtration rate to assess 

renal function and determine eligibility for cisplatin-based treatment [5]. The 

management of metastatic disease, as well as locally advanced recurrence, is generally 

done with systemic therapy. The specific regimen depends on overall patient clinical 

condition, comorbidities and performance status [1, 2, 5]. Regardless of the therapy agent 

used, all patients with metastatic disease are reassessed after two or three cycles. 

Depending on the results, the treatment might be continued up to 6 cycles or, if no 

treatment response is observed, therapy modifications are recommended [5]. In addition 

to systemic treatment, metastasectomy, the surgical removal of metastases, might be 

recommended for selected patients who have a positive response to treatment, single site 
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of metastatic lesions, and long or lymph node sites of disease [5]. Radiotherapy might 

also be used in addition to systemic therapy as an alternative if surgery cannot be done or 

to control symptoms, such as pain and bleeding [2]. 

Follow-up management for MIBC should include quality of life and patient 

reported outcomes measurements, as well as routine medical exams [5, 17]. Follow-up 

for patients treated with RC includes imaging and urine tests every three to six months in 

the first two years after cystectomy [5]. The imaging should be done annually after the 

two-year period while urine tests should be performed as clinically indicated. In addition, 

blood tests are also required every three to six months in the first year, and annually 

thereafter.  In addition to these investigations, patients treated with bladder preservation 

should also undergo long-term cystoscopy exams [17].  

Treatment of MIBC is associated with side effects that vary in type and intensity 

depending on the procedure. Some of the most common chemotherapy side effects 

include nausea and vomiting, loss of appetite, hair loss, mouth and throat sores, diarrhea, 

constipation, increased risk of infections and peripheral neuropathy fatigue [1, 2]. The 

most notable side effects of radiotherapy include skin changes, fatigue, diarrhea, urinary 

incontinence, bleeding from the rectum, and increased urinary frequency [1, 2]. The RC 

may cause pain, urinary tract infection, obstruction and sexual problems [2]. The urinary 

diversion reconstructive surgery might encompass skin irritation, infections, 

incontinence, restricted flow, and body image issues [7]. In addition, bladder cancer 

patients might experience a significant decrease in physical, mental and social health-

related quality of life [19]. 
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APPENDIX B: EXERCISE IN BLADDER CANCER 
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Observational studies 

Koelker et al. [1] examined, in a cross-sectional design, the association of exercise 

on self-reported physical health status and prevalence of sedentary behavior of bladder 

cancer patients. The study included 935 participants self-diagnosed with bladder cancer 

(invasiveness not provided) from the national health-related survey Behavioral Risk 

Factor Surveillance System in the United States. The authors identified a high prevalence 

of sedentary behavior (1 in 3 bladder cancer patients). Moreover, patients who exercised 

were less likely to report poor physical status (OR: 0.37, 95% CI: 0.25–0.56, 

p<0.001)[1]. 

Gopalakrishna et al. [2] conducted a cross-sectional study in North Carolina, 

United States, aiming to investigate physical activity patterns and associations with 

health-related quality of life of 472 NMIBC (84%) and MIBC (16%) survivors. 

Gopalakrishna et al. [2] found that those who reported increased levels of physical 

activity had a significantly higher global health-related quality of life. Additionally, the 

authors identified that 76% of the sample reported medium and high physical activity 

levels, as well as higher scores of social, functional and overall well-being when 

compared with the general American population [2].  

A population-based study conducted in Alberta, Canada by Karvinen et al. [3] 

included 525 NMIBC (65%) and MIBC (35%) survivors and sought to investigate the 

association between exercise and quality of life. Similarly to the previous study [2], 

Karvinen et al. [3] found a linear association between levels of physical activity and 

several domains of health-related quality of life of bladder cancer survivors, with better 

scores presented by those who reported higher physical activity levels. However, 78% of 
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bladder cancer survivors do not meet the public health exercise guidelines and 68% are 

inactive [3].  

Another Canadian, cross-sectional study by Chung et al. [4] included 586 bladder 

cancer patients and survivors diagnosed with NMIBC (n= 324), MIBC (n=137) and 

unknown cancer invasiveness (n=113), aiming to describe health behaviors, including 

physical activity. The authors also compared health behaviors between survivors with 

NMIBC vs MIBC at different cancer journeys (newly diagnosed, follow-up surveillance, 

or metastasis/recurrence), and its relationship with health-related quality of life. Relevant 

findings indicate that NMIBC and MIBC do not differ in physical activity behavior. The 

majority of the participants (77.3%) did not meet the guidelines recommendation of 150 

minutes/week of moderate/strenuous exercise. Moreover, 60.9% were classified as 

overweight (n=221) or obese (n=136). Participants who met the physical activity 

recommendations had a healthy diet and were non-smoking, presented better scores for 

health-related quality of life. This was the first study to compare health behavior between 

NMIBC vs MIBC patients and survivors and the findings highlight the need for health 

behavior interventions across the bladder cancer journey [4].  

Karvinen et al. [5] sought to examine the determinants of exercise intention and 

behavior in bladder cancer through a prospective study that included 387 NMIBC (65%) 

and MIBC (35%) survivors. Using the Theory of Planned Behavior, the authors found 

that significantly lower exercise participation was associated with treatment type 

(adjuvant therapy), cancer invasiveness (MIBC) and older age. The variability in exercise 

intention was explained by perceived benefits (instrumental attitude), enjoyment of 

exercise (affective attitude), the perception that important others exercise (descriptive 
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norm), and confidence in your own ability to exercise and perceived control over-

exercising (perceived behavioral control). Additionally, perceived behavioral control was 

the strongest independent predictor of exercise behavior for bladder cancer survivors with 

65 years or older [5].  

Rammant et al. [6] also investigated the determinants of physical activity but in a 

qualitative study with 30 bladder cancer patients that have undergone radical cystectomy. 

Data interpretation was based on the five dimensions of adherence proposed by the 

World Health Organization and shows that determinants of physical activity in patients 

undergoing radical cystectomy are multifactorial, including condition-related, therapy-, 

patient-, social/economic- and health system-related factors [6].  

Karvinen et al. [7] conducted a population-based survey aiming to identify 

exercise programming and counselling preferences of 397 bladder cancer survivors in 

Alberta, Canada. They reported that NMIBC (65%) and MIBC (35%) survivors are 

interested in receiving face-to-face counselling with an exercise specialist from a cancer 

center. Moreover, 84.3% of survivors felt they would, or might be able to, participate in 

an exercise program. Regarding their program preferences, bladder cancer survivors were 

more likely to prefer home-based, unsupervised, moderate intensity, and solitary exercise 

walking programs following treatment [7].  

In summary, observational studies have reported a positive linear association 

between physical activity levels and health-related quality of life [2-4] and a protective 

effect of exercise on physical health status in bladder cancer [1]. Overall, limitations of 

observational studies include a possible misclassification of physical activity level and 

weight and height for BMI, due to the use of self-reported methods, the absence of a 
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control group, the unavailability to identify if exercise improves the quality of life or if 

participants with higher levels of quality of life are more likely to exercise, and the 

different criteria to define the level of physical activity. 

A systematic search of randomized controlled trials investigating physical activity 

and exercise interventions in bladder cancer patients was conducted to identify and 

summarize current evidence and inform research gaps. Electronic databases of PubMed, 

Web of Science and Google Scholar were searched and only articles published in English 

were included. The search strategy combined the terms bladder cancer AND physical 

activity OR physical exercise OR exercise intervention. Additional references were found 

in the reference list of the selected bibliographies. The articles were screened by title and 

abstract and those that included the main criteria (randomized controlled trial) were 

included. Eleven articles were found [8-18], two of them had a pre-experimental design 

[15, 16] and were excluded for the purpose of this review, two other articles were study 

protocol [17, 18] and were not included. Among the seven included articles [8-14], the 

study by Jensen et al has been reported in three separate publications [9, 12, 13] and the 

study by Banerjee et al is described in a conference abstract and another paper [8, 10].  

To date, only four randomized, controlled, exercise trials were conducted 

exclusively among bladder cancer patients and survivors. Two of the four studies 

involved the preoperative setting [8, 10, 14], one was conducted during the postoperative 

phase [11], and one included exercise interventions in both scenarios [9, 12, 13]. The 

sample sizes ranged from 18 to 107 participants, with 74-88% males, and included 

participants diagnosed with MIBC [14] or MIBC and NMIBC [9, 11-13]. Two 

investigations did not report the cancer invasiveness [8, 10], but were conducted prior to 
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radical cystectomy indicating a more aggressive cancer. Moreover, the intervention 

varied across studies in terms of the type of exercise. Three studies were characterized as 

multimodal programs [9, 11-14] and included strength and endurance exercise [9, 11-13], 

another study also included balance, mobility and stretching training [11], and another 

combined aerobic training with nutritional care and relaxation techniques [14]. One study 

investigated vigorous aerobic interval exercise on a cycle ergometer [8, 10]. The studies 

differed in terms of exercise frequency (two to five days per week, once or twice a day) 

and duration of the intervention (two to12 weeks).  

Regarding the purpose of the investigations, feasibility was the aim of two studies 

[8, 10, 13]. Patient-related outcomes were investigated by the four studies and included 

health-related quality of life [9, 11, 14], patient satisfaction [9], length of hospitalization 

[12], and surgical complications or recovery outcomes [8, 10, 12]. Health-related fitness 

was also included as the primary outcome of the four studies [8, 10, 11, 13, 14]. 

Both studies investigating the feasibility of exercise programs for bladder cancer 

patients were conducted in the preoperative setting, including both MIBC and NMIBC 

patients [8, 10, 13]. A supervised short-term vigorous aerobic exercise program had a 

recruitment rate of 53.5% and median attendance of 8 (range 1-10) exercise sessions [10]. 

While in a short-term home-based exercise program 66% of the participants attended 

more than 75%, however, there was no report of the eligibility rate [13]. Overall, 

promising evidence suggests that exercise interventions in bladder cancer patients might 

be associated with improvements in specific domains of health-related quality of life, 

such as the physical domain [11] and disease-specific scales [9]. In addition, studies 

reported benefits in cardiorespiratory fitness [8, 10], functional capacity [11, 12, 14], and 
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muscle power [13]. Surprisingly, improvement in mobility persisted in the exercise 

intervention group even one year after surgery, while it decreased in the control group 

[11]. However, these studies have limitations including the lack of information about the 

exercise intervention [8, 11], the failure to report recruitment and eligibility rates [13], the 

variability in disease invasiveness since studies included both NMIBC and MIBC [9-13], 

small sample sizes, and high loss to follow-up [8-14].  
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APPENDIX C: OBESITY AND BLADDER CANCER 
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Obesity in bladder cancer patients  

High prevalence of sedentary behavior, overweight and obesity is observed 

among bladder cancer patients [1-3]. The increased risk of obesity on cardiovascular 

diseases, type 2 diabetes, and all-cause mortality is widely known [4]. A systematic 

review and meta-analysis investigated the association of obesity with survival outcomes 

in patients with cancer [5]. The systematic review included 170 studies for the association 

of obesity with overall survival and 109 studies for the association with cancer-specific 

survival, the median follow-up time ranged from 6.5 months to more than 10 years [5]. 

The findings suggested that cancer patients with obesity have worse survival outcomes, 

with increased overall and cancer-specific mortality, especially patients with breast, 

colon, and uterine cancer [5]. The effects, however, of overweight and obesity on bladder 

cancer survival outcomes is unclear. This systematic review and meta-analysis included 

only two retrospective studies that investigated the association of obesity with 

oncological outcomes in bladder cancer patients, moreover the studies varied in type of 

bladder cancer diagnosis and treatment [5].  

Some studies in bladder cancer patients have reported worse prognosis among 

overweight and obese patients, including increased risk for recurrence, progression, and 

death [6-10]. The hypothesis behind this association is that the anatomical structure of 

obese patients is a limitation for high-quality tumor resection [7]. Moreover, the fat mass 

is related to inflammatory processes that contributes to tumor cells growth and 

proliferation [7, 8] which, associated with lower levels of anti-inflammatory adipokine, 

creates a cancer-stimulating microenvironment [8].  

Other studies, however, have reported no association between obesity and bladder 

cancer outcomes [11, 12], or even better survival among those bladder cancer patients 
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with higher BMI [13-15], a phenomenon known as the obesity paradox. The obesity 

paradox has also been observed in other cancer populations such as renal cell, colorectal, 

lung, and metastatic melanoma patients [5, 16, 17]. Overall, the factors that are 

potentially associated with improved survival rates among patients with higher BMI 

include methodological biases (i.e., sample selection bias, residual confounding, reverse 

causality, collider bias) [18], clinical and biological differences including tumor 

expression [19], and/or body composition features and limitations of BMI to distinguish 

body compartments [18, 20]. 
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Informed Consent for Participation in a Research Study 

 

 Feasibility and Preliminary Efficacy of High-Intensity Interval Training in Bladder 

Cancer Patients During or After Intravesical Therapy: A Randomized Controlled Trial 

 

(A study to examine the feasibility and the effects of exercise in bladder cancer patients 

during or after intravesical treatment) 
 

 

Protocol ID:  NA 

 

Principal Investigator:  Kerry S. Courneya, PhD 

   Faculty of Kinesiology, Sport and Recreation 

   University of Alberta 

   780-492-1031  

Co-Investigator: Adrian Fairey, MD 

   Northern Alberta Urology Centre 

   Kaye Edmonton Clinic 

   780-407-5771 

Co-Investigator: Normand Boulé, PhD 

   Faculty of Kinesiology, Sport and Recreation 

   University of Alberta 

   780-492-4695 

Co-Investigator: Fernanda Arthuso 

   Faculty of Kinesiology, Sport and Recreation 

   University of Alberta 

   587-590-8769 

  

Sponsor/Funder(s): Canada Research Chairs Program, University of Alberta 

 

 

Emergency Contact Number (24 hours / 7 days a week): Health Link, 811 

       

Non-Emergency contact numbers are noted at the end of this document under the section 

heading “WHO DO I CONTACT FOR QUESTIONS?”. 
 

For assistance with terminology within this consent form, please refer to the Canadian Cancer 

Society Glossary of Terms at http://info.cancer.ca/e/glossary/glossary.html. 

 

You are being invited to participate in a research study because you have been scheduled to 

receive or have completed at least one intravesical treatment for non-muscle invasive bladder 

cancer. This consent form provides detailed information about the study to assist you with 

making an informed decision. Please read this document carefully and ask any questions you may 

http://info.cancer.ca/e/glossary/glossary.html
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have. All questions should be answered to your satisfaction before you decide whether to 

participate.  

 

The study staff will tell you about timelines for making your decision. You may find it helpful to 

discuss the study with family and friends so that you can make the best possible decision within 

the given timelines.   

 

Taking part in this study is voluntary. You may choose not to take part or, if you choose to 

participate, you may leave the study at any time without giving a reason. Deciding not to take part 

or deciding to leave the study will not result in any penalty or any loss of medical or health-

related benefits to which you are entitled.  

  

The study doctor, who is one of the researchers, will discuss this study with you and will answer 

any questions you may have. If you do consent to participate in this study, you will need to sign 

and date this consent form. You will receive a copy of the signed form. 

 

 

WHAT IS THE BACKGROUND INFORMATION FOR THIS STUDY? 

 

Bladder cancer is the fifth most common cancer in Canada and has the eighth highest 

cancer mortality rate. The treatment for the most frequent type of bladder cancer is 

surgically removing the tumour and placing a drug in the bladder at the same time. This 

procedure is often followed by six weeks of medication placed within the bladder and a 

possible intravesical therapy maintenance phase. There are physical and psychosocial 

challenges from bladder cancer and its treatment that may affect how patients feel and 

function, and consequently their quality of life. Moreover, bladder cancer patients are at a 

high risk of their bladder cancer coming back and getting worse. Exercise is a low-cost 

intervention that although not proven, it may lower the chances of bladder cancer coming 

back or getting worse, manage side effects related to cancer treatment, help patients feel 

better, and improve quality of life.  

 

To date, however, no study has examined if it is safe or even possible for bladder cancer 

patients to exercise when they are receiving drugs placed into their bladder. The Bladder 

cancer and exeRcise trAining during intraVesical thErapy (BRAVE) Trial will be the first 

study to test the feasibility and safety of exercise in bladder cancer patients during and 

after this drug therapy. Feasibility will be evaluated by tracking the number of bladder 

cancer patients scheduled for intravesical therapy deemed eligible for the study, the 

number of bladder cancer patients that enrolled and adhered to the exercise sessions and 

assessments. To evaluate the safety of the program, any adverse events during the 

physical assessments (baseline, 6-week, and post-intervention) and during the exercise 

sessions will be recorded. We will ask some patients to do a supervised exercise program 

during their drug treatment while other patients will be asked not to exercise more than 

their usual. We will compare the exercise ability of the two groups through fitness testing 

and how they fare with their bladder cancer treatment through questionnaires. This study 

will provide information on whether exercise may help patients feel better, function 

better, and possibly even lower their chances of the disease coming back or getting 

worse.  
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The Health Research Ethics Board of Alberta – Cancer Committee (HREBA-CC), which 

oversees the ethical acceptability of research involving humans, has reviewed and granted ethics 

approval for this study.  

 

 

WHY IS THIS STUDY BEING DONE? 

 

The purpose of this feasibility study is to help understand if it is possible to do the study 

with a small number of participants before a larger study is started. Because there will 

only be a small number of participants, it is not expected to give complete answers to the 

research questions and will not prove safety or effectiveness. The results may be used as 

a guide for larger studies, although there is no guarantee that those will be conducted. 

Participation in a feasibility study does not mean that you will be eligible to participate in 

a future larger study.  

 

WHAT ARE OTHER OPTIONS IF I DECIDE NOT TO PARTICIPATE IN THIS 

STUDY?  
 

You do not have to take part in this study, in order to receive continued medical care. 

Other alternatives in addition to standard care may include: 

 starting an exercise program on your own 

 consulting with an exercise specialist 

 joining a community-based exercise program 
 

Please talk to the study team or your care doctor about the known benefits and risks of 

these other options before you decide to take part in this study. 

 

 

HOW MANY PEOPLE WILL TAKE PART IN THIS STUDY? 

 

Up to 66 people will take part in this study. We plan to enroll about 33 people at the 

Behavioural Medicine Fitness Centre (BMFC) for the exercise intervention group and 33 

in the control group (no exercise intervention). 

 

 

WHAT WILL HAPPEN DURING THIS STUDY?  

 

This study should take 12 months to complete and the results should be known in about 

24 months. 

 

ASSIGNMENT TO A GROUP   

 

If you decide to participate then you will be "randomized" into either the exercise 

intervention group or the control group. Randomization means that you are put into a 

group by chance. We will ask some patients to do a supervised exercise program during 

their drug treatment while other patients will be asked not to exercise more than their 

usual. We will compare the 2 groups on how they fare with their bladder cancer 
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treatment. There is no way to predict which group you will be assigned to. You will have 

an equal chance of being placed in either group. Neither you, the research staff, nor the 

researcher can choose what group you will be in.  

 

STUDY INTERVENTION 

Group 1 (Experimental intervention): high-intensity aerobic interval exercise.  

Patients randomized to the exercise group will be asked to complete a 12-week, 

supervised high intensity interval training program, which consists of short periods of 

high-intensity aerobic exercise interspersed with light-intensity exercise for recovery. The 

exercise will be performed on a treadmill or cycle ergometer and the intensity will be 

modified by changing speed and/or grade or load. Exercise frequency will be three times 

per week and each session will last approximately 40 minutes.  
 

Group 2 (Non-experimental intervention):  control group. 

Patients randomized to the control group will be asked not to initiate any exercise 

program or to increase their exercise level from baseline during the 12-week study. After 

the post-intervention assessments, patients in the control group will be offered a 4-week 

supervised exercise program at the Behavioural Medicine Fitness Centre (BMFC). 

 

STUDY PROCEDURES  

Both groups will be assessed at the beginning (baseline), during the study (at 6 weeks or 

post-intravesical therapy), and at the end of the study (postintervention) through a 

cardiopulmonary fitness test, physical function test, anthropometric measurements, 

questionnaires, and medical chart review. In addition, questionnaire and medical chart 

review will also be done at 3- and 12-month follow-up. 

 

Established Procedures  

The following established procedures will be done as part of this study. Some of these 

procedures may be done as part of your standard care, in which case the results may be 

used. Some may be done more frequently than if you were not taking part in this study. 

Some of these procedures may be done solely for the purpose of the study. If the results 

show that you are not able to continue participating in the study, the study team will let 

you know. 
 

 Aerobic exercise test – to determine your cardiopulmonary fitness. This test will 

consist of walking or jogging on a treadmill with a gradual workload. The 

researchers will monitor your blood pressure, heart rate, oxygen saturation, and 

how hard you feel you are working at regular intervals throughout the test. The 

aerobic exercise test can also be conducted in a cycle ergometer when a treadmill 

is not feasible (e.g. balance issues).  

 

 Functional fitness tests - to determine your physical function, including strength, 

flexibility, and agility. Your functional fitness will be assessed through a series of 

small tests, including chair stands, arm curls, sit-and-reach and back scratch 

flexibility tests, walking around an 8-foot course, and walking for 6 minutes. We 

are trying to determine if the exercise program is effective at improving physical 

function. 
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 Anthropometric measurements: to estimate general health risk. Anthropometric 

measurements will include height, weight, and circumferences. Height will be 

measured using a stadiometer and weight will be measured using a balance beam 

scale. Height and weight will be used to calculate body mass index (BMI) [weight 

per height squared (kg/m²)]. Circumferences measurements will be taken of waist, 

hips, and calf using a flexible yet inelastic tape measure, which will be placed on 

the skin surface without compressing the tissue. 

 

Questionnaires 

 

You will be provided with questionnaires at the following four timepoints: (1) before 

starting this 

study (baseline); (2) at 3 months (post-intervention); (3) at 12 months (follow-up). The 

purpose of the questionnaires are to collect information on your demographics, and health 

behaviours, which will help understand how exercise affects your mental health, quality 

of life, fatigue, symptoms. Each questionnaire will take about 30-45 minutes to complete. 

 

The information you provide is for research purposes only and will remain strictly 

confidential. 

Some of the questions are personal; you may choose not to answer them. Even though 

you 

may have provided information on a questionnaire, these responses will not be reviewed 

by 

individuals not involved in this study, e.g., your health care practitioner/team. If you 

would like 

them to know this information, please bring to their attention. 

 

 Baseline Post-Intravesical 

Therapy  

(6-week) 

Post-

Intervention 

(3-month) 

Follow-up 

(12-month) 

Aerobic fitness test x x x  

Functional fitness test x x x  

Questionnaires x  x x 

Medical record review x  x x 

 

 

WHAT ARE THE POTENTIAL SIDE EFFECTS FROM PARTICIPATING IN THIS 

STUDY? 

 

You may experience side effects from participating in this study. There are no known 

risks other than potentially injuring yourself during exercise. Some side effects are 

known and are listed below, but there may be side effects that are not expected. You 

should discuss these with the study team.  

 

The study team will watch you closely to see if you have side effects.  
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Risks and side effects related to the high-intensity aerobic interval training includes:  

 

Very likely (greater than 21% or more than 20 people in 100): 

 It is possible that some people will experience muscle soreness and fatigue following the 

fitness testing and high-intensity aerobic interval training sessions. This type of response 

is normal, will go away after approximately 72 hours, and generally poses no threat to 

health. If the soreness persists more than five days or might be associated with a muscle 

or joint injury, participants should contact the study team. 

 

Rarely (1 – 4% or less than 5 in 100 people): 

 During and immediately after the aerobic fitness test, it is possible to experience 

symptoms such as abnormal blood pressure, fainting, light-headedness, muscle cramps 

or strain, nausea, and in very rare cases (1 per 20,000 in testing facilities) heart rhythm 

disturbances or heart attack. While serious risk is highly unlikely, such risks must be 

acknowledged, and participants must willingly to assume the risks associated with 

exercise. 

 

WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY? 

 

Participation in this study may or may not be of personal benefit to you. However, based 

on the results of this study, it is hoped that in the long-term, patient care can be improved. 

 

WHAT ARE MY RESPONSIBILITIES AS A STUDY PARTICIPANT? 
 

If you choose to participate in this study, you will be expected to: 

 Tell the study team about your current medical conditions; 

 Tell the study team about all prescription and non-prescription medications and supplements, 

including vitamins and herbals, that you may be taking and check with the study doctor 

before starting, stopping or changing any of these. This is for your safety as these may 

interact with the intervention you receive on this study; 

 Tell the study team if you are thinking about participating on another research study; 

 Attend all scheduled study visits and undergo all of the procedures described above; 

 Return any questionnaires taken home to complete; 

 Agree to attend 3 exercise sessions per week for 12 weeks during and after your intravesical 

therapy at the Behavioural Medicine Fitness Centre (BMFC) if randomized to the exercise 

intervention group OR agree not to increase your current physical activity levels if 

randomized to the usual care group; 

 

 

HOW LONG WILL I BE PARTICIPATING IN THIS STUDY? 

The study intervention will last for about 12 weeks and you will also be asked to 

complete 

questionnaires at 3 months and 1 year follow-up. 

You will be asked to come to our testing location (University of Alberta) for fitness and 

functioning tests before starting this study and then be asked to come 

back to one of our testing locations to complete assessments after 6 and 12 weeks. 

Questionnaires will be mailed to you at 3 months and 1 year follow-up 
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WILL THERE BE ANY LONG-TERM FOLLOW-UP INVOLVED WITH THIS 

STUDY? 

 

No matter which group you are randomized to, and even if you stop receiving the study 

intervention early, we would like to keep track of your health for up to one year to look at 

the 

long-term effects of your participation in the study. We would do this by accessing your 

medical 

records and asking you to complete questionnaires. 

 

CAN I CHOOSE TO LEAVE THIS STUDY EARLY? 

 

You can choose to end your participation in this research (called early withdrawal) at any 

time without having to provide a reason. If you choose to withdraw early from the study 

without finishing the intervention, procedure or follow-up, you are encouraged to contact 

the study team or study staff. 
 

If you decide to leave the study, you can ask that the information that was collected about 

you not be used for the study. Let the study team know if you choose this.  

 

 

CAN MY PARTICIPATION IN THIS STUDY END EARLY? 

 

The study team may stop your participation in the study early, and without your consent, 

for reasons such as: 

 They believe it is in your best interest to do so; 

 You are unable to complete all required study procedures; 

 You do not follow the study rules; 

 The sponsor decides to stop the study; 

 A regulatory authority (for example, Health Canada) or the research ethics board withdraws 

permission for the study to continue; 

 

If this happens, it may mean that you would not receive the study intervention for the full 

period described in this consent form.  

 

If you are removed from the study, the study doctor will discuss the reasons with you and 

plans will be made for your continued care outside of the study.  

 

 

HOW WILL MY PERSONAL INFORMATION BE KEPT CONFIDENTIAL? 
 

If you decide to participate in this study, the study doctor and study staff will only collect 

the information they need for this study.  

 

Records identifying you, including information collect from your medical files/records, 

such as your Electronic Medical Records (EMR), Netcare, charts, etc., will be kept 
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confidential to the extent permitted by the applicable laws, will not be disclosed or made 

publicly available, except as described in this consent document.  
 

Authorized representatives of the following organizations may look at your identifiable 

medical/clinical study records at the site where these records are held for quality 

assurance purposes and/or to verify that the information collected for the study is correct 

and follows proper laws and guidelines: 

 

 University of Alberta; 

 Alberta Health Services; 

 The Health Research Ethics Board of Alberta – Cancer Committee, which oversees the 

ethical conduct of this study; 
 

Authorized representatives of the above organizations may receive information related to 

the study from your medical/clinical study records that will be kept confidential in a 

secure location and may be used in current or future relevant health research. Your name 

or other information that may identify you will not be provided (i.e., the information will 

be de-identified). The records received by these organizations will be coded with a 

number. The key that indicates what number you have been assigned will be kept secure 

by the researchers directly involved with your study and will not be released.  

 

Any disclosure of your identifiable health information will be done in accordance with 

federal and provincial laws including the Alberta Health Information Act (HIA). The 

organizations listed above are required to have organizational policies and procedures to 

protect the information they see or receive about you, except where disclosure may be 

required by law. The study doctor will ensure that any personal health information 

collected for this study is kept in a secure and confidential location (Behavioural 

Medicine Laboratory, University of Alberta) as also required by law. 
 

If the results of this study are published, your identity will remain confidential. It is 

expected that the information collected during the study will be used in analyses and will 

be published/presented to the scientific community at meetings and in journals.  
 

Even though the likelihood that someone may identify you from the study data is very 

small, it can never be completely eliminated. Every effort will be made to keep your 

identifiable information confidential, and to follow the ethical and legal rules about 

collecting, using and disclosing this information. 
 

Studies involving humans sometimes collect information on race and ethnicity as well as 

other characteristics of individuals because these characteristics may influence how 

people respond to different interventions. Providing information on your race or ethnic 

origin is voluntary. 
 

A copy of the consent form that you sign to enter the study will be included in your 

health record/hospital chart.  
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WILL MY HEALTHCARE PROVIDER(S) BE INFORMED OF MY PARTICIPATION 

IN THIS STUDY? 

 

Your family doctor/health care provider may be informed that you are taking part in a 

study so that you can be provided with appropriate medical care. If you do not want your 

family doctor/health care provider to be informed, please discuss with your study team to 

find out your options. 

 

 

WILL THERE BE ANY COSTS INVOLVED WITH PARTICIPATING IN THIS 

STUDY? 

 

Participation in this study will not involve any additional costs to you or your private 

health care insurance. The study team will cover all study-related costs including fitness 

testing, exercise supervision, and parking for study-related visits. 

 

 

WILL I BE COMPENSATED FOR PARTICIPATING IN THIS STUDY? 

 

You will not be paid for taking part in this study.  

  

If you decide to participate in this study, you will be reimbursed for study-related 

expenses such as parking, or public transportation.  

 

 

WHAT ARE MY RIGHTS AS A PARTICIPANT IN THIS STUDY? 

 

You will be told, in a timely manner, about new information that may be relevant to your 

willingness to stay in this study. 

 

You have the right to be informed of the results of this study once the entire study is 

complete. If you would like to be informed of these results, please contact the study 

doctor.   

 

The results of this study will be available on a clinical registry; refer to the section titled 

“Where can I find online information about this study?”. 

 

Your rights to privacy are legally protected by federal and provincial laws that require 

safeguards to ensure that your privacy is respected. 

 

By signing this form you do not give up any of your legal rights against the hospital, 

investigators, sponsor, involved institutions for compensation or their agents, nor does 

this form relieve these parties from their legal and professional responsibilities. 
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IS THERE CONFLICT OF INTEREST RELATED TO THIS STUDY? 

 

There are no conflicts of interest declared between the study doctor and sponsor of this 

study. 

 

 

WHERE CAN I FIND ONLINE INFORMATION ABOUT THIS STUDY? 
 

A description of this clinical trial will be available on http://www.clinicaltrials.gov, as 

required by U.S. Law. This Web site will not include information that can identify you. 

At most, the Web site will include a summary of the results. You can search this Web site 

at any time. 

 

The study registration number to use this website is: NCT04593862   

 

 

WHO DO I CONTACT FOR QUESTIONS? 

 

If you have questions about taking part in this study, or if you suffer a research-related 

injury, you should talk to the study doctor or co-investigators. These person(s) are: 

 

Kerry Courneya (Principal Investigator)  780-492-1031 

Name  Telephone 

 

Adrian Fairey (Co-Investigator)  780-407-5771 

Name  Telephone 
 

Fernanda Arthuso (Co-Investigator)  587-590-8769 

Name  Telephone 
 

 

A wallet card will be provided to you with information about how to contact the study 

staff when required. 

 

If you have questions about your rights as a participant or about ethical issues related to 

this study and you would like to talk to someone who is not involved in the conduct of 

the study, please contact the Office of the Health Research Ethics Board of Alberta – 

Cancer Committee at:  

 

Telephone: 780-423-5727  Toll Free: 1-877-423-5727 

 

 

 

http://www.clinicaltrials.gov/
https://clinicaltrials.gov/show/NCT04593862
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SIGNATURES 

 

Part 1 - to be completed by the potential participant. 

 

 Yes No 
Do you understand that you have been asked to take part in a research study? 

 

 

 

 

 

Do you understand why this study is being done? 

 

  

Do you understand the potential benefits of taking part in this study? 

 

  

Do you understand the risks of taking part in this study and the risks of 

becoming pregnant or fathering a child during this study? 

 

 

 

 

 

Do you understand what you will be asked to do should you decide to take 

part in this study? 

 

 

 

 

 

 

Do you understand the alternatives to participating in this study? 

 

  

Do you understand that you are free to leave the study at any time, without out 

having to give reason and without affecting your future health care? 

 

 

 

 

 

Do you understand who will see your records, including health information 

that identifies you? 

 

 

 

 

 

Do you understand that by signing this consent form you are giving us 

permission to access your health information and specimens if applicable? 

 

 

 

 

 

Do you understand that by signing this consent form that you do not give up 

any of your legal rights? 

 

 

 

 

 

Do you understand that your family doctor/health care provider will/may be 

informed of your participation in this study? 

 

 

 

 

 

Have you had enough opportunity to ask questions and discuss this study? 

 

  

 

By signing this form I agree to participate in this study. 

 

 

Signature of Participant   PRINTED NAME  Date 
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Part 2 - to be completed by the study doctor or designee who conducted the informed 

consent discussion. Only compete this section if the potential participant has agreed to 

participate.  

 

I believe that the person signing this form understands what is involved in the study and 

has freely decided to participate. 

 

     

Signature of Person Conducting 

the Consent Discussion 

 PRINTED NAME  Date 

 

 

Part 3 - to be completed only if the participant is unable to read or requires assistance of 

an oral translator/interpreter.  

 

 The informed consent form was accurately explained to, and apparently understood by the 

participant  

 Informed consent was freely given by the participant. 

 

 

     

Signature of Impartial 

Witness/Interpreter 

 PRINTED NAME  Date 

 

 

 

**You will be given a copy of this signed and dated consent form prior to participating in 

this study.** 
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APPENDIX E: BRAVE TRIAL BASELINE QUESTIONNAIRE
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Bladder cancer and exeRcise trAining during or after intraVesical 

thErapy: The BRAVE Trial 

Fernanda Z. Arthuso, MSc; Normand Boulé, PhD; Adrian S. Fairey, MD; 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 30-40 minutes of your time to complete. If you have any questions 

about completing the questionnaire, please do not hesitate to contact Fernanda Arthuso 

(Study Coordinator) at: (780) 492-2829 or arthuso@ualberta.ca 

  

Date: Identification #: 
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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?................ 
1 2 3 4 

2. Do you have any trouble taking a long walk?................. 1 2 3 4 

3. 
Do you have any trouble taking a short walk outside of 

the house?........................................................................ 
1 2 3 4 

4. Do you need to stay in bed or a chair during the day?.... 1 2 3 4 

5. 
Do you need help with eating, dressing, washing 

yourself or using the toilet?............................................ 
1 2 3 4 

 

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? ............................................................................... 
1 2 3 4 

7. Were you limited in pursuing your hobbies or other leisure 

time activities?........................................................................ 
1 2 3 4 

8. Were you short of breath?................................................... 1 2 3 4 

9. Have you had pain?............................................................. 1 2 3 4 

10. Did you need to rest?........................................................ 1 2 3 4 

11. Have you had trouble sleeping? ........................................ 1 2 3 4 

12. Have you felt weak?........................................................... 1 2 3 4 

13. Have you lacked appetite?................................................. 1 2 3 4 
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14. Have you felt nauseated?.................................................. 1 2 3 4 

15. Have you vomited?........................................................... 1 2 3 4 

16. Have you been constipated?.............................................. 1 2 3 4 

During the PAST WEEK: Not at 

all 

A 

little 

Quite 

a bit 

Very 

much 

17. Have you had diarrhea?..................................................... 1 2 3 4 

18. Were you tired?.................................................................. 1 2 3 4 

19. Did pain interfere with your daily activities?.................... 1 2 3 4 

20. Have you had difficulty in concentrating on things, like 

reading a newspaper or watching television?.......................... 
1 2 3 4 

21. Did you feel tense?............................................................. 1 2 3 4 

22. Did you worry?................................................................. 1 2 3 4 

23. Did you feel irritable?....................................................... 1 2 3 4 

24. Did you feel depressed?..................................................... 1 2 3 4 

25. Have you had difficulty remembering things?.................. 1 2 3 4 

26. Has your physical condition or medical treatment 

interfered with your family life?............................................. 
1 2 3 4 

27. Has your physical condition or medical treatment 

interfered with your social activities?...................................... 
1 2 3 4 

28. Has your physical condition or medical treatment caused 

you financial difficulties?........................................................ 
1 2 3 4 
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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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Patients sometimes report that they have the following symptoms or problems. Please 

indicate the extent to which you have experienced these symptoms or problems during 

the past week. Please answer by circling the number that best applies to you.  

During the PAST WEEK 
Not 

at all 

A 

little 

Quite 

a bit 

Very 

much 

1. Have you had to urinate frequently during the day?...................... 1 2 3 4 

2. Have you had to urinate frequently at night?.................................. 1 2 3 4 

3. When you felt the urge to pass urine, did you have to hurry to get 

to the toilet?...................................................................................... 1 2 3 4 

4. Was it difficult for you to get enough sleep, because you needed 

to get up frequently at night to urinate?........................................... 1 2 3 4 

5. Have you had difficulty going out of the house, because you 

needed to be close to a toilet?.......................................................... 1 2 3 4 

6. Have you had any unintentional release (leakage) of urine?........... 1 2 3 4 

7. Have you had pain or a burning feeling when urinating?................ 1 2 3 4 

8. Did you have a fever?...................................................................... 1 2 3 4 

9. Did you feel ill or unwell?............................................................... 1 2 3 4 

10. Did you have trouble arranging your life around the repeated 

bladder treatment appointments (cystoscopies or instillations)?..... 1 2 3 4 

11. Did you worry about having repeated bladder treatments 

(cystoscopies or instillations)?......................................................... 1 2 3 4 

12. Were you worried about your health in the future?......................... 1 2 3 4 

13. Did you worry about the results of examinations and tests?........... 1 2 3 4 

14. Did you worry about possible future treatments?............................ 1 2 3 4 

15. Did you have a bloated feeling in your abdomen?.......................... 1 2 3 4 

16. Have you had flatulence or gas?...................................................... 1 2 3 4 
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Most people who have been diagnosed with bladder cancer are worried, to varying 

degrees, that there might be a recurrence of the cancer. By recurrence, we mean the 

possibility that the cancer could return or progress in the same place or in another 

part of the body. This questionnaire aims to better understand the experience of worries 

about cancer recurrence. 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  

Never Rarely Sometimes Most of the time All the time 

The following situations make me think about the possibility of cancer recurrence: 

1. Television shows or newspaper articles about cancer or illness…….. 0 1 2 3 4 

2. An appointment with my doctor or other health professional……….. 0 1 2 3 4 

3. Medical examinations (e.g. annual check-up, blood tests, X-rays)….. 0 1 2 3 4 

4. Conversations about cancer or illness in general……………………. 0 1 2 3 4 

5. Seeing or hearing about someone who is ill…………………………. 0 1 2 3 4 

6. Going to a funeral or reading the obituary section of the paper……... 0 1 2 3 4 

7. When I feel unwell physically or when I am sick…………………… 0 1 2 3 4 

8. Generally, I avoid situations or things that make me think about the 

possibility of cancer recurrence………………………………………… 
0 1 2 3 4 

 
0 1 2 3 4  

Not at all A little Somewhat A lot A great deal 

9. I am worried or anxious about the possibility of cancer recurrence...... 0 1 2 3 4 

10. I am afraid of cancer recurrence…………………………...………... 0 1 2 3 4 

11. I believe it is normal to be worried or anxious about the possibility 

of cancer recurrence……………………………………………………... 
0 1 2 3 4 

12. When I think about the possibility of cancer recurrence, this triggers 

other unpleasant thoughts or images (such as death, suffering, the 

consequences for my family)……………………………………………. 

 

0 

 

1 

 

2 

 

3 

 

4 

13. I believe that I will be cured and that the cancer will not come back.. 0 1 2 3 4 

14. In your opinion, are you at risk of having a cancer recurrence?  
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 

 

15. How often do you think about the possibility of cancer recurrence?  
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 
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16. How much time per day do you spend thinking about the possibility of cancer 

recurrence?  
0 1 2 3 4  

I don’t think about it A few seconds A few minutes A few hours Several hours 

 

17. How long have you been thinking about the possibility of cancer recurrence?  
0 1 2 3 4  

I don’t think about it A few weeks A few months A few years Several years 

  
0 1 2 3 4  

Not at all A little Somewhat A lot A great deal 

 

When I think about the possibility of cancer recurrence, I feel: 

 

18. Worry, fear or anxiety ....................................................................... 0 1 2 3 4 

19. Sadness, discouragement or disappointment……………………….. 0 1 2 3 4 

20. Frustration, anger or outrage ............................................................. 0 1 2 3 4 

21. Helplessness or resignation…………………...……………………. 0 1 2 3 4 

 

My thoughts or fears about the possibility of cancer recurrence disrupt: 

 

 

  

22. My social or leisure activities (e.g. outings, sports, travel)…..…….. 
0 1 2 3 4 

23. My work or everyday activities…………………………………….. 
0 1 2 3 4 

24. My relationships with my partner, my family, or those close to me.. 
0 1 2 3 4 

25. My ability to make future plans or set life goals...…………………. 
0 1 2 3 4 

26. My state of mind or my mood…………...…………………………. 
0 1 2 3 4 

27. My quality of life in general………………………………………... 
0 1 2 3 4 

28. I feel that I worry excessively about the possibility of cancer 

recurrence………………………………………………………………. 
0 1 2 3 4 

29. Other people think that I worry excessively about the possibility of 

cancer recurrence……………………………………………………….. 
0 1 2 3 4 

30. I think that I worry more about the possibility of cancer recurrence 

than other people who have been diagnosed with cancer……………… 
0 1 2 3 4 
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 When I think about the possibility of cancer recurrence, I use the following 

strategies to reassure myself: 

31. I call my doctor or other health professional …………………..….. 0 1 2 3 4 

32. I go to the hospital or clinic for an examination ............................... 0 1 2 3 4 

33. I examine myself to see if I have any physical signs of cancer…….. 0 1 2 3 4 

34. I try to distract myself (e.g. do various activities, watch television, 

read, work)……………………………………………………………… 

 

0 

 

1 

 

2 

 

3 

 

4 

35. I try not to think about it, to get the idea out of my mind.…………. 0 1 2 3 4 

36. I pray, meditate or do relaxation …………………………………... 0 1 2 3 4 

37. I try to convince myself that everything will be fine or I think 

positively…………………………………………………...…………… 

 

0 

 

1 

 

2 

 

3 

 

4 

38. I talk to someone about it …………………………………………... 0 1 2 3 4 

39. I try to understand what is happening and deal with it ...................... 0 1 2 3 4 

40. I try to find a solution………………………………………………. 0 1 2 3 4 

41. I try to replace this thought with a more pleasant one……………… 0 1 2 3 4 

42. I tell myself “stop it” .......................................................................... 0 1 2 3 4 

43. Do you feel reassured when you use these strategies?....................... 0 1 2 3 4 

  

 0 1 2 3 4  
Never Rarely Sometimes Most of the time All the time 
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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 feel. 

 

 

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 have 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 

 

  



 

283 

 

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 

  



 

285 

 

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 each question, please CIRCLE the number that best describes your answer.  

 

Please rate the CURRENT (i.e. LAST 2 WEEKS) SEVERITY of your insomnia 

problem(s).  

 

Insomnia Problem None Mild Moderate Severe Very Severe 

1. Difficulty falling asleep…… 0 1 2 3 4 

2. Difficulty staying asleep…… 0 1 2 3 4 

3. Problems waking up too early 0 1 2 3 4 

 

4. How SATISFIED/DISSATISFIED are you with your CURRENT sleep pattern?  

Very Satisfied Satisfied Moderately 

Satisfied 

Dissatisfied Very 

Dissatisfied 

0 1 2 3 4 

 

5. How NOTICEABLE to others do you think your sleep problem is in terms of 

impairing the quality of your life?  

Not at all Noticeable A Little Somewhat Much Very Much Noticeable  

0 1 2 3 4 

 

6. How WORRIED/DISTRESSED are you about your current sleep problem?  

Not at all Worried A Little Somewhat Much Very Much Worried 

0 1 2 3 4 

 

7. To what extent do you consider your sleep problem to INTERFERE with your daily 

functioning (e.g. daytime fatigue, mood, ability to function at work/daily chores, 

concentration, memory, mood, etc.) CURRENTLY?  

Not at all Interfering A Little Somewhat Much Very Much Interfering 

0 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 

 
a. VIGOROUS/STRENUOUS 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/MILD 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 exercising for the next 12 

weeks during and after your intravesical therapy. Please pay careful attention to the 

words and descriptions for each scale and circle the number that best represents how you 

feel. 

1. How beneficial do you think it will be for you to exercise for the next 12 weeks 

during and after your intravesical therapy?  
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 exercise for the next 12 weeks 

during and after your intravesical therapy?  
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 exercising for the next 

12 weeks during and after your intravesical therapy?  
1 2 3 4 5  

Not at all A little bit Somewhat Quite a bit Very much 

 

4. How motivated are you to exercise for the next 12 weeks during and after your 

intravesical therapy? 
 

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 exercise for the next 12 weeks 

during and after your intravesical therapy?  
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 exercising for 

the next 12 weeks during and after your intravesical therapy?  
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 exercise for the next 12 

weeks during and after your intravesical therapy?  
1 2 3 4 5  

Not at all A little bit Somewhat Quite a bit Very much 
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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. 

DEMOGRAPHIC  

1. Age: _____  

2. Sex:   Female ☐      Male ☐  

3. Current Marital Status:  

Never Married ☐ Married ☐ Common Law ☐ 

Separated ☐ Widowed ☐ Divorced ☐ 

4. Education (Please check highest level attained):  

Some High School ☐ Completed High School ☐ 

Some University/College ☐ Completed University/College ☐ 

Some Graduate School ☐ Completed Graduate School ☐  

5. Annual Family Income:  

< $20,000 ☐ $20,000 – 39,999 ☐ 

$40,000 – 59,999 ☐ $60,000 – 79,999 ☐ 

$80,000 – 99,999 ☐           > $100,000 ☐  

6. Current Employment Status:  

Full Time ☐ Part Time ☐ Sick Leave ☐ Temporarily off work  

because of COVID-19 ☐ Retired ☐ Homemaker ☐ Disability ☐  

7. What is your primary ethnic origin or race?  

White ☐  Black ☐ Hispanic ☐ 

Asian ☐ Indigenous ☐ Other_________ 

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

Never Smoked  ☐ Ex-Smoker ☐ Current Smoker ☐ 

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

Never Drink ☐ Social Drinker ☐ Regular Drinker (drink every day) ☐ 

10. How would you rate your general health? 

Excellent ☐ Very Good ☐ Good ☐ Fair ☐ Poor ☐ 
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MEDICAL 

 

11. Has a doctor or nurse ever told you that you have any of the following conditions? 

(check all that apply, or leave blank if not applicable): 

 

Heart Disease or 

CVD  
☐ Stroke  ☐ 

Angina (chest 

pains)  
☐ Arthritis, Osteoporosis, or 

Back Problems  
☐ 

High Blood 

Pressure  
☐ Emphysema  ☐ 

High Cholesterol ☐ Chronic bronchitis  ☐ 

Diabetes  ☐ Asthma or COPD  ☐ 

Spinal Cord Injury ☐ Other Cancer: 

_______________ 

 

    

Any other long term health condition?_ __________________________ 

 

12. In the past month, was your ability to exercise limited by a health condition, injury, or 

disability?  
 1 2 3 4 5  
 Not at all A little Somewhat Quite a lot Completely 

13. Are you currently taking any medications or health supplements for health problems? 

(e.g., blood pressure, anxiety, depression, pain, insomnia, etc). 

 

What is the medication?  

(e.g., beta-blocker, Synthroid) 

What is it for?  

(e.g., high blood pressure, 

hypothyroidism) 

1.  

2.   

3.   

4.   

5.   

6.   

 

14. Have you been fully vaccinated against COVID-19? 

Yes ☐      No ☐ 
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Please feel free to make any additional comments concerning your bladder cancer, your 

treatments, the questionnaire, the exercise intervention, 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 F: BRAVE TRIAL ADVERTISEMENT 
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