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Abstract
Background

Testicular cancer (TC) survivors (TCS) are an understudied, high-risk group susceptible
to late-onset treatment-related cardiovascular disease (CVD), psychosocial, and health-related
quality of life (HRQoL) deficits in the years following treatment. Importantly, despite having the
second highest cure rate of all solid tumors, improvements in overall survival from testicular
cancer are being off-set by treatment-related CVD. Aerobic exercise training prevents the
development and mitigates the severity of cardiovascular and psychosocial deficits, similar to
those experienced by TCS, in healthy and clinical populations including some cancer survivor
groups. However, no studies to date have assessed the effects of aerobic exercise training on
cardiovascular, psychosocial, and HRQoL deficits in TCS. High-intensity aerobic interval
training (HIIT) is a modality of aerobic exercise training which involves alternating periods of
vigorous- and light-intensity aerobic exercise; and, compared to moderate-intensity continuous
aerobic exercise training (MCT), evidence suggests that HIIT may cause greater improvements in
exercise capacity, cardiac and vascular health, metabolic and lipid-profile changes, antioxidant

defenses, and possibly even HRQoL.

Purpose
The purpose of my dissertation was to evaluate the effects of a 12-week aerobic HIIT
program on traditional and novel CVD risk factors, surrogate markers of cardiovascular and

overall mortality, psychosocial function, and HRQoL in a population-based sample of TCS.

Methods
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The High-Intensity Interval Training in Testicular cancer Survivors (HIITTS) trial was a
randomized controlled trial. Recruited through the Alberta Cancer Registry and the surveillance
clinic at the Cross Cancer Institute, 63 TCS were randomly allocated to either HIIT or a wait-list
control usual care (UC) group. All HIIT and the UC participants were asked to maintain the low-
to-moderate intensity physical activity they were performing at baseline throughout the duration
of the 12-week intervention/observation period. Participants in the HIIT group were asked to
attend thrice-weekly supervised exercise sessions for 12 weeks. The HIIT intervention consisted
of four 4-minute work periods involving uphill walking/jogging on a treadmill between 75% and
95% of VO2peak Which were separated by three 3-minute active recovery periods performed at a
lower intensity, for a total of 35 minutes per session (including a 5-minute warm-up and 5-minute
cool-down). Participants in the UC group were invited to participate in a 6-week condensed
version of the HIIT protocol after the 3-month follow-up period. Assessments were made at
baseline, immediately postintervention, and at 3-month follow-up [patient-reported outcomes
(PROs) only]. Participants’ general and cardiovascular health were assessed using a maximal
exercise protocol, non-invasive measures of vascular structure and function, resting and post
exercise autonomic nervous system function, blood-based biomarkers, as well as self-report
questionnaires (i.e., PROs) pertaining to physical activity, HRQoL, cancer-related fatigue (CRF),

sleep quality, depression, anxiety, stress, and self-esteem.

Results

Postintervention data were available in >97% of participants for our primary outcome
(VO2peak) and 37 out of 45 (82%) secondary cardiovascular and PROs. HIIT participants
completed 99% of all exercise sessions and achieved 98% of their target exercise intensity.

Analysis of covariance (ANCOVA) revealed that, compared to UC, HIIT caused improvements
iii



in the primary outcome of VOzpeak (3.7 mL Oz/kg/min; 95% CI: 2.4 to 5.1; p<0.001) and
numerous secondary outcomes including Framingham CVD Risk Score (FRS) (p=0.011),
arterial-thickness (p<0.001), arterial-distensibility (p=0.049), arterial-stiffness (p<0.001),
microvascular reactivity (p=0.039), resting heart rate (p=0.012), parasympathetic reactivity
(p=0.033); post-exercise parasympathetic reactivation (p<0.001), inflammation (p=0.045), low-
density lipoprotein (p=0.014), CRF (p=0.003), self-esteem (p=0.029), the mental component
score (p=0.034), role-physical (p=0.048), general health (p=0.016), vitality (p=0.001), and social
functioning (p=0.011). Moreover, the effects of HIIT on CRF (p=0.031) and vitality (p=0.015)
persisted at 3-month follow-up. Exploratory analyses also provided preliminary evidence that
changes in VOzpeak may have partially mediated the postintervention improvements in the mental
component score, vitality, and mental health; and the 3-month follow-up improvements in CRF

and vitality. There were no HIIT-related adverse events.

Conclusions

The HIITTS trial provides the first randomized evidence that 12 weeks of supervised
HIIT causes significant and potentially clinically meaningful improvements in traditional and
novel CVD risk factors, surrogate markers of cardiovascular and overall mortality, and patient-
reported CRF, self-esteem, and HRQoL in TCS. If confirmed, the HIIT-related mitigation of
treatment-related sequalae may lead to subsequent improvements in the quality and length of life
in TCS. Further investigation of HIIT to reduce cardiovascular morbidity/mortality and improve

both psychosocial function and HRQoL in TCS is warranted.
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Cancer Committee (Trial ID# 14-0183) and the University of Alberta. The introduction (Chapter
1), discussion (Chapter 5), and Appendices B — F are my original work.

Chapters 2 (primary paper) and 3 (online supplement) of this dissertation are in press as
Scott C. Adams, MSc, Darren S. DeLorey, PhD, Margie H. Davenport, PhD, Michael K.
Stickland, PhD, Adrian S. Fairey, MD, MSc, Scott North, MD, Alexander Szczotka, and Kerry S.
Courneya, PhD. (2017 — in press), Effects of high-intensity aerobic interval training on
cardiovascular disease risk in testicular cancer survivors: a phase II randomized controlled
trial, Cancer, pp. XXX-XX. I was responsible for the trial conception, design, intervention and
control group supervision, data collection, data analyses and interpretation, and wrote the first
draft of the manuscript. Drs. Courneya, DeLorey, and Davenport made important contributions to
the study conception, design, and data analyses. Drs. Courneya and DeLorey provided equipment
for and supervised the data collection. All coauthors provided important feedback on aspects of
data interpretation and provided critical appraisals of the manuscript content.

Chapter 4 (secondary paper) of this dissertation is under review as Scott C. Adams,
Darren S. DeLorey, Margie H. Davenport, Adrian S. Fairey, Scott North, and Kerry S. Courneya,
Effects of high-intensity aerobic interval training on fatigue, psychosocial function and
health-related quality of life in testicular cancer survivors: a phase Il randomized
controlled trial, submitted. 1 was responsible for the trial conception, design, intervention and
control group supervision, data collection, data analyses and interpretation, and wrote the first

draft of the manuscript. Drs. Courneya, DeLorey, and Davenport made important contributions to

\%



the study conception, design, and data analyses. Drs. Courneya and DeLorey provided the
equipment for and supervised the data collection. All coauthors provided important feedback on

aspects of data interpretation and provided critical appraisals of the manuscript content.

vi



Acknowledgements

I would like to offer my heartfelt thanks to my supervisor and mentor, Dr. Kerry
Courneya. Your passion and drive are apparent in all that you do, and this has been an
exceptional training experience for me. My time in your lab has been rich with opportunities for
professional development and collaboration, as well as introspection and personal growth. I will
forever be appreciative of your guidance, support, and belief in me. I wish to extend my sincere
gratitude to my committee members Drs. Darren DeLorey and Margie Davenport. Darren, you
have been an incredible mentor and source of support throughout my time in your laboratory and
classroom — our time together has been truly memorable! Margie, thank you for all of the time
and energy you dedicated to training me and supporting me throughout this trial. I wish to thank
Drs. Michael Stickland, Scott North, and Adrian Fairey. Mike, thank you for your selfless
support of my technical training, professional development, and my project! Scott and Adrian,
thank you for your guidance, commitment to this project, and for being advocates of our work
and field. Many thanks to my colleagues within the Behavioural Medicine Laboratory including
Andria, Cindy, Ciara, and Dong-Woo. Your benevolence, integrity, and support have been
unwavering and deeply appreciated. I look forward to our ongoing collaboration in the years to
come! To my students and volunteers (especially Sydney, Brittany, Misha and Alexander),
thank you for your tireless efforts in collecting and analyzing our data. To the incredible HIITTS
trial participants, thank you for your dedication and commitment to this trial. Together we have
created something truly special! To my friends throughout the faculty and extended community,
thank you for all of the laughter, libations, and leisure-time pursuits which helped me maintain a
modicum of sanity and a smile on my face. To my amazing family (on both sides of the aisle),
thank you for the endless love and physical/financial support you have extended me over these
many years. From forcing me to stay seated at the homework table to expressing genuine interest
in my work, you have always been there for me when I needed you most! To my wife Rhiannon,
I cannot imagine being on this wild ride with anyone else! You are my champion and my shelter.
You are my inspiration and my foundation. Thank you for believing in me, pushing me to pursue
my dreams, and holding me up along the way! I love you. To my son Avery, thank you for

sleeping well, eating well, and letting daddy get his work done.

vii



Table of Contents

ADSEITACE acccueeiiiiiniiisinieiinticinticsseecssstesssnessssnessssnesssssessssesssssesssssesssssessssssssssssssssssssssessssssssssssssssssssss ii
Preface ..ucccuieiiiiiiiiiiiiiiteinntinnetecsntecsniessstessntsssssnesssseessssesssssssssssesssssesssssessssssssssssssssssssssssssss v
ACKNOWICAGEIMENLS ....cocurrrierirsanrensssnriecssssnsscsssssssessssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssasss vii
Table Of CONTENLS .ccccueiiiieiiiiniiiiiiiisniiiitieisniessneessssecssssesssssesssssssssssssssssessssssssssssssssssssssasssssese viii
List of Tables.......c..ccceeuereruueecnneee. xii
List of Figures ........cccovcveeeccscrnnrecsens xiii
Key Dissertation Abbreviations Xiv
Chapter I — INtroOAUCEHION .....uueeiieeriiineicisnicssneecssnnicssanecsssnessssnessseesssssesssssessssssssssssssssssssssssssssassases 1
1.1 TeStiCUIAr CANCEE ..cuueeieueeiiierinierensnnesssencssssncsssnsessssesssssesssssesssssesssssessssssssssssssssssssssssssssssses 2
1.2 Treatment-Related Risks in Testicular Cancer SUrvivors .........cceeeecseecsseecssneecsssenenes 3
1.2.1 Treatment-Related Risks: Cardiovascular DiSease ........cccccceeevvrcssurrcssnercssneecssneccsnnnes 4
1.2.2 Treatment-Related Risks: Psychosocial and HRQoL Impairments..........ccccceeeeeeeee. 6
1.2.3 Summary: Testicular Cancer and Related RiSKS ......c.ccovueevueeiruecsensnensnessnecsaensnennne 8

1.3 Exercise Benefits in Healthy and Other Clinical Populations............cceouennseeisecssnecnnees 9
1.4 Exercise Benefits and Testicular Cancer Survivorship ........eeeeeenneeenseensnenssnenseecssneenees 9
1.4.1 Exercise Benefits: CardiovasCular........ceeeeeinennseensennsnensenssnncsensssesssessssssssesssncssns 9
1.4.2 Exercise Benefits: Psychosocial & HRQoL 11
1.4.3 Summary: Testicular Cancer and Aerobic EXercise ........ceeneeisecsseecsnensncssaecanes 13

1.5 Overview of the Dissertation 14
1.6 References ........coueeeeeeesueenenne 16
Chapter II — Primary Manuscript 30
2.1 AbStract......uceeeeceesueernesnennns 33
2.2 INEFOAUCTION .uueneeneeeneinenneesnennesnesaesssesnessnessessessnsssessasssnsssesssessasssessasssssssasssessassnassassasssns 35

viii



2.3 Methods .....cceeeceeecnecsnnccnnnnne 36
2.4 Results ....ueeveecruerseecsnecnne 40
2.5 Discussion......ccceeerercsnecseecnnes 42
2.6 References .......c.cceeveeesueccnecnnnes 45
Chapter III — Online Supplement for the Primary Manuscript ........cceceeveeseecsnecseecsuensnnnene 57
3.1 PArtiCIPANLES c.cccueriesveeicssenisssnrcsssncssssnssssncssssnsssssssssssssssssssssnsssssssssssssessssssssssssssssssssnsssssnsssses 58
3.2 Randomization and Blinding 58
3.3 Exercise Training and Usual Care Conditions 59
3.4 Assessment of Primary and Secondary Endpoints...........cceieevvercccnrcssnncssercssnencssnnncnes 60
3.4.1 Exercise Assessments ..60
3.4.2 Resting Hemodynamic, Vascular, and Nervous System Assessments.......c..ccceeueeee 61
3.4.3 Carotid PIAQUE.....ccccevercrieressnrcssnicsssnicssansssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssases 63
3.4.4 Carotid Intima-Media ThiCKness........ccceeirveiseiisnensennseensecssnenssenssnessecsssecsssncsaeens 63
3.4.5 Carotid Distensibility .64
3.4.6 Flow-Mediated Dilation and Microvascular Function ............coeeeveeeseecseecsseccnnnne 64
3.4.7 Respiratory Sinus Arrhythmia .......ecceeiciviinnnninnsniinsnencnsencsssissssssssssssssssssssassssssses 66
3.4.8 Pulse Wave Velocity .67
3.4.9 Blood-based Biomarker ASSESSIMENTS .....cccceerveecrueisseecsnnssaecsseccssecsessssnsssassssesssassssases 68
3.4.10 Cardiovascular Disease Risk Assessments 68
3.5 Statistical Analyses and Sample Size Calculation 69
3.6 References ........oeeeveeeseeccsneennnes 70
Chapter IV — Secondary ManuSCriPE ...coueieeieecnseensensseeisecsssncssesssacsssesssssssssssssssssesssssssasssssesss 77
4.1 ADSEract.....cceeereecseecseecsaennne 79
4.2 INETOAUCTION ceceveeerueeireensuenssnecsaeessancssncsssesssnssssesssnssssesssnssssessssssssssssasssssssssssssssssassssssssasssassss 81




4.3 Methods .......ccoueeeerueernesnnnnen. 83
4.4 Results ....ueeveeerueriseecsnecnne 87
4.5 Discussion......ccceeerercsneeseecnnes 89
4.6 References ......c.cceeveeesueccnecnnnes 94
4.7 Online SUPPIEMENL......cciciveiicirriiisninssnissssncssssncssssnsssssnssssssssssssssssssssssssssssssssssssssssssssssssss 109
Chapter V - DISCUSSION ..cccveiiveeiieiiseensnnisnecsnnsssecssnssssecssnssssssssesssssssssssssssssassssessssssssssssasssssssanse 110
5.1 OVerview .....cceecsercsnecseecnnes 111
5.2 Summary of FiNAINGS.....cccceeervuiiiirerinssnncsssnncsssnncsssnncssssnssssssssssssssssssssssssssssssssssssssssssssssssss 111
5.3 Future Research Directions 115
5.4 Practical IMPLICAtIONS ...cccuviiervuiinisnrisssnnesssnncsssnncsssnncsssnsssssssssssssssssssssssssssssssssnssssssssssssssss 122
5.5 Strengths and Limitations 125
5.6 CONCIUSIONS c.ccuueiiiueiiniiiniisnnisnecsnnssnisssessssesssnssssesssnssssssssassssesssassssssssassssssssssssssssssssssasssns 129
5.7 References .......c.cceeveecruecceecnenne 131
Bibliography .......ccccccceeveiccrnecccnnnes 139
Appendix A: TC Diagnostic and Prognostic Information............eeeecveeiseccseecsseecsneisnnnene 193
Appendix B: Methods of Cardiovascular Health AsseSSment .........ccoceeeveecseccsencssencsaecsnnnens 196
Appendix C: Methods of Psychosocial and HRQoL Health Assessment 222
Appendix D: CVD Risk Screening & Treatment-Related CVD Risks in TCS ................... 228
Appendix E: The Role of Aerobic Exercise Training in TC Survivorship 252
Appendix F: Exercise Prescription Considerations for TCS .........iinnenseccseecseecsaenseneens 274
Appendix G: HIITTS Trial Cover Letter .......iiinennennsenssnnssenssnsssaesssacsssessssecsassssacens 281
Appendix H: Alberta Cancer Registry Cover Letter 283
Appendix I: Participant Screening Sheet.........iiieineeneensennsensennsenssnnnsnenseecssecsssecssesssaeens 285
Appendix J: Informed Consent 288




Appendix K: Pretest Instructions

Appendix L: Intervention Tracking Sheet

Appendix M: Baseline Self-Report Questionnaire
Appendix N: Postintervention Self-Report Questionnaire — Usual Care Group

Appendix O: Postintervention Self-Report Questionnaire — HIIT Group

Appendix P: 3-Month Follow-Up Self-Report Questionnaire — Combined

297

301

.309

329

344

363

xi



List of Tables

Chapter 11

2.1

2.2

23

24

2.5

2.6

Baseline demographic, medical, and behavioral profile of HIITTS trial
participants, overall and by group assignment

HIIT exercise prescription and delivery details per phase of intervention

Effects of 12 weeks of HIIT on exercise capacity and resting cardiovascular
function in TCS

Effects of 12 weeks of HIIT on vascular structure and function in TCS
Effects of 12 weeks of HIIT on blood-based biomarkers in TCS

Effects of 12 weeks of HIIT on CVD risk factors in TCS

Chapter 111

3.1

Traditional and novel modifiable cardiovascular risk factors and cut-offs

Chapter IV

4.1

4.2

4.3

4.4

4.5

Effects of 12 weeks of HIIT on CRF and psychosocial functioning at
postintervention in TCS

Effects of 12 weeks of HIIT on HRQoL at postintervention in TCS

Effects of 12 weeks of HIIT on CRF and psychosocial functioning at 3-month
follow-up in TCS

Effects of 12 weeks of HIIT on HRQoL at 3-month follow-up in TCS

Statistical test of change in VOapeak as a mediator of the effects of 12 weeks of
HIIT on change in patient-reported outcomes in TCS

Appendices

DI

F1

CVD risk and development summary in TCS

Reported interval training parameters

50

51

52

53

54

55

74

103

104

105

106

107

231

279

xii



List of Figures

Chapter 11

2.1

Flow of participants through the HIITTS trial.

Chapter 111

3.1

Order of assessments

Chapter 1V

4.1

4.2

Participant flow through the HIITTS trial

Basic mediation model

Appendices

Al

A2

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

TNM classification for testicular cancer

Prognostic-based staging system for metastatic germ cell cancer
Assessment of carotid-femoral PWV using the foot-to-foot method
Longitudinal projection of common carotid artery

Carotid tree with intima-media thickness and plaque measurements according
to Mannheim consensus

Common carotid artery diameter changes across cardiac cycles
Mechanisms of flow-mediated dilation — sheer stress to vasodilation

Vascular diameter/sheer stress profiles following cuff-release after 5-minute
occlusion

Cardiac-autonomic innervation & respiratory sinus arrhythmia physiology

Normal and abnormal HR and blood pressure responses to respiratory sinus
arrhythmia challenge

Post-exercise HRR kinetics

Proposed cardiovascular control mechanisms in HRR

49

61

102

108

195

196

199

200

201

202

203

204

206

208

209

210

xiil



Key Dissertation Abbreviations

CI: confidence interval

CID: clinically important difference

CREF: cancer-related fatigue

CVD: cardiovascular disease

ECG: electrocardiogram

FACT-F: Functional Assessment of Cancer Therapy-Fatigue
FRS: Framingham risk score

HIIT: high-intensity aerobic interval exercise training

HIITTS: high-intensity interval training in testicular cancer survivors

HR: heart rate

HRQoL: health-related quality of life
HRR: one-minute heart rate recovery
hsCRP: high-sensitivity C-reactive protein
MCS: mental component score

MCT: moderate-intensity continuous aerobic exercise training
PCS: physical component score

PROs: patient-reported outcomes

PWV: pulse wave velocity

RCTs: randomized controlled trials

SD: standard deviation

TC: testicular cancer

TCS: testicular cancer survivors

UC: usual care

VO2peak: cardiorespiratory/aerobic fitness

Xiv



Chapter I — Introduction




1.1 Testicular Cancer

In North America, testicular cancer (TC) is the most commonly diagnosed malignancy in
men 20 to 40 years of age.! TC accounts for 1% to 1.5% of all male cancers!~* with
approximately 1,000 Canadians' and 8,000 Americans® diagnosed annually. The incidence of TC
has risen over the past two decades* and is predicted to continue to rise.> Although several factors
have been proposed as potential contributors to the increasing incidence of TC (e.g., testicular
dysgenesis syndrome, increasing rates of in utero or perinatal exposure to endocrine disrupting
factors, low birth weight, low gestational age, and high maternal age)®’ the exact causes remain
poorly understood.>®

The majority of TC diagnoses are germ cell tumors (90 — 95%)’ presenting as painless
unilateral masses in the scrotum.!? Although certain serum markers can be used to inform the
diagnosis and staging of TC (e.g., include a-fetoprotein, lactate dehydrogenase and human
chorionic gonadotrophin), the presence or absence of these markers are not necessarily requisite
markers of disease status. Rather, TC diagnoses are based on 1) direct testicular examination, ii)
regional examination, and iii) ultrasound-based confirmation of a testicular mass.!°

Frontline TC therapies involve single or multi-modality regimes (i.e., surgery,
radiotherapy, and chemotherapy). Surgical interventions involve the removal of one or both
testicles (i.e., unilateral or bilateral orchiectomy) and, if metastases are suspected, may also
involve retroperitoneal lymph node dissection. Radiotherapy is exclusively used in the treatment
of seminoma (i.e., a radiotherapy sensitive subtype of TC) and, if local metastases are detected
via computerized tomography scan, retroperitoneal lymph node dissection may be used to arrest
or limit disease progression.!! Chemotherapeutic treatments involve multi-agent “cocktails” of

anticancer drugs used synergistically to oblate and prevent the spread of cancerous cells.



Common chemotherapy drugs used to treat TC patients include cisplatin, bleomycin, etoposide,
paclitaxel, ifosfamide, and vinblastine.'?> Unfortunately, each of the described TC treatment
modalities contributes to an increased risk of subclinical and overt cardiovascular disease
(CVD)'*2* as well as impaired psychosocial function and health-related quality of life
(HRQoL).%-3 Importantly, TC has the second highest cure rate of all solid tumors (5-year

relative survival rate 97%)' and is highly curable even in the advanced disease setting.’!

1.2 Treatment-Related Risks in Testicular Cancer Survivors

As described earlier, TC is typically diagnosed at an age (i.e., 20-40 years) and life-stage
(i.e., young adulthood) that is associated with significant social-, emotional-, physical-, and
cognitive-development.>® Despite their high survival rates,! the treatment-related improvements
in TC-specific survival rates come at a price.>? TC survivors (TCS) are susceptible to a variety of

HRQoL- and survival-compromising conditions related to their treatments including secondary

33,34 ) 26,28
b

cancers,*>* cancer-related fatigue (CRF anxiety,” infertility,*> hypogonadism,*® peripheral

3738 ototoxicity,* renal dysfunction,'! metabolic syndrome,?! and

and autonomic neuropathies,
multiple forms of CVD.!*2%4 Importantly, the combination of TCS’ younger average age at
diagnosis and high survival rates results in a prolonged period of increased susceptibility to
treatment-related risks; and, together, these factors likely contribute to the increased mortality
risks associated with the development of treatment-related CVD and secondary cancers in TCS,
which persist beyond 15 years posttreatment.*'** Traditional CVD risk screening practices in
oncology primarily focus on cardiac dysfunction (i.e., left-ventricular ejection fraction

changes).* However, the available evidence suggests that left-ventricular ejection fraction lacks

the sensitivity to detect early cardiac damage and fails to account for the subclinical injuries in



the periphery.** Accordingly, a more comprehensive approach to characterizing CVD risk in TCS
should incorporate peripheral and circulating markers of subclinical cardiovascular
injury/dysfunction. The following sections contain brief reviews of the treatment-related
cardiovascular, psychosocial, and HRQoL deficits in TCS. Supplemental reviews of
cardiovascular assessment methods and psychosocial/HRQoL assessment methods are provided
in Appendices B and C, respectively. Furthermore, an expanded literature review on CVD risk

screening and treatment-related CVD risks in TCS is provided in Appendix D.

1.2.1 Treatment-Related Risks: Cardiovascular Disease

In general, TCS demonstrate low to normal testosterone levels, with the prevalence of
below normal testosterone levels in TCS ranging from 11% to 34%.3%%% Provided TCS retain
the normal functioning of the contralateral testicle, the serum testosterone levels in TCS treated
with unilateral orchiectomy-only often remain relatively unaffected.*’ However, hypogonadism
develops if the remaining testicle is unable to compensate and maintain adequate levels of
testosterone production. A multicenter survey of 1235 TCS reported an elevated age-adjusted
odds ratio for hypogonadism of 3.8 (95% CI, 2.0-7.3) compared to controls, which increased with
treatment intensity and was highest in patients who had received cumulative doses of cisplatin
>850 mg (odds ratio: 7.9; 95% CI, 3.6-17.4).*8 Hypogonadism-related risks may include CVD,
metabolic syndrome, osteoporosis, type 11 diabetes, premature aging and decreased HRQoL.*

Patients with disseminated seminoma-based disease often receive external-beam
radiotherapy and have been identified as being at a particularly high-risk of CVD. Individuals
receiving radiotherapy, alone or in combination with chemotherapy and especially with

mediastinal involvement, are reported to have an approximately doubled CVD risk, owing to



direct radiotherapy-related injury to coronary vasculature and microvasculature.’®>* Although
mediastinal radiotherapy is no longer common in TC treatment, elevated CVD risk has also been
identified in patients treated with infradiaphragmatic radiotherapy'! such as increased risks for
peripheral vascular disease (i.e., vascular stenosis, thromboembolism and accelerated or
premature atherosclerosis)** and renal dysfunction.’>-’ In addition to the localized conduit vessel
damage within the involved field of radiation, abdominal irradiation, involving one or both
kidneys, has been shown to cause nephropathy-related hypertension®>7 through what is believed
to be a reno-vascular effect involving the renin-angiotensin system.>>->%8

Of the six chemotherapeutic agents listed previously, bleomycin and cisplatin are known
to cause a variety of acute and long-term cardiovascular complications in TCS. Bleomycin
belongs to a family of anticancer drugs called “antitumor antibiotics.” Although the exact
mechanisms of action for this drug are partially unknown, bleomycin induces apoptosis by
causing DNA strand breaks through targeted DNA binding and free radical production.>®®
Bleomycin, like other cytoskeletal-disrupting agents, has anti-angiogenic effects (decreases
endothelial growth and induces apoptosis).®' Bleomycin, either alone or in combination with
cisplatin, etoposide or vinca alkaloids, may cause pulmonary fibrosis,%? and is associated with
myocardial ischemia and infarction, Raynaud’s phenomenon and thromboembolic events. >34
Notably, Raynaud’s phenomenon often involves, and reflects, endothelial dysfunction and has
been reported in approximately one third of patients treated with bleomycin.%>%¢ Cisplatin is a
platinum compound belonging to a family of anticancer drugs called alkylating agents.®” Through
DNA binding, cisplatin’s antitumor effect involves the disruption of cellular transcription and
replication mechanisms.®® Although the introduction of cisplatin-based therapy in the 1970’s led

to a dramatic increase in TC survival,>’® reactive forms of the agent remain detectable in the

plasma beyond 20 years posttreatment.”7? Cisplatin is thought to contribute to late-onset



occlusive vascular disease by triggering a degenerative process in vessel walls (medium-
thickness);'® and, it is biologically plausible that ongoing platinum-induced vascular damage
extends well into survivorship by promoting endothelial injury and atherosclerotic plaque
development — representing the greatest treatment-related contributor to the elevated CVD risk in
TCS 18.70.72

Overall, the available evidence suggests that TCS have significantly elevated risks of
treatment-induced subclinical vascular (e.g., endothelial dysfunction, arterial stiffness and
chronic inflammation)!”-?° and parasympathetic nervous system (e.g., decreased respiratory sinus
arrhythmia)’® dysfunction and overt CVD (e.g., coronary artery disease and metabolic

)15,48

syndrome (please see full review in Appendix D). Importantly, this premature development

of CVD limits the overall survival of TCS and poses a serious threat to their HRQoL.

1.2.2 Treatment-Related Risks: Psychosocial and HRQoL Impairments

TCS are also susceptible to a number of psychosocial- and HRQoL-related impairments

including poor mental HRQoL, anxiety, cognitive impairments, stress, and, to a lesser extent,

25,27-30,74-76

depression which are often related to other commonly-reported physical and

psychosocial deficits like CRF?"*® or a fear of recurrence.””’8

Compared to healthy controls, early observational studies reported little-to-no HRQoL
impairment in TCS regardless of treatment exposure.”-8! More recently, however, cross-sectional
and prospective studies have identified both short-term’® and long-term mild-to-moderate®-">
HRQoL deficits. Smith et al.>* found that, compared to the general population, TCS had poorer

HRQoL in all domains except physical functioning. Moreover, compared to the smaller and

clinically insignificant impairments observed in the more physical aspects of HRQoL, Smith et



al. found that the magnitude of impairment in the mental aspects of HRQoL in TCS were more
than double the minimal clinically important difference thresholds.*® Given TCS’s generally good
prognosis, the lack of HRQoL impairment reported in early cross-sectional research may be
partially explained by TCS having undergone a state response shift,**** wherein survivors regain
a mainly positive outlook in the years after being cured of a life-threatening disease. In fact,
evidence suggests that TCS rate their health as good, or better, than healthy controls despite

living with an increased number of adverse health conditions.®

25,29,30 27,30

Increased anxiety, stress,*® and depressive symptoms have also been reported in
TCS. Dahl et al.?’ compared anxiety and depression levels of 1,408 TCS (mean 44.6 years of age)
to data from 23,837 individuals in the general population (mean 43.8 years of age) and found an
increased severity (4.6 vs. 4.1; p<0.001), prevalence (19.2% vs. 13.5%; p<0.001), and relative
risk for anxiety (1.49; 95% CI, 1.31 to 1.69; p<0.05) but not depression. These findings are
somewhat in contrast to a more recent TCS study (n=244) wherein approximately 50% of
participants were at least 2 years posttreatment and the majority (77%) treated with orchidectomy
plus some form of adjuvant therapy.>** Compared to Dahl et al., the authors reported similarly-
increased anxiety symptom severity (50.73 vs. 48.3; p=0.007) and prevalence (19% vs. 13%;
p<0.007) but further reported an increase in depressive symptom severity (51.1 vs. 48.6;
p=0.003) and prevalence (20% vs. 13%; p=0.001) as well as an increased prevalence of stress
(17% vs. 13%; p<0.001).3°

Finally, CRF is one of the most highly distressing and frequently reported symptoms in
TCS.% According to the National Comprehensive Cancer Network, CRF is defined as “a
persistent subjective sense of tiredness related to cancer or cancer treatment that interferes with

usual functioning”.®¢ CRF is more prevalent in TCS than fatigue is in the general population (17-

30% vs. 9.7-12.2%, respectively) and the prevalence is reported to increase approximately 2-fold
7



from 12-19 years posttreatment, independent of treatment exposure.”*® A comparison of 1,431
TCS to 1,080 age-matched healthy controls found that TCS with CRF had significantly greater
levels of anxiety and depression, and that CRF was associated with poor HRQoL.?” Considering
the life-stage and treatment-related risks described herein, the CRF experienced by TCS is
complex and likely results from a combination of both physical and psychosocial factors. One
study identified low-grade inflammation as a potential contributor to the pathogenesis of CRF in
TCS.¥” Whereas other studies have demonstrated a high degree of association between CRF and
hypogonadism, neuropathy, poor HRQoL, psychological distress, anxiety, depression, and

cognitive problems.?>7-28:88.89

1.2.3 Summary: Testicular Cancer and Related Risks

Compared to most other cancer populations, TCS are diagnosed at a younger age and
have low cancer-specific mortality. However, as described herein, TCS are at increased risk of
direct and indirect treatment-related cardiovascular, psychosocial, and HRQoL deficits. Taken
together, these treatment-related risks have more time to manifest and pose a serious threat to

14142 and quality of life.?®*° Given the pleiotropic nature of their treatment-

their overall surviva
related deficits, intervention strategies capable of simultaneously augmenting a wide range of
outcomes are needed. Aerobic exercise training may be one of the few candidate therapies

available to TCS that is capable of concurrently treating multiple interrelated pathways of

cardiovascular, psychosocial, and HRQoL dysfunction.



1.3 Exercise Benefits in Healthy and Other Clinical Populations

The capacity of aerobic exercise training to prevent and control the normal age-related
development of pro-atherosclerotic, -thrombotic, -arrhythmic and -inflammatory disease
states/conditions is firmly established.?®* In fact, 50% of established modifiable CVD risk
factors (i.e., hypertension, high cholesterol, obesity, and diabetes) can be prevented or controlled
with aerobic exercise training.”* Moreover, aerobic exercise training has also demonstrated
psychosocial, HRQoL, and cognitive benefits across a broad range of healthy and clinical
populations® including healthy adolescents’® and aging adults,”” individuals with mood disorders
(e.g., anxiety and depression),’®” and chronic health conditions often associated with TC
treatments (e.g., atrial fibrillation, myocardial infarction, obesity, and heart failure).”>19-192 The
overall etiology of treatment-related risks and injuries in TCS is complex and likely involves
multiple interrelated physical and psychosocial factors. To efficiently and effectively manage
these risks, intervention strategies capable of simultaneously influencing multiple pathways of
physical and psychosocial dysfunction are needed. With well-documented multi-system benefits,
aerobic exercise training is a strong candidate-therapy to prevent or control treatment-related
cardiovascular, psychosocial, and HRQoL impairments in TCS. The following sections provide a

brief review of the effects of aerobic exercise training in oncology and TCS.

1.4 Exercise Benefits and Testicular Cancer Survivorship

1.4.1 Exercise Benefits: Cardiovascular

To date, only two studies have examined the relationships between of physical activity or

exercise training and physical health outcomes in TCS. In a cross-sectional survey of 952 TCS



treated with cisplatin, Fung et al.%

reported that only vigorous physical activity was associated
with increased protection from adverse health outcomes (e.g., coronary artery disease,
hypertension, peripheral vascular disease, diabetes, obesity, peripheral neuropathies, and
psychosocial deficits). In a series of publications from the only randomized trial to date,
Christensen and colleagues reported the effects of 9 weeks of resistance exercise training on
muscle function!® and inflammatory markers!®* in 30 TC patients actively receiving
chemotherapy. Compared to healthy controls, the authors reported that resistance exercise
training was ineffective at controlling the treatment-related declines in muscle function'®® and
normalizing plasma levels of inflammatory cytokines.!® Unfortunately, no studies have directly
assessed the impact of aerobic exercise training on cardiovascular health outcomes in TCS.
Despite the lack of evidence in TCS, meta-analyses and systematic reviews from other
cancer patient and survivor groups (reviewed elsewhere!?) provide considerable evidence
supporting the effects of aerobic exercise training on adverse cardiovascular health outcomes also
experienced by TCS (e.g., poor aerobic fitness, blood-lipid profiles, body composition, glucose
metabolism, and inflammatory profiles). Moreover, interventions in hematological, colorectal,
and breast cancer patients/survivors provide preliminary evidence that aerobic exercise training
can effect further pathways of CVD risk in TCS including endothelial function and vascular
structure,!%® oxidative stress,!?” and in the prevention of treatment-related cardiac dysfunction.!®
Recently, drawing from the available evidence in other cancer survivors groups, aerobic exercise
training was proposed as a possible countermeasure for late-onset treatment-related CVD in
TCS.*? Notably, the study of aerobic exercise training effects on CVD outcomes in survivors of
early stage breast cancer may offer important insight into the potential benefits in TCS. More
specifically, TCS and early-stage breast cancer survivors share several unique traits (i.e.,

comparatively younger age at diagnosis, high survival rates, and high-risk of treatment-related
10



CVD) which makes the largely positive findings of aerobic exercise trials on cardiovascular
outcomes in breast cancer survivors more relevant. In fact, several recent reviews of exercise in
early stage breast cancer have highlighted exercise-related improvements in multiple pathways of
CVD risk common to both breast cancer survivors and TCS including hormone deprivation,
hypertension, metabolic dysregulation, autonomic dysfunction, inflammation, and oxidative
stress.!%!10 Overall, this evidence provides an intriguing biological signal suggesting that aerobic
exercise training may similarly improve CVD risks and outcomes in TCS. Please see Appendix
E for an expansion of this review on the role of aerobic exercise training in TC survivorship
which includes details of aerobic exercise training-related benefits for cardiorespiratory, vascular,

and parasympathetic nervous system health in general, clinical, and cancer survivor populations.

1.4.2 Exercise Benefits: Psychosocial & HRQoL

Literature describing the relationships between regular physical activity or exercise
training and psychosocial and HRQoL outcomes in TCS is similarly scant. In the first study of
physical activity in TCS, Thorsen et al.!!! compared the associations between self-report physical
activity and the prevalence of psychosocial disorders (i.e., depression and anxiety) in TCS and
the general population. This cross-sectional comparison included data from 1,260 TCS and
20,207 individuals in the general population. Overall, the prevalence of depression was lower in
physically active members in both groups compared to those who were inactive (TCS: 9% vs.
17%, p<0.001; general population: 8% vs 15%, p<0.001, respectively). Similar associations were
observed for anxiety in both groups, but they failed to reach significance in TCS (p=0.07). More
recently, Sprauten et al.?® reported an inverse association between increasing amounts of physical

activity and the prevalence of CRF in TCS [i.e., moderately physically active (odds ratio=0.47;
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95% CI, 0.25 to 0.87; p=0.02) vs. highly physically active (odds ratio=0.31; 95% CI, 0.17 to
0.60; p<0.001)]. In the same RCT cited previously, Christensen et al.' reported that 9 weeks of
resistance exercise training had no effect on mitigating treatment-related declines in global
quality of life, physical functioning, social functioning, and fatigue. Although this preliminary
evidence suggests a positive association between physical activity and PROs, the effects of
aerobic exercise on psychosocial function and HRQoL in TCS have yet to be confirmed.

Again, despite the lack of evidence in TCS, substantial evidence supporting the beneficial
effects of aerobic exercise on psychosocial function (e.g., CRF and depression)!!*!1> and
HRQoL!"%!7 does exist in other cancer survivor groups. Tian et al.!!® reviewed the effects of
exercise on CRF. Data from 26 randomized controlled trials (RCTs) involving 2,830 cancer
patients and survivors was included in the meta-analysis. Overall, exercise had a small-to-
moderate effect on CRF (standardized mean difference=-0.22; 95% CI, -0.39 to -0.04; p=0.01).

1.112 compared the respective benefits of

In a more recent meta-analysis, Mustian et a
pharmaceutical, psychological, and exercise-based interventions on CRF. The review included
data from 113 unique studies involving 11,525 cancer patients and survivors and reported that
exercise interventions caused the significant improvements in CRF (weighted effect size=0.30;
95% CI, 0.25 to 0.36; p<0.001) whereas pharmaceutical interventions had no effect. Craft et al.!!®
conducted a systematic review and meta-analysis on the effects of exercise on depressive
symptoms in cancer survivors. Reporting data on 1,287 cancer survivors, the overall effects for
the 15 RCTs included in the review were such that exercise caused modest improvements in
depressive symptoms (effect size=-0.22; 95% CI, -0.43 to -0.09; p=0.04). Mishra et al.!!’
assessed the impact of 12-week exercise programs on HRQoL in cancer survivors. Their review

included data on 3,694 participants from 30 aerobic exercise and 10 mixed exercise (e.g.,

resistance exercise or yoga) RCTs and non-randomized controlled trials. Overall, exercise was
12



associated with significant improvements in overall HRQoL, emotional well-being, social
functioning, anxiety and fatigue. Notable consistencies across all the analyses were that
supervised exercise sessions of moderate to longer durations (i.e., 30-50 minutes) performed at
least 3 days a week for longer than 8 weeks elicited the greatest improvements in the outcomes of
interest; and, many trials did not list CRF, psychosocial function, or HRQoL as their primary

outcome.

1.4.3 Summary: Testicular Cancer and Aerobic Exercise

Although the cardiovascular, psychosocial, and HRQoL benefits of acrobic exercise have
been well documented in other cancer survivor groups, very few studies have described the
relationships between physical activity or exercise on any outcomes in TC patients or survivors.
Importantly, the combination of biomedical (e.g., hypogonadism or chemotherapy exposure) and
psychological (e.g., younger age/vulnerable life-stage at diagnosis or reduced feelings of
masculinity) traits associated with TC diagnoses and treatments are unique; and, therefore, it is
inappropriate to assume the generalized findings from exercise research in other cancer survivor
groups can be directly ascribed to TCS.!!® The majority of the current evidence base in TCS
comes from cross-sectional studies assessing the associations between aerobic physical activity

and adverse physical and psychosocial health outcomes, !

and regular vigorous physical
activity was associated with the greatest benefits.®*> Given their relative youth and lack of
functional impairments, TCS are likely capable of engaging in vigorous exercise. In fact, TCS
have been shown to be more likely to engage in regular exercise than age-matched controls.'!’

However, a recent study of health behavior in TCS reported that ‘competing time-based

demands’ is one of the greatest barriers to their exercise engagement.'?° Taken together, this

13



evidence suggests that TCS may benefit most greatly from vigorous intensity exercise which,
compared to MCT, may be a highly protective and time-efficient (i.e., decreasing barriers)
exercise strategy to reduce their risks of multiple, overlapping physical, psychosocial, and
HRQoL deficits. Please see Appendix F for a supplemental literature review on additional

exercise prescription considerations for TCS.

1.5 Overview of the Dissertation

The purpose of this dissertation was to evaluate the effects of a 12-week high-intensity
aerobic interval training (HIIT) program on traditional and novel CVD risk factors, surrogate
markers of cardiovascular and overall mortality, psychosocial function, and HRQoL in a
population-based sample of TCS. This dissertation is comprised of 5 Chapters and 16
Appendices.

Chapter 1 of this dissertation provides an overview of TC and its treatments (Subsection
1.1), 11) treatment-related cardiovascular, psychosocial, and HRQoL risks in TCS (Subsection
1.2), and 1i1) the effects of aerobic exercise training on cardiovascular, psychosocial, and HRQoL
outcomes in TCS (Subsection 1.3). Supplemental information and literature reviews related to
the contents of each subsection have been provided in the appendices including 1) TC diagnostic
and prognostic information, i1) methods of cardiovascular health assessment, ii1) methods of
psychosocial and HRQoL health assessment, iv) CVD risk screening & treatment-related CVD
risks in TCS, v) the role of aerobic exercise training in TC survivorship, and vii) exercise
prescription considerations for TCS (Appendices A-F, respectively).

The body of the dissertation is comprised of two manuscripts based on the HIITTS trial, a

phase II randomized controlled trial examining the effects of 12 weeks of HIIT exercise on CVD

14



risk, psychosocial function, and HRQoL in a population-based sample of 63 TCS. Manuscript 1
(Chapters 2 & 3) examines the impact of HIIT on traditional and novel CVD risk factors and
surrogate markers of cardiovascular and overall mortality at postintervention. This manuscript is
in press at Cancer. Manuscript 2 (Chapter 4) examines the impact of HIIT on CRF, psychosocial
function, and HRQoL at postintervention and 3-month follow-up. This manuscript has been
submitted for publication. Chapter 5 contains a general discussion of the overall findings,

directions for future research, practical implications, and conclusions for the overall dissertation.
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2.1 Abstract

Background

Testicular cancer survivors (TCS) have an increased risk of treatment-related
cardiovascular disease (CVD) which may limit their overall survival. We evaluated the effects of
high-intensity aerobic interval training (HIIT) on traditional and novel CVD risk factors and
surrogate markers of mortality in a population-based sample of TCS.
Methods

This phase II trial (Edmonton, AB; Registration #NCT02459132) randomly assigned 63
TCS to usual care (UC) or 12 weeks of supervised HIIT (i.e., alternating periods of vigorous- and
light-intensity aerobic exercise). Our primary outcome was peak aerobic fitness (VO2peak)
assessed via a treadmill-based maximal cardiorespiratory exercise test. Secondary endpoints
included CVD risk (e.g., Framingham Risk Score), arterial health, parasympathetic nervous
system function, and blood-based biomarkers.
Results

Postintervention VOazpeax data were obtained for 61 (97%) participants. HIIT participants
attended 99% of exercise sessions and achieved 98% of target exercise intensity. ANCOVA
revealed HIIT was superior to UC for improving VOzpeak (adjusted between-group mean
difference=3.7 ml Oy/kg/min; 95% confidence interval (CI) 2.4-5.1; p<0.001) and multiple
secondary outcomes including CVD risk (p=0.011), arterial-thickness (p<0.001), arterial-stiffness
(p<0.001), post-exercise parasympathetic reactivation (p=0.001), inflammation (p=0.045), and
low-density lipoprotein (p=0.014). Overall, HIIT reduced the prevalence of modifiable CVD risk

factors by 20% compared to UC.
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Conclusions

This randomized trial provides the first evidence that HIIT improves cardiorespiratory
fitness, multiple pathways of CVD risk, and surrogate markers of mortality in TCS. These
findings have important implications for the management of TCS. Further research on the long-

term effects of HIIT on CVD morbidity and mortality in TCS is warranted.
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2.2 Introduction

Testicular cancer (TC) is the most commonly diagnosed malignancy in men aged 15-35
years! and the incidence has been rising for more than two decades.? Although germ-cell disease
is highly curable (5-year relative survival rates approaching 97%),> each of the conventional
therapies used to treat TC contribute to an increased risk of subclinical and overt cardiovascular
disease (CVD) in TC survivors (TCS).* As reviewed elsewhere,* orchiectomy-related
subclinical/overt hypogonadism, chemotherapy-related vascular injury (extending beyond two
decades posttreatment”), and metabolic disturbances (associated with all TC treatment modalities)
all likely contribute to increased CVD risk in TCS.* Together, if untreated, these long-term
disturbances present a chronic stimulus for atherosclerotic disease development*® and may
impact the overall survival of TCS. Strategies to mitigate the effects of these therapies on CVD
risk in TCS are urgently needed.

Aerobic exercise training improves CVD risk factors and surrogate markers of mortality
in numerous populations,”® including some cancer survivor groups,”'? and has been proposed as
a potential countermeasure to mitigate CVD risks in TCS.* The mechanisms underlying increased
CVD risk, however, are fundamentally different in TCS (i.e., treatment-related vs. lifestyle-
related factors), making it difficult to extrapolate the same degree of benefit from other
populations to TCS. Moreover, compared to other modalities of aerobic exercise, high-intensity
aerobic interval training (HIIT) involves alternating periods of vigorous- and light-intensity work
and has been shown to elicit the greatest magnitudes of improvement across traditional and novel
CVD risk factors.® Chief among these effects is an improvement in aerobic fitness (VO2peak)

which is among the most robust surrogate markers of human health, longevity, and CVD risk.”!!
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Given the multiple competing drivers of CVD risk (e.g., vascular injury, metabolic syndrome,
hypogonadism), VOzpeak may be the best single measure of global cardiovascular health in TCS.
Recent observational evidence in cisplatin-treated TCS'? suggests that vigorous physical
activity is protective against adverse health outcomes including CVD; however, no randomized
evidence exists demonstrating the causal effects of aerobic exercise training on reducing CVD
risks in TCS. The purpose of the High-Intensity Interval Training in Testicular cancer Survivors
(HIITTS) trial was to evaluate the impact of HIIT on the established pathways of treatment-
related CVD risk in TCS. We hypothesized that 12 weeks of HIIT would be superior to usual
care (UC) for improving VOazpeak. We also hypothesized that, compared to UC, HIIT would elicit
significant improvements in novel CVD risk factors and markers of atherogenesis including
arterial wall thickness, central and peripheral arterial stiffness, parasympathetic nervous system

function, and blood-based markers of inflammation and endothelial health.

2.3 Methods

Full details of the HIITTS trial methods are provided in an online supplement.
Participants

Participants were recruited via mail (using the Alberta Cancer Registry) and from the
surveillance clinic at the Cross Cancer Institute (Edmonton, AB). Men 18-80 years of age with a
confirmed history of TC and no evidence of pre-cancer CVD were eligible. Men were excluded if
they were unable to complete the first two stages of the exercise test, had any psychiatric
condition impairing their ability to perform the exercise, had any uncontrolled cardiovascular

condition, or already performed regular vigorous aerobic exercise. The HIITTS trial received
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ethical approval from the Health Research Ethics Board of Alberta — Cancer Committee (Trial
ID# 14-0183) and the University of Alberta (Clinical Trial Registration #NCT02459132).
Study design and Randomization

The HIITTS trial was a prospective two-armed, phase I, randomized controlled trial.
Consenting participants were stratified by age (<50 vs. >50 years) and treatment exposure
(surgery-only vs. radiotherapy/chemotherapy/both) and randomized to HIIT or UC using a 1:1
ratio and a variable 4-6 permuted block design. The allocation sequence was produced via
computer-generated random numbers and concealed from staff involved in recruitment and
baseline testing.
Exercise Training and Usual Care Conditions

Participants randomly assigned to HIIT were asked to attend thrice-weekly supervised
exercise sessions consisting of uphill treadmill walking/running and to maintain other low-to-
moderate intensity exercise they were performing at baseline. HIIT sessions began with a 5-
minute warm-up (performed at +/-5% of ventilatory threshold calculated from a maximal
exercise test), transitioned to the work-period, and ended with a 5-minute cool-down (total of 35
minutes). During the work-period, participants completed four, 4-minute, high-intensity intervals,
which progressed from 75-95% of VOopeak over the intervention period. High-intensity intervals
were separated by 3-minute active-recovery intervals (performed 5-10% below ventilatory
threshold). Exercise intensity was monitored using heart rate (HR) monitors, and programs were
augmented to maintain target HRs. Participants randomly assigned to the UC group were asked
not to initiate HIIT and to maintain their baseline exercise levels. Using a wait-list control design,
UC participants were offered a 6-week supervised HIIT program after the 12-week observation

period and 3-month follow-up assessment.
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Assessment Protocol

Within the 48-hour period prior to testing, participants had their blood drawn in a fasted-
state (>12 hours) after avoiding exercise (>8 hours), vasoactive medications (>5 half-lives), and
the consumption of caffeine, vitamin C, alcohol and tobacco (>8 hours).!* On test days,
participants arrived in the same fasted-state. Participants first completed the resting portion of the
testing protocol (=2 hours), were fed while they completed their baseline questionnaire (<45
minutes), and finished with a maximal exercise test (=1 hour).
Assessment of Primary and Secondary Endpoints

Exercise Assessments

Our primary outcome, aerobic fitness (relative VO2peak), was assessed via a treadmill-
based maximal cardiorespiratory exercise test (Woodway - 4Front, Waukesha, WI) with a
constant individualized belt speed and an incline increasing by 2% every two minutes until
exhaustion. During the test, oxygen uptake (ParvoMedics - TrueOne 2400, Murray, UT) and HR
(12-lead ECG; Nasiff - CardioCard, Central Square, NY) were measured continuously. VOzpeak
was defined as the highest oxygen-uptake value recorded during the test. Data are presented as
relative (primary outcome) and absolute VOzpeak. Ventilatory threshold was used to prescribe
exercise intensities. HR was measured for an additional 6 minutes of recovery (1% minute
standing plus 5 minutes of active recovery). One-minute HR recovery (HRR; an index of post-
exercise parasympathetic reactivation'*) was calculated as the HR-difference between peak
exercise and following one minute of quiet treadmill-standing immediately post-test.

Resting Hemodynamic, Vascular, and Nervous System Assessments

Participants were tested under the same conditions (e.g., >12-hour fast) as when their
blood specimen was collected.!? Participants began resting in a quiet, darkened room for 30

minutes. During the rest period, carotid plaque burden was assessed via bilateral ultrasound scans
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of the near and far walls of the common carotid, carotid bifurcation, and internal carotid arteries,
per the Mannheim Consensus Guidelines.!> Immediately following the rest-period, bilateral
carotid artery intima-media thickness (i.e., arterial wall thickness) was measured via ultrasound.'?
Carotid distensibility, an index of local arterial stiffness, was calculated as the average difference
between maximum (systolic) and minimum (diastolic) arterial cross-sectional areas (assessed via
ultrasound), normalized to brachial pulse pressure.'® Left brachial artery structure, endothelial
function, and microvascular function were assessed via flow-mediated dilation (FMD), per best
practice guidelines.!*> FMD was calculated as the percent increase in arterial diameter from
baseline to peak'® and was then normalized for the total shear rate stimulus.'*!” Two markers of
microvascular function, and independent predictors of CVD risk (i.e., velocity time integral
(VTI) and shear stress during reactive hyperemia),'® were calculated using blood velocity data
collected during the FMD protocol. Respiratory sinus arrhythmia (RSA; an index of
parasympathetic function) was assessed by measuring the magnitude of heart-period variability
during a paced deep breathing challenge.!® Central arterial stiffness (i.e., carotid-femoral pulse
wave velocity (PWYV)) and peripheral arterial stiffness (i.e., femoral-toe PWV) were assessed via
applanation tonometry (Millar Instruments SPT-301, Houston, TX), per best practice
guidelines.?® Using the foot-to-foot method,?® the velocity of each pulse wave was calculated as
the time difference between the arrival of the blood pressure waveform at each site of the central
and peripheral arterial segments.

Blood-based Biomarker Assessments

Blood specimen collection took place at various DynaLife laboratories between
Edmonton and Red Deer (AB). Each specimen was immediately stored, shipped, and analyzed at
a central processing facility. Anonymized results were emailed directly to the study coordinator

within 48 hours of collection and interpreted per national standards.?!
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Cardiovascular Disease Risk Assessments

Framingham 10-year CVD risk score (FRS) and vascular age were used to estimate CVD
risk and were calculated using the general cardiovascular risk profile criteria for the Framingham
Heart Study.?? The modifiable CVD risk factor score (MRFS) was used as an index of total CVD
risk and incorporated 24 novel and traditional surrogate markers of cardiovascular morbidity and
mortality risk.
Statistical Analyses and Sample Size Calculation

Data cleaning, processing, and analyses were either conducted or verified by a research
assistant blinded to group allocation. With 33 participants per group (total N=66), and using an
ANCOVA to adjust for baseline values and relevant covariates, we had 80% power to detect a
3.5 ml Ox/kg/min between-group difference in VO2peak based on a standard deviation of 5.8 ml
O2/kg/min. We report unadjusted baseline data and adjusted post-intervention data, mean
between-group difference, 95% confidence interval (CI) and p-value for all hypothesized
comparisons. Data were analyzed using an intention-to-treat approach (SPSS version 24). No

missing data strategy was employed given the minimal amount of missing data.

2.4 Results

Participant Flow

Participants were recruited from June 2015 to March 2016. Of the 948 potentially eligible
participants contacted, 108 (11%) were screened for eligibility, and 63 (7%) were randomized
(see Figure 1 for full details). We obtained postintervention VOopeak data on 61 (97%)

participants.
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Baseline Characteristics and Participant Adherence

Participant demographic, medical, and behavioural profiles are described in Table 1. The
groups were balanced on baseline descriptive variables. Exercise adherence data are described in
Table 2. Participants completed 99% of all exercise sessions and achieved 98% and 103% of
their target HRs during the work and active recovery periods, respectively. No exercise-related
adverse events were reported or observed. No changes in self-directed exercise from baseline
were reported in either group.
Primary and Secondary Endpoints

Table 3 reports the changes in exercise capacity and resting measures of cardiovascular
function. VOopeax increased by 0.6 ml O2/kg/min in the UC group compared to 4.2 ml O»/kg/min
in the HIIT group (adjusted between-group mean difference=3.7 ml O2/kg/min; 95% CI 2.4-5.1;
p<0.001). Compared to UC, HIIT increased absolute VOzpeax (p<0.001), HRR (p=0.001), and
RSA (p=0.033), and decreased resting HR (p=0.012) and diastolic blood pressure (p=0.013).

Table 4 reports the changes in vascular structure and function. Compared to UC, HIIT
significantly reduced carotid intima-media thickness (average, p<0.001; maximum, p<0.001),
increased carotid distensibility (p=0.049), decreased arterial stiffness (carotid-femoral PWV,
p<0.001; femoral-toe PWV, p=0.001), increased brachial artery diameter (p=0.009), and
improved microvascular reactivity (VTI; p=0.039). Table 5 reports the changes in blood-based
biomarkers. HIIT significantly decreased high-sensitivity C-reactive protein (p=0.045) and low-
density lipoprotein (p=0.014) compared to UC. Table 6 reports the changes in CVD risk. HIIT
caused a significant reduction in the FRS (p=0.011), vascular age (p=0.011), and the MRFS

(p=0.002).
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2.5 Discussion

To our knowledge, HIITTS is the first randomized trial to demonstrate significant and
potentially clinically meaningful improvements in CVD risk factors and surrogate markers of
mortality in TCS. As hypothesized, HIIT significantly improved VO2peak by 3.7 ml/kg/min
compared to UC. This magnitude of improvement is greater than that typically reported in
exercise oncology trials that have tested mostly moderate intensity continuous exercise
protocols.?? Moreover, this magnitude of improvement is likely clinically significant as each 3.5
ml O2/kg/min improvement in VOzpeak 1s associated with a 10-25% relative risk reduction in
overall mortality.>* Furthermore, in healthy men, VOpeak declines an average of 10% per
decade.” The relative HIIT-related VOapeak improvement achieved in our trial of approximately
10%, therefore, represents the reversal of nearly a decade-worth of cardiorespiratory aging.

HIIT also caused significant and pathophysiologically-relevant improvements in multiple
CVD risk factors accounting for a 20% reduction from baseline in the MRFS. Specifically, HIIT
caused concurrent improvements in pathways of atherosclerotic CVD development including
arterial stiffness, arterial thickness, microvascular reactivity, parasympathetic function,
inflammation, and dyslipidemia. Notably, the consistent HIIT-related improvement across indices
of parasympathetic tone/reactivity'* may have important pathophysiological implications as
decreased parasympathetic activity predisposes affected individuals to exaggerated pro-

inflammatory responses and endothelial dysfunction (two principle drivers of atherogenesis).***’

Not only are markers of parasympathetic function strong predictors of mortality,'*

preliminary
evidence indicates a survival advantage for those who improved markers of parasympathetic
function with 12 weeks of aerobic exercise-based cardiac rehabilitation.*3

Overall, the pattern of HIIT-related benefit was consistent with most of the major

mechanisms of increased CVD morbidity and mortality risks in TCS.* Importantly, comparable
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improvements in these outcomes within other clinical populations are associated with relative
risk reductions of 10-30% for CVD-related and overall mortality.2#?%2° Although HIIT did not
improve all CVD risk factors [e.g., FMD: potentially owing to arterial remodelling or follow-up
assessment timing (training adaptations may peak at 3-4 weeks)*], our findings provide strong
preliminary support that HIIT may mitigate cancer-related cardiovascular morbidity and
mortality in TCS.

The HIITTS trial has several notable strengths and limitations. HIITTS is the first
randomized aerobic exercise trial in TCS and provides the most comprehensive cardiovascular
risk assessment in exercise oncology research to date. The near-perfect participant adherence
rates and absence of adverse events suggest that HIIT is safe and feasible for TCS. Despite the
self-selection sampling bias inherent to exercise research, our unselected population-based
sampling approach (i.e., inclusion of participants with varied treatment exposures) may portend
even larger effects in more targeted high-CVD-risk subgroups of TCS. Moreover, the inclusion
of traditional and novel CVD risk factors facilitated a more comprehensive characterization of
CVD risk in TCS and helps justify expanding CVD risk screening parameters in TCS.
Limitations of HIITTS included the lack of postintervention outcome assessor blinding, the 11%
response rate, the short follow-up period, variable time since diagnosis, and the use of surrogate
markers instead of clinical cardiovascular events/mortality rates.

In summary, the HIITTS trial provides robust phase II evidence that 12 weeks of HIIT
causes significant improvements in important CVD risk factors and surrogate markers of
mortality in TCS. That HIIT caused concurrent improvements across multiple pathways of CVD
risk suggests that it may be an effective therapeutic intervention for mitigating long-term CVD

risks in TCS and has important implications for the management of TCS. Further investigation of
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the potential for long-term HIIT to reduce cardiovascular morbidity and mortality in TCS is

warranted.
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Figure Caption:

Figure 1: Flow of Participants through the HIITTS Trial.

Legend: Dx: diagnosis; CVD: cardiovascular disease; ECG: electrocardiogram; Avg: average.
Note: Discrepancies between Postintervention Assessment sample sizes and Results Table sample
sizes are the result of unanalyzable data (e.g., poor signal quality, anatomical variability, or non-

trial-related injury).
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948 testicular cancer survivors
contacted by mail or in clinic

840 did not respond to

mailed invitation

108 assessed

for eligibility

45 excluded
Met exclusion criteria
13 high-intensity exercise
3 pre Dx CVD
3 unable to perform HIIT
3 mental illness

2 too old
Declined to participate
13 no time

6 lived too far away
Failed baseline test

2 ECG abnormalities

63 randomized

28 assigned to Usual Care
28 (100%) received Usual Care

35 assigned to HIIT
35 (100%) received HIIT exercise

26 (93%) completed postintervention exercise test

27 (96%) completed postintervention vascular and
nervous system tests

27 (96%) completed postintervention blood draw

35 (100%) completed postintervention exercise test

35 (100%) completed postintervention vascular and
nervous system tests

35 (100%) completed postintervention blood draw
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Table 1: Baseline demographic, medical, and behavioral profile of HIITTS trial participants, overall and by
group assignment

Overall (n = 63) Usual Care (n =28) HIIT (n = 35)
No. of No. of No. of
Patients % Patients o Patients o
Demographic Profile
Age, years
Mean (SD) 43.7 (10.8) 43.3(9.9) 44.0 (11.6)
Range 21-61 22-61 21-60
Married 43 68.3 18 64.3 25 71.4
Completed university 42 66.7 19 67.9 23 65.7
Income > $100,000/year 41 65.1 19 67.9 22 62.9
Full-time employment 54 85.7 27 96.4 27 77.1
Medical Profile
Weight, kg
Mean (SD) 88.9 (18.3) 89.7 (16.3) 88.3 (19.8)
BMI, kg/m?
Mean (SD) 27.5(4.7) 27.9 (4.2) 27.2 (5.0)
Obese 13 20.6 3 10.7 10 28.6
Pre-hypertensive 12 19.0 3 10.7 9 25.7
Hypogonadic 9 14.3 4 14.3 5 14.3
Metabolic Syndrome 12 19.0 4 14.3 8 22.9
Carotid plaque burden
Mild 36 57.1 19 67.9 17 48.6
Moderate-Severe 15 23.8 4 14.3 11 31.5
Time since diagnosis, years
Mean (SD) 8.0 (5.5) 7.5(5.5) 8.5(5.5)
Range 1-20 1-20 1-20
Disease history
Localized 41 65.1 20 71.4 21 60.0
Surgical protocol
Single orchidectomy 58 92.1 27 96.4 31 88.6
Received radiotherapy 11 17.5 5 17.9 6 17.1
Received chemotherapy 23 36.5 8 28.6 15 42.9
Behavioral Profile
Current aerobic exercisers 23 36.5 7 25.0 16 45.7
Current resistance exercisers 17 27.0 10 35.7 7 20
Current smoker 5 7.9 2 7.1 3 8.6

Notes: HIIT: high-intensity interval training; No.: number; SD: standard deviation; kg: kilograms; BMI: body mass
index; m: meter
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Table 2: HIIT exercise prescription and delivery details per phase of intervention

Work Period Intensity Session Attendance
Intervention Week(s) W:R Ratio  # of Work Target Achieved Target Achieved
Phase (mins:mins) Intervals Intensity Heart Rate Heart Rate % of Target # /phase mean (%)

) (% of VO2peax) (beats/minute) (beats/minute) Heart Rate

la 1 4:3 4 75 135 144 107 3 3 (100)

1b 2 4:3 4 80 143 147 103 3 3 (100)

lc 34 4:3 4 85 152 151 100 6 6 (100)

2 5-8 4:3 4 90 160 154 96 12 12 (99.8)
3 9-12 4:3 4 95 168 157 94 12 11.5(95.7)

Notes: W: work period; R: rest period (active recovery); mins: minutes; HR: heart rate; bpm: beats per minute

* Target/Achieved HRs reflect group averages during each phase. Recovery intensity set at 10% less than estimated ventilatory threshold.
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Table 3: Effects of 12 weeks of HIIT on exercise capacity and resting cardiovascular function in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean SD Adj. Mean* SE Adj. Mean* SE 95% CI p
Exercise
Relative VOzpeak (ML O2-kg!-minute™) Control 26  37.0 7.2 37.6 0.5 3.7 0.7 2.4t05.1 <0.001
Exercise 35 37.1 5.7 413 0.4
Absolute VOzpeak (L-minute™) Control 26  3.22 0.46 3.27 0.03 0.27 0.04 0.18t00.35 <0.001
Exercise 35  3.23 0.61 3.53 0.03
One-minute heart rate recovery (beats'minute') Control 26  25.2 11.3 234 1.5 5.9 2.0 2.0t09.9 0.001
Exercise 35  20.6 8.9 294 1.3
Resting
Heart rate (beats-minute™!) Control 27 584 8.8 56.0 1.0 3.4 1.3 -6.0t0-0.8 0.012
Exercise 35 57.2 8.8 52.6 0.9
Systolic blood pressure (mmHg) Control 27 1143 103 114.3 1.2 -0.7 1.6 -3.8t02.5 0.67
Exercise 35 115.8 11.5 113.6 1.0
Diastolic blood pressure (mmHg) Control 27  70.1 7.4 71.6 1.1 -3.8 1.5 -6.7t0-0.8  0.013
Exercise 35 733 8.7 67.8 1.0
Respiratory sinus arrhythmia ® (beats'minute!)  Control 27  18.4 6.8 17.3 1.0 2.9 1.3 0.2t05.5 0.033
Exercise 35 19.0 7.7 20.2 0.8

Notes: Adj.: adjusted; SE: standard error; CI: confidence interval; VOzpeak: maximal aerobic fitness; mL: milliliters; O2: oxygen; L: liters; mmHg: millimeters of

mercury

* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.

2 also adjusted for change in BMI
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Table 4: Effects of 12 weeks of HIIT on vascular structure and function in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean SD Adj. Mean* SE Adj. Mean* SE 95% CI p
Carotid intima-media thickness »°
Average (mm) Control 27 0.58 0.07 0.62 0.01 -0.06 0.01 -0.08t0-0.03 <0.001
Exercise 35 0.62 0.14 0.56 0.01
Maximum (mm) Control 27 0.67 0.09 0.71 0.01 -0.08 0.01 -0.10t0-0.05 <0.001

Exercise 35 0.72 0.17 0.63 0.01

Carotid distensibility ® ¢ (10-3/kPa) Control 27 13.97 4.75 13.59 0.44 1.54 0.70 0.13t02.95 0.049
Exercise 34 13.02 4.71 15.13 0.43

Carotid diameter (mm) Control 27 7.00 0.43 6.91 0.04 -0.07 0.06 -0.181t00.05 0.23
Exercise 35 7.00 0.60 6.85 0.04

Brachial flow-mediated dilation ®* ¢ (%) Control 23 3.71 2.16 4.18 0.31 0.29 043 -057t01.14  0.50
Exercise 30 3.96 2.45 4.47 0.26

Brachial flow-mediated dilationnermalized © Control 23 6.0 3.0 8.0 1.0 1.0 1.0 -2.0t0 3.0 0.34
Exercise 30 8.0 6.0 9.0 1.0

Brachial diameter * (mm) Control 23 4.43 0.59 4.56 0.06 0.14 0.08 0.01t00.29 0.009
Exercise 30 4.47 0.66 4.70 0.05

Velocity time integral (cm) Control 23 66.4 15.3 71.4 3.8 10.9 5.2 0.54t0 21.3 0.039
Exercise 30 61.6 18 82.4 33

Shear stress during reactive hyperemia (dynes/cm?) Control 23 41.07 991 42.24 2.16 2.38 291 -348t0824 042
Exercise 30 37.68 12.53  44.62 1.88

Carotid-femoral PWV & (m/s) Control 26 7.68 1.5 7.94 0.15 -2.02 0.2 2421t0-1.62 <0.001
Exercise 33 8.69 2.0 5.92 0.13

Femoral-toe PWV T (m/s) Control 25 9.4 0.93 9.51 0.14 -0.74 0.2 -1.14t0-0.35  0.001
Exercise 32 1049 1.32 8.77 0.12

Notes: mm: millimeters; kPa: kilopascals; cm: centimeters; s: second; PWV: pulse wave velocity
* follow-up and between-group difference values adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.

2 also adjusted for change in mean arterial pressure
b also adjusted for change in arterial diameter

¢ also adjusted for change in intima-media thickness

4 also adjusted for change in shear rate

¢ unadjusted and adjusted group means, SDs, SEs, and CIs multiplied by a factor of 1000 for display purposes

Falso adjusted for change in HR
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Table 5: Effects of 12 weeks of HIIT on blood-based biomarkers in TCS

Baseline Follow-up Between-group difference
Measures Group N Mean SD Adj. Mean* SE Adj. Mean* SE  95% CI p
Endothelial and inflammatory markers
Fibrinogen (g/L) Control 27 2.90 0.57 2.78 0.07 -0.02 0.09 -0.20t00.16 0.82
Exercise 34 3.03 0.61 2.76 0.06
hsCRP (mg/L) Control 26 1.66 1.50 1.61 0.24 -0.6 032 -1.24t0-0.03  0.045
Exercise 35 1.65 2.35 1.01 0.21
Blood lipids
Total cholesterol (mmol/L) Control 27 5.11 0.81 5.09 0.11 -0.18 0.14 -0.47t00.10 0.20
Exercise 35 5.12 0.80 4.90 0.09
High-density lipoprotein (mmol/L) Control 26 1.29 0.35 1.40 0.05 0.02 0.07 -0.12t0 0.15 0.20
Exercise 35 1.44 0.41 1.40 0.04
Low-density lipoprotein (mmol/L) Control 25 3.05 0.68 3.06 0.08 -0.26 0.10 -0.46t0-0.05 0.014
Exercise 35 3.09 0.71 2.80 0.07
Total cholesterol : High-density lipoprotein ratio Control 26 4.14 1.02 391 0.10 -0.24 0.14 -0.52to 0.04 0.09
Exercise 35 3.75 0.93 3.67 0.09
Triglycerides (mmol/L) Control 27 1.67 0.78 1.45 0.10 0.03 0.14 -0.25100.31 0.82
Exercise 35 1.30 0.54 1.48 0.09
Metabolic and gonadal function
Fasting glucose (mmol/L) Control 27 5.06 0.50 5.17 0.08 -0.09 0.11 -0.31t00.13 0.39
Exercise 35 5.15 0.44 5.07 0.07
Testosterone (nmol/L) Control 27 14.6 4.8 14.2 0.9 0.6 1.2  -1.8t03.0 0.24
Exercise 35 15.1 6.1 14.8 0.8

Notes: g: grams; hsCRP: high sensitivity c-reactive protein; mg: milligrams; mmol: millimoles; nmol: nanomole
* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Table 6: Effects of 12 weeks of HIIT on CVD risk factors in TCS

Baseline Follow-up Between-group Difference

Measures Group N Mean SD Adj. Mean* SE Adj. Mean* SE  95% CI p

Framingham Risk Score (%) Control 27 5.8 54 6.3 0.2 -0.6 02 -1.0to-0.1 0.011
Exercise 35 6.9 6.1 5.7 0.2

Vascular Age (years) Control 27 42.7 12.1 43.0 0.4 -1.3 05 -23t0-03 0.011
Exercise 35 43.7 15.7 41.6 0.3

Modifiable CVD Risk Factor Score (# /max 24) Control 27 6.3 3.0 6.1 0.3 -1.4 04 -22t0-0.5 0.002
Exercise 35 7.0 3.6 4.7 0.3

* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Methods Supplement

3.1 Participants

Participants were recruited via mail (using the Alberta Cancer Registry) and from the
surveillance clinic at the Cross Cancer Institute (Edmonton, AB). Men 18-80 years of age with a
confirmed history of TC and no evidence of pre-cancer CVD were eligible. Men were excluded if
they were unable to complete the first two stages of the exercise test (potentially resulting in
insufficient data to generate exercise prescriptions and unreliable VOzpeak measures; and,
indicating a greater functional/mobility deficit which would preclude participation in HIIT), had
any psychiatric condition impairing their ability to perform the exercise, had any uncontrolled
cardiovascular condition, or already performed regular vigorous aerobic exercise. The HIITTS
trial received ethical approval from the Health Research Ethics Board of Alberta — Cancer
Committee (Trial ID# 14-0183) and the University of Alberta (Clinical Trial Registration

#NCT02459132).

3.2 Randomization and Blinding

The allocation sequence was generated by a computer-generated random numbers list by
a research assistant not otherwise involved in the study. Participant allocation was only revealed
to the research coordinator following the completion of the entire baseline assessment. It was not
possible to blind participants or intervention supervisors to group allocation. Outcome assessors

for the primary outcome of VO2max and secondary vascular and nervous system outcomes were
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also not blinded to group assignment but were trained in the importance of following a
standardized protocol. Data cleaning, processing, and analyses were either conducted or verified

by a research assistant blinded to group allocation.

3.3 Exercise Training and Usual Care Conditions

During the work period, participants completed four, 4-minute, high-intensity intervals at
a speed and grade that would elicit a progressively increasing VOapeak target over the intervention
period (i.e. week 1, 75% VOzpeak; week 2, 80% VOzpeak; weeks 3-4, 85% VOzpeak; weeks 5-8,
90% VO2pear; weeks 9-12, 95% VOzpeak). Exercise intensity, although prescribed using %V O2peax,
was monitored via heart rate (HR) monitors, and programs were augmented to maintain target
HRs [i.e., training intensity was augmented by the least possible increment (i.e., 0.5 mph or 0.5%
incline) when HRs dropped below 15% of target during the final work interval for 3 consecutive
sessions]. A 4x3 HIIT exercise protocol was selected for our intervention based on the evidence
that the frequency and magnitude of positive cardiovascular adaptations in persons at risk of, and
living with, lifestyle induced CVD!? are generally greatest with HIIT compared to moderate-
intensity continuous training or sprint interval training. Moreover, we believed that the specific
combination of greater exercise intensity and time efficiency provided by this 4x3 HIIT
prescription was well-aligned with the abilities and needs of TCS, given that TCS are typically
younger (i.e., more able-bodied) and their greatest barrier to exercise engagement is ‘competing
time-based demands’?. Ultimately, we decided that this 4x3 HIIT prescription showed the

greatest promise to improve the greatest number of cardiovascular outcomes, to the greatest
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extent, in the specific context of TCS. Using a wait-list control design, UC group participants
were informed that they would be offered a 6-week supervised HIIT exercise program after the
12-week observation period and 3-month follow-up assessment (only patient-reported outcome

data was collected at the 3-month follow-up assessment).

3.4 Assessment of Primary and Secondary Endpoints

3.4.1 Exercise Assessments

True VOamax measures are sometimes difficult to obtain, especially in clinical
populations.* As this was the first aerobic exercise training study in TCS, we were unsure how
reliably our participants could achieve VOomax. Accordingly, we selected peak aerobic fitness
(VO2peak) as our primary outcome and principle marker of systemic cardiovascular health. Prior
to the test, participants performed a 5-minute warm-up at 0% incline and a belt speed sufficient to
elicit 60% of their age-predicted maximal HR (this belt speed used for the test). VO2peak was
assessed via a treadmill-based maximal cardiorespiratory exercise test (Woodway - 4Front,
Waukesha, WI) with a constant individualized belt speed and an incline increasing by 2% every
two minutes until exhaustion. During the test, oxygen consumption (ParvoMedics - TrueOne
2400, Murray, UT) and HR (12-lead ECG; Nasiff - CardioCard, Central Square, NY) were
measured continuously. HR was measured for an additional 6 minutes of recovery (1% minute
standing plus 5 minutes of active recovery). Blood pressure, rate of perceived exertion and
arterial oxygen saturation were recorded every two minutes — during the final minute of each 2-
minute stage.
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VO2peak Was defined as the highest 15-second average value of oxygen uptake recorded
over the test. Data are presented as relative (primary outcome) and absolute values. Maximal
participant effort was confirmed by meeting at least two of the following three criteria i) a
leveling off of oxygen uptake despite an increased workload, ii) achievement of a respiratory
exchange ratio >1.1, or iii) a rate of perceived exertion >9/10.* Ventilatory threshold was used to
prescribe the intensity of the warm-up and active recovery intervals.> Ventilatory threshold was
estimated using the V-slope method and according to the following criteria: i) an exaggerated
response in the volume of carbon-dioxide (i.e., VCO») relative to the volume of oxygen (i.e.,
V0O3), and ii) the first identifiable break-point in in the minute ventilation (i.e., VE/VO vs work
rate relationship).’ Based on these criteria, we identified the work rate (i.e., VO2) and HR which
corresponded to the attainment of each individual’s ventilatory threshold. We then used this VO2
value to prescribe the intensity of the warm-up and active recovery periods. Throughout the
intervention, however, we used the HR values corresponding to these estimated ventilatory
thresholds to monitor the intensity of the warm-up and active recovery periods. One-minute HR
recovery (HRR; an index of post-exercise parasympathetic reactivation®’) was calculated as the
HR-difference between peak exercise and following one minute of quiet standing on the treadmill

immediately post test.
3.4.2 Resting Hemodynamic, Vascular, and Nervous System Assessments

Upon arrival at the laboratory, participants completed informed consent and medical
screening questionnaire (baseline test only). Once complete, participant anthropometric data was

recorded and used to calibrate the testing equipment. Participants were then instrumented and
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began 30 minutes of supine rest in a darkened, quiet, temperature controlled (21°C to 23°C)

room. Please see eFigure 1 for an overview of the order of the resting assessments.
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eFigure 1: Order of resting tests.

Participants were tested under the same conditions (e.g., having fasted (>12 hours)) as
when their blood specimen was collected.® Resting HR was continuously measured using a
standard single lead ECG. Beat-to-beat blood pressure changes were continuously recorded via
photoplethysmography from the right middle finger (Finapres Medical Systems - Finometer,
Enschede, NL). Manual sphygmomanometry at the brachial artery and an automated return-to-
flow procedure were used to calibrate the Finometer data at baseline and prior to each individual
test. Carotid and brachial vascular structure, brachial vascular reactivity, forearm microvascular
reactivity, and brachial blood velocity measures were captured using high-resolution B-mode

ultrasonography (8L MHz; G.E. Vivid-i, Waukesha, WI) and stored for off-line analysis. All
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resting HR, blood pressure, blood velocity, and applanation tonometry (Millar Instruments SPT-
301, Houston, TX) data were simultaneously captured using LabChart 7.0 (AD Instruments,
Colorado Springs, CO). Offline vascular ultrasound analyses were completed using Vascular
Tools (Medical Imaging Applications LLC, Carotid/Brachial Analyzer for Research, Corafille,

IA).

3.4.3 Carotid Plaque

During the 30-minute rest period (baseline only), carotid plaque burden was assessed, via
bilateral ultrasound scans (8L MHz; G.E. Vivid-i, Waukesha, WI) of the near and far walls of the
common carotid, carotid bifurcation, and internal carotid arteries, as per the Mannheim
Consensus Guidelines.”!° Plaque was defined as focal structures encroaching at least 0.5 mm or
50% of the adjacent intima-media thickness value, or ii) with an intima-media thickness of >1.5
mm).” The total number of plaque-present sites were recorded and used to generate a total plaque
score, based on a total of 12 possible affected locations (i.e., 6 measurement sites per side). The
severity of arterial plaque development was categorized according to no plaque (0 sites), mild

plaque (1-4 sites), moderate plaque (5-8 sites) and severe plaque (9-12 sites).!”

3.4.4 Carotid Intima-Media Thickness

Following the 30-minute rest period, ultrasound-based measures of carotid artery intima-
media thickness (i.e., arterial wall thickness) were taken. Bilateral carotid artery intima-media

thickness was measured via ultrasound (8L MHz; G.E. Vivid-i, Waukesha, WI). Rotating around
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the long-axis of the vessel, the mean and maximal carotid intima-media thickness values were
recorded as the average of three serial measurements of the far wall, bilaterally.’ The
measurements were made during diastole within 10 mm, plaque-free regions, of the far wall of

the common carotid arteries and at least 5 mm below the origin of the internal carotid artery.’

3.4.5 Carotid Distensibility

Carotid distensibility was used as an index of local arterial stiffness.!! ECG-gated
maximum (i.e., systolic) and minimum (i.e., diastolic) carotid artery diameters were recorded
continuously via carotid artery ultrasound (8L MHz; G.E. Vivid-i, Waukesha, WI) for 15 cardiac
cycles seconds, twice. The recorded arterial diameters were used to calculate the relative
maximum and minimum cross-sectional areas. Beat-to-beat blood pressure was simultaneously
recorded and used to calculate the pulse pressure for each cardiac cycle. Carotid distensibility

was then calculated per the following equation'!:

Carotid distensibility (1073 /kPa) = (CSAgys — CSAD,A)/(CSAD,AX(PSYS — PD,A)), (1)

where CSA is the arterial cross-sectional area and P is the arterial pressure during systole (SYS)

and diastole (DIA). Carotid distensibility was recorded as the largest of the 2 values obtained at

baseline and follow-up.

3.4.6 Flow-Mediated Dilation and Microvascular Function
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Left brachial artery structure, endothelial function, and microvascular function were
assessed via flow-mediated dilation (FMD), according to best practice guidelines.®!>!> Resting
brachial artery diameter (measured in millimeters) and blood velocity (measured in centimeters
per second) were recorded, via ultrasound (8L MHz; G.E. Vivid-i, Waukesha, WI), at a site 3 cm
proximal to the antecubital fossa for five minutes. After this rest period, brachial artery blood
flow was occluded using a rapid-inflation blood pressure cuff (placed immediately distal to the
elbow), at an average pressure of 220 mmHg (>50 mmHg above systolic blood pressure), for an
additional five minutes. The reactive hyperemic response to the rapid deflation of the blood
pressure cuff was then recorded for an additional four minutes. Diastolic brachial artery
diameters were extracted and averaged every 2 seconds throughout baseline and following cuft-
release until peak diameter was reached. FMD was calculated as the percent increase in arterial

diameter from baseline to peak using the following equation'¢:

FMDy, = ((Dp — Dp)/Dp)%100, (2)

where Dp is the peak arterial diameter recorded post cuff release and Dg is the average arterial

diameter recorded at baseline. FMD was also normalized to the total shear rate per the following

equation!”!%;

FEMDyormatizea = FMD%/AUCSRa 3)

65



where AUCsr is the total area under the curve for shear rate from cuff release to peak brachial

artery dilation.

Data collected during the FMD protocol was used to calculate indices of microvascular
function in the resistance vessels of the distal arm. Velocity time integral (VTI) and shear stress
during reactive hyperemia have been shown to independently predict CVD risk.!>!%->! Measured
(probe frequency of 13 MHz) as the total velocity envelope from the first waveform post cuff
release, VTI of the brachial artery was used to calculate blood velocity during reactive hyperemia

(VRH) according to the following equation?':

VRH (cm/s) = VTI x (HR/60), (4)

where HR is heart rate and 60 is a constant used to convert from ml/sec to ml/min. Finally, using

VRH, shear stress during reactive hyperemia was calculated per the following equation?':

Shear stress during reactive hyperemia (dynes/cm?) = 8 X u X (VRH/Dg/10), (5)

where n was the viscosity of blood (assumed to be 0.035 dyne-sec/cm?).?°

3.4.7 Respiratory Sinus Arrhythmia

Respiratory sinus arrhythmia (RSA) is an index of parasympathetic nervous

system/cardio-vagal function. RSA was assessed by measuring the magnitude of heart period
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variability during a paced deep breathing challenge. Prior to beginning the test, participants
performed a maximal inspiration maneuver. During this maneuver (and throughout the test), the
expansion of the thorax was tracked using a piezo-electric respiration transducer (Pneumotrace I,
UFI, Morro Bay, CA); and, the maximum and minimum thorax expansion values were used to
ensure maximal patient breathing effort throughout the remainder of the test. Participants then
rested quietly for 3 minutes prior to beginning the test. Following the rest period, participants
were asked to maintain a 10-second respiratory cycle (i.e., maximal inspiration - held up to 5
seconds; followed by maximal expiration - held up to 5 seconds) for 90 seconds.?? RSA was
calculated by taking the average difference between the maximum and minimum HRs from the

largest 6 successive HR oscillations.?

3.4.8 Pulse Wave Velocity

Central arterial stiffness (i.e., carotid-femoral pulse wave velocity (PWV)) and peripheral
arterial stiffness (femoral-toe PWV) were assessed on the left side of the body via applanation
tonometry (Millar Instruments SPT-301, Houston, TX) located at the distal common carotid

artery, proximal femoral artery, and the distal phalange of the first digit.’

Using the foot-to-foot
method,?® the velocity of each pulse wave was calculated as the time difference between the
arrival of the blood pressure waveform at each site for the central and peripheral arterial
segments. Carotid-femoral distance was corrected to 80% of the straight distance between the
two sites.?* Femoral-toe distance was measured from the femoral site, posterior to the medial

malleolus, and around to the midpoint of the distal phalange of the first digit. A total of 30 pulse-

waveforms were recorded simultaneously (2% 15 pulse-wave segments) across the central and
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peripheral sites. To control for the influence of outliers, the recorded PWV for each segment (i.e.,

central and peripheral) was taken as the median of these measures.?

3.4.9 Blood-based Biomarker Assessments

Blood specimen collection took place at various DynaLife laboratory locations within
Edmonton and Red Deer (AB). Each specimen was immediately stored, shipped, and analyzed at
a central processing facility. Anonymized results were emailed directly to the study coordinator
within 48 hours of collection. The blood factors analyzed included markers of inflammation (i.e.,
high-sensitivity C-reactive protein), endothelial activation (i.e., fibrinogen), glucose metabolism
(i.e., fasting glucose), hypogonadism (i.e., testosterone), and a standard blood lipid panel (i.e.,
total cholesterol, high-density lipoprotein, low-density lipoprotein, total cholesterol : high-density

lipoprotein ratio, and triglycerides). Results were interpreted per national standards.?

3.4.10 Cardiovascular Disease Risk Assessments

Framingham 10-year CVD risk score (FRS) was used to estimate CVD risk. Vascular age
was used as a tool to communicate participants’ CVD risk.?® FRS and vascular age were
calculated using the general CVD risk profile criteria for the Framingham Heart Study.?’ The
modifiable CVD risk factor score (MRFS) was used as an index of total CVD risk. MRFSs
incorporated 24 novel and traditional surrogate markers of cardiovascular morbidity and

mortality risk according to eTable 1.7-1122-33 Individual MRFSs were generated for each
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participant at baseline and follow-up by comparing participant values to the established risk

factor thresholds and adding the number of positive risk factors together.

3.5 Statistical Analyses and Sample Size Calculation

The primary objective of this study was to determine the effects of HIIT on
cardiorespiratory fitness (VOzpeak), compared to UC. With 33 participants per group (total N =
66), using an ANCOVA to adjust for baseline values and relevant covariates®* (without adjusting
for multiple comparisons), we had 80% power to detect a standardized effect size d of
approximately 0.60 with a two-tailed alpha = 0.05. A standardized effect size of 0.60 corresponds
to a 3.5 ml Oy/kg/min improvement in VOzpeak, based on a baseline mean value of 30.25 ml
Oy/kg/min and a standard deviation of 5.78 ml O»/kg/min.*>*® Due to our unselected recruitment
methods, our sample had a high degree of variability in characteristics which may have
confounded our results (e.g., time since treatment). In addition to our randomization stratification,
we controlled for the influence of other potential confounders (i.e., age, treatment exposure, and
time since treatment) by including them as covariates in each of our analyses. We report
unadjusted baseline data and adjusted post-intervention data, mean between group difference,
95% confidence interval (CI) and p-value for all hypothesized comparisons. Data were analyzed
using an intention-to-treat approach (SPSS version 24). No missing data strategy was employed

given the minimal amount of missing data in our study.
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eTable 1: Traditional and novel modifiable cardiovascular risk factors and cut-offs

Risk Factor

Risk Factor Criteria

Reference

Systemic Cardiovascular Function
VOzpeak (Ml Oz/kg/min)

Vascular Structure, Function and Health
Carotid intima-media thickness (mm)
Carotid plaque presence
Carotid distensibility (10-3/kPa)
Flow-mediated dilation (%)
Carotid-femoral pulse wave velocity (m/s)
Vascular age

Parasympathetic Function
1 minute heart rate recovery (bpm)
Respiratory sinus arrhythmia (bpm)
Resting heart rate (bpm)

Resting Cardiovascular Function
Systolic BP (mmHg or on treatment)
Diastolic BP (mmHg or on treatment)

Anthropometric
Waist circumference (cm)
Waist:Hip ratio
Obesity (BMI; kg/m?)

Blood Markers
High sensitivity C-reactive protein (mg/L)
Fibrinogen (g/L)
Glucose (mmol/L)
High-density lipoprotein (mmol/L)
Low-density lipoprotein (mmol/L)
Total cholesterol (mmol/L or on treatment)
TC:HDL ratio
Triglyceride (mmol/L or on treatment)
Testosterone (nmol/L or on treatment)

Age-/sex-based norms

Age-/sex-based norms
Yes

Age-/sex-based norms
<4.75

Age-/sex-based norms
> chronologic age

<25
Age-/sex-based norms
>80

>130 or Yes
>90 or Yes

>102
>1
>30

>2
>4.0 g/L
>5.8

<1

>3.5
>5.2->6.2
>5

>2.2

<8

American College of Sports Medicine

Engelen et al., 2013

Gepner et al., 2015

Engelen et al., 2015

Peters et al., 2012

Reference Values Collaboration, 2010
Anderson et al., 2016

Pecanha et al., 2014
Freeman et al., 2008
Woodward et al., 2012

Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016

Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016

Canadian CV Society, 2009, 2012, 2016
Nuver et al., 2004

Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016
Canadian CV Society, 2009, 2012, 2016

Notes: ml: milliliter; O: oxygen; kg: kilograms; min: minute; mm: millimeter; kPa: kilopascals; m/s: meters per
second; bpm: beats per minute; mmHg: millimeters of mercury; cm: centimeters; BMI: body mass index; mg/L:
milligrams per liter; g/L: grams per liter; mmol: millimoles; TC:HDL.: total cholesterol : high-density lipoprotein

ratio; nmol: nanomoles
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4.1 Abstract

Purpose

Testicular cancer survivors (TCS) have an increased risk of cancer-related fatigue (CRF),
psychosocial dysfunction, and poor mental health-related quality of life (HRQoL). We previously
reported the effects of high-intensity aerobic interval training (HIIT) on CVD risk factors and
surrogate markers of cardiovascular and overall mortality in a population-based sample of TCS.
Here, we report the effects of HIIT on the patient-reported outcomes (PROs) and explored
cardiorespiratory fitness changes as a potential mediator of the intervention effects.
Patients and Methods

TCS (n=63) were randomly assigned to 12 weeks of supervised HIIT or usual care (UC).
PROs included CRF, depression, anxiety, stress, self-esteem, sleep quality, and HRQoL assessed
at baseline, postintervention, and at 3-month follow-up.
Results

PROs were obtained from 62 participants (98%) at postintervention and 52 participants
(83%) at 3-month follow-up. HIIT participants attended 99% of supervised exercise sessions and
achieved 98% of target exercise intensity. ANCOVA revealed that, compared to UC, HIIT
caused significant improvements in postintervention CRF (adjusted between-group mean
difference=4.4; 95% confidence interval, 1.5 to 7.3; p=0.003), self-esteem (p=0.029), the mental
component score (p=0.034), role-physical (p=0.048), general health (p=0.016), vitality (p=0.001),
and social functioning (p=0.011). Effects on CRF (p=0.031) and vitality (p=0.015) persisted at 3-
month follow-up. Exploratory analyses provided preliminary evidence that cardiorespiratory
fitness may have partially mediated the postintervention improvements in the mental component

score, vitality, and mental health; and the 3-month follow-up improvements in CRF and vitality.
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Conclusion

This trial provides the first randomized evidence that a 12-week supervised HIIT program
causes significant and meaningful improvements in key psychosocial and HRQoL outcomes for
TCS. The finding that HIIT caused clinically meaningful and sustained improvements in fatigue-
related constructs at 3-month follow-up, which appears to be related to changes in VOopeax, 1S

novel, has important implications for the long-term care of TCS, and merits follow-up.
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4.2 Introduction

In North America, testicular cancer (TC) is the most commonly diagnosed malignancy in
men 20 to 40 years old."> Conventional therapies used to treat TC (i.e., orchidectomy,
radiotherapy, and chemotherapy) are highly effective at curing germ-cell disease (5-year relative
survival rate 97%)" even with advanced disease.’ Unfortunately, TC and its treatments are
associated with short- and long-term health effects including cardiovascular disease, peripheral
neuropathy, hypogonadism, cancer-related fatigue (CRF), anxiety, poor mental health-related
quality of life (HRQoL), and, less commonly, depression.*!!

Among patient-reported outcomes (PROs), CRF may be especially burdensome for TCS.
The National Comprehensive Cancer Network defines CRF as “a persistent subjective sense of
tiredness related to cancer or cancer treatment that interferes with usual functioning”.'? The
prevalence of CRF is greater in TCS than the general population (17-30% vs. 10-12%) and
increases from 12-19 years posttreatment, independent of treatment exposure.”!! CRF is among
the most frequent and highly distressing symptoms in TCS® and is associated with poor HRQoL,’
anxiety,!! depression,'! and cognitive impairments.’

Although CRF is consistently reported by TCS, early cross-sectional studies found that
TCS generally do not report HRQoL deficits!® compared to healthy controls'* regardless of
treatment exposure.'> Contrarily, more recent cross-sectional and prospective studies have
reported mild,'® moderate,'® and short-term'” HRQoL impairments. One reason for these
discrepant findings is that the TCS surveyed in these studies may have experienced a response
shift'®2% wherein survivors regain a mainly positive outlook in the years after being cured of a
life-threatening disease. Indeed, TCS have been shown to rate their health as good or better than

healthy controls despite living with an increased number of adverse health conditions.?! Unlike
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most cancers, which are associated with advanced age, TC is most often diagnosed at an age and
life-stage associated with important social-, emotional-, physical-, and cognitive-development.'®
Compared to older cancer survivor groups, TCS are not afflicted by age-related physical or
functional impairments; and, as such, it is perhaps not surprising then that TC diagnoses and
treatments have recently been shown to be associated with greater mental HRQoL impairments

than physical.!® With the incidence of TC continuing to rise,?*

strategies to prevent or mitigate
the effects of TC on CRF, psychosocial function, and HRQoL are needed as part of high quality
survivorship care.

Aerobic exercise training is a promising intervention for improving CRF,**%°
depression,?®?” and HRQoL?*% in several cancer survivor groups although very few studies have
focused on TCS. Cross-sectional evidence in TCS suggests that physical activity is associated
with lower levels of CRF,!! depression,*® and adverse health outcomes.?! To date, however, no
randomized controlled trials have examined whether aerobic exercise training can improve PROs
that are important to TCS.

The High-Intensity Interval Training in Testicular cancer Survivors (HIITTS) trial was
developed to assess the effects of 12 weeks of high-intensity aerobic interval training (HIIT) on
cardiovascular disease risk in TCS (reported previously®!). In the primary paper for the HIITTS
trial we reported that HIIT significantly improved the primary trial outcome [i.e.,
cardiorespiratory fitness (VOzpeak)] and reduced CVD risk evidenced by favorable changes in
traditional and novel risk factors including measures of vascular structure and function,
parasympathetic nervous system function, and blood-based biomarkers for cardiovascular
disease.’! Here, we report the effects of HIIT on the PROs at postintervention and 3-month

24-29

follow-up. Based on previous research in other cancer survivor populations, we hypothesized

that HIIT would elicit significant postintervention improvements in CRF, psychosocial
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functioning, and HRQoL compared to usual care (UC). It was unclear if these improvements
would be maintained at 3-month follow-up. Moreover, we explored whether there was evidence
of improvements in VOapeax mediating improvements in PROs. Based on previous research in

32.33 we hypothesized that there would be evidence of

breast cancer and lymphoma patients,
improvements in VOazpeak partially mediating improvements in the physical and functional

components of HRQoL but not the psychosocial components.

4.3 Methods

Settings and Participants

The detailed methods of our trial have been reported elsewhere.’! Briefly, HIITTS trial
participants were recruited through the Alberta Cancer Registry (mailed survey) and the
surveillance clinic at the Cross Cancer Institute (Edmonton, AB; in person). Men between the
ages of 18 and 80 with a confirmed history of TC were eligible. Exclusion criteria included the
inability to complete the first two stages of the aerobic exercise test, the presence of any
uncontrolled cardiovascular condition, the presence of any psychiatric condition impairing their
ability to exercise, or the performance of regular vigorous intensity aerobic exercise. The Health
Research Ethics Board of Alberta — Cancer Committee (Trial ID# 14-0183) and the University of
Alberta approved this trial (Clinical Trial Registration #NCT02459132).
Design and Procedures

The HIITTS trial was a prospective, two-armed, phase II, randomized controlled trial.
Interested participants were initially screened by phone. Eligible participants were brought into
the lab to complete a baseline aerobic exercise test, resting vascular and nervous system tests, and
a self-report questionnaire.

Randomization and Blinding
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Participants were stratified by age (<50 vs. >50 years) and treatment exposure (surgery-
only vs. radiotherapy, chemotherapy, both) and randomized in a 1 to 1 ratio using a variable 4-6
permuted block design to HIIT or UC. A research assistant not otherwise involved in the study
generated the allocation sequence via computer-generated random numbers list. It was not
possible to blind the participants or intervention supervisors to the group allocation due to the
nature of the intervention. Outcome assessors were not blinded for the PROs or the maximal
fitness test.
Exercise Training and Usual Care Conditions

Participants randomly assigned to the HIIT group were asked to attend three supervised
exercise sessions per week, consisting of uphill treadmill walking or running and to maintain all
other exercise they were performing at baseline.>* Each supervised HIIT session was a total of 35
minutes in length — started with a 5-minute warm-up [performed within 5% of ventilatory
threshold (calculated from the maximal exercise test)*®], transitioned into the work-period, and
ended with a 5-minute cool-down. The work period consisted of four, 4-minute, high-intensity
intervals — the intensity of which gradually increased from 75% to 95% of VO2peak over the
intervention period. Each 4-minute high-intensity interval was separated by a 3-minute active
recovery interval (performed 5% to 10% below ventilatory threshold). Heart rate monitors were
used to track exercise intensity during every session, and programs were augmented to maintain
target heart rates. Exercise adherence was supported by providing flexible 7-day/week access to
the training facility, free parking, and one-on-one exercise session supervision. Participants
randomly assigned to the UC group were asked to maintain their baseline exercise levels. Each
UC participant was informed that, following the 12-week observation period and 3-month
follow-up assessment, they would be offered a free 6-week supervised HIIT program.

Assessment of Participant Characteristics
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Participant demographic, medical, behavioral, psychosocial, and HRQoL variables were
assessed via self-report. Self-directed exercise was assessed at baseline, postintervention, and at
3-month follow-up using the Godin Leisure Time Exercise Questionnaire.>® Exercise minutes
were calculated as moderate intensity minutes plus two times the vigorous intensity.>’
Assessment of Patient Reported Outcomes

PROs were assessed at baseline (prior to randomization), immediately postintervention
(after 12 weeks), and at 3-month follow-up. In line with the primary objective of the trial,
postintervention was the primary time point of interest. CRF was assessed using the Functional
Assessment of Cancer Therapy-Fatigue scale (FACT-F) which is a 13-item inventory assessing
1-week CRF severity on a 0-4 scale with higher scores reflecting lower CRF.* Depression was
evaluated using the Center for Epidemiologic Studies Depression Scale 10-item inventory which
assesses 1-week depressive symptom frequency on a 0-3 scale with higher scores reflecting
higher depressive symptom frequency.*® Anxiety was evaluated using the Spielberger State
Anxiety Scale 10-item inventory which assesses 1-week anxiety symptom severity on a 1-4 scale
with higher scores reflecting increased anxiety symptom severity.*? Stress was evaluated using
the Perceived Stress Scale 14-item inventory which assesses 1-month stress symptom frequency
on a 0-4 scale, wherein higher scores reflect greater stress symptom frequency.*! Self-esteem was
assessed using the Rosenberg Self-Esteem Scale 10-item inventory which assesses overall self-
esteem on a 1-4 scale, wherein higher scores reflect greater self-esteem.** Sleep quality was
assessed using the Pittsburgh Sleep Quality Index which assesses 1-month subjective sleep
quality with lower scores reflecting better sleep quality.*’

HRQoL was assessed using the well-validated SF-36®.* The SF-36 is a 36-item scale
assessing eight health domains including physical functioning, role-physical, bodily pain, general

health, vitality, social functioning, role-emotional, and mental health. The scores for each
85



subscale were then transformed into norm-based scores wherein higher scores reflect better
functioning. The mental component score (MCS) and physical component score (PCS) were
calculated by adding the prespecified weighted contributions of each of the eight subscale scores.
Assessment of Cardiorespiratory Fitness

As reported previously,?! cardiorespiratory fitness (relative VOapeak) Was assessed at
baseline (prior to randomization) and immediately postintervention (after 12 weeks) via
treadmill-based maximal cardiorespiratory exercise test (Woodway - 4Front, Waukesha, WI)
with a constant belt speed (i.e., individualized to each participant) and an increasing incline (i.e.,
2% every two minutes until exhaustion). Oxygen consumption (ParvoMedics - TrueOne 2400,
Murray, UT) and heart rate (12-lead ECG; Nasiff - CardioCard, Central Square, NY) were
measured continuously throughout the test. We defined VOzpeax as the highest 15-second average
oxygen-uptake value recorded during the test. Ventilatory threshold, determined using the V-
slope method,*® was used to prescribe exercise intensities.
Statistical Analyses and Sample Size Calculation

The primary objective of the overall trial was to determine the effects of HIIT on VOopeax
compared to UC.*! Based on ANCOVAs adjusting for baseline values and relevant covariates,*
62 participants provided 80% power to detect a difference of 3.5 ml O2/kg/min, with a two-tailed
alpha = 0.05. This level of power translates into a standardized effect size d of approximately
0.60 which applies to the PROs examined in this paper. We report unadjusted baseline data and
adjusted postintervention data, adjusted between-group mean difference, 95% confidence interval
(CI) and p-value for all hypothesized comparisons. Our exploratory mediation analyses were
conducted using the product of coefficients method*® wherein a series of linear regressions are
used to test for possible mediation. We examined the potential mediating role of VO2peak for any

PRO that was statistically or borderline significant (p<0.055) at postintervention and 3-month
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follow-up. Based on our mediation model (please see online supplement), this approach requires
(1) calculating the total effect of group allocation on the PRO (path c), (2) calculating the effect
of group allocation on VOzpeak (path a), (3) calculating the association between VOzpeak and the
PRO (path b), and (4) calculating the direct effect of group allocation on the PRO (path ¢’) while
controlling for the indirect effect (product of coefficients axb). The statistical test of mediation is
the examination of the bias corrected 95% Cls for the mediation effect (axb) using a
bootstrapping method involving 5000 bootstrap resamples.*’*8 Data were analyzed using an
intention-to-treat approach for all participants with postintervention or 3-month follow-up data

(SPSS version 24).

4.4 Results

Participant Flow

Participant flow through the study has been reported elsewhere.?! Briefly, recruitment
took place from June 2015 to March 2016 (Figure 1). Of 948 potentially eligible participants
who were initially contacted, 108 (11%) were screened for eligibility and 63 (7%) were
randomized. We obtained postintervention PRO data on 62 of 63 (98%) participants and 3-month
follow-up data on 52 of 63 (83%) participants.
Baseline Characteristics, Participant Adherence, and Fitness Changes

Participant baseline demographics, medical, and behavioural profiles were reported
previously.’! Briefly, participants were on average 43.7 years of age, 68.3% were married, 66.7%
had completed university, 65.1% earned over $100,000/year, 85.7% were full-time employed,
and self-reported an average of 105 exercise minutes/week.*® The groups were balanced on
baseline descriptive variables. Exercise attendance was 99% and participants achieved 98% and

103% of their target heart rates during the work and recovery phases, respectively. During the
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intervention, self-directed exercise remained low (123 minutes/week) and was not significantly
different between-groups (p=0.37). HIIT improved VOzpeak by 3.7 ml O2/kg/min (p<0.001)
compared to UC.>! At 3-month follow-up, self-reported exercise increased significantly (average
263 minutes; p<0.001) from baseline but was not significantly different between groups (p=0.23).
Postintervention Effects

Table 1 reports the postintervention changes in CRF and psychosocial function.
Compared to UC, HIIT significantly improved CRF [adjusted between-group mean
difference=4.4; 95% CI, 1.5 to 7.3; p=0.003] and self-esteem (p=0.029) but not depression,
anxiety, stress, or sleep quality. Table 2 reports the postintervention changes in HRQoL.
Compared to UC, HIIT caused significant improvements in MCS (p=0.034), vitality (p=0.001),
social functioning (p=0.011), general health (p=0.016), and role-physical (p=0.048), and a
borderline significant improvement in mental health (p=0.054). No significant effects were noted
for physical functioning, bodily pain, role-emotional, or PCS.
3-month Follow-up Effects

Table 3 reports the 3-month follow-up changes in CRF and psychosocial function. A
significant HIIT-related improvement in CRF (p=0.031) was observed. Table 4 reports the
HRQoL values at 3-month follow-up. A significant HIIT-related improvement in vitality
(p=0.015) was observed.
Exploratory Mediation

Table 5 reports the linear regression analyses for change in VOopeak as a potential
mediator of changes in PROs. At postintervention, we found evidence that changes in VO2peak
may mediate changes in MCS (axb = 2.6; 95% CI: 0.2 to 5.8; p<0.05), vitality (axb = 2.6; 95%

CIL: -0.1 to 5.4; p<0.10), and mental health (axb =2.7; 95% CI: 0.7 to 5.6; p<0.05). At 3-month
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follow-up, we found evidence that changes in VO2peak may mediate changes in CRF (axb = 2.5;

95% CI: -0.4 to 5.4; p<0.10) and vitality (axb = 3.0; 95% CI: 0.02 to 6.4; p<0.05).

4.5 Discussion

The HITTS trial provides the first randomized evidence that HIIT causes significant and
clinically meaningful improvements in CRF, psychosocial function, and HRQoL in a population-
based sample of TCS. Moreover, we found preliminary evidence of HIIT-related improvements
in VOzpeak being highly associated with, and potentially mediating, the effects of the intervention
on the mental components of HRQoL at postintervention as well as CRF and vitality at 3-month
follow-up.

As hypothesized, HIIT caused a significant and clinically meaningful postintervention
improvement in CRF. Although no previous exercise studies in TCS exist for comparison
purposes, the HIIT-related improvement in CRF of 4.4 points exceeded the 3-point clinically
important difference (CID) threshold for the FACT-F* and the standardized effect size of d=0.52
exceeded a medium effect size. Although indirectly compared, this effect size is larger than that
reported in recent meta-analyses of aerobic exercise in other cancer survivor groups of 0.22-
0.30.2*?> The larger improvement in CRF observed in the HIITTS trial may be related to key
HIIT-related changes in physiologic (e.g., increased mitochondrial biogenesis, oxidative capacity,
or calcium cycling in the active skeletal muscle®*>?) and psychosocial (e.g., self-efficacy>*)
variables which may not be as greatly influenced by the moderate-intensity continuous aerobic
exercise most often prescribed in other exercise oncology research.*?* Although speculative, this
explanation is partially supported by the agreement between our findings (i.e., changes in VO2peak
may have partially mediated changes in CRF) and others®! who reported that changes in VOzpeak

were highly correlated with changes in markers of mitochondrial biogenesis (r=0.72; p<0.01).
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The improved CRF may also be related to the anti-inflammatory effects of HIIT.3>-¢ Orre et al.
reported that CRF is associated with low grade inflammation in TCS,” and it is interesting to
speculate that the observed HIIT-related reduction in CRF may be related to the significant
decrease in high-sensitivity C-reactive protein we reported previously.?! Randomized controlled
trials are needed to directly compare HIIT exercise to moderate-intensity continuous exercise on
CRF in cancer survivors.

HIIT elicited a small-to-moderate improvement in self-esteem (4=0.35). This magnitude
of improvement is consistent with the findings of previous exercise oncology research in breast
cancer patients (d=0.25-0.55)*>% as is the finding that change in VO2peak does not mediate
improvements in self-esteem.?? The lack of evidence of statistical mediation by VOapeak Suggests
that the observed improvement in self-esteem is more likely related to changes in psychosocial
constructs such as self-efficacy, positive feedback from others, or a sense of accomplishment — as
has been proposed in prostate cancer survivors.>*

Contrary to the findings of some exercise trials within other cancer survivor groups,?®?’
HIIT did not improve other psychosocial outcomes, including depression, anxiety, stress, and
sleep quality. The lack of HIIT-related improvements in these outcomes may be owing to the
relatively normal psychosocial functioning of our participants at baseline. In two previous
studies, exercise improved depression in breast cancer patients with elevated baseline depressive
symptoms>? and improved sleep quality in lymphoma patients who were poor sleepers at
baseline.®® However, our participants were already somewhat physically active at baseline, and
observational evidence suggests that TCS who are physically active have a reduced risk of
psychosocial distress (e.g., depression and anxiety).?!*° Accordingly, future exercise-
psychosocial function research should target subgroups of TCS with baseline psychosocial

distress.
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As hypothesized, HIIT caused postintervention improvements in multiple HRQoL
domains, with moderate effects across mental health-related domains [i.e., MCS (d=0.49), vitality
(d=0.61), social functioning (d¢=0.52), and mental health (¢=0.41)] and small-to-moderate effects
across physical health-related domains [i.e., role-physical (¢=0.27) and general health (d¢=0.41)];
all of which exceeded the 2-3-point CID threshold for these scales.®! The magnitude of HIIT-
related improvement was comparable to, or slightly greater than, the improvement in overall
HRQoL reported in other aerobic exercise trials of comparable duration in other survivor groups
(SMD = 0.48; 95% CI, 0.16 to 0.81).2%% Interestingly, our findings indicated stronger and more
consistent effects on mental HRQoL whereas previous exercise-oncology research has reported
stronger and more consistent effects on physical HRQoL domains.?®?* Moreover, the preliminary
evidence that VOopeak may have a role in mediating the improvements in mental HRQoL domains
was also unexpected given that it is inconsistent with previous reports wherein changes in
VOzpeak Were strongly associated with improvements in physical but not mental HRQoL
domains.*>3? Several factors may contribute to this unique pattern of findings. First, this pattern
of improvement is consistent with the nature of HRQoL deficits reported in TCS (i.e., greater
mental HRQoL impairment than physical'®). Another possibility may be related to the direct
influence of CRF. As previously described, CRF is one of the most frequent and highly
distressing symptoms in TCS,® and recent evidence suggests that CRF is a key mediator of
physical fitness-related improvements in HRQoL in cancer survivors.®? Furthermore, between
15% to 17% of TCS report feeling less masculine because of their surgery or treatments.!%2%63 In
addition to the pronounced fitness and biological benefits of HIIT, it is possible that by engaging
in activities perceived to be physically demanding (i.e., masculine) TCS may achieve improved
psychosocial function (e.g., self-esteem or sense of accomplishment) which, in turn, may

augment multiple domains of mental HRQoL. Further research is required to assess the relative,
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and perhaps synergistic, contributions of key mediators of the observed benefits of HIIT on
HRQoL in TCS.

Interestingly, the HIIT-related improvements in CRF and vitality persisted at 3-month
follow-up. The protracted and clinically meaningful***! benefits of HIIT on these outcomes [i.e.,
CRF (d=0.43) and vitality (d=0.48)] is surprising given that exercise-oncology studies have
typically shown a return to baseline values with the discontinuation of the intervention.***%* One
notable difference in our trial is that our exercise crossover in the UC group did not occur until
after the 3-month follow-up. Previous comparisons of longer term follow-up in exercise oncology
trials have often been confounded by a postintervention crossover.**:*+% If replicated in future
trials, HIIT may be a powerful intervention with longer term effects on the distressing fatigue-
related symptoms in TCS.

Finally, our exploratory mediation analyses provided important context for the
interpretation of the reported intervention effects. The HIIT-related improvement in VOzpeak
(d=0.57) was strongly related to, and may have a mediating role in, the observed changes in half
of our significantly-improved outcomes. These findings have direct exercise prescription
implications for future intervention research, providing preliminary evidence that improving
VO2peak (or related physiological factors) may be important for improving CRF and related
HRQoL in TCS.

The overall strengths and limitations of the HIITTS trial have been described elsewhere.?!
Briefly, we conducted the first randomized aerobic exercise trial in TCS with virtually 100%
adherence and trivial loss-to-follow-up that produced substantial improvements in VO2peak and
CVD risk. Additional strengths in the present report include providing the first randomized data
examining the effects of HIIT on PROs in TCS, the use of well-validated measures of PROs, the

collection of 3-month follow-up data unconfounded by an exercise crossover, and the
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examination of VOzpeak as a mediator of changes in PROs. Previously reported limitations of the
overall trial include no outcome assessor blinding, the low initial response rate, a limited follow-
up period, and lack of clinical CV event endpoints.’! Additional limitations related to our PRO
findings include (1) the smaller sample size and loss-to-follow-up at 3-months, (2) the
recruitment of TCS without specific psychosocial or HRQoL deficits, and (3) the lack of an
attention control comparison group.

In conclusion, the HIITTS trial provides the first randomized evidence that a 12-week
HIIT program causes significant, meaningful, and in some cases persistent improvements in
CREF, self-esteem, and multiple domains of mental and physical HRQoL in TCS. HIIT caused
larger and more consistent improvements in mental HRQoL than previously achieved with
moderate continuous exercise in various cancer survivor groups. Moreover, and notably, the
effects on fatigue-related outcomes persisted at 3-month follow-up. Furthermore, improvements
in VOopeak were highly related to, and may have partially mediated, many of the improvements in
the PROs. Finally, the near-perfect adherence to our HIIT prescription suggests that HIIT is a
well-tolerated and time efficient exercise option for TCS. Together, these findings suggest that
engagement in regular HIIT exercise is safe, feasible, and effective at improving CRF and
HRQoL and that improving VOzpeax 1s an important therapeutic target for improving PROs in

TCS.
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Figure Caption:
Figure 1: Participant flow through the HIITTS trial.
Legend: Dx: diagnosis; CVD: cardiovascular disease; ECG: electrocardiogram; Avg: average;

PRO: patient-reported outcome.
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948 testicular cancer survivors
contacted by mail or in clinic

840 did not respond to

mailed invitation

108 assessed

for eligibility

45 excluded
Met exclusion criteria
13 high-intensity exercise
3 pre Dx CVD
3 unable to perform HIIT
3 mental illness

2 too old
Declined to participate
13 no time

6 lived too far away
Failed baseline test

2 ECG abnormalities

63 randomized

28 assigned to Usual Care
28 (100%) received Usual Care

35 assigned to HIIT
35 (100%) received HIIT exercise

26 (93%) completed postintervention exercise test
27 (96%) completed postintervention PRO survey

35 (100%) completed postintervention exercise test
35 (100%) completed postintervention PRO survey

23 (82%) completed 3-month follow-up
PRO survey

29 (83%) completed 3-month follow-up
PRO survey
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Table 1: Effects of 12 weeks of HIIT on CRF and psychosocial functioning at postintervention in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean SD Adj. Mean® SE Adj. Mean® SE 95% CI p

CRF Control 27 42.8 8.4 40.6 1.1 44 1.4 1.5t07.3 0.003
Exercise 35 40.0 8.7 45.0 0.9

Depression Control 27 4.5 44 4.2 0.5 -0.2 0.7 -1.6t0 1.3 0.81
Exercise 35 53 4.7 4.0 0.5

Anxiety Control 27 16.2 4.7 18.0 0.9 -1.6 1.2 -3.9t00.8 0.19
Exercise 35 18.6 5.5 16.4 0.8

Stress Control 27 16.3 9.1 18.1 1.0 -1.7 1.3 -4.41t01.0 0.22
Exercise 35 19.7 8.5 16.4 0.9

Self-esteem Control 27 36.0 4.8 33.7 0.6 1.8 0.8 02t03.4 0.029
Exercise 35 32.5 5.5 35.5 0.5

Sleep quality Control 27 3.2 2.5 3.6 0.3 -0.6 0.4 -1.4t00.2 0.15
Exercise 35 3.9 2.0 3.0 0.3

Notes: SD: standard deviation; Adj.: adjusted; SE: standard error; CI: confidence interval; CRF: cancer-related fatigue

* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Table 2: Effects of 12 weeks of HIIT on HRQoL at postintervention in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean  SD Adj. Mean" SE Adj. Mean" SE 95% CI P

Mental component score Control 27 50.0 6.7 46.9 1.4 3.9 1.8 0.3t0 7.5 0.034
Exercise 35 48.0 9.4 50.8 1.2

Physical component score Control 27 534 59 53.2 0.9 1.1 1.2 -1.2t03.5 0.34
Exercise 35 51.0 7.3 543 0.8

Physical functioning Control 27 54.1 4.1 54.4 0.7 0.3 0.9 -1.5t02.1 0.77
Exercise 35 52.6 6.9 54.7 0.6

Role-physical Control 27 53.9 53 52.3 0.8 2.2 1.1 0.02 to 4.3 0.048
Exercise 35 50.0 10.9 54.5 0.7

Bodily pain Control 27 53.5 8.4 51.9 1.1 1.3 1.5 -1.8t04.3 0.41
Exercise 35 50.7 7.0 53.2 1.0

General health Control 27 51.0 8.1 49.8 1.0 3.2 1.3 0.6t05.8 0.016
Exercise 35 48.5 7.5 53.0 0.8

Vitality Control 27 52.9 9.6 50.2 1.2 5.4 1.6 2.2t08.5 0.001
Exercise 35 51.2 8.1 55.5 1.0

Social functioning Control 27 44.2 5.0 42.1 0.9 33 1.3 0.8t05.8 0.011
Exercise 35 43.0 7.6 45.4 0.8

Role-emotional Control 27 52.0 6.7 50.5 1.2 1.5 1.6 -1.7t0 4.7 0.36
Exercise 35 49.5 9.0 52.0 1.0

Mental health Control 27 53.7 6.4 50.5 1.2 32 1.6 -0.1t0 6.5 0.054
Exercise 35 50.9 9.1 53.7 1.1

Notes: SD: standard deviation; Adj.: adjusted; SE: standard error; CI: confidence interval

* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Table 3: Effects of 12 weeks of HIIT on CRF and psychosocial functioning at 3-month follow-up in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean SD Adj. Mean" SE Adj. Mean" SE 95% CI p

CRF Control 23 42.8 8.4 40.4 1.2 3.7 1.7 04t07.1 0.031
Exercise 29 40.0 8.7 44.1 1.1

Depression Control 23 4.6 4.7 5.7 0.6 -1.2 0.9 2910 0.5 0.17
Exercise 29 4.8 4.1 4.5 0.6

Anxiety Control 23 16.5 4.9 19.1 0.8 -13 1.1 -3.5t00.9 0.25
Exercise 29 17.9 4.4 17.8 0.7

Stress Control 23 16.5 9.3 18.7 1.1 2.4 1.5 -5.4100.7 0.12
Exercise 29 18.8 7.5 16.3 1.0

Self-esteem Control 23 35.7 5.0 33.7 0.6 1.0 0.8 -0.5t0 2.6 0.19
Exercise 29 33.2 4.5 34.8 0.5

Sleep Control 23 34 2.6 3.6 0.4 -0.7 0.5 -1.8t0 0.4 0.19
Exercise 29 3.9 2.1 2.8 0.4

Notes: SD: standard deviation; Adj.: adjusted; SE: standard error; CI: confidence interval; CRF: cancer-related fatigue
* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Table 4: Effects of 12 weeks of HIIT on HRQoL at 3-month follow-up in TCS

Baseline Follow-up Between-group difference
Measure Group N Mean SD Adj. Mean" SE Adj. Mean" SE 95% CI p

Mental component score Control 23 49.5 6.9 47.8 1.4 1.3 1.9 -2.5t05.0 0.51
Exercise 29 49.3 7.5 49.1 1.2

Physical component score Control 23 53.2 6.1 52.2 1.1 2.2 1.5 -0.8t05.2 0.14
Exercise 29 50.7 7.8 54.4 1.0

Physical functioning Control 23 53.7 4.3 53.2 1.0 0.8 1.3 -1.9t03.5 0.56
Exercise 29 52.6 7.3 54.0 0.9

Role-physical Control 23 53.6 5.6 52.1 1.1 1.7 1.6 -1.4t04.8 0.28
Exercise 29 50.2 11.1 53.7 1.0

Bodily pain Control 23 53.1 8.9 51.2 1.4 3.0 1.9 -0.8t0 6.7 0.12
Exercise 29 50.5 6.8 54.1 1.2

General health Control 23 51.3 8.5 50.0 1.2 2.5 1.6 -0.7t0 5.6 0.12
Exercise 29 49 .4 7.6 52.1 1.0

Vitality Control 23 52.0 10.0 50.4 1.3 4.5 1.8 0.9 t0 8.0 0.015
Exercise 29 51.7 8.6 54.9 1.2

Social functioning Control 23 44.1 5.2 43.1 1.1 0.9 1.4 -1.9t0 3.8 0.51
Exercise 29 43.8 6.8 44.0 0.9

Role-emotional Control 23 51.7 7.1 49.6 1.7 0.4 2.3 -4.1t05.0 0.85
Exercise 29 50.4 7.8 50.0 1.5

Mental health Control 23 53.1 6.7 51.6 1.2 1.3 1.7 -2.0t0 4.6 0.44
Exercise 29 52.2 7.0 52.9 1.1

Notes: SD: standard deviation; Adj.: adjusted; SE: standard error; CI: confidence interval
* all follow-up and between-group difference values were adjusted for baseline value of the outcome, age, treatment exposure, and time since treatment.
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Table S: Statistical test of change in VOzpeak as a mediator of the effects of 12 weeks of HIIT on change in PROs in TCS

Total Effect®: Direct EffectP: Indirect Effect®: Indirect Effect®:
Group 2> A Outcome  Group 2> A Outcome  Group 2 A VOzpeak A VOzpeak 2 Outcome Mediation Effect?:
(path ¢) (path ¢’) (path a) (path b) (axb)

Qutcome © Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)
Postintervention
CRF change 4.1(1.2;7.H)™ 2.5(-1.1;6.1) 4.0(2.5;5.5)™ 0.4 (-0.1;0.9) 1.6 (-0.7; 3.9)
Self-Esteem change 1.3 (-0.3; 3.0) 0.5 (-1.5;2.5) 42(2.6;58)" 0.2 (-0.1; 0.5) 0.8 (-0.4;2.1)
MCS change 3.7(-0.04;7.4)" 1.1(-3.4;5.6) 392554 0.7 (-0.003; 1.3)" 2.6 (0.2;5.8)
Role-Physical change 1.5 (-0.4; 3.5) 1.2 (-1.2;3.7) 4.0(2.5;56)" 0.1(-0.3;0.4) 0.3 (-1.0; 1.8)
General Health change 3.1 (0.4;5.8) ™ 2.5(-1.0;5.9) 43(2.8;5.8)" 0.2 (-0.4;0.7) 0.7 (-1.2;2.8)
Vitality change 49(1.7,82)" 24(-1.5;6.2) 4.0(2.5,5.5™ 0.6 (0.1;1.2)™ 2.6 (-0.1; 5.4)"
Social Function change 2.7 (0.3;5.2) ™" 1.5(-1.5;4.5) 4.0(2.5;55)" 0.3 (-0.1; 0.8) 1.2 (-0.6;3.4)
Mental Health change 2.4 (-0.8; 5.5) -0.4 (-4.1;3.4) 4.0(2.5;55™" 0.7 (0.1; 1.2)™ 2.7 (0.7;5.8) ™
3-month Follow-up
CRF change 3.0(-0.3;6.3)" 0.5(-3.5;4.5) 4402.7;6.1)™ 0.6 (0.01; 1.1)™ 2.5 (-0.4; 5.4)"
Vitality change 4.1(0.5;7.8)™ 1.1(-3.3;5.6) 4402.7;6.1)™ 0.7 (0.1; 1.3)™ 3.0 (0.02; 6.4) ™

Notes: A: change; VOopeak: peak cardiorespiratory fitness; CRF: cancer-related fatigue; MCS: mental component score
*p <.10; ™ p < 0.05. Mediation effects with p < 0.10 are bolded.
2 Beta-weights are adjusted for baseline value of the outcome, baseline value of the mediator (VOazpeak), age, treatment exposure, and time since treatment.
b Adjusted for the mediator (change in VOzpeax).
¢ Total effect in mediation analyses is slightly different than the ANCOVA analyses because 1 participant was eliminated from the mediation analyses due to
missing VOapeak at postintervention.
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4.7 Online Supplement

a b

Group 1 A Outcome
Allocation (IV) [~~" 777771 v (DV)

Legend
Total effect (c)=axb+¢'
Mediated effect=a x b

Direct effect (c') =c—(a x b)

Figure 4.2: Basic mediation model
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Chapter V - Discussion
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5.1 Overview

The purpose of this dissertation was to examine the effects of HIIT on treatment-related
risks (i.e., traditional and novel CVD risk factors, surrogate markers of cardiovascular and overall
mortality, psychosocial dysfunction, and HRQoL impairment) in TCS. Previous exercise
oncology research has established that aerobic exercise training is a safe, well-tolerated, and
effective means to improve cardiovascular, psychosocial, and HRQoL outcomes in some cancer
survivor groups; however, prior to this trial, only cross-sectional evidence existed supporting the
association between aerobic physical activity and improved physical and mental health in TCS.
The HIITTS trial is the first randomized controlled trial to demonstrate the causal effects of HIIT

on improving cardiovascular health, CRF, and multiple aspects of HRQoL in TCS.

5.2 Summary of Findings

The major findings of the HIITTS trial have been discussed in Chapters 2 and 4. Briefly,
12 weeks of HIIT caused significant and potentially clinically meaningful improvements in
traditional and novel CVD risk factors (Chapter 2), surrogate markers of cardiovascular and
overall mortality (Chapter 2), CRF (Chapter 4), and both mental and physical aspects of
HRQoL (Chapter 4). The key findings from Chapters 2 and 4 are briefly expanded upon below.

According to traditional CVD risk prediction metrics (e.g., blood pressure or lipid
profile), there was evidence of increased CVD risk in 14% to 21% of our sample at baseline.
However, analysis of novel CVD risk factors revealed evidence of increased CVD risk in over
80% of participants. This lack of traditional CVD risk factor sensitivity is consistent with

previous cardio-oncology research (Appendix D), whereas the novel CVD factors we assessed
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revealed the presence of a variety of subclinical cardiovascular injuries and pathologic states
which may predispose the affected TCS to developing overt CVD and related events (e.g.,
myocardial infarction). Overall, these findings support the inclusion of novel CVD risk factors in
the screening and long-term follow-up of TCS.

The concurrent improvements in established mechanisms and factors involved in
atherogenesis (e.g., vascular wall stiffness and thickness, parasympathetic function,
inflammation, and low-density lipoprotein) suggests that HIIT may be an effective therapeutic
exposure capable of mitigating the risk of atherosclerotic disease development in TCS. Moreover,
the magnitude of improvement in these outcomes often exceeded previously reported
improvements in other cancer survivor groups (Appendix E) which may be suggestive of greater
protective benefits associated with HIIT. The moderate-to-large HIIT-related improvements in
VO2peak, vascular structure and function (i.e., carotid intima-media thickness and central/
peripheral PWV), parasympathetic function (i.e., respiratory sinus arrhythmia and HRR), and
blood-markers of inflammation and dyslipidemia were likely due to multiple factors including,
but not limited to, the greater degree of physiologic stress imposed by our exercise prescription
(i.e., HIIT vs. MCT)! and the specific nature of TCS’s treatment-related deficits.>*

Overall, HIIT caused a 20% reduction in the prevalence of total modifiable CVD risk
factors reported at baseline. Moreover, the HIIT-related improvements across the surrogate
markers of overall mortality (e.g., VOzpeak, intima-media thickness, and carotid-femoral PWV)
were associated with relative risk reductions ranging from 10% to 30%. Previous evidence
suggests that at least 40% of the mortality risk reduction associated with exercise is not
accounted for by changes in traditional CVD risk prediction metrics;> and, the significant
improvement in FRS achieved with just 12 weeks of HIIT is surprising because this composite

score 1s based on traditional CVD risk factors which are known to be less sensitive to short-term
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exercise training interventions.’ Notably, the overall pattern of HIIT-related benefit was
consistent with most of the major mechanisms of increased CVD development risks in TCS.%+"
Together, these findings are important because they provide preliminary evidence that even short-
term exposure to HIIT can positively influence multiple established pathways of CVD
development and are suggestive that the adoption of regular HIIT-based exercise may be capable
of reducing cardiovascular morbidity and mortality risks in TCS over the long-term.

Similarly, the pattern of HIIT-related improvements in psychosocial function and HRQoL
was directly aligned with the nature of the specific deficits reported in TCS. More specifically,
HIIT caused moderate-to-large improvements in PROs including CRF, self-esteem, and multiple
HRQoL domains. Previous exercise oncology trials typically report small-to-moderate effects of

10-15

exercise on PROs, sometimes only in select subgroups of participants with poorer functioning

16,17 12,13

at baseline, ™'’ and often describe greater physical than mental health related effects.
Although HIIT did improve physical aspects of HRQoL to a similar extent as reported in
previous research, HIIT caused even greater improvements in mental HRQoL in TCS. Moreover,
the persistent HIIT-related improvements in fatigue-related outcomes (i.e., CRF and vitality) at 3-
month follow-up is rare in exercise oncology research;'®!” and, if reproducible in TCS or other
cancer survivor groups, these findings would provide strong support for the inclusion of HIIT
exercise as critical adjuvant treatment strategy for at-risk or affected cancer patients and
SUrvivors.

We also found preliminary evidence that changes in VO2peak (or physiological and
psychosocial factors closely related to it) may be important mediators of psychosocial and mental
HRQoL outcomes in TCS. Overall, there was statistical evidence that changes in VOazpeak partially

mediated three of the eight PROs which significantly improved at postintervention and accounted

for between 53% and 100% of the variance in their improvements. There was further statistical
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evidence that changes in VOzpeak partially mediated changes in both significantly improved
fatigue-related outcomes at 3-month follow-up, accounting for between 73% and 83% of the
variance in the improvements. These findings are somewhat inconsistent with previous exercise
oncology research. An RCT of aerobic exercise training in 53 postmenopausal breast cancer
survivors found evidence that changes in VOzpeak mediated changes in global quality of life and
physical function-related quality of life but not self-esteem.?’ Similarly, in an RCT involving 122
lymphoma patients randomized to aerobic exercise training and usual care, Courneya et al.'®
reported that changes in VOopeak mediated changes in physical function but had little-to-no
mediation effect on other aspects of psychosocial function (e.g., fatigue and happiness).
Interestingly, recent findings from an uncontrolled trial of combined high-intensity resistance and
aerobic interval exercise training in a group of 119 mixed cancer survivors identified CRF as an
important mediator of physical fitness-related improvements in HRQoL in cancer survivors.?!
However, they also reported that the physical facets of CRF more strongly mediated changes in
HRQoL than mental facets.?! These findings were partially reproduced in another RCT of
combined resistance and aerobic exercise training vs. usual care in 57 prostate cancer patients
undergoing androgen deprivation therapy — finding that both fatigue and walking speed mediated
the intervention effects on general health of study participants.??> More recently, an RCT
involving 100 long-term prostate cancer survivors compared the effects of a 12 month
intervention (i.e., 6 months of combined resistance and aerobic exercise training plus 6 months of
home-based exercise training) vs. control (i.e., physical activity literature-only), finding that
changes in lower body functional performance mediated the intervention effects on global quality
of life, physical function and social function.”> However, contrary to our findings and that of the
two trials described previously, they reported no mediation effects for changes in aerobic fitness

or fatigue on changes in HRQoL.?* Several factors may account for these discrepant findings.
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First, the factors which cause HRQoL deficits in cancer survivors are likely population-specific
(e.g., functional limitations vs. anxiety) and differ according treatment-status (e.g., active
treatment vs. post treatment). Second, these trials tested drastically different exercise
interventions (e.g., HIIT or MCT or combined high-intensity resistance exercise and HIIT).
These discrepancies notwithstanding, our findings have direct exercise prescription implications
for future research, providing preliminary evidence that increasing VOapeak, Or closely related
physiological/psychological factors, may be important intervention targets for improving CRF
and related HRQoL deficits in TCS.

Overall these findings suggest that HIIT causes meaningful improvements in the specific
psychosocial and HRQoL domains affected by TC and its treatments. Notably, these results were
achieved against a background of reasonably normal psychosocial function and HRQoL. It is,
therefore, possible that HIIT may elicit even greater benefits in more affected subgroups of TCS.
Taken together, the capacity of HIIT to cause concurrent improvements in the major pathways of
CVD risk (i.e., markers of atherosclerosis, arteriosclerosis, inflammation, and endothelial
dysfunction), CRF, and HRQoL deficits strongly supports HIITS potential to improve long-term

morbidity and mortality outcomes in TCS.

5.3 Future Research Directions

One important future research direction would involve assessing the impact of HIIT in
more homogeneous subgroups of TCS. The HIIT protocol tested in this trial positively influenced
many of the treatment-related deficits often experienced by TCS (i.e., CVD, CRF, and poor
mental HRQoL). However, the mechanisms underpinning the effect of aerobic exercise training —

in this case HIIT — on the unique symptom cluster or symptom profile of TCS are likely complex
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and may be best characterized according to an emerging research paradigm in the field of
exercise oncology called ‘precision exercise therapy’.>* The precision medicine approach to
patient treatment requires the identification of distinct groupings of symptoms or phenotypic
traits (i.e., phenogroups) that are predictive of outcomes (e.g., treatment-related risks or

responsiveness to interventions).>*

Recently, several exercise oncology research groups have
proposed the adoption of a ‘precision medicine’ or a ‘precision exercise therapy’ approach.?*2¢ In
line with this framework, future HIIT research in TCS should target subgroups of patients or
survivors at high-risk of, or living with, any of the aforementioned population-specific deficits
(e.g., CVD, CREF, or poor mental HRQoL). Furthermore, TCS share a number of traits with other
cancer survivor groups such as increased atherosclerotic CVD risk (e.g., breast cancer survivors),
mental HRQoL impairments (e.g., young adult cancer survivors), cisplatin exposure (e.g.,
genitourinary and gynecologic cancer survivors), and CRF (e.g., hematologic cancer survivors)
which may make them similarly responsive to HIIT. Accordingly, it would also be reasonable to
extend this line of HIIT-related research into other cancer patient and survivor groups with
common risk- or symptom-profiles.

Building off our findings, another line of research would involve refining and improving
upon our specific HIIT prescription. According to Saltin et al.,?” HIIT exercise prescriptions can
be modulated in four primary domains including intensity (i.e., average power output), interval
ratio (i.e., the proportion of time spent at high vs. low exercise intensities), amplitude (i.e., the
ratio of the work-rest intensity difference and the average intensity), and duration (i.e., the length
of the interval periods). Additional HIIT protocol adjustments that may improve outcomes
include extending the intervention period (e.g., 6 to 12 months), periodizing the prescription to
include different HIIT permutations at different time points (e.g., Month 1 - 4:3 work-to-rest

ratio; Month 2 - 1:2 work-to-rest ratio), and combining HIIT with other modalities of exercise
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(e.g., HIIT + moderate-intensity continuous aerobic exercise or HIIT + resistance exercise
training). However daunting, given the variable nature of the treatment-related deficits in TCS
and other cancer survivor groups, it is theoretically possible that this type of superiority trial
testing would need to be repeated in distinct patient/survivor subgroups to precisely match the
exercise prescription to the population-specific deficits.

To date, the acceptance and uptake of exercise throughout the medical oncology
community has been somewhat limited by the fact that the overwhelming majority of previous
research in cancer survivors typically report small-to-moderate improvements in important
survivor outcomes like CRF and HRQoL. As suggested in a recent editorial,?® these modest
exercise findings are likely an artifact of suboptimal exercise prescriptions — namely the over use
of the ‘traditional’ aerobic exercise prescriptions (i.e., 12-15 weeks of MCT performed 2-3 days
per week). Unlike the findings of studies based on traditional exercise prescription methods, HIIT
caused moderate-to-large (and in some cases lasting) improvements in multiple cardiovascular,
psychosocial, and HRQoL outcomes. However, as this was the first aerobic exercise intervention
ever tested in TCS and one of the few tested in oncology, it would be prudent to take a ‘step
back’ and conduct another form of superiority trial to determine if the specific HIIT protocol we
tested is indeed more protective than other more established (i.e., MCT) or experimental (e.g.,
sprint interval training, non-linear aerobic exercise, and combination aerobic + resistance
training) models of exercise training. This body of superiority trial-based research will be
critically important to the field of exercise oncology in order to assess if the previously reported
modest MCT-related benefits can be improved upon with a better quality of ‘targeted’ exercise
prescriptions (i.e., phenogrouping-based precision exercise therapy).

The natural extension of the research streams outlined above involves assessing the

effects of HIIT on ‘targeted’ treatment-specific or patient subgroup-specific outcomes. Drawing
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from our findings, an example of this would be to assess the anti-antherogenic properties of HIIT
across diverse groups of at-risk cancer patients and survivors. The effectiveness of aerobic
exercise and physical activity to prevent and treat atherosclerotic CVD has long been
recongnized.?’ With steadily increasing cancer survival rates, more cancer survivors are living
long enough for delayed and late treatment effects (particularly CVD) to manifest and compete as
the leading causes of death in these populations (e.g., breast cancer).>* These long-term CVD
risks are serious enough that a new subdiscipline of medical research called ‘cardio-oncology’
has emerged. Most of the cardio-oncology literature to date has focused on the potential effects of
pharmacological interventions to decrease long-term cardiovascular morbidity and mortality risks
in cancer survivors.*!*> However, no pharmacologic intervention to date has demonstrated a
similar breadth of cardioprotective benefits as we have in the HIITTS trial. As described
throughout this dissertation, the simultaneous improvement in markers of atherosclerosis,
arteriosclerosis, autonomic nervous system function, inflammation, and dyslipidemia suggests
that HIIT may have potent anti-atherogenic properties and its capacity to mitigate CVD risks in
cancer survivors merits further investigation.

Based on our data, another intriguing ‘targeted’ outcome for future HIIT-related research
is the persistent VOzpeak-mediated improvement in CRF. Exercise studies in non-cancer and
cancer populations typically do not report intervention-related improvements persisting once the
formal intervention has been discontinued.!®! In fact, this ‘reversibility’ is one of the basic tenets
of exercise prescription and predictably occurs with most exercise training-related adaptations.>>
In exercise oncology research, another important confounder of postintervention follow-up data
is the use of cross-over designs wherein control group participants are given the opportunity to
experience some form of the intervention immediately following the postintervention

assessment.'31%3 Overall, the combined influence of natural detraining (i.e., reversibility) and
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cross-over control group contamination make it less likely that the affected trials will be able to
detect significant, persistent between-group differences. In the HIITTS trial, the persistent
improvement in CRF may be partially explained by the combination of no control group cross-
over and an increase in self-reported physical activity between postintervention and 3-month
follow-up (which did not differ between groups). Other potential contributors to the persistent
HIIT-related improvements in fatigue-related outcomes are described below.

First, CRF is a multifactorial phenomenon driven by physical, cognitive, and emotional
deficits.*> The modest and short-term exercise-related improvements in CRF reported previously
may be due to a discordance between the population-specific nature of CRF’s development (i.e.,
differences in the causes of CRF and how the contributing factors to CRF interact) and the nature
of the intervention-specific benefits (i.e., smaller and primarily physical HRQoL-based caused by
MCT).!>13 In the case of TCS, specific interactions between their treatment-induced
cardiovascular impairments, psychosocial distress, and mental HRQoL deficits likely all
contribute to the CRF they experience. In our study, HIIT caused moderate-to-large and clinically
relevant improvements in VOopeak, self-esteem, and mental HRQoL. Individually, any of these
factors may partially account for the improvement in CRF. Improvements in VOopeak reflect a
systemic improvement in the O> diffusion cascade which is typically attributed to improved
cardiac output.’® However, in clinical populations with specific cardiovascular deficits, VO2peak
improvements may also be related to increased pulmonary gas exchange, red blood cell content,
and skeletal muscle cell adaptations (e.g., mitochondrial biogenesis).>* In fact, our exploratory
mediation analysis suggested that VOzpeak may be a key mediator of the persistent improvement
in CRF at 3-month follow-up (explaining between 73% and 83% of the variance in CRF). It is
interesting to speculate that this association may partially be explained by improvements in

submaximal exercise capacity (e.g., increased ventilatory threshold — potentially related to HIIT-
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related increases in muscle mitochondrial content or enhanced substrate utilization and turn
over).>® The residual 17% to 27% variance in 3-month CRF may partially be explained by the
HIIT-mediated improvements in psychosocial function and mental HRQoL. Indeed, as discussed
in Chapter 4, evidence suggests that TCS may bolster their psychosocial health (e.g., sense of
accomplishment or self-esteem) by engaging in physically demanding activities they perceive to

be more masculine (a known deficit in TCS);>"=?

and, the resulting improvements in
psychosocial function may in turn drive improvements in mental HRQoL. Further research is
required to unravel the specific combination of factors that cause CRF and explain the HIIT-
related improvements in TCS and other cancer survivor groups. Importantly, given the
complexity of this research, future exercise-CRF research efforts would likely benefit from the
adoption of a phenogrouping-precision exercise therapy approach.

Finally, the HIITTS trial generated robust phase II data upon which a phase I11
investigation of the effects of HIIT on cardiovascular morbidity and mortality outcomes may be
developed. Incorporating many of the themes developed throughout this section, the following
paragraph provides an outline a proposed phase III extension of the HIITTS trial (i.e., HIITTS
2.0). The HIITTS 2.0 trial will be a two-armed, multi-centre, RCT assessing the impact of HIIT
on cardiovascular morbidity and mortality outcomes in TCS. Population Selection: HIITTS 2.0
will target radiotherapy- and chemotherapy-treated TCS at high-risk of CVD. Eligibility Criteria:
Men between the ages of 18 and 50 who recently completed (<6 months) adjuvant therapy for a
histologically confirmed diagnosis of TC will be eligible. Exclusion Criteria: Individuals will be
excluded if they meet any of the following criteria: 1) a confirmed pre-cancer diagnosis of CVD
(e.g., hypertension or metabolic syndrome — or history of medication use), ii) any psychiatric
condition impairing their ability to perform HIIT, iii) regular participation in high-intensity

aerobic exercise (>1 session per week), and iv) inability to complete the first two stages of a
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maximal cardiopulmonary exercise test. Intervention/Control Supervision & Follow-up Periods:
To ensure adequate time to reduce the risks and track the incidence of long-term cardiovascular
morbidity (e.g., myocardial infarction) and mortality events, the duration of intervention/control
group engagement and follow-up periods will be extended. The best available model for such a
trial can be found in the Colon Health and Life-Long Exercise Change Trial (CO.21).%’ In line
with this model, the exercise intervention and control groups’ participation will begin fully
supervised and be progressively scaled down over a 3 year period (i.e., 6 months of full
supervision, 6 months of partial supervision, and 2 years of supported home- or facility-based
exercise). Participant assessments will also be progressively scaled down, but more gradually,
over a 15-year follow-up period (i.e., full fitness, cardiovascular, and psychosocial screening at
baseline, 6 months, 12 months, 24 months, and 36 months — beyond 36 months, only medical
record screening for cardiovascular morbidity and mortality events will be tracked). Intervention
& Control Conditions: HIITTS 2.0 will test the same HIIT protocol as was used in the HIITTS
trial. In addition to supervised exercise, the intervention group will also receive structured
behavioural support and physical activity education information. To provide an adequate
attention-control condition, HIITTS 2.0 control group participants will receive supplemental
physical activity education information and be asked to perform a structured low-intensity
stretching program (i.e., 3 days/week and 35 minutes per session). Qutcome Selection: 1deally,
the co-primary outcomes would include incidence of cardiovascular morbidity and overall
mortality. Cardiovascular morbidity events will include any medically diagnosed
cardiopulmonary condition (e.g., hypertension, metabolic syndrome, Raynaud’s phenomenon, or
myocardial infarction). Moreover, the predictive value of surrogate markers will be assessed and
used to establish specific risk factor thresholds for increased risks of the co-primary outcomes. In

addition to the surrogate markers used in HIITTS trial, coronary artery calcium score, body
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composition (i.e., lean body mass and fat mass), and additional markers of renal impairment (e.g.,
Glomerular filtration rate, 24 hour albumin excretion), endothelial activation (e.g., von
Willebrand factor, plasminogen activator inhibitor type 1 antigen, and tissue-type plasminogen
activator antigen), and inflammation/atherosclerosis (e.g., oxidized LDL, TNF-a, leucocyte
count) will also be included. Finally, 3D ultrasonography will be used to quantify and track
changes in carotid plaque volume over time. Qutcomes & Impact. Demonstrating that HIIT
significantly reduces the risk of cardiovascular morbidity and mortality in TCS would directly
inform clinical and surveillance practices within this vulnerable and high-risk cancer survivor
population. Moreover, these findings would help substantiate the development cost-effective
community-/clinic-based interventions to treat these preventable forms of cancer-related CVD. If
successful, these survivorship programs would help reduce the financial burden of these diseases
on the Canadian health care system. The practical implications and challenges of translating these

findings into practice are described below.

5.4 Practical Implications

Despite this being the first aerobic exercise RCT to assess CVD risks and PROs in this
population, our findings are directly aligned with previous research which found greater levels of
aerobic physical activity (i.e., vigorous-intensity and high-volume) to be protective against a
broad range of adverse physical and psychosocial health outcomes in TCS.*'*** Together, these
findings provide provocative biological/mental/emotional signals (i.e., regular HIIT may
simultaneously improve CVD risk and psychosocialHRQoL outcomes in TCS) to guide future
research and serve as a starting point for the development of aerobic exercise training guidelines
for TCS. If these findings are confirmed, the eventual translation of this knowledge into practice

has several advantages and challenges which merit further discussion.
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The overarching goal of exercise oncology research is to protect patients living with and
after a cancer diagnosis. This protection encompasses all aspects of primary (e.g., improving
cancer-specific survival) and secondary (e.g., preventing late effects of treatment) outcomes. In
the context of TCS, there is little room to improve upon the current cancer survival rates (<97%).
Although exercise may play a role in controlling acute treatment-related injuries,** the more
promising opportunity for intervention in TCS likely occurs in the posttreatment setting.*> One of
the obvious practical challenges associated with implementing any behavioural intervention,
especially a physically demanding one, is poor intervention compliance and adherence. However,
compared to the active-treatment setting, posttreatment is the optimal intervention setting in TCS
because: 1) intervention participation will be less confounded by treatment-related symptoms
(e.g., nausea and CRF); ii) having just confronted their mortality, TCS may be more inclined to
prioritize and engage in protective health behaviours; and, iii) the need for rigorous risk
management and complete exercise supervision is reduced.

Notably, cancer survivorship programs (e.g., LIVESTRONG at the YMCA)***” are being
developed in communities across North America and provide free or inexpensive assess to
facilities and specialized training equipment (e.g., treadmills and heart rate monitors) not
otherwise available to TCS — especially for those who were disadvantaged financially during
their extended treatment-related absences from work. Moreover, many of these survivorship
services are supervised by cancer-experienced exercise professionals who can assist TCS with
tasks that exercise-naive TCS may not be able to manage on their own (e.g., setting up and
adapting HIIT exercise prescriptions). However, despite the perceived benefits of these
community-based services, developing effective programs and services that attract and retain
male cancer survivors (e.g., TCS) remains a major challenge in translating these findings into

practice. Indeed, preliminary evidence suggests that the users of these community-based exercise
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support services are primarily female (70% to 82%) and over half are breast cancer survivors
(52% to 56%).4¢*7 To date, only one randomized comparison of LIVESTRONG at the YMCA
users vs. non-users has been generated and included data on a mixed group of 186 cancer patients
and survivors.*® The exercise intervention consisted of 2x 90-minute exercise sessions per week
of combined aerobic and resistance exercise (following the ‘traditional” ACSM guidelines) for 12
weeks. Predictably, the results from this trial are consistent with the null-to-modest effects
reported by most other exercise oncology research including improvements in self-reported
physical activity (p<0.001), 6-minute walk distance (p=0.004), and general quality of life
(p=0.039).% Unfortunately, the lack of exercise-related improvements in fatigue, body
composition (i.e., body mass index, lean body mass, percent body fat, and bone mineral density),
insulin, or CRP levels*® reinforces the general misconception that exercise in incapable of
causing meaningful improvements in important patient and survivor outcomes.

Overcoming these challenges will require the coordinated efforts of practitioners across
all tiers of patient care and follow-up (i.e., primary care professionals to tertiary care program
leaders and exercise specialists within the community). It is imperative that patient engagement
begin within the primary care setting*® and continue throughout patients’ transition back into the
community. To achieve this, the first step will require ensuring that the compelling findings from
rigorous research trials, like the HIITTS trial, be appropriately disseminated across echelons of
patient care and survivorship services. With the right information, primary care professionals
could more confidently educate their patients on the therapeutic benefits of exercise and
encourage their participation in it; after-care professionals in outpatient surveillance clinics would
be better positioned to make informed recommendations to their patients about the specific types
of support services they should seek out; and, community-based non-profit support providers and

exercise professionals could develop more effective and engaging exercise prescriptions to
124



address the specific risks and deficits of distinct groups of cancer survivors (e.g., TCS or males).
Once this infrastructure has been developed, collaborative partnerships between patient advocacy
groups and these non-profit support services will be required to effectively promote these
specialized support services to their intended audience. Long-term, if these results are confirmed
and community-based programs are properly implemented, HIIT-related reductions in
cardiovascular morbidity and mortality risk, psychosocial dysfunction, and HRQoL impairment
in TCS (and other survivor groups) may help control or reduce the rising costs associated with

treating potentially preventable forms of cancer-related CVD and psychological distress.

5.5 Strengths and Limitations

The major strengths and limitations for the HIITTS trial have been described briefly in
Chapters 2 and 4. Overall, the HIITTS trial tested the first-ever aerobic exercise intervention in a
novel and understudied cancer survivor population, incorporated rigorous participant assessment
and exercise prescription methods, had nearly perfect participant compliance, and had virtually
no loss to follow-up at our primary postintervention timepoint.

One of the greatest strengths of the HIITTS trial was its novelty. Beginning with our
target population, there are approximately 9,000 new TC diagnoses in North America
annually.**>* Given their *97% survival rate, conservative estimates (using a 51-year life
expectancy, a disability weight of 0.09, and not accounting for the confounding effects of CVD
development) suggest that TC-related morbidity and mortality accounts for 40,071 years of life
affected and 13,770 years of life lost annually.>! Extrapolated over the limited average ‘time
since diagnosis’ in the HIITTS trial participants (i.e., 8 years) these numbers increase to 320,568

years of life affected and 110,160 years of life lost. The HIITTS trial provided the first
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compelling data that HIIT may be effective in reducing the long-term disease-/treatment-burden
experienced by TCS and, therein, the overall burden of TC on society.

Another novel feature of the HIITTS trial was our study design. Compared to the
associations explored in previous cross-sectional and prospective study designs, our use of a RCT
design provides the most rigorous evidence to date of a causal relationship between exercise and
important outcomes of interest in TCS. A third novel feature of the HIITTS trial was our
intervention. In many populations (including TCS), one of the greatest barriers to exercise
participation is a lack of time. Most other aerobic exercise trials in oncology have tested the
effects of a ‘traditional’ or ‘standard’ dose of aerobic exercise (i.e., >150 minutes of MCT for 12
to 24 weeks) resulting in - at best - modest improvements in cardiovascular, psychosocial, and
HRQoL outcomes. However, our HIIT intervention required just 2/3™% of the total training time
and resulted in greater improvements. Moreover, the specific HIIT protocol we used (i.e., 4:3
work-to-rest intervals) has demonstrated efficacy in improving patient outcomes in other clinical
CVD populations (e.g., heart failure),*>? and our findings contribute to a growing body of
evidence supporting the overall effectiveness of this specific modality of aerobic exercise.

Another major strength of the HIITTS trial is the rigor of our assessment methods. To our
knowledge, the HIITTS trial represents the most comprehensive assessment of CVD risk in any
cancer survivor group to date. The inclusion of both traditional and novel surrogate markers of
CVD risk can inform the expansion of current CVD risk screening practices in TCS. Moreover,

3362 and, whenever

our exercise and resting test protocols adhered to best practice guidelines
possible, included gold-standard measurement techniques (e.g., maximal cardiorespiratory

exercise tests, carotid intima-media thickness and plaque scan, and central PWV) and well-

validated PRO inventories (e.g., SF-36 and FACT-F).
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A further strength of the HIITTS trial is the care taken to ensure our intervention was
delivered with limited contamination and with the intended dose. Throughout the intervention/
observation period, we limited the likelihood of behavioural contamination by verifying and
tracking participant compliance with non-protocol diet and exercise behaviours. Furthermore,
each participant’s progress through the HIIT intervention was documented carefully at every
session, and the exercise prescriptions were regularly adjusted to ensure the proper dose of
exercise was being delivered. We also maintained flexible 7 day/week access to the training
facility and provided an off-site training option to help accommodate the fluctuating scheduling
and travel needs of our participants. More specifically, four participants living over 60 minutes
away from the training facility were allowed a maximum of 1 external exercise session per week.
Off-site sessions were only counted if participants returned continuous HR data for the session
which was recorded using the specialized HR monitors we provided. Notably, our near perfect
intervention attendance and achievement of target training intensities provide direct evidence of
our success in supervising and supporting our participants.

Other notable strengths of the HIITTS trial include the lack contamination in our 3-month
follow-up data (typically confounded by control group crossover) and the insight gained into the
nature of the HIIT-related improvements in our PROs through our exploratory mediation
analyses (i.e., likely related to changes VOapeak).

Despite the strengths of the HIITS trial, several limiting factors should be carefully
considered when interpreting the findings. First, there is an inherent self-selection bias associated
with volunteering for exercise-based research. This bias usually results in the recruitment of a
more select group of motivated participants into exercise trials, and our 11% participant response

rate may be evidence of this bias. This recruitment bias can limit the generalizability of research
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findings in that the feasibility of/adherence to the intervention and the results achieved may not
be representative of the entire population (e.g., less motivated TCS).

Another limitation of the HIITTS trial was the lack of outcome assessor blinding.
Although this is not an uncommon limitation in single centre exercise trials with limited financial
resources, it can impact the findings of a trial. More specifically, despite efforts to properly train
outcome assessors to strictly adhere to testing protocols, it is possible that the awareness of group
allocation can lead to subtle subconscious biases in how the outcome assessor interacts with and
evaluates the participant. In the HIITTS trial, the randomization was not revealed to the outcome
assessors until after the participant had completed baseline testing. However, the post-
intervention testing and PRO data collection (postintervention and 3-month follow-up) was
conducted by the same staff, and may have inadvertently introduced some degree of unintended
bias in the evaluation process.

A related limitation was the lack of participant blinding. This is another common
limitation in efficacy-based exercise research because, unlike pharmaceutical trials which use
placebo-based control group deception techniques, it is impossible to blind participants of their
group allocation (i.e., whether they are exercising or not). Notably, this is less of an issue for
superiority trials wherein two or more intervention arms are being compared. Although the lack
of participant blinding was less likely to confound our cardiovascular measures, it is possible that
how the participants felt (e.g., disappointment) about their group allocation influenced their
responses to the questions in the PRO inventories. One strategy to help overcome this issue is to
include an attention control group (e.g., supervised stretching). The purpose of this attention
control group is to ensure that the participants feel more included and cared for in the hopes that
they will still perceive some degree of potential benefit from their participation and be less

influenced by the fact that they are not in the intervention group. Another strategy, which we
128



employed in the HIITTS trial, is the use of a wait-list control design. This strategy involves
disclosing to the participant that they will not receive the intervention during the actual
observation period, but that they will be invited to complete some or all of the tested intervention
once they have completed their postintervention assessments.

Unfortunately, given the smaller initial sample size, our 17% loss to follow-up at 3
months postintervention likely resulted in our being underpowered to detect significant between-
group differences in our PROs at this timepoint. Moreover, compared to targeting TCS with
specific CVD or emotional deficits, our unselected population-based sampling methods likely
limited our capacity to detect meaningful intervention effects. One last major limitation of the
HIITTS trial was our reliance on surrogate markers of cardiovascular morbidity and mortality
instead hard clinical cardiovascular endpoints. Despite their inherent practical value and
prognostic utility, surrogate markers are viewed with skepticism clinical oncology research —

therein limiting the acceptance and uptake of our findings by clinicians.

5.6 Conclusions

Advances in anti-cancer therapies have led to dramatic improvements in cancer survival
rates, and the specific advances in the treatment of TC are widely considered a modern medical-
oncology success story. However, the improvement in overall mortality in TCS is limited by the
emergence late-onset treatment-related CVD; and, the quality of TCS’ survivorship is further
compromised by treatment-related psychosocial and HRQoL deficits. This dissertation was
developed to assess the impact of HIIT on mitigating the treatment-related cardiovascular,
psychosocial, and HRQoL deficits experienced by TCS. Overall, this dissertation provides

preliminary evidence that participation in regular HIIT exercise is effective at improving CVD
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risk factors, surrogate markers of cardiovascular and overall mortality, psychosocial function, and
HRQoL outcomes in TCS. Importantly, the remarkable consistency and greater magnitudes of
improvement caused by HIIT across multiple outcomes suggests that HIIT exercise is well-
aligned with the specific deficits experienced by TCS and merits further investigation in this and
other cancer survivor groups. A phase III extension of the HIITTS trial is now required to
confirm our findings and to generate the rigorous evidence required to facilitate the translation of

this knowledge into practice.
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pT

pTX
pTO
pTis
pT1

pT2

pT3

pT4
N - Regional lymph nodes clinical

NX

NO

N1

N2

N3
pN - Pathologic regional lymph nodes
pNX
pNO
pN1

pN2

pN3
M - Distant metastasis

MX

MO

M1

pM - Pathologic distant metastasis

MX

MO

M1
S - Serum tumour markers
Sx
S0

LDH, Ufl

51 <1.5 x N and
52 15-10 <= Nor
S3 =10 = N or

Primary tumour”

Primary tumour cannot be assessed

No evidence of primary tumour (eg, histologic scar in testis)

Intratubular germ cell neoplasia (testicular intraepithelial neoplasia)

Tumour limited to testis and epididymis without vascular/lymphatic invasion:
Tumour may invade tunica albuginea but not tunica vaginalis

Tumour limited to testis and epididymis with vascular/lymphatic invasion or
tumour extending through tunica albuginea with invol t of tunica vaginalis
Tumour invades spermatic cord with or without vascular/lymphatic invasion
Tumour invades scrotum with or without vascular/lymphatic invasion

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis with a lymph node mass <2 cm in greatest dimension or multiple
lymph nodes; none =2 cm in greatest dimension

Metastasis with a lymph node mass =2 cm but <5 cm in greatest dimension or
multiple lymph nodes; any one mass =2 cm but <5 cm in greatest dimension
Metastasis with a lymph node mass =5 cm in greatest dimension

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis with a lymph node mass <2 cm in greatest dimension and <5 positive
nodes; none =2 cm in greatest dimension

Metastasis with a lymph node mass =2 cm but <5 cm in greatest dimension; or =5
nodes positive, none =5 cm; or evidence of extranodal extension of tumour
Metastasis with a lymph node mass =5 cm in greatest dimension

Distant metastasis cannot be assessed

No distant metastasis

Distant metastasis

Mia Nonregional lymph node(s) or lung
M1b  Other sites

Distant asis cannot be d

No distant metastasis

Distant metastasis

M1la Nonregional lymph node(s) or lung
M1b  Other sites

Serum markers studies not available or not performed
Serum marker study levels within normal limits

hCG, mIU/ml AFP, ng/ml
<5000 and <1000
5000-50,000 or 1000-10,000
=50,000 or =10,000

LDH = lactate dehydrogenase; N = upper limit of normal for the LDH assay; hCG = human gonadotrophin; AFP = a-fetoprotein.
" Except for pTis and pT4, where radical orchidectomy is not always necessary for classification purposes, the extent of the primary tumour is classified after
radical orchidectomy; see pT. In other circumstances, TX is used if no radical orchidectomy has been performed.

Figure A1: TNM classification for testicular cancer!
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Figure A2: Prognostic-based staging system for metastatic germ cell cancer!

Reference:

l.

Good-prognosis group
MNonseminoma (56% of cases)
5-yr PFS 89%

5-yr survival 92%

Seminoma (90% of cases)
5-yr PFs 82%
5-yr survival 86%

Intermediate-prognosis group

Nonseminoma (28% of cases)
5-yr PFS 75%
5-yr survival 80%

Seminoma { 10% of cases)
5-yr PFS 67%
5-yr survival 72%

Poor-prognosis group
Monseminoma {16% of cases)
5-yr PFS 41%

5-yr survival 48%

Seminoma
Mo patents classified
as poor prognosis

All of the following criteria:
Testis/retroperitoneal primary

Mo nonpulmonary visceral metastases
AFP <1000 ng/ml

hCG <5000 IU/1 (1000 ng/ml)

LDH <1.5 = ULN

All of the following criteria:

Any primary site

Mo nonpulmonary visceral metastases
Normal AFP

Any hCG

Any LDH

All of the following criteria:
Testis/retroperitoneal primary

MNo nonpulmonary visceral metastases
AFP 1000-10,000 ng/ml, or

hCG 5000-50,000 IU/1, or

LDH 1.5-10 = ULN

Any of the following criteria:

Any primary site

Nonpulmonary visceral metastases
MNormal AFP

Any hCG

Any LDH

Any of the following criteria:
Mediastinal primary
Monpulmeonary visceral metastases
AFP =10,000 ng/ml, or

hCG =50,000 1Uf1 (10,000 ng/ml), or
LDH =10 = ULN

PFS = progression-free survival; AFP = o-fetoprotein; hCG = human chorionic
gonadotrophin; LDH = lactate dehydrogenase; ULN = upper limit of normal

range.

cancer: 2011 update. Eur Urol 60:304-19.

Albers P, Albrecht W, Algaba F, et al. (2011): EAU guidelines on testicular
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Methods of Cardiovascular Health Assessment

The pathophysiological processes underlying the clinical manifestations of CVD are pro-
atherosclerotic, -thrombotic, -arrhythmic and -inflammatory disease states/conditions. Traditional
risk factors for CVD are categorized as modifiable (i.e., high cholesterol, obesity, high blood
pressure, physical inactivity, unhealthy diets, diabetes, tobacco exposure and harmful use of
alcohol) and non-modifiable (i.e., age, ethnicity and family history). Recently, an increasing
number of investigations have examined the clinical utility of additional CVD risk factors that
may add important prognostic information in the identification and management of individuals
at-risk of CVD. Through large cohort investigations, like the Framingham Heart Study,' patterns
of negative age-related changes to the cardiovascular system (i.e., arterial
stiffening/distensibility-blood pressure relationships,> blood pressure and pulse pressure-
cardiovascular morbidity risks,*® age-specific risk factor fluctuations,” body mass index -blood
pressure relationships,® genetic components of morbidity risks,’ and pulse wave reflection-
cardiovascular morbidity risks'®) have been identified. The following sections provide a brief
review of the evidence supporting the evaluation of, and theoretical considerations for, the novel

CVD risk factors used in the HIITTS trial.

Assessments of Vascular Health

Pulse-Wave Velocity

Numerous studies have demonstrated that arterial stiffness is a strong, independent
predictor of CVD risk.'"!> As reported in the Framingham Heart Study, the predictive value of
arterial stiffness for future cardiovascular events was greatly superior when assessed by carotid-
femoral pulse-wave velocity (PWV) compared to carotid-radial PWV, central pulse pressure,

pulse pressure amplification, and the augmentation index.® Accordingly, carotid-femoral PWV
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has become the gold standard assessment of arterial stiffness'' and was our primary measure of
vascular stiffness. Furthermore, we also attempted to characterize peripheral arterial stiffness by
assessing femoral-toe PWV. The addition of femoral-toe PWV provided additional insight into

the pattern of arterial stiffening throughout the arterial tree.

PWV = E Common

\f\\ / carotid artery

E E ﬁ Thoracic

[ aorta

i :

| AL

P

[ Abdominal

I aorta

P

P Femoral

o artery \' A lliac artery

)

e N

Figure B1: Assessment of carotid-femoral PWYV using the foot-to-foot method'

A recent expert consensus report'* highlighted a number of key theoretical and
methodological considerations for carotid-femoral PWV assessment, described below. Carotid-
femoral PWYV is determined by measuring and dividing the traveled distance by the transit time
of a vascular pulse wave (Figure B1).!* The measurement can be ascertained directly from a
single pulse wave, or indirectly by subtracting the time delay of the electrocardiogram-derived
Rtop at the common carotid from the Rtop at the common femoral artery.!!!> Until recently, the
full measured distance between the common carotid and common femoral arteries was used in
PWYV calculations. However, a magnetic resonance imaging-based correction factor'® has been

proposed which has been shown to overestimate the real traveled distance of a vascular pulse
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wave by only 0.4%. The corrected equation for real traveled distance = (0.286 - (common carotid
artery (cm) — common femoral artery (cm)) + (0.101 - age) + (0.159 - weight (kg)) + 16.165.
However, the recently published normative PWV data was derived using a simplified version of

this correction factor:'?

PWV = (Common carotid artery — Common femoral artery) X0.8.

Importantly, age and blood pressure are established determinants of carotid-femoral PWV.!
Although a 10 m/s cut-off has been proposed as the risk factor criteria for carotid-femoral
PWV.,!* it may not be appropriate to apply the criteria to samples with highly variable ages and
blood pressures.! Therefore, for the purposes of this investigation, the simplified carotid-femoral
PWYV correction equation and age-/blood pressure-adjusted carotid-femoral PW'V risk factor cut-

offs will be used.
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Figure B2: Longitudinal projection of common carotid artery

Notes: (L) artery lumen. (LI) lumen-intima. (MA) media-adventitia.
Intima-media thickness calculated as the distance between the LI and MA."”
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Carotid Plaque and Intima-Media Thickness
In atherogenesis, B-mode ultrasonography can be used to visualize the first morphological
abnormalities within the arterial walls and is suggested to be one of the best non-invasive

18 Evidence from

techniques available to detect early atherosclerotic development
recent meta-analyses and diagnostic cohort studies suggests that the assessment of carotid plaque
is a stronger predictor of CVD events than intima-media thickness;'*?! however, intima-media
thickness assessment remains prognostically useful when augmented by thorough scans of the
carotid arteries for carotid plaque.'®?° According to the guidelines,'® the following definitions of
intima-media thickness and plaque boundaries are used to classify any observed carotid artery

lesions. First, intima-media thickness is a double-line pattern visualized by echography on both

walls of the common carotid artery in a longitudinal image. The leading edges of the two

Bifurcation and origin of ICA CCA

Figure B3: Carotid tree with intima-media thickness and plaque measurements according to
Mannheim consensus

Notes: 1) >1.5 mm thickness, 2) >0.5 mm lumen encroaching, 4) 50% of the surrounding intima-media
thickness value. '8
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anatomical boundaries of interest (i.e., lumen-intima and media-adventitia interfaces) are
visualized as two parallel lines (Figure B2). This definition complies with intima-media
thickness correlation studies comparing this ultrasound pattern to carotid anatomy specimens.??
Second, plaques are focal structures encroaching into the arterial lumen of at least 0.5 mm or
50% of the surrounding intima-media thickness value, or demonstrates a thickness >1.5mm as
measured from the intima-lumen interface to the media-adventitia interface (Figure B3). Overall
carotid artery plaque burden was assessed by totaling the number of plaque-present sites and
generating a total plaque score, based on a total of 12 possible affected locations (i.e., 6
measurement sites per side). Subsequently, the severity of arterial plaque development was
classified according to participants having no plaque (0 sites), mild plaque (1-4 sites), moderate

plaque (5-8 sites) and severe plaque (9-12 sites).?’
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Figure B4: Common carotid artery diameter changes across cardiac cycles*

Carotid Distensibility
In general, arterial distensibility reflects an artery’s ability to expand and recoil according
to, or in-phase with, cardiac pulse pressures (Figure B4).%> A functional loss of arterial

distensibility (i.e., an increase in artery wall stiffness) has been associated with early
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atherosclerotic CVD development and progression, and may precede structural wall changes and
clinical CVD symptoms.?®?” Of note, carotid distensibility is only an estimate of the strain and
modulus because of its interdependence on the movement of the surrounding tissue and
limitations to vessel wall boundary identification.?® Technical limitations aside, carotid
distensibility is recognized as a novel CVD risk factor for central and peripheral vascular disease

as well as cerebrovascular events.?>*%-32
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Figure B5: Mechanisms of flow-mediated dilation — sheer stress to vasodilation’?

Flow-Mediated Dilation and Microvascular Function
On a physiological level, flow-mediated dilation reflects any artery’s capacity to

)'34

vasodilate in response to increased arterial wall sheer stress (Figure B5).”" First introduced by

Celermajer et al.,*®> numerous studies have employed variations of this technique as a non-
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invasive means to assess endothelial function and its relation to the development, severity, and
progression of CVD.?¢ The flow-mediated dilation response was initially thought to be
exclusively dependent on the production and action of a vasodilator substance called endothelial-
derived hyperpolarizing factor, now known as nitric oxide.*> However, it is now understood that
subtle protocol variations can alter the mechanisms driving the resultant vasodilatory response,

which extend beyond the nitric oxide pathway. Accordingly, and in order to preserve the

Peak diameter

......... Shear stress
Diameter

Cuff release
Change in diameter —

Change in shear stress —

-15 0 15 30 45 60 75 90 105 120

Time (s) —

Figure B6: Vascular diameter/sheer stress profiles following cuff-release after 5-minute occlusion®

endothelial-specific nature of the technique, strict adherence to specific protocol components is
essential. The key protocol considerations include 1) occlusion location and duration, ii) timing of
baseline diameter, iii) timing and duration of peak dilatory response, iv) simultaneous assessment
of vessel diameter and blood velocity, v) velocity signal analysis, vi) measurement of, and
normalization for, the response stimulus (i.e., shear force) (Figure B6).>> Moreover, whereas
flow-mediated dilation is a measure of conduit vessel function, measures of microvascular

function (i.e., velocity time integral and shear stress during reactive hyperemia) have been shown
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to independently predict and provide stronger correlations to CVD risk.?’-*? Brachial artery
occlusion elicits a vasodilatory response within healthy microvasculature. The accompanying
decrease in vascular resistance permits greater blood flow during reactive hyperemia and, therein,
higher velocity time integral and shear stress during reactive hyperemia are expected from

healthier vasculature.

Assessment of Autonomic Function

As simple measures of autonomic nervous system function (primarily the
parasympathetic branch), resting HR, HR variability (e.g., respiratory sinus arrhythmia), and
post-exercise HRR are strong predictors of CVD risk and all-cause mortality in the primary
prevention and secondary prevention settings.*!-

Resting Heart Rate

Resting HR is the simplest indirect measure of resting parasympathetic tone.*? In humans,
HR i1s intrinsically driven by the sino-atrial node at a variably fixed pace of between 60 to 100
beats per minute (bpm) and is externally gated by the parasympathetic and sympathetic branches
of the autonomic nervous system.** In healthy resting individuals, it is widely accepted that the
heart rhythm is predominantly under parasympathetic (vagal) control (Figure B7).* After more
than 50 years studying the associations between resting HR and mortality outcomes in healthy
and clinical populations, our understanding of resting HR has evolved from treating it as a simple
pathophysiological phenomenon to a viable treatment target for interventional research.*’
Epidemiological research reports strong and inverse relationships between resting HR and overall

41,42

life expectancy*!*** which extends across most invertebrate species.*® Importantly, evidence

suggests that the role of resting HR may extend beyond these associations as a causal factor in

CVD development. Indeed, on the basis of preclinical*’-** and clinical models,>>-%*

204



pathophysiological links between high resting HRs and atherosclerosis, arteriosclerosis,

myocardial ischemia, and ventricular arrhythmias in humans have been proposed.®

HERING-BREUER

REFLEX
Opie (1998)
I
]
!
! .
H reflex inhibiton
! of vagus
relative
increase of
adrenergic
activity
INSPIRATION
Inspiration Expiration
SINUS ARRHYTHMIA

Figure B7: Cardiac-autonomic innervation & respiratory sinus arrhythmia physiology®*

Respiratory Sinus Arrhythmia

Respiration (both depth and frequency of breathing) strongly modulates HR rhythmicity
generating a rhythm known as respiratory sinus arrhythmia.®> The HR rhythm results from, and is
modulated by, complex interactions of factors originating in the heart (i.e., the Bainbridge stretch
reflex), lungs (i.e., the Hering-Breuer stretch reflex), central autonomic network (i.e., inspiration-
associated inhibition of vagal efferents within the medullary respiratory center) and vasculature
(i.e., respiration-associated tonic and phasic baroreceptor and chemoreceptor modulations), as
well as local metabolic and mechanical factors.®6"">
Respiratory sinus arrhythmia naturally occurs across a range of respiratory frequencies

and 1s most commonly assessed through the analysis of the frequency and amplitude of HR

variability during controlled deep breathing. An indirect index of cardiovagal function,
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respiratory sinus arrhythmia is specific, sensitive and reproducible.” First described in dogs,”*
and later in humans,’® parasympathetic cardiac control is characterized as the decrease in HR
period resulting from eliminated parasympathetic influence (with preserved sympathetic
influence). In general, R-R intervals shorten when the cardiac vagal nerve activity is nearly
arrested during inspiration and lengthened during expiration when cardiac vagal nerve activity
reaches its peak (Figure B7). Although some groups have generally consider respiratory sinus

76,77 geveral other factors have

arrhythmia as a reliable, clinical index of cardiac vagal activity,
been shown to modify this reflex response including central and peripheral chemoreceptor
stimuli, respiratory-linked mechanical factors (i.e., atrial stretch), state-dependent sympathetic
influences, and circulating catecholamine levels.””’®

Defined as the peak-to-trough difference in R-R intervals across a series of respiratory
cycles,” respiratory sinus arrhythmia is typically performed with the subject supine, where, due
to a decrease in baroreceptor-mediated sympathetic activity, vagal influence is greatest. Although
the greatest amplitude of respiratory sinus arrhythmia-mediated HR response is achieved with a
maximal respiratory effort and with a respiratory rate of four cycles per minute, respiratory sinus
arrhythmia is most commonly assessed using a comfortably slow respiration rate of six cycles per
minute by taking the average peak-to-trough difference from the largest six sequential
responses.”> Age-related trends indicate the amplitude of respiratory sinus arrhythmia is greatest
in younger populations and is attenuated with age.”” Within a given age group, highly
conditioned individuals have greater respiratory sinus arrhythmia amplitude than their
unconditioned counterparts.®*8! Suggested to be one of the most easily quantified markers of
autonomic neuropathy in the diabetic population,*” reductions in respiratory sinus arrhythmia
(Figure B8) have also been reported in patients with coronary artery disease and congestive heart

failure 838
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Figure B8: Normal and abnormal HR and blood pressure responses to respiratory sinus arrhythmia
challenge

(Clinical data — Adams SC, 2013)

Heart Rate Recovery

Heart rate recovery (HRR) is a simple and inexpensive tool to evaluate post-exercise
cardiac autonomic function.*> Post-exercise HRR can be characterized into two principle
components (i.e., a fast phase and a slow phase; Figure B9).% First described in an atropine
blockade study by Imai et al.,’” and later confirmed by similar single and double blockade
studies,®®* the HRR within the first minute post exercise (i.e., the fast phase) is primarily driven
by parasympathetic reactivation; whereas, HRR beyond the first minute (i.e., the slow phase) is
caused by the combination of parasympathetic activation and sympathetic withdrawl.*>%!

Although our understanding of the cardiovascular control mechanisms underlying post-exercise

HRR remains incomplete, several factors have been proposed as key mediators of the fast and
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slow phases of this response (Figure B10). The fast phase of HRR may be partially explained by

the deactivation of two principle mechanisms of cardiovascular control (i.e., central command

HR (bpm)

Fast phase

Slow phase

1 (vagal reactivation) (vagal reactivation + simpathetic withdrawal)

0 1 2 3 4 5

Post-exercise period (min)

Figure B9: Post-exercise HRR Kinetics®

and the mechanoreflex).”! Later into recovery, the deactivation of two additional mechanisms of

cardiovascular control may contribute to further decreases in HR (i.e., the muscle metaboreflex

and thermoregulation).

Unfortunately, there is no internationally accepted standard for assessing post-exercise

HRR and protocols differ greatly in terms of the use of an active vs. passive recovery and optimal

body position (i.e., standing vs. supine).®® Similarly, the duration of HRR tracking (e.g., 60

seconds vs. 120 seconds) and the risk factor cut-off points (e.g., 12 beats per minute vs. 30 beats

per minute) also vary considerably. Notably, the assessment methods used to assess HRR may

have a direct impact on the cardiovascular control mechanisms underlying the fast phase of HRR

(e.g., less deactivation of central command and the mechanoreflex with active recovery).
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Despite the lack of standardization, HRR is consistently found to independently predict of
cardiovascular morbidity (e.g., atrial fibrillation®? and insulin resistance®®) as well as

97-99

9496 and overall-mortality’

cardiovascular- in both men and women. Experimental evidence in
animal models of myocardial infarction has demonstrated that HRR predicts susceptibility to
ventricular fibrillation.!® A related finding in humans is that HRR is a stronger predictor of
sudden cardiac death than other types of cardiac mortality.”> As a marker of the rapid

parasympathetic reactivation, these HRR findings suggest a protective role of the

parasympathetic nervous system in protecting the heart from ischemia-related arrhythmias.*’

Fast phase Slow phase

HR (bpm)

\

Post-exercise period

Absence of Metabolites removal Reduction of energy
movement (lactate, ADP, P, H") metabolism
1 Central 1 J' &
’ s chs oflex Metaboreflex L Temperature
command L Mechanoreflex

T Parasympathetic 1 sympathetic
L HR LHR

Figure B10: Proposed cardiovascular control mechanisms in HRR3¢
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Methods of Psychosocial and HRQoL Health Assessment

In addition to the increased CVD risks described previously, TCS are also at increased
risk of psychosocial distress and HRQoL impairments related to their diagnoses and treatments. '
However, unlike the objective assessment techniques employed in CVD disease research,
psychosocial function and HRQoL are assessed using well-validated subjective self-report
questionnaires. The following section provides a brief overview of the use of, and the theory

underlying, these PRO inventories.

Assessment of Psychosocial Health

CRF is defined by the National Comprehensive Cancer Network as “a persistent
subjective sense of tiredness related to cancer or cancer treatment that interferes with usual
functioning”.®> Of the numerous single- and multi-item CRF assessment scales have been
validated in cancer patients, the Functional Assessment of Cancer Therapy-Fatigue scale* among
the most commonly used in large-scale national and international clinical trials.> A 13-item
inventory, the Functional Assessment of Cancer Therapy-Fatigue is based on a 1-week recall and
requires participants to rate their fatigue symptoms on a scale of 0-4. Functional Assessment of
Cancer Therapy-Fatigue scores range between 0 and 52 with higher scores reflecting lower CRF.*

Depression was assessed using the well-validated Center for Epidemiologic Studies
Depression Scale® which has been shown to have high internal consistency (Cronbach’s a. = 0.89)
and a test-retest score of 0.57 in cancer patients.” A 10-item inventory, the Center for
Epidemiologic Studies Depression Scale is based on a 1-week recall and requires participants to
rate the frequency of depressive symptoms on a 0-3 scale. Center for Epidemiologic Studies
Depression Scale scores range from 0 to 30 with higher scores reflecting higher depressive

symptom frequency.®
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Anxiety was evaluated using the validated Spielberger State Anxiety Scale.’ A 10-item
inventory, the Spielberger State Anxiety Scale is based on a 1-week recall and requires
participants to rate the severity of their anxiety symptoms on a 1-4 scale. Spielberger State
Anxiety Scale scores range from 10 to 40 with higher scores reflecting increased anxiety
symptom severity.’

Stress was evaluated using the Perceived Stress Scale which has a demonstrated reliability
range of 0.84 to 0.86.! A 14-item inventory, the Perceived Stress Scale is based on a 1-month
recall and requires participants to assess the frequency of stress symptoms on a 0-4 scale.
Perceived Stress Scale scores range from 0 to 56 with higher scores reflecting greater stress
symptom frequency.!?

Self-esteem was assessed using the Rosenberg Self-Esteem Scale!! which has been shown
to have high internal consistency (Cronbach’s a = 0.81 to 0.91) and test-retest reliability.!>!* A
10-item inventory, Rosenberg Self-Esteem Scale assesses overall self-esteem on a 1-4 scale.
Rosenberg Self-Esteem Scale scores range from 10 to 40 with higher scores reflect greater self-
esteem.!!

Sleep quality was assessed using the Pittsburgh Sleep Quality Index'* which has a good
internal consistency (Cronbach’s o = 0.77 to 0.81).!* An 8-item inventory, the Pittsburgh Sleep
Quality Index assesses 1-month subjective sleep quality with lower scores reflecting better sleep

quality.'*

Assessment of Health-Related Quality of Life
Overall HRQoL was assessed using the Short-Form 36 (SF-36)® which has been validated

and demonstrated strong reliability in a number of clinical and nonclinical populations.'> A 36-
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item scale, the SF-36 assesses eight health domains including physical functioning (i.e., physical
activity limitations), role-physical (i.e., difficulties with activities of daily living or work caused
by physical problems), bodily pain (i.e., pain-related limitations), general health (i.e., perception
and expectation of changes in health), vitality (i.e., energy levels and tiredness), social
functioning (i.e., effect of physical and mental health on social activities), role-emotional (i.e.,
difficulties with activities of daily living or work caused by emotional problems), and mental
health (i.e., happiness, nervousness, and depression). Two additional scores [i.e., the mental
component score and physical component score] are then calculated by adding the prespecified
weighted contributions of each of the eight subscale scores. The scores for each subscale are
transformed into norm-based scores ranging from 0 to 100 with higher scores reflecting better

functioning."
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Traditional CVD Screening in Oncology

Assessed by multi-gated acquisition scintigraphy and echocardiography, left ventricular
ejection fraction (LVEF) is the most reported cardiac monitoring endpoint in cancer patients and
survivors.! However, LVEF may not be sensitive to early cardiac damage because, despite
myocyte damage, the compensatory reserve capacity of the myocardium is able to maintain
adequate cardiac output.? In the case of left ventricular dysfunction, the decline of diastolic
cardiac function may occur in the absence of systolic changes. Furthermore, many patients may
experience diastolic disturbances in advance of systolic dysfunction.® In a retrospective analysis
of 630 anthracycline-treated cancer patients, decreased LVEF was only present in 11 of the 32
patients who developed chronic heart failure.* Another study prospectively followed 120
anthracycline-treated breast cancer patients with LVEF assessments for up to three years.®> The
authors reported that 91.67% of the most drastic treatment-related reductions in LVEF (>35%
decrease from baseline) occurred more than three months post therapy, suggesting that LVEF
was unable to detect early cardiomyocyte injury.’ Together, the evidence suggests that adequate
LVEF may conceal early cardiomyocyte damage and, therefore, more sensitive CVD risk

screening measures are needed.’

Novel Cardiovascular Screening Techniques in Oncology

Anticancer therapies are known to cause cardiovascular injuries beyond the heart. Indices
of endothelial and vascular structure and function (i.e., brachial flow-mediation dilation, carotid
intima-media thickness, carotid distensibility, and central/peripheral PWV) and parasympathetic
autonomic nervous system function (i.e., resting HR, respiratory sinus arrhythmia, and HRR)

have been used to assess cardiovascular health in general,®® high CVD risk,”!* and CVD

14-18 13,20-23

and
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populations including diabetics, asthmatics,'” persons with coronary artery disease,



individuals with atherosclerosis.!>**2° These indices may have greater sensitivity to subtle
cardiovascular perturbations, and, therefore, may be more effective in detecting early treatment-

related cardiovascular injury than LVEF.?’

Table D1: CVD Risk and Development Summary in TCS

Reported Outcome # Studies Subjects Age Months Follow-Up
(RSF vs. ASO (%)) # (Avg. years) (Avg. (Range))

Cardiac Toxicity 5 of 5 (100) 212 35.5 116.9 (2.6-180)
Cerebral Infarction 3 0of 6 (50) 9,511 36.8 128.0 (0-228)
CVD Risk 14 of 15 (93) 57,538 41.5 158.0 (0-228)
Endothelial Dysfunction

FMD 1 of 2 (50) 129 40.5 41.0 (7-75)

Biomarkers* 50f 5 (100) 343 38.2 63.1 (2.5-168)
Gonadal Toxicity 14 of 15 (93) 4,044 37.6 100.7 (9-228)
Metabolic Syndrome

Diabetic/IR 6 of 7 (86) 1,671 40.2 99.8 (2.6-228)

Hypertension 19 of 20 (95) 45,083 38.4 103.6 (7-228)

Lipid Imbalance 15 of 15 (100) 3,534 38.0 97.1 (2.6-228)

Obesity/T BMI 13 of 13 (100) 4,241 36.9 78.4 (2.6-180)
Raynaud’s Phenomenon 11 of 11 (100) 667 334 93.2 (0-180)
Renal Toxicity 11 of 11 (100) 531 28.5 36.4 (0-65)
Systemic Inflammation 3 0of 3 (100) 959 41 122.3 (7-228)
Vascular Injury** 10 0f 12 (83) 12,649 36.6 91.8 (0-228)

RSF: reported significant findings; ASO: assessing specific outcome; Avg.: average; FMD: flow-mediated dilation;
IR: insulin resistant; BMI: body mass index

* includes microalbuminuria, fibrinogen, intracellular adhesion molecule-1, plasminogen activator inhibitor-1, tissue
plasminogen activator, PAI-1/t-PA, von Willebrand factor, endothelial progenitor cell, and circulating endothelial
cell measures

**includes atherogenesis, coronary artery disease, cardiac ischemia, carotid stiffness, intima-media thickness,
myocardial infarction, pulse-wave velocity and thrombogenesis measures

Treatment-related CVD risks in TCS

In general, the primary mechanisms of CVD-related mortality include cerebral and
cardiac ischemic and occlusive events. The principle pathophysiological processes underlying
these events are pro-atherosclerotic, -thrombotic, -arrhythmic and -inflammatory in nature.?® TCS
are susceptible to developing a variety of treatment-related cardiovascular deficits which may

drastically impair their HRQoL and limit long-term survival (see Table D1 for a summary of 47
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studies reporting cardiovascular complications in TCS!®27%). This summary highlights three
important trends in CVD development in TCS. First, 44 (93%) of the 47 studies reviewed
reported significantly elevated CVD risk or incidence in TC patients and survivors. Second, the
pooled data from 61,442 TC patients and survivors demonstrated the average age of CVD
development as 37.4 years (range 28.5 —41.5 years). Third, all of the reported cardiovascular
morbidities manifested within the first 19 years post treatment. Notably, all of the common anti-
cancer therapies used to treat and control TC are implicated in the increased CVD risks in TCS.

Surgery

In general, TCS demonstrate low to normal testosterone levels, with the prevalence of
below normal levels varying from 11% to 34%.3>%""* Provided TCS retain the normal
functioning of their contralateral testicle, serum testosterone levels in TCS treated with unilateral
orchiectomy-only often remain relatively unaffected.”> However, hypogonadism develops if the
remaining testicle is unable to compensate and maintain adequate levels of testosterone
production. A multicenter survey of 1235 TC survivors reported an elevated age-adjusted odds
ratio for hypogonadism of 3.8 (95% CI, 2.0-7.3) compared to controls, which increased with
treatment intensity and was highest in patients who had received cumulative doses of cisplatin
>850 mg (odds ratio: 7.9; 95% CI, 3.6-17.4).>°> Hypogonadism-related risks may include CVD,
metabolic syndrome, osteoporosis, type II diabetes, premature aging, and decreased HRQoL.”®
Moreover, in the only study to date to compare markers of endothelial activation and
inflammation in TCS treated with orchidectomy-only to healthy controls, Nuver et al.*® reported
significantly elevated levels of fibrinogen, von Willebrand factor, tissue plasminogen activator,
and hsCRP in TCS.

Radiotherapy
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Patients with seminoma have been identified as being at a particularly high risk of CVD,
due to their additional radiation exposure. Individuals receiving radiotherapy, alone or in
combination with chemotherapy and especially with mediastinal involvement, are reported to
have an approximately doubled CVD-risk, owing to direct injury of the coronary vasculature and
microvasculature.””*° Although mediastinal radiotherapy is no longer common in TC treatment,
elevated CVD risk has also been identified in patients treated with infradiaphragmatic
radiotherapy®! such as increased risks for peripheral vascular disease (i.e., vascular stenosis,
thromboembolism and accelerated or premature atherosclerosis),* and renal dysfunction.®*> In
addition to conduit vessel damage, abdominal irradiation, involving one or both kidneys, has
been shown to cause nephropathy-related hypertension®>*> through what is believed to be a
renovascular effect involving the renin-angiotensin system, 533486

Chemotherapy

Of the six chemotherapeutic agents listed previously, bleomycin and cisplatin are known
to cause a variety of acute and long-term cardiovascular complications in TCS.

Bleomycin belongs to a family of anticancer drugs called antitumor antibiotics. Although
the exact mechanisms of action for this drug are partially unknown, bleomycin induces apoptosis
by causing DNA strand breaks through targeted DNA binding and free radical production.’”#3
Bleomycin, like other cytoskeletal-disrupting agents, has anti-angiogenic effects (decreases
endothelial growth and induces apoptosis).®’ Bleomycin, either alone or in combination with
cisplatin, etoposide or vinca alkaloids, may cause pulmonary fibrosis,’° and is associated with
myocardial ischemia and infarction, Raynaud’s phenomenon and thromboembolic events.>*%%1
An established marker of endothelial dysfunction, Raynaud’s phenomenon has been reported in

approximately one third of patients treated with bleomycin.>*°>
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Cisplatin is a platinum compound belonging to another family of anticancer drugs called
alkylating agents.”® Through DNA binding, cisplatin’s antitumor effect involves the disruption of
cellular transcription and replication mechanisms.’* In vitro investigations of cisplatin-related
effects on vascular endothelium have demonstrated an inhibition of endothelial cell proliferation,
which may enhance its antitumor effects.”>*® The most common adverse cardiovascular events
associated with the administration of platinum compounds include hypertension, Raynaud’s
phenomenon and thrombotic events (e.g., cerebrovascular events, cardiac ischemia and
myocardial infarction).’**”*® Cisplatin is thought to contribute to late-onset occlusive vascular
disease by triggering a degenerative process in vessel walls (medium-thickness);” and, it is
biologically plausible that ongoing platinum-induced vascular damage extends well into
survivorship by promoting endothelial injury and atherosclerotic plaque development —
representing the greatest treatment-related contributor to the elevated CVD risk in TCS.”1!

Compared to general population, chemotherapy-treated TCS have an increased coronary

artery disease observed-to-expected ratio of 7:1%!

and a 19-year increased risk of myocardial
infarction for patients treated with chemotherapy-only (hazard ratio: 3.1; 95% CI, 1.2-7.7) or
combined chemotherapy and radiotherapy (hazard ratio: 4.8; 95% CI, 1.6-13.9).*® In TCS treated
with cisplatin-based therapy, early diastolic dysfunction has been reported as early as 10 months
post treatment.>® In TCS, specific CVD risk factors (i.e., obesity and hypertension) have also
been associated with diastolic dysfunction due to related increases in cardiac pre- and afterload

13! demonstrated the relationship between hypertension and tissue velocity

demands. Altena et a
imaging of early diastole (TVI Et) as well as follow-up A TVI Et, and went on to suggest the

treatment of obesity and hypertension may be effective in preventing or mitigating the observed

diastolic dysfunction. Moreover, cumulative cisplatin doses exceeding 400 mg/m? have been
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associated with increased hypertension in TCS,** which may have longer-term atherogenic

consequences.

Treatment-related Vascular Injuries in TCS
Compared to other high-risk CVD populations, very little research has focused on the

1.73 assessed the

vascular health of cancer patients and survivors, including TCS. Nuver et a
effects of cisplatin on human microvascular endothelial cell activation, proliferation and
apoptosis and reported a cisplatin-induced decrease in endothelial cell survival concurrent with

1.°% assessed markers of subclinical

the induction of apoptosis. In a related study, Nuver et a
atherosclerosis in 90 cisplatin-treated TCS, 44 TCS treated with orchiectomy alone, and 47
healthy controls. Compared to healthy controls, TCS in both groups had elevated plasma
endothelial inflammatory markers (i.e., fibrinogen, hsCRP, von Willebrand factor, and
plasminogen activator inhibitor-1) and a higher prevalence of microalbuminuria a median of
seven years post therapy.>® Cisplatin-treated TCS also had elevated low-density lipoprotein
plasma activator initiator-1, and carotid artery stiffness.’® However, the authors reported no
difference between groups in carotid intima-media thickness or brachial flow-mediated dilation.*®
In a subsequent prospective follow-up of 65 cisplatin-treated TC patients, Nuver et al.>” reported
an increased carotid intima-media thickness, compared to pretreatment values, a median of 10
weeks post treatment. However, the authors were unclear as to whether the increased carotid
intima-media thickness was due to atherosclerotic changes or a consequence of blood pressure
changes.>” Unlike the previously described null flow-mediated dilation results, Vaughn et al.%
demonstrated impaired brachial artery flow-mediated dilation in long-term TCS who received

cisplatin-based chemotherapy in comparison to chemo-naive patients (8.8% vs. 5.6%, p=0.05).

The authors also confirmed that the difference was, in fact, endothelial-mediated and not due to
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changes in vascular smooth muscle.®® However, a study of young ovarian cancer survivors
revealed that cisplatin also causes impairments in the function of vascular smooth muscle a
median of 14 years post treatment.'?? Moreover, several studies have identified cisplatin-induced
increases in tissue-dependent procoagulant endothelial particles,'®® as well as superoxide-
mediated coagulation defects and endothelial injury.!** Very recently, a prospective cohort study
assessed markers of vascular damage and related vascular events in 73 TC patients during,
immediately following, and 1 year post-chemotherapy.'®> They reported an 11% incidence of
vascular events and a related increase in markers of endothelial injury and upregulated pro-
coagulant activity (e.g., von Willebrand factor and coagulation factor VIII) during chemotherapy
in these patients.!% Together, this evidences highlights a consistent pattern of treatment-related
vascular injury in TCS, and reinforces the importance of including novel vascular markers of

subclinical CVD in the screening and follow-up of TCS.

Treatment-related Autonomic Dysfunction in TCS

Relatively few studies have assessed autonomic nervous system function in cancer
patients and survivors. Autonomic dysfunction, resulting from primary (i.e., paraneoplastic
disease and metastatic invasion)'% and secondary (i.e., treatment-related)!**!!> mechanisms of
injury, may contribute to the observed CVD risks/development in cancer survivors — as is
becoming increasingly recognized in other populations.'* The majority of autonomic evaluations
completed in cancer patients and survivors have assessed cardiovagal (i.e., parasympathetic) or
adrenergic (i.e., sympathetic) function based on the test battery described by Ewing and
Clarke.!'®

Three studies have assessed autonomic function in homogeneous groups of TC patients

and survivors. Steen W. Hansen'!? assessed autonomic function in 28 cisplatin-treated TCS
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(median age 35 years) after a median follow-up period of 83 months. Parasympathetic
dysfunction was assessed via participants’ HR response to standing, the Valsalva maneuver, and
respiratory sinus arrhythmia.??> He reported mild parasympathetic impairment in eight participants
and definitive impairment in two others.'!® Evidence of sympathetic dysfunction, as assessed by
measuring blood pressure changes to an orthostatic challenge, was not present in any
participant.''® In a more recent series of studies by Nuver et al., they reported little’” and no'!”
evidence of autonomic impairment, as assessed via baroreflex sensitivity, both acutely and up to
seven years post therapy, respectively.

Studies of autonomic function in other cancer populations have reported diminished HR
variability, during both respiratory sinus arrhythmia and 24-hour recordings, in patients treated
with vincristine,!'® paclitaxel,!!! doxorubicin,'!* as well as patient groups treated with various
combination therapies (including cisplatin).!!*!!” Maladaptive orthostatic responses and aberrant
blood pressure variability have been observed in patients treated with paclitaxel, taxanes, vinca
alkaloids, and cisplatin.!!%!2%121 Using a protocol described by Shahani et al.,'?? another study
assessed sympathetic-mediated sweat function of the hand and foot in a mixed group of cancer
survivors and reported a prolonged skin response latency.!?*> Adams et al.,'** using a more
modern clinical battery of tests (i.e., the composite autonomic scoring scale'?), conducted a case-
controlled pilot study assessing the autonomic function of a mixed diagnoses group of young
patients (median age of 35.5 years; prior to and following four cycles of chemotherapy). They
reported evidence of autonomic impairment in 5 of 13 (38.5%) patients at baseline, which
persisted in 4 of 12 (33.3%) patients following four cycles of chemotherapy. Consistent with the
findings of Hansen'' and Nuver et al.,””!!” they reported no evidence of sympathetic
impairment, as evidenced by normal blood pressure responses to an orthostatic tilt table

challenge. Finally, they proposed a potential cholinergic mechanism of autonomic dysfunction
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indicated by abnormal HR responses to respiratory sinus arrhythmia, Valsalva maneuver, and
sweat responses using a quantitative sudomotor axon reflex test.'?* However, the reporting from,
and methods employed across, these trials was inconsistent.!?* Despite the frequent use of the
Ewing and Clarke protocol, these studies lacked sufficient consistency in the selection and
execution of their autonomic challenges, in the application of their eligibility and test criteria and
most failed to include key methodological detail required to compare between trials. As such,
there remains insufficient evidence to make any conclusions regarding the presence or specific
nature of cancer- and treatment-related autonomic dysfunction.

Overall, disease and treatment-related parasympathetic dysfunction may be an important
contributor to the increased CVD risks in TCS and, given TCS’ high survival rates and the great
number years potentially affected by the resultant CVD, represents an important therapeutic

target for future exercise intervention research.

Summary

Together, this evidence strongly supports the contention that TCS are at high risk of
developing chronic CVD within the first two decades post treatment. Compared to national
estimates of the average age of onset for chronic diseases in Canadian males (i.e., heart disease
(65+ years), diabetes (45+ years), hypertension (45+ years) and stroke (65+ years)),'?® the

premature development of CVD poses a serious threat to TCS’ survival and HRQoL.
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The Role of Aerobic Exercise Training in TC Survivorship

TCS are at high-risk of CVD directly related to the anti-cancer therapies they have
received. In fact, CVD now completes as the leading cause of death in TCS.! Given the complex
and interrelated nature of treatment-related injuries and risks in TCS, potential intervention
strategies must be capable of simultaneously influencing multiple pathways of dysfunction. With
well-documented multi-system benefits, aerobic exercise training is a strong candidate-therapy to

prevent or control treatment-related cardiovascular impairments in TCS.

Potential Benefits of Aerobic Exercise on Cardiovascular Health in Oncology

Aerobic capacity (VOzpeak) is an established surrogate marker of CVD-specific and
general mortality risk in healthy, CVD, and cancer populations.?? In general, VOzpeax declines at
an average of 10% per decade in healthy adults — an effect which has been reported to be
independent of physical activity levels.® However, as described in two comprehensive reviews on
the subject,®’ there are several important caveats accompanying this general finding which merit
further discussion.

First, this general trend (i.e., 10% decrease per decade) is based on the combined findings
of cross-sectional and prospective research studies with highly variable recruitment strategies,
assessment methods, and comparison groups — often resulting in discrepant findings.®” Despite
these discrepancies, however, studies consistently show that average VOopeak values in trained
individuals are higher than in sedentary individuals of comparable age; and, given their higher
initial VOazpeak values, the absolute loss of VOopeak in trained populations throughout adulthood
will be greater than in sedentary subjects.®’

Second, central and peripheral factors contribute to age-related declines in VOzpeak, and

these factors are variably influenced by exercise history and current training status.%’ Centrally,
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age-related declines in VOapeak are governed by the determinants of cardiac output. Among these,
the declines in maximal HR are uninfluenced by exercise and are reported to account for at least
40% of the age-related decline in cardiac output; whereas, the age-related decline in maximal
stroke volume may be mitigated by exercise. Peripherally, the age-related decline in VOopeak 1S
attributed, but not limited, to adverse changes in body composition (i.e., decreased lean body

% and,

mass and increased adiposity), impaired O» delivery, and mitochondrial dysfunction;®!
evidence suggests that exercise may mitigate these changes.”"!! Importantly, the characteristics of
age-related declines in VOapeak differ according to exercise history and training status.® In
sedentary subjects the VOzpeak decline tends to be most dramatic between ages 20 to 40 years and
is often associated with increasing sedentary behaviour and adiposity.®!? However, the VO2peak
decline in trained individuals is more gradual while exercise training is maintained, and the rapid
decline in VOapeak is primarily attributed detraining.®!?

Third, some evidence suggests that high-intensity exercise may reduce the rate of VOopeax
decline by upwards of 50% in younger and middle-age men; although, middle-age women and
older men and women may not be similarly protected.® Importantly, although high-intensity
exercise may be capable of delaying or reversing the age-related decline in VOazpeax, it is generally
accepted that this type of training is difficult to sustain over prolonged periods (especially beyond
a decade).!® Therefore, only a select few individuals who maintain adequate exercise levels will
be able to mitigate declines in VOzpeak into their eighth or ninth decade.

Although our understanding of the causes of age-related declines in VOzpeak remains
incomplete, one universally accepted fact is that regular aerobic exercise is the most effective

means of maintaining or improving it. Moreover, given the findings from large prospective

cohort and cross-sectional studies (i.e., a 10% to 25% improvement in overall survival associated
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with each 3.5 ml Ox/kg/min increment increase in VO2peak), VO2peak remains an important
intervention target for healthy and clinical populations alike.'*

To date, there are no published randomized controlled trials on assessing VO2peak-
mediated improvements in long-term cancer-specific and overall mortality. However, a recent
systematic review of 27 observational studies reported significant, dose-sensitive, inverse
relationships between physical activity levels and cancer-specific and general mortality outcomes
in survivors of breast and colon cancers.'> This observational evidence is further supported by a
number of randomized controlled trials and systematic reviews which have demonstrated the
potential for aerobic exercise interventions to improve the VOapeax of cancer patients and
survivors. !

In addition to improving VOapeak, aerobic exercise training has established benefits in
preventing and controlling multiple pathways of CVD development.?° In their 2013 review,
Scott, J. et al.?% highlighted a number of risk factors common to cancer and CVD development
including hypertension, metabolic dysregulation, hormonal dysregulation, oxidative stress, and
inflammation. Importantly, in non-cancer populations, aerobic exercise training has established
benefits in preventing and reversing these disease processes.?!?*> Drawing from this dense
evidence base in non-cancer populations, we recently proposed the development of a research
paradigm testing the effects of targeted therapeutic doses of aerobic exercise to treat cancer-

related CVD across the CVD continuum in early stage breast cancer survivors?® — a model which

likely applies to other cancer patient and survivor groups (including TCS).

Anti-Atherosclerotic Properties of Aerobic Exercise
Established in non-cancer clinical CVD populations, aerobic exercise’s therapeutic

mechanisms of action are anti-atherogenic (i.e., improving blood-lipid profiles and insulin
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sensitivity while decreasing adiposity, blood pressure, and inflammation), anti-thrombotic (i.e.,
decreasing platelet adhesiveness, fibrinogen, and blood viscosity while increasing fibrinolysis),
anti-ischemic (i.e., improving endothelial function and coronary blood flow while decreasing
myocardial demand) and anti-arrhythmic (i.e., increased parasympathetic tone and HR variability
while reducing the ventricular fibrillation threshold) in nature.?!23272% In the cancer setting, the
findings from recent meta-analyses and systematic reviews have reported aerobic exercise-related
improvements in blood-lipid profiles, body composition, insulin-glucose axis function, and
inflammatory markers.?’ There is also preliminary evidence that aerobic exercise can improve
endothelial function and vascular structure,*® reduce oxidative stress,’! and prevent of treatment-
related cardiac dysfunction in cancer patients and survivors.>? However, to date, no study has
investigated the impact of aerobic exercise on any of these cardiovascular outcomes in a

homogeneous cohort of TCS.

Benefits of Aerobic Exercise on Vascular Health in Oncology
Vascular injury is increasingly recognized as an important precursor to, and unifying

mechanism in, the development cardiovascular morbidity and mortality;>*38

and, as such, may be
an important therapeutic target in cancer-related CVD prevention. A recent review on the effects
of aerobic exercise on mitigating endothelial dysfunction and vascular wall inflammation

t.3 The proper functioning and

highlight several pathways of potential therapeutic benefi
bioavailability of nitric oxide, cellular adhesion molecules, and endothelial progenitor cells are
integral to the maintenance of healthy coronary and peripheral vasculature. Any disturbance of
these pathways may result in the vascular environment becoming pro-inflammatory, -thrombotic,

and -atherosclerotic. Importantly, evidence suggests that aerobic exercise can control and reverse

these pathological processes.>® Regular aerobic exercise has been shown to increase the
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bioavailability of nitric oxide,* enhance antioxidant defense mechanisms,*' reduce the

production of pro-inflammatory cytokines,?**?

and enhance the endothelium’s capacity to
regenerate.”> Aerobic exercise trials in healthy populations have demonstrated improvements in
the vascular structure (e.g., carotid intima-media thickness***#), vascular function (e.g., flow-
mediated dilation***), and both vascular compliance® and stiffness.’*>! Aerobic exercise has

40,46,48,49,52

also been shown to improve vascular health in elderly individuals and across multiple

CVD states including persons with coronary artery disease,>>*7°%335% type II diabetes,*>

55,57 23,58

hypertension,”*’ metabolic syndrome,***® and in preclinical models of atherosclerosis.?? In the

only published exercise trial targeting vascular health and endothelial function in cancer

survivors to date, Jarveld et al.*>*

reported exercise-related improvements in flow-mediated
dilation at 40 seconds (males; p<0.01), peak flow-mediated dilation (males; p=0.05; d=0.86), and

carotid intima-media thickness (males and females combined; p=0.02; d=0.61) in long-term

survivors of acute lymphoblastic leukemia.

Benefits of Aerobic Exercise on Autonomic Health in Oncology

Aerobic exercise training has a profound and well-documented impact on decreasing
resting and training HR, improving HR variability, and improving HRR from exercise through a
combination of intrinsic and systemic mechanisms.>**! However, our current understanding of
the mechanisms underlying the beneficial effects of regular aerobic exercise on autonomic
function remains incomplete.

Cross-sectional studies investigating the association between regular aerobic exercise and
resting HR and autonomic function have identified that, compared to matched sedentary controls,

62,63

physically active middle-aged and older men,®> physically active post-menopausal women,®*

and endurance-trained athletes® %7 have higher resting levels of parasympathetic activity.
257



69,70

Moreover, longitudinal studies in younger,®® middle-aged, and older individuals consistently

report greater levels of parasympathetic activity in more physically active individuals.
Furthermore, training studies have demonstrated that aerobic exercise augments cardiac
parasympathetic control and decreases sympathetic influence.®"-’!"”> Although conflicting

76-80

observational evidence exists, most experimental research in this area concludes that

increased parasympathetic function is responsible for the observed bradycardic adaptations to
aerobic exercise training.%!7>7>81-83 Moreover, compared to their untrained counterparts, trained
individuals have reduced sympathetic drive/activity at any given exercise workload®*** and are
able to recover faster from aerobic exercise.**®

In the cancer setting, preliminary evidence suggests that acrobic exercise positively

),890 and that indices

influences cardiovagal function (i.e., resting HR, HR variability, and HRR
of cardiovagal function may be predictive of mortality.”!”> Observational evidence in non-cancer
populations consistently suggests that aerobic exercise improves autonomic function and that
these improvements are associated with decreased CVD incidence, severity, and mortality risks.

939 and large human trials®’'% have

For example, pharmacological studies of affected animals
demonstrated that the improvements in HR variability are associated with decreases the related
morbidity and mortality risks. Moreover, human training studies have clearly demonstrated
exercise’s potential to improve HR variability post-myocardial infarction,'®!"1% heart surgery,'%
and in those with congestive heart failure.!””!'> Several mechanisms explaining the observed
protective effects of increased systemic and cardiac parasympathetic influence have been

114,115

proposed [e.g., blunting peripheral inflammatory responses, negative chronotropic effects

)61,116
3

(via the sino-atrial node and anti-arrhythmic effects on the atrial and ventricular

muscles®!!7], but the precise mechanisms through which behavioural and pharmaceutical
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intervention strategies augmenting parasympathetic function can improve mortality outcomes in
any population remain to be fully elucidated.

In review, pathologic autonomic perturbations, such as those observed in various cancer
populations, disrupt its dynamic control mechanisms and are associated with increased
risk/incidence of CVD-related morbidity and mortality. Pharmacologic- and aerobic exercise-
based interventions of healthy and affected individuals have been shown to improve prognostic
and functional patient outcomes, as well as decrease the related CVD morbidity and mortality
risks. It is, therefore, plausible that aerobic exercise play a similar role in improving cancer- and

treatment-related autonomic dysfunction and related CVD risks.
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Exercise Prescription Considerations for TCS

To date, there have been no published accounts of aerobic exercise interventions in a
homogeneous cohort of TCS. Given the benefits described throughout this dissertation, aerobic
exercise may prove to be a critical preventative and restorative therapeutic exposure targeting the
specific contributors to cardiovascular injury, CRF, and poor HRQoL in TCS. Compared to other
high-CVD-risk and CVD populations, available evidence suggests TCS present with CVD at a
younger age.' By virtue of their youth, TCS are not as likely to have undergone natural age-
related deconditioning and, therefore, may be more capable of performing higher intensities of

exercise which have been shown to be associated with greater benefits in non-cancer**¢

and
cancer’ populations (including TCS®). Furthermore, TCS may be more likely than older cancer
survivor groups to be in a pre-retirement life-stage, and, therefore, may be less able to participate
in high-volume/time consuming aerobic exercise interventions. This is supported by a report that
TCS are likely to cite ‘competing demands’ as major barriers to exercise participation.” With

these considerations in mind, high-intensity and time efficient aerobic exercise interventions may

best align themselves with the unique life circumstance of TCS.

Continuous versus Interval Training

A recent cross-sectional survey, involving 5106 healthy men and women aged 21-90,
demonstrated that higher exercise intensity had a stronger, positive association with
improvements in all-cause and coronary heart disease mortality rates, compared to those
performing greater durations of exercise.'? Furthermore, comparisons of traditional MCT to HIIT
have demonstrated comparable or greater improvements in VOapeak,'! arterial compliance, '?

11-14,16,17

metabolic/lipid profiles,'> !> flow-mediated dilation, cardiac remodeling,'* sarcoplasmic
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14,17

calcium release,'*!” and antioxidant defense.!* Importantly, Rognmo et al.!8 reported a

comparably low-risk of adverse cardiovascular events related to HIIT and MCT in the

rehabilitation of 4846 patients with coronary heart disease. Moreover, Bartlett et al.!

reported
that HIIT was more enjoyable than MCT which may have important participant adherence

implications.

Table F1: Reported interval training parameters

. Intervention Training Work-to-rest . . . Session .
Trial Length Modalities Ratio (W:R) Training Intensity Frequency Session Length
W: Max .
Burgomaster et . ) ) 30 min/day
al. (2008) 6 weeks Cycling 1.7 R: <5?,Vr££ @ 30 3 days/week (4 - 6 Windgates)
Currie et al. . ) W: 89% PPO* 30 min/day
(2013) 12 weeks Cycling L1 R: 10% PPO 3 days/week (10 interval cycles)
W: Max .
Rakobowchuk et . ) ) 30 min/day
al. (2008) 6 weeks Cycling 1.7 R: <5?,Vr££ @ 30 3 days/week (4 - 6 Windgates)
. Uphill
Tjonna et al. . W: 90% Hiimax* .
16 weeks walking/ 4:3 no 3 days/week 40 min/day
(2008) running R: 70% Hfmax
Trombold etal. 3 x 3-day . ) W:90% VOopeax .
(2013) treatments  ~Y°IIng kil R: 25% VOapeak N/A 40-45 min/day
. Uphill
Wisloff et al. . ) W:90-95% HRpear™ .
(2007) 12 weeks V:jllllflllrrlg 4:3 R: 50-75% HR peu 3 days/week 38 min/day

* speed and workloads adjusted for improvements in conditioning
W: work interval; R: rest interval; rpm: revolutions per minute; PPO: peak power output; Hnax: maximal heart
frequency; VOopeak: peak oxygen uptake; HRpeax: peak heart rate

Reported Interval Training Parameters
HIIT prescriptions are infinitely variable given the multiple, alterable testing parameters.

Although few studies have directly compared HIIT to MCT, the characteristics of six trials
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which have demonstrated that HIIT causes comparable or superior benefits to MCT are
summarized in Table F1. In brief, the interventions ran between three days and 16 weeks,
included both cycling and treadmill-based exercise, had highly variable work-to-rest ratios,
required participants trained between 89% and 110% of maximal capacity (determined at
baseline), with session frequencies of three days per week and durations between 30 and 45

minutes per session.

Summary
Overall this evidence suggests that HIIT is a time efficient and enjoyable modality of
aerobic exercise training which is at least as effective and likely more effective than MCT at

improving cardiovascular health outcomes.
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Cross Cancer Institute
UNIVERSITY OF 11560 University Avenue, Edmonton,
<IN Alberta Health
. services ALBE RTA Alberta, Canada, T6G 1722

Tel: 780.432.8770

Dear Sir,

My name is Kerry Courneya and I am a Professor and Canada Research Chair at the University of Alberta. I am also a
Scientific Staff member of the Cross Cancer Institute in Edmonton. As part of my responsibilities, I conduct research on the
health of cancer survivors. The Alberta Cancer Registry is contacting you on my behalf to see if you might be interested in
participating in an exercise intervention study that requires the voluntary participation of testicular cancer survivors. The study
has been approved by the Alberta Health Services and Health Research Ethics Board of Alberta — Cancer Committee and the
University of Alberta Health Research Ethics Board, and has met rigorous requirements for ethical approval. My collaborators for
this study include Dr. Scott North, a medical oncologist at the Cross Cancer Institute; and Dr. Adrian Fairey, a urologic surgical-
oncologist at the Alberta Urology Institute.

Research has shown that some testicular cancer survivors, especially those who were treated with chemotherapy, are at
higher risk of developing cardiovascular disease. Those who underwent surgery only, without needing further cancer treatments,
may have a slightly higher risk of cardiovascular disease than the average healthy male. Importantly, regular acrobic exercise (e.g.
walking, running, cycling) is known to prevent and treat cardiovascular disease in non- cancer populations. High-intensity interval
training (i.e. which involves exercising hard for short periods of time and slowing down to recover in-between) is especially good
at improving cardiovascular health in people living with various cardiovascular risks and diseases. However, due to the unique
causes of cardiovascular damage in testicular cancer survivors, we do not know if this type of aecrobic exercise can have similar
cardiovascular benefits. To address this issue, we are conducting a clinical trial on the effects of high intensity interval training in
testicular cancer survivors, and we would like to invite you to participate in the study.

If you decide to participate in this study, you will be asked to attend 2 testing sessions 3 months apart at Alberta Health
Services and University of Alberta facilities. Each visit will require between 2 to 3 hours and include assessments of your
cardiovascular fitness, vascular function, a blood draw, and questionnaires.

We would then assign you by chance to either participate in the high intensity interval training program (i.e., the
intervention group) or to continue with your usual exercise levels (i.e., the control group). If you are assigned to the intervention
group, we would ask you to attend supervised high-intensity aerobic interval training exercise sessions 3 days a week for 12
weeks. These short-duration and high-intensity exercise sessions only require you to work hard for 16 minutes of the total 35
minutes. Furthermore, this type of acrobic exercise training is known to be very well-tolerated in middle-age and older individuals
with various cardiovascular diseases and with little-to-no previous exercise experience. If you are assigned to the control group,
we would offer you a shorter version of the intervention program after you completed the final assessments (i.e., 8 training
sessions over a 4 week period).

The program will take place at the Behavioural Medicine Fitness Centre at the University of Alberta. This is a fully equipped
fitness facility dedicated for research purposes only, and available to you free of charge for the 12-week program. Your personal
exercise trainer and supervised exercise program are also free. We will also pay for your parking at the Behavioural Medicine
Fitness Centre when you come for your testing and training sessions.

Your participation in this study is completely voluntary. Any information that you provide will be held in strict
confidence. It is only through voluntary participation in research projects that we increase our knowledge about developing
physical activity programs to improve quality of life and cardiovascular health in testicular cancer survivors. We hope that you
find the time to assist us. If you are interested in participating in this study or need any questions answered before making up your
mind, please contact my Research Coordinator, Scott Adams, at (780) 492-8246 or e- mail hitts@ualberta.ca for more
information.

Thank you for considering our study.

Sincerely,

Kerry S. Courneya, PhD Scott North, MD Adrian Fairey, MD

Professor & Canada Research Chair Medical Oncologist Cross Cancer Surgical Uro-Oncologist Alberta
in PA & Cancer Institute Urology Institute
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Dear Sir:

From time to time on behalf of researchers, the Alberta Cancer Registry contacts individuals who may be
eligible for research studies. This letter is to introduce you to a research study being undertaken by an
affiliate of the Alberta Health Services. These types of studies must be approved by the Alberta Cancer
Research Ethics Committee. Information on new cancer cases and cancer-related deaths is recorded in the
Alberta Cancer Registry. The Alberta Health Services is mandated by the Regional Health Authorities
Act, please read the enclosed letter for further information describing the Registry.

We are enclosing information from a research study that has been recently approved by the Ethics Board
and which may be of interest to you. Please note, this is a random sample generated by the computer and
your name was selected, however, depending upon your diagnosis, this study may not apply to you. We
have not disclosed any of your personal information to the researchers and are simply contacting you on
their behalf to provide you with an opportunity to participate in a research study. Your participation in this
or any research study is absolutely voluntary. Enclosed is some information from the researchers
describing the study in order to help you make an informed choice about whether or not you would like to
participate. If you are interested in finding out more about the study, please follow the enclosed
instructions. If you are not interested in participating, simply ignore the materials that we have sent you or
return the unanswered questionnaire in the envelope provided by the researchers.

The Alberta Cancer Registry is very supportive of research studies conducted with its registry, as
voluntary participation in research projects helps to improve our knowledge about issues that are
important to cancer patients and survivors. We hope that you find time to read the enclosed materials
closely and participate in the study if you feel it is of interest to you.

If you have further questions regarding the Alberta Cancer Registry, please call me at (780) 432-8781 or
email me at cindy.nikiforuk@albertahealthservices.ca.

Sincerely,
ﬁ.:(&( e

Cindy Nikiforuk, CHIM

Director, Alberta Cancer Registry

Cancer Measurement Outcomes & Evaluation
Cancer Care, Alberta Health Services

Cross Cancer Institute
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Behavioural Recruit. Priority:
} } Medicine PARTICIPANT SCREENING CHECKLIST S M)

Laboratory

o Low(3)
Contact Date: / / First Name: Last Name:
YY / MM / DD
Phone Number: Date of Birth: / /
YY / MM / DD
1. Are you a currently a smoker? Y /N Details:
2. Are you a former smoker? Y /N Details:

3. Prediagnosis Cardiovascular Disease:
3a. Heart attack? Y /N 3b. High-cholesterol? Y/N 3¢.  Obesity? Y/N
3d. Diabetes? Y /N 3e. Hypertension? Y /N

Details:
4. Cancer History:

4a. Date of diagnosis? - // - // - 4b. Cancer type? Seminoma or Non-seminoma

4c. Was this the only time you have been diagnosed with cancer? Y / N

Details:
4d. Disease stage at diagnosis? [ /1 /1o / 1v

5. Treatment Exposure (Primary):

Sa. Surgery? Y /N  5b. —5 j MM; oD Sc. Type of surgery? Unilateral / Bilateral

5d. Lymph nodes affected? Y / N Details:
Completed: / /

Se. Radiotherapy? Y /N 5f1. YY / MM / DD Sg. # sessions
Sh. Area affected? Abdomen / Abdomen + Pelvis / Other  (Details: )
Completed: / /
5i.Chemotherapy? Y /N §j. YY / MM / DD 5Kk. Type: 51, # cycles:
6. Treatment Exposure (Secondary):
6a. Surgery? Y /N = 6b. —5 j MM; oD 6c. Type of surgery? Unilateral / Bilateral
6d. Lymph nodes affected? Y / N Details:
. Completed: / / .
6e. Radiotherapy? Y /N 6f. YY / MM / DD 6g. # sessions
6h. Area affected? Abdomen / Abdomen + Pelvis / Other  (Details: )
. Completed: / /
6i. Chemotherapy? Y /N 6j. YY / MM / DD 6k. Type: 6l. # cycles:
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7. Current Physical Activity:
7a. Are you currently physically active? Y /N 7b. 1-2 hrs/wk  3-5 hrs/wk 5+ hrs/wk

7c. What type of activities or exercises do you participate in?

Tel. Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
Tell. Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
e Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
Teiv. Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
Tev. Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
Tevi. Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #wk
Tcvii.
Details:
Intensity: Low / Med / High  Duration: (mins) Frequency: #/wk
High intensity exercise: heavy sweating + heavy breathing
Moderate intensity exercise: light-moderate sweating + moderate breathing (maintain conversation)
Examples:
e Running e Cycling or spin class
e Hockey e Swimming
e Ultimate Frisbee e Racquetball / Squash
e Soccer e Acrobic fitness classes
e Rowing o Basketball
8. MET hrs/wk: 9. Meeting PA guidelines? Y /N

10. Are you planning on taking a summer vacation? Y / N

Details:

*Remember to return and complete Par-Q+*
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... Alberta Health (D) Alllljﬁlﬁﬁﬂ Cross Cancer Institute
eria nea eeer. 11560 University Aven
a EEE' y venue,
Bl Services Edmonton, Alberta, Canada,
T6G 122
Tel: 780.432.8770

A study to test the effects of high-intensity aerobic interval exercise on the cardiovascular health
of testicular cancer survivors.

CONSENT FORM

This form is part of the process of informed consent. It is designed to explain this research study
and what will happen to you if you choose to be in this study.

If you would like to know more about something mentioned in this consent form, or have any
questions at any time regarding this research study, please be sure to contact the Primary
Investigator - Dr. Kerry Courneya at (780) 492-1031, or the Research Coordinator - Scott Adams
at (780) 492-8246. Read this consent form carefully to make sure you understand all the
information it provides. You will get a copy of this consent form to keep. You do not have to
take part in this study and your care does not depend on whether or not you take part.

Your participation in this study is entirely voluntary. Please take your time to make your
decision. It is recommended that you discuss with your friends and/or family about whether to
participate in this study.

“WHY IS THIS STUDY BEING DONE?”

You are being asked to take part in this study because you had testicular cancer. Testicular
cancer survival has improved as new types and combinations of cancer therapies have developed
(i.e., surgery, radiation and chemotherapy). Nevertheless, our cardiovascular system (i.e., our
heart, lungs and blood vessels) may be damaged by several of these therapies. Research has
shown that testicular cancer survivors are one of several cancer survivor groups known to be at
slightly higher risk of such cardiovascular complications. Some testicular cancer survivors are at
higher risk than others, depending on the intensity of cancer treatments given, among other
factors. Importantly, regular aerobic exercise (e.g., walking, running, cycling) is known to
prevent and treat cardiovascular disease in non-cancer populations. High-intensity interval
training (i.e., which involves exercising hard for short periods of time and slowing down to
recover in-between) is especially good at improving cardiovascular health in people living with
various cardiovascular risks and diseases. However, due to the unique causes of cardiovascular
injury in testicular cancer survivors, we do not know if this type of aerobic exercise can have
similar cardiovascular benefits.

“WHAT DO WE HOPE TO LEARN?”
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We hope to learn if this specific type of aerobic exercise can improve the cardiovascular health
of testicular cancer survivors. If successful, we hope to extend these findings to prevent the
development of cancer-related cardiovascular disease in testicular cancer survivors.

More specifically, the purpose of this study is to examine the impact of 12 weeks of high-
intensity aerobic interval training on the general and cardiovascular health of testicular cancer
survivors. The primary outcome is a treadmill-based assessment of maximum aerobic exercise
capacity. Secondary outcomes include measures of blood vessel structure and function, nervous
system function, and self-report measures of general health and post-treatment cancer-related
symptoms.

This is a Phase II study which is designed to determine the effects of performing high-intensity
aerobic interval exercises, three days a week for 12 weeks, on the cardiovascular health of
testicular cancer survivors.

“WHAT IS INVOLVED IN THIS STUDY?”

In this study you will be assigned to either the high-intensity aerobic interval exercise group or
the “wait list” control group (described in the following section). Your assignment will be
“randomized” which means the treatment that you are assigned will be determined by chance. It
is like flipping a coin. The randomization is done by a computer. Neither you nor the researcher
will choose which group you will be assigned to. You will have an equal chance of being
assigned to either group.

Following your initial (baseline) assessments, you will be randomly assigned to 1 of the 2
groups: (1) 3 days a week of high-intensity aerobic interval exercise training, or (2) usual care*

(no supervised exercise training).

*IMPORTANT: If you are assigned to the usual care group, we will offer you a one month
high-intensity aerobic interval exercise training program after the final study assessment.

“HOW MANY PEOPLE WILL TAKE PART IN THIS STUDY?”
Overall we hope to recruit 70 testicular cancer survivors from Edmonton, Alberta.
“WHAT WILL MY PARTICIPATION INVLOLVE?”

If you take part in this study, you will have the following tests and be asked to complete the
following intervention:

Complete three assessments, one at the beginning (#1), another after 12 weeks (#2), and a final
evaluation an additional 12 weeks after that (#3). Assessments #1 & 2 are the longest and require
approximately 3.5 hours to complete. Assessment #3 just requires you to complete a
questionnaire (approximately 30 minutes to complete).
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Assessments #1 & 2 involve an aerobic exercise test, a resting nervous system test, and four
resting blood vessel tests. All aspects of the assessments will be conducted by the Research
Coordinator, who has been trained and licensed to perform all of the techniques.

The aerobic exercise tests will take place at the Cross Cancer Institute or the Behavioural
Medicine Fitness Centre (University of Alberta campus) and will consist of walking (maybe
jogging) on a treadmill until you are very tired.

The nervous system and blood vessel tests will take place at the Physical Activity and Diabetes
Laboratory (University of Alberta) and will consist of recording your resting heart rate, blood
pressure and measuring your blood vessel thickness and movements using non-invasive
recording devices placed on the skin (i.e., ultrasound and tonometry probes). You will be
required to fast (you may drink water only) and avoid exercise for a period of >8 hours prior to
each test.

Self-administered questionnaires that ask about your current health status, physical activity,
quality of life, fatigue, perceived stress, depression, sleeping patterns and sexual function will be
completed either on-site or at home and will take approximately 30 minutes to complete.

Prior to assessments #1 & 2, you will be asked to visit a Dynalife Laboratory clinic location to
have a small sample of blood drawn to measure various biomarkers. You will be required to fast
(you may drink water only) and avoid exercise for a period of >8 hours prior to each blood
sample.

Type of Assessment Baseline 12 Week Follow-up 24 week Follow-up
Aerobic fitness test
Nervous system test
Blood vessel tests
Blood collection
Questionnaires X X X

Following your initial (baseline) assessments, you will be randomly assigned to either the high-

intensity aerobic interval exercise training or usual care group.

ol B
T B

High-Intensity Aerobic Interval Exercise Training Group: 1f you are randomized to this
exercise program, you will be asked to perform three exercise sessions per week consisting of 35
minutes of aerobic exercise at a vigorous intensity on a treadmill. You will also be asked to
maintain your current light- to moderate-intensity exercise but avoid performing any additional
high-intensity aerobic exercise.

Usual Care Group: If you are randomized to this group, you will be asked to maintain your
current light- to moderate-intensity exercise but avoid performing any high-intensity aerobic
exercise. Once you have finished assessment #3, you will have the opportunity to receive one
month of twice-weekly, supervised high-intensity aerobic interval exercise training sessions.

For all those who are randomized to the exercise group, or any of the usual care participants who
choose to participate in the wait-list exercise program, you will be given a customized and
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supervised exercise program. All exercise will take place at the Behavioural Medicine Fitness
Centre (University of Alberta campus) for 3 sessions per week. Exercise training sessions are
available any time between 7 am and 7 pm, Monday to Friday, and 9 am to 12 pm Saturday.

Each exercise training session will last up to 60 minutes (including warm-up, cool-down, as well
as pre- and post-exercise measurements). Trained staff will supervise all exercise training
sessions.

“HOW LONG WILL I BE INVOLVED IN THE STUDY?”

You may be in this study for seven to eight months depending on your group and whether or not
you choose to take part in the bonus month of aerobic exercise training (usual care group only).

“WHAT ARE THE SIDE EFFECTS?”

There are a few risks associated with participating in this research. It is possible that some
people will experience muscle soreness and fatigue following the fitness testing. This type of
response is normal, and generally poses no threat to health. Do not take any over the counter
medications without speaking to your doctor first. If the soreness persists more than five days, or
might be associated with a muscle or joint injury, participants should see a physician. Some of
the side effects of chemotherapy could be made worse with exercise (e.g., fatigue, cardiac
problems), but no research has shown this to be the case. These risks will be reduced as much as
possible by the attention and careful instruction of research staff and by the fact that your
exercise testing will be conducted by certified fitness appraisers and that you are no longer
receiving active cancer treatment.

There is some risk associated with the aerobic fitness test. Maximal effort exercise is sometimes
associated with health risk. During and immediately after the tests, 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 to healthy participants is highly unlikely, such risks must be
acknowledged, and participants must willingly assume the risks associated with very hard
exercise.

There are no known risks associated with either of the nervous system tests. One of the blood
vessel tests may cause numbness, tingling or discomfort (similar to your foot falling asleep) as it
requires complete blood flow restriction to your lower arm for a period of five minutes. It is
highly unlikely that you will experience any long term effects due to the brief blood flow
restriction.

Finally, blood collection may cause minor discomfort and bruising but this is normal and only

temporary. There is a slight risk of infection at the needle site. In order to avoid this risk, all
blood tests will be conducted by qualified medical staff.
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If you have any side effects, either those on the list or others, or if you want more information
you should call your doctor, or the Principal Investigator or Research Coordinator in charge of
the study. Their telephone numbers are on page 6 of this form.

Unique Side Effects/Special Precaution

With this level of exercise testing and training, you may experience sore muscles, joint problems,
an injury related to the exercise or some cardiac side effects.

“WHAT ARE MY RESPONSIBILITIES?”

You must be willing to attend all scheduled study visits and undergo all of the procedures
described above. It is very important that you inform the study doctor, Principal Investigator or
Research Coordinator of any side effects or health problems that you may be experiencing.
Additionally, you must be willing to fill out the questionnaires that are part of the study protocol.

“WHAT ARE MY ALTERNATIVES?”

You may choose not to participate in this study and obtain a fitness appraisal and supervised
exercise program from a private organization that would include some of the tests and the
aerobic exercise intervention being completed in this study.

“ARE THERE ANY BENEFITS TO PARTICIPATING IN THIS STUDY?”

The benefits to you for participating in this research may include improvements to your health
and fitness. The information you provide may help us understand whether this type of aerobic
exercise can improve the cardiovascular health of testicular cancer survivors.

We understand that there is a significant time commitment to the study, but this is necessary for
the successful completion of the research.

“CAN I WITHDRAW FROM THIS STUDY?”

Taking part in this study is voluntary; you may withdraw from the study at any time if you wish
to do so. If you decide to stop participating in the study, we encourage you to talk to our staff
first. Simply inform the researcher of your wish. Should you decide to withdraw from the study
at any time, information collected on you up until that point would still be utilized in this study
unless you request to remove the information. The information collected in this study will be
used for research and teaching purposes, and to help develop guidelines for helping improve the
quality of life and health for people with cancer.

“ARE THERE COSTS TO ME FOR TAKING PART IN THIS STUDY?”
There are no financial costs to you for participating in this study. The fitness assessments,

nervous system assessment, blood vessel assessments, quality of life assessments, and exercise
program are free. We will also pay for your parking at the Behavioural Medicine Fitness Centre
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when you come for your testing and exercise training sessions. Your personal exercise trainer is
also free.

“WHAT ARE MY RIGHTS AS A PARTICIPANT?”

It is important to note that nothing said in this consent form alters your legal rights to recover
damages. If you suffer an injury as a result of participating in this research, compensation will
not be provided. However, you retain all your legal rights to pursue other possible avenues of
compensation (e.g. legal action).

“WILL MY PERSONAL INFORMATION BE KEPT CONFIDENTIAL?”

Identifiable health information will be collected during this study. This information may be used
by the researchers who are carrying out this study, and may be disclosed to others as described
below. Any research proposal to use information that identifies you for a purpose other than this
study must be approved in advance by the Health Research Ethics Board of Alberta — Cancer
Committee.

Direct access to your identifiable health information collected for this study will be restricted to
the researchers who are directly involved in this study except in the following circumstances:

Your identifiable health information may need to be inspected or copied from time to time for
quality assurance (to make sure the information being used in the study is accurate) and for data
analysis (to do statistical analysis that will not identify you). The following organizations may
do this inspection:

Health Canada, the Canadian regulatory body.
Health Research Ethics Board of Alberta — Cancer Committee

Any disclosure of your identifiable health information will be in accordance with the Alberta
Health Information Act. As well, any person from the organizations looking at your records on-
site at the Cross Cancer Institute will follow the relevant Alberta Health Services and Health
Research Ethics Board of Alberta — Cancer Committee policies and procedures that control
these actions. Any disclosure of your identifiable health information to another individual or
organization not listed here will need the approval of the Health Research Ethics Board of
Alberta — Cancer Committee.

Your identifiable health information collected as part of this study, which includes responses to
the questionnaires, will be kept confidential. We will be retaining the anonymous data file for a
period of 5 years after the completion of the research project. The data will be stored in the
Behavioural Medicine Laboratory. This laboratory is secure. If a secondary analysis is planned
using the data, appropriate ethical approval will be obtained.

The researchers who are directly involved in your study may share information about you with
other researchers, but you will not be identified in that shared information except by a number.
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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.

Although absolute confidentiality can never be guaranteed, the Alberta Health Services will
make every effort to keep your identifiable health information confidential, and to follow the
ethical and legal rules about collecting, using and disclosing this information in accordance with
the Alberta Health Information Act and other regulatory requirements.

“WHO DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?”

For information about your disease you may contact your oncologist or the Primary Medical
Advisor Scott North at (780) 432-8762. For information about research related injury/illness, you
may contact the Principal Investigator Dr. Kerry Courneya at (780) 492-1031, the Research
Coordinator Scott Adams at (780) 492-8246.

If you feel, at any time, that you have not been informed to your satisfaction about the risks,
benefits, or alternatives of this study, or that you have been encouraged to continue in this study
after you wanted to withdraw, you can call the Patient Representative at (780) 432-8585.

UNDERSTANDING OF PARTICIPANTS

I can refuse to take part or withdraw from this study at any time without jeopardizing my health
care. If I continue to take part in the study, I will be kept informed of any important new
developments and information learned after the time I gave my original consent.

I also give consent for the Principal Investigator and the Alberta Health Services (the Custodian)

to disclose identifiable health information, as per the Alberta Health Information Act, to the
organizations mentioned on the previous page.
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I have read and understood all of the information in this consent form. I have asked questions,
and received answers concerning areas I did not understand. I have had the opportunity to take
this consent form home for review and discussion. My consent has not been forced or influenced
in any way. I consent to participate in this research study. Upon signing this form I will receive
a signed copy of the consent.

(PRINT NAMES CLEARLY)
Name of Patient Signature of Patient Date
Name of Person Obtaining Consent Signature of Person Date

Obtaining Consent

Patient Study Number or Hospital Number:

Was the patient assisted during the consent process in one of the ways listed below?
o Yes o No

If yes, please check the relevant box and complete the signature space below:

o0 The consent form was read to the patient, and the person signing below attests that the study
was accurately explained to, and apparently understood by the patient.

0 The person signing below acted as a translator for the patient during the consent process.

Signature of person assisting Date
In the consent discussion

Please note: More information regarding the assistance provided during the consent process
should be noted in the medical record for the patient if applicable.
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Appendix K: Pretest Instructions
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/)2 Sehanou HITTS TRIAL TESTING &
Laboratory TRAINING LOCATIONS

sity of Albe
Y I .
0 C Parking Lot
Meeting Place:

e Parking Lot behind the Jubilee

Ole

H E EEEEEEENEENEBEBR
e

v ' Auditorium (30 minutes before
E*’ : your test)
: L]
e - @
ﬂ:‘" U | Exercise Testing
- ,=$’E”"i‘ Meeting Place:
|
l - -

e Research Translation Facility
— BML Testing Centre

Exercise Intervention
Location:

e Research Translation Facility
— BML Fitness Centre

Vascular Testing Meeting
1 Place:

e Van Vliet Complex

--------BIE‘H&------
Je s 5
g .fj.-,'* JHH'J

1145t

BC M-~ . tlle-ﬁng
HITTS Trial Contact Information:
e Scott Adams — Study Coordinator
o BML Office Phone: 780-492-8246
o BML Testing & Fitness Centre Phone: 780-492-5404
o Email Address: hitts@ualberta.ca
o Cell Phone: 587-589-1607 < use this number to reach us on testing days
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j Sl HITTS TRIAL PRETEST
Laboratory INFORMATION

Electrode Placement Sites Test-specific Sites

Electrode Placement for Vascular Test
e RA+LA+V5only

Electrode Placement for Exercise Test
o Allsites (V1-V6, RA, RL, LA, LL)

IMPORTANT
e The electrodes must be placed directly on the skin.
¢ You may choose to trim body hair yourself OR we
will spot-shave the necessary sites.

MEASUREMENT SITES
e Most measurements will be taken at the neck.
e One measurement taken at the left upper arm.
e The last measurement will be taken where the
femoral artery crosses into the leg.

THINGS TO REMEMBER
Vascular Testing: Exercise Testing:
e Please respect all pre-test instructions e Please respect all pre-test instructions
(see below) (see below)
e Bring loose-fitting t-shirt and shorts e Bring running shoes, t-shirt, shorts & water
bottle
TEST DESCRIPTIONS
Vascular Testing: Exercise Testing:
e 15 minutes for administration, instrumentation e 15 minutes for administration,
& set up instrumentation & set-up
e 30 minutes of quiet pre-test rest e 10 minutes for resting measures
e 45-60 minutes of testing e 30 minutes of testing (including warm-up and
e The measurements are VERY sensitive. cool-down)

Therefore, talking is not permitted during tests
(you may ask questions between the tests).

e You will be lying down comfortably
throughout
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Laboratory INSTRUCTIONS e

Q } behanoura HITTS TRIAL PRETEST

Morning Tests (7:00 — 11:00 a.m. start):
e Previous 12-hours
o No food, drink, caffeine, alcohol, vitamins and medication.
=  You may drink water only.
o No exercise.
e Day of test
o No food, drink, caffeine, alcohol, vitamins and medication.
* You may drink water only.
o No exercise.
o Absolutely no smoking the day of the test.

Afternoon Tests (12:00 — 4:00 p.m. start):
e Previous 12-hours
o No caffeine, alcohol, vitamins and medication.
o No exercise.
e Day of test (within 8 hours)
o You may eat a light meal no sooner than 8 hours before your test
* You can have some toast or a bagel with jam and some fruit no closer than 8 hours before
your test, but you must avoid all sources of fat (e.g., butter, margarine, oils, dairy
products, etc.).
o You may drink water, but no other food or drink.
o Absolutely no smoking the day of the test.

Evening Tests (5:00 — 8:00 p.m. start):
e Previous 12-hours
o No caffeine, alcohol, vitamins and medication.
o No exercise.
e Day of test (within 8 hours)
o You may eat a regular breakfast (MUST be low fat)
o You may eat a light meal no sooner than 8 hours before your test
= You can have some toast or a bagel with jam and some fruit no closer than 8 hours before
your test, but you must avoid all sources of fat (e.g., butter, margarine, oils, dairy
products, etc.).
o You may drink water throughout the day, but no other food or drink!
o Absolutely no smoking the day of the test.
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Appendix L: Intervention Tracking Sheet
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Behavioural Intervention Tracking Sheet Participant Name:
ﬂ ) M Ed icine : Start Date (yyyMm/pp):

) /1 Laboratory STUDY ID: T
BLOCK I (Weeks 1-4)
Session | pate | Resting | Resting BP | Full Target | pinal Work | Target Rec. | Final Rec.
Number | xy/MwDD) | HR (bpm) | (mmHg) Session W(g:(m)HR HR @pm) HR ®pm) HR @pm)

1.1 Y/N

1.2 Y/N

1.3 Y/N

2.1 Y/N

2.2 Y/N

2.3 Y/N

31 Y/N

3.2 Y/N

33 Y/N

4.1 Y/N

4.2 Y/N

4.3 Y/N
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BLOCK I — Session Heart Rates

Session

Period Heart Rates

Number |Work 1| Rec. 1

Work 2

Rec. 2

Work 3

Rec. 3

Work 4

Notes/Adjustments

1.1

1.2

1.3

2.1

2.2

2.3

3.1

3.2

33

4.1

4.2

4.3

Supplemental Notes
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Behavioural Intervention Tracking Sheet Participant Name:
ﬂ ) M Ed icine : Start Date (yyyMm/pp):

) /1 Laboratory STUDY ID: T
BLOCK II (Weeks 5-8)
Session (Y€7;;M / Resting | Resting BP Fu.ll Target Work| Final Work | Target Rec. | Final Rec.
Number DD) HR ®pm) (mmHg) Session HR ®pm) HR ®pm) HR ®pm) HR ®pm)

5.1 Y /N

5.2 Y /N

5.3 Y /N

6.1 Y /N

6.2 Y /N

6.3 Y /N

7.1 Y /N

7.2 Y /N

7.3 Y /N

8.1 Y /N

8.2 Y /N

8.3 Y /N
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BLOCK II — Session Heart Rates

Session
Number

Period Heart Rates

Work 1

Rec. 1

Work 2

Rec. 2

Work 3

Rec. 3

Work 4

Notes/Adjustments

5.1

5.2

5.3

6.1

6.2

6.3

7.1

7.2

7.3

8.1

8.2

83

Supplemental Notes
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Behavioural Intervention Tracking Sheet Participant Name:
ﬂ ) M Ed icine : Start Date (yy/Mm/DD):
) /1 Laboratory STUDY ID: T

BLOCK IITI (Weeks 9-12)
Session (Y€7;;M / Resting | Resting BP Fu.ll Target Work | Final Work | Target Rec. | Final Rec.
Number DD) HR ®pm) (mmHg) Session HR ®pm) HR ®pm) HR ®pm) HR ®pm)

9.1 Y /N

9.2 Y/N

9.3 Y/N

10.1 Y/N

10.2 Y/N

10.3 Y/N

11.1 Y/N

11.2 Y/N

11.3 Y /N

12.1 Y/N

12.2 Y/N

12.3 Y /N
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BLOCK III — Session Heart Rates

Session

Period Heart Rates

Number |Wwork 1| Rec. 1

Work 2

Rec. 2

Work 3

Rec. 3

Work 4

Notes/Adjustments

9.1

9.2

9.3

10.1

10.2

10.3

11.1

11.2

11.3

12.1

12.2

12.3

Supplemental Notes
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Make-Up Sessions

Session Date |Resting| Resting BP| Full | Target Work HR|Rec. HR .
Number | vy/MMDD) |HR (bpm)| (mmHg) | Session |HR (bpm)| Avg. (bpm) |AVE. (bpm) Notes/Adjustments

E.1 Y /N

E.2 Y /N

E.3 Y /N

E.4 Y /N
Make-Up Session Heart Rates

i Period Heart Rates

Session Notes/Adjustments
Number 'Wwork 1| Rec. 1 |Work 2| Rec. 2 |Work 3| Rec. 3 |Work 4

E.1

E.2

E.3

E.4
Supplemental Notes
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Appendix M: Baseline Self-Report Questionnaire
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UNIVERSITY OF Cross Cancer Institute

' 11560 University Avenue, Edmonton,
IINIE Alberta Health & ALBERT A

= Alberta, Canada, T6G 172
. serwces Tel: 780.432.8770

Identification #

Date:

A study to test the effects of high-intensity aerobic interval exercise on the cardiovascular
health of testicular cancer survivors.

Baseline Questionnaire

Investigators: Scott C. Adams, MSc!; Margie Davenport, PhD!; Darren DeLorey, PhD!; Adrian Fairey, MD'?;
Scott North, MD'*; Kerry Courneya, PhD'.

— University of Alberta; 2 — Alberta Urology Institute; > — Cross Cancer Institute

Instructions

Thank you for agreeing to participate in this study. In this questionnaire, we are going to ask you a series of
questions about yourself. Many of the questions ask you about your physical and mental health, and some may
be viewed as personal. It is important to answer as many of these questions as possible, however, if you feel
uncomfortable answering certain questions please leave them blank. All responses are completely confidential
and will never be used in any way that could link them to you. Many of the questions may seem similar but it is
important to treat each question separately and provide an answer for each. There are no right or wrong answers
and all we ask is that you provide responses that are as honest and accurate as possible. The questionnaire
should take about 30-45 minutes of your time to complete. If you have any questions about completing the
questionnaire, please contact our Research Coordinator at (780) 492-8246 or hitts@ualberta.ca.
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This set of questions asks for your views about your health. This information will help keep track of how you
feel and how well you are able to do your usual activities. Answer every question by marking a single answer.
If you are unsure about how to answer a question please give the best answer you can.

1. In general, would you say your health is:

1 2 3 4 5
Excellent Very good Good Fair Poor

2. Compared to one year ago, how would you rate your health in general now?

2

i Somewhat better 3 : >

Much better now About the same as Somewhat worse Much worse now
now than one year

than one year ago 220 one year ago than one year ago than one year ago

3. The following questions are about activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?

Yes, limiteda  Yes, limiteda  No, not

lot little limited at all
Vigorous Activities, such as running, lifting heavy
a. ; C 1 2 3
objects, participating in strenuous sports
Moderate Activities, such as moving a table,
b. . . . 2 3
pushing a vacuum cleaner, bowling, or playing golf
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f.  Bending, kneeling or stooping 1 2 3
g.  Walking more than a mile 1 2 3
h. Walking several hundred yards 1 2 3
1. Walking one hundred yards 1 2 3
j.  Bathing or dressing yourself 1 2 3
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4. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of your physical health?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time

Cut down on the amount of time you

a. . 1 2 3 4 5
spent on work or other activities

b. Accomplished less than you would like 1 2 3 4 5

. W§r§ llmlted in the kind of work or other 1 5 3 4 5
activities

d Had difficulty performing the work or 1 ) 3 4 5

other activities (e.g., it took extra effort)

5. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time
Cut down on the amount of time you
a. L 1 2 3 4 5
spent on work or other activities
b. Accomplished less than you would like 1 2 3 4 5
.. Did work or other activities less carefully 1 ) 3 4 5

than usual

6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with
your normal social activities with family, friends, neighbors, or groups?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely

7. How much bodily pain have you had during the past 4 weeks?

1 2 3 4 5 6
None Very mild Mild Moderate Severe Very severe

8. During the past 4 weeks, how much did pain interfere with your normal work (including both work
outside the home and housework)?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely
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9. These questions are about how you feel and how things have been with you during the past 4 weeks. For
each question, please give one answer that comes closest to the way you have been feeling.

How much of the time during the past 4 weeks...
All of the Mostof  Someof A little of None of

time the time  thetime  thetime  the time
a. Did you feel full of life? 1 2 3 4 5
b. Have you been very nervous? 1 2 3 4 5
Have you felt so down in the dumps that
C. . 1 2 3 4 5
nothing could cheer you up?
d. Have you felt calm and peaceful? 1 2 3 4 5
e. Did you have a lot of energy? 1 2 3 4 5
f.  Have you felt downhearted and depressed? 1 2 3 4 5
g. Did you feel worn out? 1 2 3 4 5
h. Have you been happy? 1 2 3 4 5
i.  Did you feel tired? 1 2 3 4 5

10. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered
with your social activities (like visiting friends, relatives, etc.)?

1 2 3 4 5
All of the time Most of the time Some of the time A little of the time None of the time

11. How TRUE or FALSE is each of the following statements for you?

Definitely Mostly Don’t Mostly Definitely

true true know false false
A I seem to get sick a little easier than other 1 ) 3 4 5
people
b. Iam as healthy as anybody I know 1 2 3 4 5
c. I expect my health to get worse 1 2 3 4 5
d. My health is excellent 1 2 3 4 5
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FATIGUE SYMPTOMS

During the PAST WEEK:
1. Ifeel fatigued
2. Ifeel weak all over
3. Ifeel listless (“washed out”)
4. Ifeel tired
5 I have trouble starting things because I am
" tired
6 I have trouble finishing things because I
" am tired
7. Thave energy
8. I am able to do my usual activities
9.  Ineed to sleep during the day
10. Tam too tired to eat
11. Ineed help doing my usual activities
I am frustrated by being too tired to do the
12. .
things I want to do
13 I have to limit my social activity because I

am tired

Notatall Little bit VSV‘I’;;" Si‘tlite a Xifc y
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 I 2 3 4
0 1 2 3 4
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The questions in this scale 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...

10.

11.

12.

13.

14.

been upset because of something that
happened unexpectedly?

felt that you were unable to control the
important things in your life?

felt nervous and stressed?

dealt successfully with irritating life
hassles?

felt that you were effectively coping with
important changes that were occurring in
your life?

felt confident about your ability to handle
your personal problems?

felt that things were going your way?

found that you could not cope with all the
things that you had to do?

been able to control irritations in your
life?

felt that you were on top of things?

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

~rantral?9

found yourself thinking about things that
you have to accomplish?

been able to control the way you spend
your time?

felt difficulties were piling up so high that
you could not overcome them?

Never Almost Spme- Fairly Very
never times often often

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4
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The following 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.
Sjcrongly Disagree Agree Strongly
disagree agree
1. On the whole I am satisfied with myself. 1 2 3 4
2. Attimes I think that I am no good at all. 1 2 3 4
3. Ifeel that I have a number of good qualities. 1 2 3 4
4 I am able to do things as well as most other 1 ) 3 4
people.
5. Ifeel I do not have much to be proud of. 1 2 3 4
6. I certainly feel useless at times. 1 2 3 4
I feel that I am a person of worth, at least on
7. ; 1 2 3 4
an equal plane with others.
8.  I'wish I could have more respect for myself. 1 2 3 4
9 Al.l in all, I am inclined to feel that I am a 1 ) 3 4
failure.
10. Itake a positive attitude toward myself. 1 2 3 4
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Below is a list of statements concerning how you might have felt or behaved in the past week. Please use the
following scale to indicate how often you felt or behaved in these ways in the past week.

g(arely or none of the éome of the time i/Iuch of the time 13\/Iost or all of the time
time (<1 day) (1-2 days) (3-4 days) (5-7 days)
During the PAST WEEK:

1. I felt depressed. 0 1 2 3
2. Ifelt that everything I did was an effort. 0 1 2 3
3. My sleep was restless. 0 1 2 3
4.  Iwas happy. 0 1 2 3
5. Ifelt lonely. 0 1 2 3
6. People were unfriendly. 0 1 2 3
7.  lenjoyed life. 0 1 2 3
8. Ifelt sad. 0 1 2 3
9. 1 felt that people disliked me. 0 1 2 3
10. I could not get "going". 0 1 2 3

317



A number of statements which people have used to describe themselves are given below. Read each

statement and then circle the appropriate number that best indicates how you have felt during the past week.
There are no right or wrong answers. Do not spend too much time on any one statement but give the answer

that best describes how you felt.

During the PAST WEEK:

1. Ifeltcalm

2. I wastense

3. Ifeltatease

4. I worried over possible misfortunes

5. Ifelt frightened

6. I felt self-confident

7. 1was jittery

8. I wasrelaxed

9. I was worried

10. I felt steady

Moderately Very much

Not at all Somewhat . S0
1 2 3 4
1 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
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The following questions relate to your usual sleep habits during the past month. Your answers should indicate
the most accurate reply for the majority of days and nights in the past month.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME
2. During the past month, how long has it usually taken you to fall asleep each night?
NUMBER OF MINUTES
3. During the past month, when have you usually gotten up in the morning?

USUAL GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get at night? (This may be different than
the
number of hours you spend in bed.)

HOURS OF SLEEP PER NIGHT
5. During the past month, how would you rate your sleep quality overall?

Very good Fairly good Fairly bad Very bad

6. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you
sleep?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

7. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

8. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get
things done?

No problem at all Only a very slight problem

Somewhat of a problem A very big problem
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For this next question, we would like you to recall the amount of exercise you have done IN 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.

» please write the average frequency on the first line and the average duration on the second.

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

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

Times Per Week  Average Duration

VIGOROUS/STRENUOUS EXERCISE
(HEART BEATS RAPIDLY, SWEATING)
(e.g. running, aerobics classes, cross country skiing, vigorous
swimming, vigorous bicycling)

MODERATE EXERCISE
(NOT EXHAUSTING LIGHT PERSPIRATION)
(e.g. fast walking, tennis, easy bicycling, easy swimming,
popular and folk dancing)

LIGHT/MILD EXERCISE
(MINIMAL EFFORT, NO PERSPIRATION)
(e.g. easy walking, yoga, bowling, lawn bowling,
shuffleboard)

RESISTANCE/STRENGTH EXERCISE
(e.g. lifting weights, push ups, sit ups, therabands)
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The next set of questions on this page relate to how you feel about the high-intensity aerobic interval exercise protocol used in this

study.

As a reminder, this protocol involves walking/running on a treadmill while performing alternating bouts of four 4-minute
vigorous work periods (i.e., at 75-95% intensity) and three 3-minute lower intensity recovery periods (e.g. <50%) — for a
total of 25 minutes.

For the following questions, please circle the number that most closely represents how you feel about the protocol described above.

1. How beneficial do you think it will be for you to perform this high-intensity aerobic interval protocol?

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 to perform this high-intensity aerobic interval protocol?

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

3. How supportive do you think your family/friends will be of you performing this high-intensity aerobic
interval protocol?

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

4. How motivated are you to perform this high-intensity aerobic interval protocol?

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

5. How difficult will it be for you to perform this high-intensity aerobic interval protocol?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much
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For the following questions (a-1), we are interested in knowing about any benefits or harm you feel may result
from performing high-intensity aerobic interval exercise. Please use the following scale to guide your
responses.

1 2 3 4 5 6 7
Very much Somewhat Slightly No change Slightly Somewhat Very much
worse worse worse improved improved improved

What effect, if any, will performing high-intensity aerobic interval exercise have on each of the following for
you?

a.  physical functioning 1 2 3 4 5 6 7
b.  overall quality of life 1 2 3 4 5 6 7
c.  cardiovascular endurance 1 2 3 4 5 6 7
d.  muscular strength 1 2 3 4 5 6 7
e. fatigue 1 2 3 4 5 6 7
f.  sleep quality 1 2 3 4 5 6 7
g.  depressed feelings 1 2 3 4 5 6 7
h.  anxious feelings 1 2 3 4 5 6 7
1. self-esteem 1 2 3 4 5 6 7
j.  stress 1 2 3 4 5 6 7
k. body weight or shape 1 2 3 4 5 6 7
1. illness or injury 1 2 3 4 5 6 7

Any other positive or negative effects you may experience?
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For the following questions (a-1), we are also interested in knowing what, if any, barriers you feel would
make it difficult for you to perform high-intensity aerobic interval exercise. Please use the scale below to
guide your responses.

1 2 3 4 5 6 7
Not at all Somewhat A fair bit Very much

How much of a barrier will each of the following factors be for you in trying to perform high-intensity
aerobic interval exercise?

a.  bad weather 1 2 3 4 5 6 7
b.  feeling tired or fatigued 1 2 3 4 5 6 7
c.  symptoms and side effects of treatments 1 2 3 4 5 6 7
d.  other medical/health problems 1 2 3 4 5 6 7
e.  too busy and had limited time 1 2 3 4 5 6 7
f.  pain or soreness 1 2 3 4 5 6 7
g.  feeling sick/not feeling well 1 2 3 4 5 6 7
h.  nausea/vomiting 1 2 3 4 5 6 7
1. urinary incontinence 1 2 3 4 5 6 7
j. medical appointments 1 2 3 4 5 6 7
k.  lack of motivation 1 2 3 4 5 6 7
1. travelling to the fitness centre 1 2 3 4 5 6 7

Any other barriers you may experience?
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This next part of the questionnaire is needed to help understand the medical profile for those participating in the
study. For this reason it is very important information. All information is held in strict confidence. Please
answer the questions to the best of your knowledge.

1. When were you diagnosed with testicular cancer (month/year)?

2. Did your cancer involve the lymph nodes (please check)?

Yes No Unsure

3. Was your cancer described as “localized” (confined to the testicle) or “metastasized” (spread to other parts
of the body)?

Localized Metastasized Unsure

4. If your cancer was described as metastasized, where else in your body was it? (check all that apply)

Lung Lymph nodes Brain Liver

Bone Other (Please specify: ) Unsure
5a. Did your treatment include surgical removal of a testicle (please check)?

Yes No

5b. If yes, was it one or both testicles?

One Two

6a. Did your treatment include radiation therapy (please check)?

Yes No

6b. If yes, how many treatments did you receive and to which area(s) of your body (please fill in below)?

Number of treatments:

Area(s) of the body treated:

324



7a. Did your treatment include chemotherapy therapy (please check)?

Yes No

7b. If yes, what kind of chemotherapy did you receive? (check all that apply)

Cisplatin Bleomycin Etoposide Paclitaxel

Other (Please List):
Ifosfamide Vinblastine

8. What is the current status of your cancer treatments?

I am not currently receiving any treatments.
I am currently still receiving cancer treatments.

If currently on treatment, what treatment?

9. Have you ever had a recurrence of your testicular cancer? Yes No

10. What is the current status of your testicular cancer?
the doctors have told me that the cancer is gone from my body.

the doctors have told me that I still have some cancer in my body.

325



This part of the questionnaire is needed to help understand the characteristics of the people participating in the
study. For this reason it is very important information. All information is held in strict confidence and its
presentation to the public will be group data only.

1. Age:

2. Current Marital Status:

Never Married Married Common Law

Separated Widowed Divorced

3. Education (Please check highest level attained):

Some High School - Completed High School ~ Some University/College
Completed Univ/Coll - Some Graduate School ~~ Completed Grad School
4. Annual Family Income:

< $20,000 _ $20-39,999 _ $40-59,999 7
$60-79,999 _ $80-99,999 ____ >§100,000 L
5. Current Employment Status:

Disability - Retired ~ PartTime -
Full Time Sick Leave

6. What is your primary ethnic origin or race (please circle)?

White Black Hispanic Asian Aboriginal Other
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7. Which of the following best describes your current smoking status?

Never Smoked Ex-Smoker Current Smoker

8. Has a doctor or nurse ever told you that you had any of the following conditions? (check all that apply):

High blood pressure ~~ No _ Yes High cholesterol ~___ No _ Yes
Heart attack ~__ No _ Yes Stroke ~___ No _ Yes
Emphysema ~___ No _ Yes Chronic bronchitis ~ No _ Yes
Diabetes ~ No ~ Yes Other cancer ~ No ~ Yes
Angina (chestpains) ~ No __ Yes Arthritis ____ No _ Yes

Any other long term health condition?

9. 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

10. Are you currently taking any medications for health problems? (e.g., for anxiety, depression, blood pressure,
constipation, pain, to help with sleep, etc.).

What is the medication? What is it for? (e.g., blood pressure, anxiety)

Others?
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Anything else you would like to tell us? On this final page, please feel free to make any comments concerning
your testicular cancer, the tests, the questionnaire, the exercise program, or anything else you think may be
helpful to us. All comments are welcome.

Thank you very much for participating in this research. Please bring the completed questionnaire to your fitness
testing appointment at the Behavioural Medicine Fitness Centre.
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Appendix N: Postintervention Self-Report Questionnaire — Usual Care Group
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UNIVERSITY OF Cross Cancer Institute

' 11560 University Avenue, Edmonton,
N Alberta Health = ALBERT A

= Alberta, Canada, T6G 172
. Ser\m:es Tel: 780.432.8770
Identification #
Date:

A study to test the effects of high-intensity aerobic interval exercise on the cardiovascular
health of testicular cancer survivors.

Follow-Up Questionnaire

Investigators: Scott C. Adams, MSc!; Margie Davenport, PhD!; Darren DeLorey, PhD!; Adrian Fairey, MD'?;
Scott North, MD!*; Kerry Courneya, PhD'.

— University of Alberta; 2 — Alberta Urology Institute; > — Cross Cancer Institute

Instructions

Thank you for your continued participation in this study. Now that you have completed the 12 week follow-up
period, we are going to ask you many of the same questions as in the first questionnaire. However, it is
important to answer these questions based on what you are thinking and feeling right now and not on how you
answered the questions last time. This will give us important information about how your thoughts and feelings
have changed. Many of the questions may seem similar but it is important to treat each question separately and
provide an answer for all the questions if possible. However, if you feel uncomfortable answering certain
questions please leave them blank. All responses are completely confidential and will never be used in any way
that could link them to you. Many of the questions may seem similar but it is important to treat each question
separately and provide an answer for each. There are no right or wrong answers and all we ask is that you
provide responses that are as honest and accurate as possible. The questionnaire should take about 30-45
minutes of your time to complete. If you have any questions about completing the questionnaire, please contact
Scott Adams (Research Coordinator) at (780) 492-8246 or hitts(@ualberta.ca.
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This set of questions asks for your views about your health. This information will help keep track of how you
feel and how well you are able to do your usual activities. Answer every question by marking a single answer.
If you are unsure about how to answer a question please give the best answer you can.

1. In general, would you say your health is:

1 2 3 4 5
Excellent Very good Good Fair Poor

2. Compared to one year ago, how would you rate your health in general now?

2

i Somewhat better 3 : >

Much better now About the same as Somewhat worse Much worse now
now than one year

than one year ago 220 one year ago than one year ago than one year ago

3. The following questions are about activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?

Yes, limiteda  Yes, limiteda  No, not

lot little limited at all
Vigorous Activities, such as running, lifting heavy
a. ; C 1 2 3
objects, participating in strenuous sports
Moderate Activities, such as moving a table,
b. . . . 2 3
pushing a vacuum cleaner, bowling, or playing golf
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f.  Bending, kneeling or stooping 1 2 3
g.  Walking more than a mile 1 2 3
h. Walking several hundred yards 1 2 3
1. Walking one hundred yards 1 2 3
j.  Bathing or dressing yourself 1 2 3
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4. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of your physical health?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time

Cut down on the amount of time you

a. . 1 2 3 4 5
spent on work or other activities

b. Accomplished less than you would like 1 2 3 4 5

. W§r§ llmlted in the kind of work or other 1 5 3 4 5
activities

d Had difficulty performing the work or ) 3 4 5

other activities (e.g., it took extra effort)

5. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?

All of the Most of Some of A little of None of

time the time  thetime thetime  the time
Cut down on the amount of time you
a. . 1 2 3 4 5
spent on work or other activities
b. Accomplished less than you would like 1 2 3 4 5
. Did work or other activities less carefully 1 ) 3 4 5

than usual

6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with
your normal social activities with family, friends, neighbors, or groups?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely

7. How much bodily pain have you had during the past 4 weeks?

1 2 3 4 5 6
None Very mild Mild Moderate Severe Very severe

8. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside
the home and housework)?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely
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9. These questions are about how you feel and how things have been with you during the past 4 weeks. For
each question, please give one answer that comes closest to the way you have been feeling.

How much of the time during the past 4 weeks...
All of the Mostof  Someof A little of None of

time the time  thetime  thetime  the time
a. Did you feel full of life? 1 2 3 4 5
b. Have you been very nervous? 1 2 3 4 5
Have you felt so down in the dumps that
C. . 1 2 3 4 5
nothing could cheer you up?
d. Have you felt calm and peaceful? 1 2 3 4 5
e. Did you have a lot of energy? 1 2 3 4 5
f.  Have you felt downhearted and depressed? 1 2 3 4 5
g. Did you feel worn out? 1 2 3 4 5
h. Have you been happy? 1 2 3 4 5
i.  Did you feel tired? 1 2 3 4 5

10. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered
with your social activities (like visiting friends, relatives, etc.)?

1 2 3 4 5
All of the time Most of the time Some of the time A little of the time None of the time

11. How TRUE or FALSE is each of the following statements for you?

Definitely Mostly Don’t Mostly Definitely

true true know false false
A I seem to get sick a little easier than other 1 ) 3 4 5
people
b. Iam as healthy as anybody I know 1 2 3 4 5
c. I expect my health to get worse 1 2 3 4 5
d. My health is excellent 1 2 3 4 5
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FATIGUE SYMPTOMS

During the PAST WEEK:
. . Some- Quite a Very
Not atall Little bit what bit much
1. Ifeel fatigued 0 1 2 3 4
2. Ifeel weak all over 0 1 2 3 4
3. Ifeel listless (“washed out”) 0 1 2 3 4
4. Ifeel tired 0 1 2 3 4
5 I.have trouble starting things because [ am 0 1 ) 3 4
tired
6. I ha\{e trouble finishing things because I 0 1 ) 3 4
am tired
7. Thave energy 0 1 2 3 4
8. I am able to do my usual activities 0 1 2 3 4
9.  Ineed to sleep during the day 0 1 2 3 4
10. Tam too tired to eat 0 1 2 3 4
11. Ineed help doing my usual activities 0 1 2 3 4
12, I am frustrated by being too tired to do the 0 1 ) 3 4
things I want to do
13, I have to limit my social activity because I 0 1 ) 3 4

am tired

334



The questions in this scale 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...

10.

11.

12.

13.

14.

been upset because of something that
happened unexpectedly?

felt that you were unable to control the
important things in your life?

felt nervous and stressed?

dealt successfully with irritating life
hassles?

felt that you were effectively coping with
important changes that were occurring in
your life?

felt confident about your ability to handle
your personal problems?

felt that things were going your way?

found that you could not cope with all the
things that you had to do?

been able to control irritations in your
life?

felt that you were on top of things?

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

~rantral?9

found yourself thinking about things that
you have to accomplish?

been able to control the way you spend
your time?

felt difficulties were piling up so high that
you could not overcome them?

Never Almost Spme- Fairly Very
never times often often

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4
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The following 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.
Sjcrongly Disagree Agree Strongly
disagree agree
1. On the whole I am satisfied with myself. 1 2 3 4
2. Attimes I think that I am no good at all. 1 2 3 4
3. Ifeel that I have a number of good qualities. 1 2 3 4
4 I am able to do things as well as most other 1 ) 3 4
people.
5. Ifeel I do not have much to be proud of. 1 2 3 4
6. I certainly feel useless at times. 1 2 3 4
I feel that I am a person of worth, at least on
7. . 1 2 3 4
an equal plane with others.
8.  I'wish I could have more respect for myself. 1 2 3 4
9 Al.l in all, I am inclined to feel that I am a 1 ) 3 4
failure.
10. Itake a positive attitude toward myself. 1 2 3 4
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Below is a list of statements concerning how you might have felt or behaved in the past week. Please use the
following scale to indicate how often you felt or behaved in these ways in the past week.

g(arely or none of the éome of the time i/Iuch of the time 13\/Iost or all of the time
time (< 1 day) (1-2 days) (3-4 days) (5-7 days)
During the PAST WEEK:

1. I felt depressed. 0 1 2 3
2. Ifelt that everything I did was an effort. 0 1 2 3
3. My sleep was restless. 0 1 2 3
4. 1was happy. 0 1 2 3
5. Ifelt lonely. 0 1 2 3
6. People were unfriendly. 0 1 2 3
7. lenjoyed life. 0 1 2 3
8. Ifelt sad. 0 1 2 3
9. I felt that people disliked me. 0 1 2 3
10. I could not get "going". 0 1 2 3
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A number of statements which people have used to describe themselves are given below. Read each

statement and then circle the appropriate number that best indicates how you have felt during the past week.
There are no right or wrong answers. Do not spend too much time on any one statement but give the answer

that best describes how you felt.

During the PAST WEEK:

1. Ifelt calm

2. I wastense

3. Ifeltatease

4. I worried over possible misfortunes

5. Ifelt frightened

6. I felt self-confident

7. 1was jittery

8. I wasrelaxed

9. I was worried

10. I felt steady

Moderately Very much

Not at all Somewhat . S0
1 2 3 4
1 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
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The following questions relate to your usual sleep habits during the past month. Your answers should indicate
the most accurate reply for the majority of days and nights in the past month.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME
2. During the past month, how long has it usually taken you to fall asleep each night?
NUMBER OF MINUTES
3. During the past month, when have you usually gotten up in the morning?
USUAL GETTING UP TIME
4. During the past month, how many hours of actual sleep did you get at night? (This may be different than
thenurnbelr of hours you spend in bed.)

HOURS OF SLEEP PER NIGHT

5. During the past month, how would you rate your sleep quality overall?

Very good Fairly good Fairly bad Very bad

6. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you
sleep?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

7. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

8. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get
things done?

No problem at all Only a very slight problem

Somewhat of a problem A very big problem
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For this next question, we would like you to recall the amount of exercise you have done during the past 12
weeks.

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.

» please write the average frequency on the first line and the average duration on the second.

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

Considering a typical week (7 days) how many times on the average did you do the following kinds of
exercise during the past 12 weeks?

Times Per Week  Average Duration

VIGOROUS/STRENUOUS EXERCISE
(HEART BEATS RAPIDLY, SWEATING)
(e.g. running, aerobics classes, cross country skiing, vigorous
swimming, vigorous bicycling)

MODERATE EXERCISE
(NOT EXHAUSTING, LIGHT PERSPIRATION)
(e.g. fast walking, tennis, easy bicycling, easy swimming,
popular and folk dancing)

LIGHT/MILD EXERCISE
(MINIMAL EFFORT, NO PERSPIRATION)
(e.g. easy walking, yoga, bowling, lawn bowling,
shuffleboard)

RESISTANCE EXERCISE
(e.g. lifting weights, push ups, sit ups, therabands)
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The next set of questions on this page relate to how you felt about taking part in this study. Please answer
each one as honestly as possible using the following scale:

1 2 3 4 5 6 7
Not at all Somewhat A fair bit Very much

1. How much of a burden was it for you to complete each of the following assessments in this study?

a.  the treadmill fitness test 1 2 3 4 5 6 7
b.  the blood vessel imaging tests 1 2 3 4 5 6 7
c.  the questionnaires 1 2 3 4 5 6 7

2. With hindsight, how do you feel about participating in this study?

a. rewarding 1 2 3 4 5 6 7
b. awaste of my time 1 2 3 4 5 6 7
c.  useful for research helping others 1 2 3 4 5 6 7
d.  useful for me personally 1 2 3 4 5 6 7

something that [ would recommend to other
testicular cancer survivors

3. Thinking back, how did you feel when you found out that you were randomly assigned to the control
group?

1 2 3 4 5 6 7
Extremely Quite Slightly Neutral Slightly Quite Extremely
disappointed  disappointed disappointed pleased pleased pleased
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The following questions ask you to rate how you feel about exercising over the next six months. Please pay
careful attention to the words and descriptors 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 train aerobically over the next six months?

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 train aerobically over the next six months?

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

3. How supportive do you think your family/friends will be if you try to train aerobically over the next six
months?

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

4. How motivated are you to train aerobically over the next six months?

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 train aerobically over the next six months?

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

6. Do you have a specific plan for where, when, and how you are going to train aerobically over the next six
months?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much
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Anything else you would like to tell us? On this final page, please feel free to make any comments concerning
your testicular cancer, the tests, the questionnaire, the exercise program, or anything else you think may be
helpful to us. All comments are welcome.

Thank you very much for participating in this research. Please bring the completed questionnaire to your
fitness testing appointment at the Behavioural Medicine Fitness Centre.
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Appendix O: Postintervention Self-Report Questionnaire — HII'T Group

344



— Cross Cancer Institute

.'. Alhe"a Hea“h UNIVERSITY OF 11560 University Avenue, Edmonton,

. serVices EEES ALBERTA Alberta, Canada, T6G 172

Tel: 780.432.8770

Identification #

Date:

A study to test the effects of high-intensity aerobic interval exercise on the cardiovascular
health of testicular cancer survivors.

Follow-Up Questionnaire

Investigators: Scott C. Adams, MSc!; Margie Davenport, PhD!; Darren DeLorey, PhD!; Adrian Fairey, MD'?;
Scott North, MD!*; Kerry Courneya, PhD'.

! — University of Alberta; > — Alberta Urology Institute; > — Cross Cancer Institute

Instructions

Thank you for your continued participation in this study. Now that you have completed the exercise
intervention, we are going to ask you many of the same questions as in the first questionnaire. However, it is
important to answer these questions based on what you are thinking and feeling right now and not on how you
answered the questions last time. This will give us important information about how your thoughts and feelings
have changed. Many of the questions may seem similar but it is important to treat each question separately and
provide an answer for all the questions if possible. However, if you feel uncomfortable answering certain
questions please leave them blank. All responses are completely confidential and will never be used in any way
that could link them to you. Many of the questions may seem similar but it is important to treat each question
separately and provide an answer for each. There are no right or wrong answers and all we ask is that you
provide responses that are as honest and accurate as possible. The questionnaire should take about 30-45
minutes of your time to complete. If you have any questions about completing the questionnaire, please contact
Scott Adams (Research Coordinator) at (780) 492-8246 or hitts@ualberta.ca.
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This set of questions asks for your views about your health. This information will help keep track of how you
feel and how well you are able to do your usual activities. Answer every question by marking a single answer.
If you are unsure about how to answer a question please give the best answer you can.

1. In general, would you say your health is:

1 2 3 4 5
Excellent Very good Good Fair Poor

2. Compared to one year ago, how would you rate your health in general now?

2

i Somewhat better 3 : >

Much better now About the same as Somewhat worse Much worse now
now than one year

than one year ago 220 one year ago than one year ago than one year ago

3. The following questions are about activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?

Yes, limiteda  Yes, limiteda  No, not

lot little limited at all
Vigorous Activities, such as running, lifting heavy
a. ; C 1 2 3
objects, participating in strenuous sports
Moderate Activities, such as moving a table,
b. . . . 2 3
pushing a vacuum cleaner, bowling, or playing golf
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f.  Bending, kneeling or stooping 1 2 3
g.  Walking more than a mile 1 2 3
h. Walking several hundred yards 1 2 3
1. Walking one hundred yards 1 2 3
j.  Bathing or dressing yourself 1 2 3

346



4. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of your physical health?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time

Cut down on the amount of time you

a. L 1 2 3 4 5
spent on work or other activities

b. Accomplished less than you would like 1 2 3 4 5

. qug llmlted in the kind of work or other 1 5 3 4 5
activities

d Had difficulty performing the work or 1 ) 3 4 5

other activities (e.g., it took extra effort)

5. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time
Cut down on the amount of time you
a. L 1 2 3 4 5
spent on work or other activities
b. Accomplished less than you would like 1 2 3 4 5
. Did work or other activities less carefully 1 ) 3 4 5

than usual

6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with
your normal social activities with family, friends, neighbors, or groups?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely

7. How much bodily pain have you had during the past 4 weeks?

1 2 3 4 5 6
None Very mild Mild Moderate Severe Very severe

8. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside
the home and housework)?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely
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9. These questions are about how you feel and how things have been with you during the past 4 weeks. For
each question, please give one answer that comes closest to the way you have been feeling.

How much of the time during the past 4 weeks...
All ofthe Mostof  Some of A little of None of

time the time  thetime  thetime  the time
a. Did you feel full of life? 1 2 3 4 5
b. Have you been very nervous? 1 2 3 4 5
Have you felt so down in the dumps that
C. . 1 2 3 4 5
nothing could cheer you up?
d. Have you felt calm and peaceful? 1 2 3 4 5
e. Did you have a lot of energy? 1 2 3 4 5
f.  Have you felt downhearted and depressed? 1 2 3 4 5
g. Did you feel worn out? 1 2 3 4 5
h. Have you been happy? 1 2 3 4 5
1. Did you feel tired? 1 2 3 4 5

10. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered
with your social activities (like visiting friends, relatives, etc.)?

1 2 3 4 5
All of the time Most of the time Some of the time A little of the time None of the time

11. How TRUE or FALSE is each of the following statements for you?

Definitely Mostly Don’t Mostly Definitely

true true know false false
A I seem to get sick a little easier than other 1 ) 3 4 5
people
b. Iam as healthy as anybody I know 1 2 3 4 5
c. I expect my health to get worse 1 2 3 4 5
d. My health is excellent 1 2 3 4 5
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FATIGUE SYMPTOMS

During the PAST WEEK:
1. I feel fatigued
2. I feel weak all over
3. Ifeel listless (“washed out”)
4. Ifeel tired
5 I have trouble starting things because I am
" tired
6 I have trouble finishing things because I
" am tired
7. Thave energy
8. I am able to do my usual activities
9.  Ineed to sleep during the day
10. Tam too tired to eat
11. Ineed help doing my usual activities
I am frustrated by being too tired to do the
12. ..
things I want to do
13 I have to limit my social activity because I

am tired

Notatall Little bit stcl’lf:te ]?i‘tlite a :lirgh
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4
0 1 2 3 4

349



The questions in this scale 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...

10.

1.

12.

13.

14.

been upset because of something that
happened unexpectedly?

felt that you were unable to control the
important things in your life?

felt nervous and stressed?

dealt successfully with irritating life
hassles?

felt that you were effectively coping with
important changes that were occurring in
your life?

felt confident about your ability to handle
your personal problems?

felt that things were going your way?

found that you could not cope with all the
things that you had to do?

been able to control irritations in your
life?

felt that you were on top of things?

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

~roantral?9

found yourself thinking about things that
you have to accomplish?

been able to control the way you spend
your time?

felt difficulties were piling up so high that
you could not overcome them?

Never Almost Spme- Fairly Very
never times often often

0 1 o) 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4
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The following 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.
SFrongly Disagree Agree Strongly
disagree agree
1. On the whole I am satisfied with myself. 1 2 3 4
2. Attimes I think that I am no good at all. 1 2 3 4
3. Ifeel that I have a number of good qualities. 1 2 3 4
4 I am able to do things as well as most other 1 5 3 4
people.
5. Ifeel I do not have much to be proud of. 1 2 3 4
6. I certainly feel useless at times. 1 2 3 4
I feel that I am a person of worth, at least on
7. . 1 2 3 4
an equal plane with others.
8. I wish I could have more respect for myself. 1 2 3 4
9 Al.l in all, I am inclined to feel that I am a 1 ) 3 4
failure.
10. Itake a positive attitude toward myself. 1 2 3 4
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Below is a list of statements concerning how you might have felt or behaved in the past week. Please use the
following scale to indicate how often you felt or behaved in these ways in the past week.

g(arely or none of the éome of the time i/Iuch of the time 13\/Iost or all of the time
time (< 1 day) (1-2 days) (3-4 days) (5-7 days)
During the PAST WEEK:

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.  Iwas happy. 0 1 2 3
5. Ifelt lonely. 0 1 2 3
6. People were unfriendly. 0 1 2 3
7. lenjoyed life. 0 1 2 3
8. Ifelt sad. 0 1 2 3
9. 1 felt that people disliked me. 0 1 2 3
10. I could not get "going". 0 1 2 3
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A number of statements which people have used to describe themselves are given below. Read each

statement and then circle the appropriate number that best indicates how you have felt during the past week.
There are no right or wrong answers. Do not spend too much time on any one statement but give the answer

that best describes how you felt.

During the PAST WEEK:

1. Ifelt calm

2. I wastense

3. Ifeltatease

4. I worried over possible misfortunes

5. Ifelt frightened

6. 1 felt self-confident

7. 1was jittery

8. I wasrelaxed

9. I was worried

10. I felt steady

Moderately  Very much

Not at all Somewhat % 50
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
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The following questions relate to your usual sleep habits during the past month. Your answers should indicate
the most accurate reply for the majority of days and nights in the past month.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME

2. During the past month, how long has it usually taken you to fall asleep each night?
NUMBER OF MINUTES
3. During the past month, when have you usually gotten up in the morning?

USUAL GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get at night? (This may be different than
the
number of hours you spend in bed.)

HOURS OF SLEEP PER NIGHT

5. During the past month, how would you rate your sleep quality overall?

Very good Fairly good Fairly bad Very bad

6. During the past month, how often have you taken medicine (prescribed or “over the counter’) to help you
sleep?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

7. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

8. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get
things done?

No problem at all Only a very slight problem

Somewhat of a problem A very big problem
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For this next question, we would like you to recall the amount of exercise you have done during the past 12
weeks that was not part of the exercise program you did for this study. This means any exercise you did that
was in addition to what you did for this study.

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.

» please write the average frequency on the first line and the average duration on the second.

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

Considering a typical week (7 days) how many times on the average did you do the following kinds of
exercise during the past 12 weeks that was not part of the exercise program?

Times Per Week  Average Duration

VIGOROUS/STRENUOUS EXERCISE
(HEART BEATS RAPIDLY, SWEATING)
(e.g. running, aerobics classes, cross country skiing, vigorous
swimming, vigorous bicycling)

MODERATE EXERCISE
(NOT EXHAUSTING, LIGHT PERSPIRATION)
(e.g. fast walking, tennis, easy bicycling, easy swimming,
popular and folk dancing)

LIGHT/MILD EXERCISE
(MINIMAL EFFORT, NO PERSPIRATION)
(e.g. easy walking, yoga, bowling, lawn bowling,
shuffleboard)

RESISTANCE EXERCISE
(e.g. lifting weights, push ups, sit ups, therabands)
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The next set of questions on this page relate to how you felt about taking part in this study. Please answer
each one as honestly as possible using the following scale:

1 2 3 4 5 6 7
Not at all Somewhat A fair bit Very much

1. How much of a burden was it for you to complete each of the following assessments in this study?

a.  the treadmill fitness test 1 2 3 4 5 6 7
b.  the blood vessel imaging tests 1 2 3 4 5 6 7
c.  the questionnaires 1 2 3 4 5 6 7
d.  the supervised training sessions 1 2 3 4 5 6 7

2. With hindsight, how do you feel about participating in this study?

a. rewarding 1 2 3 4 5 6 7
b. awaste of my time 1 2 3 4 5 6 7
c.  useful for research helping others 1 2 3 4 5 6 7
d.  useful for me personally 1 2 3 4 5 6 7

something that [ would recommend to other

) . 1 2 3 4 5 6 7
testicular cancer survivors

3. Thinking back, how did you feel when you found out that you were randomly assigned to the exercise
group?

1 2 3 4 5 6 7
Extremely Quite Slightly Neutral Slightly Quite Extremely
disappointed  disappointed  disappointed pleased pleased pleased
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The following questions ask you to relate how you felt about doing the high-intensity aerobic interval
exercise program over the past 12 weeks. Please pay careful attention to the words and descriptions for each
scale and circle the number that best represents how you felt.

1. How beneficial was the aerobic interval training program?

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

2. How enjoyable was the aerobic interval training program?

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

3. How supportive were your family/friends of the aerobic interval training program?

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

4. How motivated were you to do the aerobic interval training program?

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

5. How difficult was it to do the aerobic interval training program?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much
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We are interested in knowing about any benefits or harms you feel resulted from participating in the aerobic

training program. Please use the following scale to guide your responses.

i/ery much éomewhat ;lightly ilo change glightly gomewhat Z/ery much
worse worse worse improved improved improved
What affect, if any, did the aerobic training program have on each of the following for you?

a.  physical functioning 1 2 3 4 6 7
b.  overall quality of life 1 2 3 4 6 7
c.  cardiovascular endurance 1 2 3 4 6 7
d.  muscular strength 1 2 3 4 6 7
e. fatigue 1 2 3 4 6 7
f.  sleep quality 1 2 3 4 6 7
g.  depressed feelings 1 2 3 4 6 7
h.  anxious feelings 1 2 3 4 6 7
1. self-esteem 1 2 3 4 6 7
J.  stress 1 2 3 4 6 7
k.  body weight or shape 1 2 3 4 6 7
1. illness or injury 1 2 3 4 6 7

Any other positive or negative effects you experienced?
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We are also interested in knowing what, if any, barriers you felt made it difficult for you to do the exercise
program. Please use the scale below to guide your responses.

1

2 3

Not at all Somewhat

Very much

How much of a barrier was each of the following factors for you in trying to do the aerobic training program?

L.

Any other barriers you experienced?

bad weather

feeling tired or fatigued

symptoms and side effects of treatments

other medical/health problems

too busy and had limited time

pain or soreness

feeling sick/not feeling well

nausea/vomiting

urinary incontinence

medical appointments

lack of motivation

travelling to the fitness centre
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The following questions ask you to rate how you feel about exercising over the next six months on your own
now that the supervised program is over. Please pay careful attention to the words and descriptors 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 train aerobically over the next six months?

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 train aerobically over the next six months?

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

3. How supportive do you think your family/friends will be if you try to train aerobically over the next six
months?

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

4. How motivated are you to train aerobically over the next six months?

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 train aerobically over the next six months?

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

6. Do you have a specific plan for where, when, and how you are going to train aerobically over the next six
months?
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1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much

Anything else you would like to tell us? On this final page, please feel free to make any comments concerning
your testicular cancer, the tests, the questionnaire, the exercise program, or anything else you think may be
helpful to us. All comments are welcome.

Any suggestions on how to improve the aerobic training program?
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Thank you very much for participating in this research. Please bring the completed questionnaire to your
fitness testing appointment at the Behavioural Medicine Fitness Centre.
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Appendix P: 3-Month Follow-Up Self-Report Questionnaire — Combined
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Identification #

Date:

A study to test the effects of high-intensity aerobic interval exercise on the cardiovascular
health of testicular cancer survivors.

3-Month Follow-Up Questionnaire

Investigators: Scott C. Adams, MSc!; Margie Davenport, PhD!; Darren DeLorey, PhD!; Adrian Fairey, MD'?;
Scott North, MD!*; Kerry Courneya, PhD'.

! — University of Alberta; > — Alberta Urology Institute; > — Cross Cancer Institute

Instructions

Thank you for your continued participation in this study. Now that you are 3 months post intervention, we are
going to ask you many of the same questions as in the first two questionnaires. However, it is important to
answer these questions based on what you are thinking and feeling right now and not on how you answered the
questions last time. This will give us important information about how your thoughts and feelings have
changed. Many of the questions may seem similar but it is important to treat each question separately and
provide an answer for all the questions if possible. However, if you feel uncomfortable answering certain
questions please leave them blank. All responses are completely confidential and will never be used in any way
that could link them to you. Many of the questions may seem similar but it is important to treat each question
separately and provide an answer for each. There are no right or wrong answers and all we ask is that you
provide responses that are as honest and accurate as possible. The questionnaire should take about 30-45
minutes of your time to complete. If you have any questions about completing the questionnaire, please contact
Scott Adams (Research Coordinator) at (780) 492-8246 or hitts@ualberta.ca.
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This set of questions asks for your views about your health. This information will help keep track of how you
feel and how well you are able to do your usual activities. Answer every question by marking a single answer.
If you are unsure about how to answer a question please give the best answer you can.

1. In general, would you say your health is:

1 2 3 4 5
Excellent Very good Good Fair Poor

2. Compared to one year ago, how would you rate your health in general now?

2

i Somewhat better 3 p >

Much better now About the same as Somewhat worse Much worse now
now than one year

than one year ago 220 one year ago than one year ago than one year ago

3. The following questions are about activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?

Yes, limiteda  Yes, limiteda  No, not

lot little limited at all
Vigorous Activities, such as running, lifting heavy
a. ; C 1 2 3
objects, participating in strenuous sports
Moderate Activities, such as moving a table,
b. . ) . 2 3
pushing a vacuum cleaner, bowling, or playing golf
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f.  Bending, kneeling or stooping 1 2 3
g.  Walking more than a mile 1 2 3
h. Walking several hundred yards 1 2 3
1. Walking one hundred yards 1 2 3
j.  Bathing or dressing yourself 1 2 3
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4. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of your physical health?

All of the Most of Some of A little of None of

time the time  thetime  thetime  the time

Cut down on the amount of time you

a. . 1 2 3 4 5
spent on work or other activities

b. Accomplished less than you would like 1 2 3 4 5

. W§r§ llmlted in the kind of work or other 1 5 3 4 5
activities

d Had difficulty performing the work or 1 ) 3 4 5

other activities (e.g., it took extra effort)

5. During the past 4 weeks, how much of the time have you had any of the following problems with your
work or other regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?

All of the Most of Some of A little of None of

time the time  thetime thetime  the time
Cut down on the amount of time you
a. L 1 2 3 4 5
spent on work or other activities
b. Accomplished less than you would like 1 2 3 4 5
. Did work or other activities less carefully 1 ) 3 4 5

than usual

6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with
your normal social activities with family, friends, neighbors, or groups?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely

7. How much bodily pain have you had during the past 4 weeks?

1 2 3 4 5 6
None Very mild Mild Moderate Severe Very severe

8. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside
the home and housework)?

1 2 3 4 5
Not at all Slightly Moderately Quite a bit Extremely
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9. These questions are about how you feel and how things have been with you during the past 4 weeks. For
each question, please give one answer that comes closest to the way you have been feeling.

How much of the time during the past 4 weeks...
All of the Mostof  Someof A little of None of

time the time  thetime  thetime  the time
a. Did you feel full of life? 1 2 3 4 5
b. Have you been very nervous? 1 2 3 4 5
Have you felt so down in the dumps that
C. . 1 2 3 4 5
nothing could cheer you up?
d. Have you felt calm and peaceful? 1 2 3 4 5
e. Did you have a lot of energy? 1 2 3 4 5
f.  Have you felt downhearted and depressed? 1 2 3 4 5
g. Did you feel worn out? 1 2 3 4 5
h. Have you been happy? 1 2 3 4 5
i.  Did you feel tired? 1 2 3 4 5

10. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered
with your social activities (like visiting friends, relatives, etc.)?

1 2 3 4 5
All of the time Most of the time Some of the time A little of the time None of the time

11. How TRUE or FALSE is each of the following statements for you?

Definitely Mostly Don’t Mostly Definitely

true true know false false
A I seem to get sick a little easier than other 1 ) 3 4 5
people
b. Iam as healthy as anybody I know 1 2 3 4 5
c. I expect my health to get worse 1 2 3 4 5
d. My health is excellent 1 2 3 4 5
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FATIGUE SYMPTOMS

During the PAST WEEK:
. . Some- Quite a Very
Notat all  Little bit what bit much
1. Ifeel fatigued 0 1 2 3 4
2. I feel weak all over 0 1 2 3 4
3. Ifeel listless (“washed out™) 0 1 2 3 4
4. Ifeel tired 0 1 2 3 4
5 I‘have trouble starting things because I am 0 1 ) 3 4
tired
6. I ha\(e trouble finishing things because I 0 1 ) 3 4
am tired
7. Thave energy 0 1 2 3 4
8. I am able to do my usual activities 0 1 2 3 4
9.  Ineed to sleep during the day 0 1 2 3 4
10. Tam too tired to eat 0 1 2 3 4
11. Ineed help doing my usual activities 0 1 2 3 4
12, I am frustrated by being too tired to do the 0 1 ) 3 4
things I want to do
13, I have to limit my social activity because I 0 1 ) 3 4

am tired
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The questions in this scale 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...

10.

11.

12.

13.

14.

been upset because of something that
happened unexpectedly?

felt that you were unable to control the
important things in your life?

felt nervous and stressed?

dealt successfully with irritating life
hassles?

felt that you were effectively coping with
important changes that were occurring in
your life?

felt confident about your ability to handle
your personal problems?

felt that things were going your way?

found that you could not cope with all the
things that you had to do?

been able to control irritations in your
life?

felt that you were on top of things?

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

~rantral?9

found yourself thinking about things that
you have to accomplish?

been able to control the way you spend
your time?

felt difficulties were piling up so high that
you could not overcome them?

Never Almost Spme- Fairly Very
never times often often

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 o) 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4
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The following 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.
Sjcrongly Disagree Agree Strongly
disagree agree
1. On the whole I am satisfied with myself. 1 2 3 4
2. Attimes I think that I am no good at all. 1 2 3 4
3. Ifeel that I have a number of good qualities. 1 2 3 4
4 I am able to do things as well as most other 1 ) 3 4
people.
5. Ifeel I do not have much to be proud of. 1 2 3 4
6. I certainly feel useless at times. 1 2 3 4
I feel that I am a person of worth, at least on
7. . 1 2 3 4
an equal plane with others.
8.  I'wish I could have more respect for myself. 1 2 3 4
9 Al.l in all, I am inclined to feel that I am a 1 ) 3 4
failure.
10. Itake a positive attitude toward myself. 1 2 3 4
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Below is a list of statements concerning how you might have felt or behaved in the past week. Please use the
following scale to indicate how often you felt or behaved in these ways in the past week.

g(arely or none of the éome of the time i/Iuch of the time 13\/Iost or all of the time
time (< 1 day) (1-2 days) (3-4 days) (5-7 days)
During the PAST WEEK:

1. I felt depressed. 0 1 2 3
2. Ifelt that everything I did was an effort. 0 1 2 3
3. My sleep was restless. 0 1 2 3
4. Iwas happy. 0 1 2 3
5. Ifelt lonely. 0 1 2 3
6. People were unfriendly. 0 1 2 3
7. Tenjoyed life. 0 1 2 3
8. Ifelt sad. 0 1 2 3
9. 1 felt that people disliked me. 0 1 2 3
10. I could not get "going". 0 1 2 3
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A number of statements which people have used to describe themselves are given below. Read each

statement and then circle the appropriate number that best indicates how you have felt during the past week.
There are no right or wrong answers. Do not spend too much time on any one statement but give the answer

that best describes how you felt.

During the PAST WEEK:

1. Ifelt calm

2. I wastense

3. Ifeltatease

4. I worried over possible misfortunes

5. Ifelt frightened

6. 1 felt self-confident

7. 1wasjittery

8. I wasrelaxed

9. I was worried

10. I felt steady

Moderately  Very much

Not at all Somewhat % 50
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
| 2 3 4
| 2 3 4
| 2 3 4
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The following questions relate to your usual sleep habits during the past month. Your answers should indicate
the most accurate reply for the majority of days and nights in the past month.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME
2. During the past month, how long has it usually taken you to fall asleep each night?
NUMBER OF MINUTES
3. During the past month, when have you usually gotten up in the morning?
USUAL GETTING UP TIME
4. During the past month, how many hours of actual sleep did you get at night? (This may be different than
thenurnber of hours you spend in bed.)

HOURS OF SLEEP PER NIGHT

5. During the past month, how would you rate your sleep quality overall?

Very good Fairly good Fairly bad Very bad

6. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you
sleep?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

7. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the past Less than once a week Once or twice a week Three or more times a
month week

8. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get
things done?

No problem at all Only a very slight problem

Somewhat of a problem A very big problem
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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.

» please write the average frequency on the first line and the average duration on the second.

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

Considering a typical week (7 days) how many times on the average did you do the following kinds of
exercise during the past month?

Times Per Week  Average Duration

VIGOROUS/STRENUOUS EXERCISE
(HEART BEATS RAPIDLY, SWEATING)
(e.g. running, aerobics classes, cross country skiing, vigorous
swimming, vigorous bicycling)

MODERATE EXERCISE
(NOT EXHAUSTING, LIGHT PERSPIRATION)
(e.g. fast walking, tennis, easy bicycling, easy swimming,
popular and folk dancing)

LIGHT/MILD EXERCISE
(MINIMAL EFFORT, NO PERSPIRATION)
(e.g. easy walking, yoga, bowling, lawn bowling,
shuffleboard)

RESISTANCE EXERCISE
(e.g. lifting weights, push ups, sit ups, therabands)
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The following questions ask you to relate how you felt about performing aerobic exercise over the past three
months. Please pay careful attention to the words and descriptions for each scale and circle the number that
best represents how you felt.

1. How beneficial was it to perform aerobic exercise?

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

2. How enjoyable was it to perform aerobic exercise?

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

3. How supportive were your family/friends of you performing aerobic exercise?

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

4. How motivated were you to perform aerobic exercise?

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

5. How difficult was it for you to perform aerobic exercise?

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

375



We are interested in knowing about any benefits or harms you feel resulted from participating in aerobic

exercise over the past three months. Please use the following scale to guide your responses.

1 2
Very much Somewhat
worse worse

No change

6
Somewhat
improved

What affect, if any, did the aerobic exercise have on each of the following for you?

a.

Any other positive or negative effects you experienced?

physical functioning

overall quality of life

cardiovascular endurance

muscular strength

fatigue

sleep quality

depressed feelings

anxious feelings

self-esteem

stress

body weight or shape

illness or injury

4

z/ery much
improved
6 7
6 7
6 7
6 7
6 7
6 7
6 7
6 7
6 7
6 7
6 7
6 7
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We are also interested in knowing what, if any, barriers you felt made it difficult for you to perform aerobic
exercise. Please use the scale below to guide your responses.

1 2 3 4 5 6 7
Not at all Somewhat A fair bit Very much

How much of a barrier was each of the following factors for you in trying to do aerobic exercise?

a.  bad weather 1 2 3 4 5 6 7
b.  feeling tired or fatigued 1 2 3 4 5 6 7
c.  symptoms and side effects of treatments 1 2 3 4 5 6 7
d.  other medical/health problems 1 2 3 4 5 6 7
e.  too busy and had limited time 1 2 3 4 5 6 7
f.  pain or soreness 1 2 3 4 5 6 7
g.  feeling sick/not feeling well 1 2 3 4 5 6 7
h.  nausea/vomiting 1 2 3 4 5 6 7
1. urinary incontinence 1 2 3 4 5 6 7
j. medical appointments 1 2 3 4 5 6 7
k. lack of motivation 1 2 3 4 5 6 7
1. travelling to the fitness centre 1 2 3 4 5 6 7

Any other barriers you experienced?
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The following questions ask you to rate how you feel about exercising over the next six months on your own
now that the supervised program is over. Please pay careful attention to the words and descriptors 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 train aerobically over the next six months?

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 train aerobically over the next six months?

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

3. How supportive do you think your family/friends will be if you try to train aerobically over the next six
months?

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

4. How motivated are you to train aerobically over the next six months?

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 train aerobically over the next six months?

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

6. Do you have a specific plan for where, when, and how you are going to train aerobically over the next six
months?

1 2 3 4 5
Not at all A little bit Somewhat Quite a bit Very much
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Anything else you would like to tell us? On this final page, please feel free to make any comments concerning
your testicular cancer, the tests, the questionnaire, the exercise program, or anything else you think may be
helpful to us. All comments are welcome.

Any suggestions on how to improve the aerobic training program?

Thank you very much for participating in this research. Please bring the completed questionnaire to your
fitness testing appointment at the Behavioural Medicine Fitness Centre.
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