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Abstract

Background—Observational studies indicate that higher volumes of physical activity are
associated with improved disease outcomes among colon cancer survivors. The aim of this report
is to describe the purpose, study design, methods, and recruitment results of the COURAGE trial, a
National Cancer Institute (NCI) sponsored, phase |1, randomized, dose-response exercise trial
among colon cancer survivors.

Methods/Results—The primary objective of the COURAGE trial is to quantify the feasibility,
safety, and physiologic effects of low-dose (150 min-wk™1) and high-dose (300 min-wk™1)
moderate-intensity aerobic exercise compared to usual-care control group over six months. The
exercise groups are provided with in-home treadmills and heart rate monitors. Between January
and July 2015, 1,433 letters were mailed using a population-based state cancer registry; 126 colon
cancer survivors inquired about participation, and 39 were randomized onto the study protocol.
Age was associated with inquiry about study participation (£<0.001) and randomization onto the
study protocol (£<0.001). No other demographic, clinical, or geographic characteristics were
associated with study inquiry or randomization. The final trial participant was randomized in
August 2015. Six month endpoint data collection was completed in February 2016.

Discussion—The recruitment of colon cancer survivors into an exercise trial is feasible. The
findings from this trial will inform key design aspects for future phase 2 and phase 3 randomized
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controlled trials to examine the efficacy of exercise to improve clinical outcomes among colon
cancer survivors.
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physical activity; quality-of-life; survivorship; lifestyle; energy balance; obesity

1 INTRODUCTION

There are 103,000 people diagnosed annually with colon cancer in the United States [1].
Among those diagnosed, 39% will have localized colon cancer (confined to the primary site;
stage I-11), 36% will have regional colon cancer (spread to regional lymph nodes; stage IlI),
and 20% will have metastatic disease (spread to distant organs; stage 1V) [1, 2]. Among
those without metastatic disease, five year survival rates for localized and regional colon
cancer are 90% and 70%, respectively [1]. Surgery is the primary treatment modality for
localized and regional colon cancer, with curative resection occurring in 80-85% of patients
[3, 4]. Those with regional disease may also receive adjuvant chemotherapy to reduce the
risk of recurrent disease [5]. Despite the efficacy of surgical resection and adjuvant
chemotherapy, 20-50% of patients with localized and regional colon cancer develop
recurrent disease [6, 7]. Eighty percent of recurrences occur within the first three years after
treatment, and 91% of patients who develop a recurrence by three years, die before five
years [8]. Consequently, there exists a need to identify additional adjuvant therapies that can
be prescribed at the conclusion of standard colon cancer therapy (e.g., surgery and
chemotherapy) to minimize the risk of recurrence. Such adjuvant therapies may include the
modification of lifestyle behaviors.

Physical activity or exercise is a modifiable lifestyle behavior that is associated with disease
outcomes among colon cancer survivors. Among 832 stage Il colon cancer survivors,
participation in approximately 300 min-wk~1 (18 to 27 MET-hours) of physical activity after
diagnosis was associated with a 45-49% improvement in disease-free survival (defined as
cancer recurrence or death from any cause), and a 29-63% improvement in overall mortality
[9]. This observation has been replicated in multiple cohorts of men [10, 11] and women
[11-13], and is independent of known demographic, clinico-pathologic, and treatment-
related prognostic factors [9-13]. A consistent finding in all of these cohort studies is that
post-diagnosis physical activity is associated with disease outcomes in a dose-response
fashion, such that larger doses of physical activity or exercise, up to approximately 300
minutes per week (min-wk™1), is associated with more favorable disease outcomes [9-13].
This dose-response pattern has been confirmed in several meta-analyses [14-16]. However, it
is unknown if doses of exercise as large as 300 min-wk ™1 are behaviorally feasible and have
tolerable safety profiles for colon cancer survivors when compared to smaller doses of
exercise, such as 150 min-wk 1 as is currently recommended by the American Cancer
Society [17], American College of Sports Medicine [18], and the National Comprehensive
Cancer Network [19]. Furthermore, the biological or biobehavioral pathways through which
exercise may impact disease outcomes among colon cancer survivors are unknown.
Evaluating potential biomarkers and/or mediators involved in the anti-cancer effects of
exercise and the sensitivity of such biomarkers and/or mediators to respond to different
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doses of exercise will help to identify the optimal dose of exercise to improve outcomes and
guide clinical decisions and recommendations.

2 AIMS OF THIS REPORT

The aims of this report are two-fold. First, we describe the purpose, study design, and
methods of the COURAGE trial, a National Cancer Institute (NCI) sponsored, phase Il,
randomized, dose-response exercise trial of two distinct doses of moderate-intensity aerobic
exercise compared to a usual-care control group among colon cancer survivors. Second, we
present recruitment results to describe what demographic, clinical, or geographic
characteristics are associated with inquiry about study participation and randomization onto
the study protocol. Identifying the characteristics associated with inquiry about study
participation and randomization onto the study protocol will provide empirical evidence to
describe trial generalizability to the broader population of colon cancer survivors.

3 STUDY OBJECTIVES & OUTCOMES

The primary objective of the COURAGE trial is to quantify the feasibility, safety, and
physiologic effects of low-dose (150 min-wk 1) aerobic exercise, high-dose (300 min-wk 1)
aerobic exercise, or usual-care control, among non-metastatic colon cancer survivors over
six months (Figure 1). The primary outcomes include exercise adherence, adverse events,
soluble intercellular adhesion molecule-1 (SICAM-1) and soluble vascular adhesion
molecule-1 (sVCAM-1) prognostic biomarkers. Key secondary outcomes include visceral
adipose tissue (VAT), and fasting insulin. Exploratory outcomes include the enumeration of
circulating tumor cells (CTCs), functional status, and patient-reported outcomes and quality
of life measures.

4 METHODS

All study activities as described below were reviewed and approved by the University of
Pennsylvania Human Subjects Protection Programs. The trial was registered with
ClinicalTrials.gov as NCT02250053.

4.1 Eligibility Criteria
To balance the goals of recruiting a homogeneous study cohort with recruitment feasibility
we a priori implemented a phased recruitment strategy which systematically broadened
eligibility criteria in each successive phase of recruitment. In phase 1 (most strict) the
inclusion criteria were as follows: histologically-confirmed stage II-111 colon cancer;
completed surgical resection and adjuvant chemotherapy <24 months before entering the
study; <120 min-wk ™1 of self-reported moderate or vigorous intensity physical activity using
the Paffenbarger Physical Activity Questionnaire [20]; age =18 years; written physician
approval; no additional surgery planned within the six month intervention (including
colostomy reversal); and the ability to walk unaided for six minutes. In phase 2 (less
restrictive) the inclusion criteria were broadened to increase the baseline self-reported
physical activity level from <120 min-wk™1 to <150 min-wk~1, and expanded the time since
completing surgical resection and adjuvant chemotherapy from <24 months to <36 months.

Contemp Clin Trials. Author manuscript; available in PMC 2017 March 10.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

Page 4

In phase 3 (least restrictive) the inclusion criteria were broadened from histologically-
confirmed stage 11-111 colon cancer to histologically-confirmed stage I-111 colon cancer, and
expanded the time since completing surgical resection and adjuvant chemotherapy to any
period.

During all phases of recruitment, the exclusion criteria were as follows: history of another
primary cancer (other than non-melanoma skin-cancer); evidence of metastatic colon cancer;
planning to receive any additional adjuvant chemotherapy or surgery (i.e., ostomy reversal);
pregnant or breast feeding; unable to provide baseline blood sample; cardiac conditions,
including the following: myocardial infarction or coronary revascularization procedure
within the past three months, uncontrolled hypertension, defined as a systolic blood pressure
=180 mm Hg or diastolic blood pressure 2100 mm Hg, high-risk or uncontrolled heart
arrhythmias, clinically significant heart valve disease, decompensated heart failure, or
known aortic aneurysm; and any other condition which, in the opinion of the investigator,
may impede testing of the study hypothesis or make it unsafe to engage in the exercise
program.

4.2 Participant Recruitment

Potentially-eligible study participants were recruited through the Pennsylvania Cancer
Registry (PCR) [21]. The PCR is a member of the North American Association of Central
Cancer Registries (NAACCR) that is responsible for collecting information on all new cases
of cancer diagnosed and/or treated in the state of Pennsylvania (i.e., the PCR is population-
based). The PCR has received Gold Certification from the NAACCR for excellence in areas
of completeness, quality, and timeliness of cancer incidence reporting. Potentially-eligible
study participants were listed in the PCR with international classification of diseases for
oncology third edition (ICD-O-3) codes for colon cancer (C18.0, C18.2-C18.9). Cancer of
the rectum (C20.9) was not eligible for participation. To minimize anticipated concerns
regarding travel burden into the city of Philadelphia from surrounding suburbs, potentially-
eligible participants were recruited from Philadelphia County and four surrounding counties
(Bucks, Montgomery, Chester, and Delaware). Using an envelope with the University of
Pennsylvania School of Medicine logo, potentially-eligible participants were sent one letter
via postal mail that included an invitation to participate signed by the principal investigator,
a one page flyer describing the study, the name and contact information (email, telephone)
of the study coordinator, and a brochure describing the PCR. The one page flyer that
described the study included statements that mentioned the provision of an in-home
treadmill and an individualized exercise program. Mailings were completed in four
successive waves as new incident data became available from the PCR (January, March,
May, and July). This recruitment approach has been used by our research group in prior
studies among breast cancer survivors [22].

4.3 Participant Screening

Screening was conducted via a telephone interview. The telephone interview included a brief
description of the study, systematically queried callers about each of the above-described
inclusion and exclusion criteria, and administered the physical activity readiness
questionnaire (PAR-Q) [23]. The PAR-Q is a seven item questionnaire that identifies signs of
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cardiovascular disease, orthopedic conditions, and medications that could affect physiologic
responses to an increase in physical activity. The PAR-Q has excellent sensitivity (close to
100%) and specificity (80%) for detecting medical contraindications to exercise [23]. After
screening, eligible participants were invited to the University of Pennsylvania to meet with
the study coordinator for 30-45 minutes to discuss the goals, objectives, risks, and benefits
of the study in detail. At that time, written informed consent was obtained from eligible
participants wishing to enroll in the study.

4.4 Study Measures

After obtaining written informed consent, the study coordinator sent a physician approval
form to each of the participant’s physicians, which often included the primary care
physician, surgical and/or medical oncologist, and other appropriate internal medicine
specialists (e.g., cardiologist for participants with pre-existing cardiac conditions). The
physician approval form included a brief description of the study, the results of the PAR-Q
screening questionnaire, and a request that the physician review this information and provide
approval that they believe their patient is medically fit to participate in a moderate-intensity
aerobic exercise study. After obtaining written physician approval, the study participant
completed a clinic visit at the University of Pennsylvania Center for Clinical and
Translational Research Center. The specific measures of the clinic visit are described in
detail below. All measures described below are completed at baseline and at six months
(except clinical characteristics 4.4.1). All measures are conducted by staff blinded to study

group.

4.4.1 Clinical Characteristics—Tumor-related characteristics including date of
diagnosis and treatment completion, stage (American Joint Committee on Cancer, 7 edition
[24]), primary tumor location within the colon, depth of tumor invasion (T-stage), number of
positive resected lymph nodes (N-stage), grade of histologic differentiation, presence of
lymphovascular invasion, and adjuvant chemotherapy are abstracted from the PCR database,
medical record review, and from treatment summary reports obtained from the providing
physician. Comorbidities and current medication and supplement use are obtained using the
Chronic Disease Scale [25]. The above-described variables that were extracted from the
PCR database were utilized to examine how demographic, clinical, or geographic
characteristics were associated with inquiry about study participation and randomization
onto the study protocol.

4.4.2 Blood Sample—A total of 50mL of blood is collected by a licensed phlebotomist.
Blood is collected after a minimum of six hours of fasting, which is verified prior to
venipuncture. Blood samples are processed using standardized laboratory procedures and
aliquots of serum and EDTA-preserved plasma are stored in —80°C freezers. In addition to
the biomarker assays described below, additional aliquot samples are stored for future
exploratory analyses.

SICAM-1 is analyzed using an R&D systems enzyme linked immunoabsorbent assay [26,
27]. The inter-assay coefficient of variation and sensitivity are 5.4%, and 0.049-0.254
ng/mL, respectively. sWVCAM-1 is analyzed using an R&D systems enzyme linked
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immunoabsorbent assay [26, 27]. The inter-assay coefficient of variation and sensitivity are
7.7%, and 0.17-1.26ng/mL, respectively. Fasting insulin is analyzed with a
radioimmunoassay (Millipore). The inter-assay coefficient of variation is 6%, and sensitivity
ranges from 2.0-200.0 pU/mL. Fasting glucose is analyzed with immuno-nephelometry
assay. The inter-assay coefficient of variation is 2%, and sensitivity ranges from
0.6-45.0mmol/L. The measurement of glucose serves as a quality control to enable the
attribution of elevated fasting levels to insulin resistance, rather than latent type 2 diabetes or
blood samples that were collected in a non-fasting manner. The homeostatic model (HOMA)
is calculated to quantify insulin resistance [28]. Other associated metabolic biomarkers
including glycated hemoglobin (HbAZ1c), insulin-like growth factor-1 (IGF-1), insulin-like
growth factor binding protein 3 (IGFBP3), and C-peptide are also analyzed.

CTCs from venous blood are isolated using geometrically enhanced differential
immunocapture (GEDI) [29]. GEDI is a microfluidic platform that utilizes antibody coated
obstacles to capture rare cells within anticoagulated whole blood. To capture CTCs,
obstacles are coated with an antibody specific to epithelial cell-adhesion molecule
(EpCAM), an epithelial cell-specific marker. After washes, captured cells are stained with
the nuclear marker DAPI and fluorescently labeled antibodies to the leukocyte marker CD45
and the epithelial cell marker Pdx-1. Using fluorescence microscopy, Pdx1+/DAPI+/CD45-
EpCAM captured cells with intact cellular morphology are counted as CTC’s by a blinded
technician.

4.4.3 Anthropometric Measures

For all anthropometric measures participants wear study-provided medical scrubs
(top and trousers). Height is measured using a wall-mounted digital stadiometer
without shoes to the nearest 0.1 centimeter. Weight is measured using a calibrated
digital scale to the nearest 0.1 kilogram. Height and weight are used to calculate
body mass index (kg/m?2). Waist and hip circumference are measured using a
Gulick spring-loaded tape measure to the nearest 0.1 centimeter. Sagittal abdominal
diameter is measured using an abdominal caliper (Holtain-Kahn) to the nearest 0.1
centimeter [30]. Body composition is measured using whole-body dual-energy x-
ray absorptiometry (DXA; Hologic Discovery; APEX v 13.4 software). DEXA is
used to quantify VAT (cm?), subcutaneous adipose tissue (cm?), total fat mass (kg),
and lean mass (kg). DXA-derived VAT correlates with computed tomography
derived VAT (r=0.93; A<0.001) [31], and is reliable across a large weight spectrum
[32].

4.4.4 Cardiopulmonary & Functional Status—A resting electrocardiogram is
completed to identify any clinically-significant cardiac conduction abnormalities [i.e., 3™
degree heart block, uncontrolled arrhythmia, or ST-segment depressions (>3 mm)] that may
preclude participation in exercise. Functional status is measured using the six minute walk
test (6MWT), following the guidelines of American Thoracic Society [33]. The outcome of
the BMWT is the distance walked in six minutes, recorded to the nearest meter. The 6MWT
is reliable, and correlated with physiologic impairments of strength and power of the lower
extremities [34]. The 6BMWT is also used to identify persons who may develop signs and
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symptoms of cardiac distress, such as chest pain or severe shortness of breath during
exertion, which may preclude participation in exercise.

4.4.5 Physical Activity—Physical activity is measured using both self-reported and
objective measures. The Paffenbarger Physical Activity Questionnaire queries activities
including flights of stairs climbed, blocks walked, and other leisure-time physical activities
performed on a typical day or week [20]. The outcome of the Paffenbarger Physical Activity
Questionnaire is the total energy expenditure associated with leisure-time physical activity,
quantified in multiples of resting energy expenditures (METS) using the compendium of
physical activities [35]. The ActiGraph model GT3X+ accelerometer is worn for seven
consecutive days. Participants are provided with a diary to document accelerometer wear
time. The ActiGraph is a valid and reliable objective measure of ambulatory activity [36].
The main outcomes obtained from the ActiGraph accelerometer will be the number of
minutes of moderate-to-vigorous physical activity (=3 METS) and activity-related energy
expenditure (kcals), calculated using validated cut-points appropriate for adults [37].

4.4.6 Dietary Intake—Dietary intake is measured using three day dietary records collected
during two weekdays and one weekend day [38]. Food records are entered into the Nutrition
Data System for Research software (2009 version) by registered dietitians. The resulting
data includes 165 micro- and macronutrient variables. Daily caloric intake is the primary
covariate of interest to determine if any observed physiologic changes are due to exercise or
the result of concurrent dietary alterations.

4.4.7 Patient-Reported Outcomes & Quality of Life Measures—In addition to the
above-described physiologic measures, participants complete questionnaires relating to
demographics, alcohol and smoking habits, and various self-report questionnaires that are
known to influence the quality of life of colon cancer survivors [39, 40]. Overall quality of
life is assessed using the Functional Assessment of Cancer Therapy-Colorectal (FACT-C)
[41], and the SF-36 [42]. Pain is assessed using the Brief Pain Index [43]. Sleep quality is
assessed using the Pittsburgh Sleep Quality Index [44]. Bowel function is assessed using the
Assessment of Bowel Function Questionnaire [45]. Cancer-related fatigue is assessed using
the Brief Fatigue Inventory [46]. Concerns about cancer recurrence are measured with the
Fear of Cancer Recurrence Inventory [47].

4.4.8 Safety & Adverse Events—RParticipants in all study groups are asked each week
by the study coordinator to identify any incident health events. All reported health events are
graded in accordance with the Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 [48]. At the end of the study, all participants complete a healthcare utilization
and musculoskeletal injury questionnaire asking about any healthcare encounters and
injuries experienced while in the study that may have not been previously reported [49, 50].
The data safety monitoring plan for this study focuses on monitoring by the principal
investigator, along with prompt reporting of excessive adverse events and any serious
adverse events to the National Institutes of Health and the Institutional Review Board at the
University of Pennsylvania.
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4.5 Randomization

After completion of baseline measurements, participants were stratified by stage of colon
cancer (I vs. 11 vs. I11) and randomized in a 1:1:1 ratio to either the low-dose (150 min-wk™1)
aerobic exercise group, the high-dose (300 min-wk 1) aerobic exercise group, or the usual-
care control group.

4.6 Treatment Plan

Participants randomized into the low-dose and high-dose exercise groups increase their
exercise to 150 min-wk =1 and 300 min-wk 1, respectively. Participants randomized into the
low-dose and high-dose exercise groups are provided with an in-home treadmill (LifeSpan
Fitness, TR1200i, Salt Lake City, UT). Treadmills are ordered for participants on the day of
randomization. Participants who were unable to accommodate a treadmill in their home
were provided with a one-year health club membership (or other membership of similar
monetary value) to a facility of the participants choosing. After treadmill delivery and setup,
participants meet with a certified clinical exercise physiologist at the University of
Pennsylvania to introduce the exercise prescription, and familiarize the participant to use of
the treadmill, the completion of exercise logs, use of a heart rate monitor (described below),
appropriate warm-up and cool-down, stretches, and proper footwear for aerobic exercise.
The exercise physiologist provides ongoing behavioral support and monitoring of exercise
adherence to the study protocol throughout the duration of the study. Behavioral support is
individualized to each participant to include the benefits of exercise for colon cancer
survivors, strategies to integrate exercise into day-to-day activities, how to identify and
overcome barriers to exercise, recruiting friends and family members to provide support in
reaching their exercise goals, and how to set simple, measureable, attainable, realistic, and
timely (SMART) goals [51] to promote exercise self-efficacy and compliance [52]. The
modes through which behavioral support is delivered are tailored to participant preference to
maximize effectiveness of communication and include in-person sessions (as described
below), complemented with weekly telephone/text, or email contact. If participants have
upcoming scheduled medical procedures that may result in missed exercise (i.e., the day of a
surveillance colonoscopy) the participant works with the exercise physiologist to develop a
plan for maintaining optimal exercise adherence. If injury or illness prevents exercise for =21
week, minutes are allowed to be made-up upon return to exercise.

Exercise compliance is monitored through the use of self-reported and objective measures.
All participants randomized to the low-dose and high-dose exercise groups are provided
with an exercise log to record the date, modality of aerobic exercise used (any form of
aerobic exercise will be acceptable, though most participants elect to use the study provided
in-home treadmill), treadmill speed and incline, average heart rate obtained from a study-
provided heart rate monitor, duration of exercise, completion of appropriate warm up and
cool down, and any new or worsening musculoskeletal symptoms. Participants are provided
with a Polar Heart Rate Monitor (Polar Electro Inc., RS400, Lake Success, NY). The heart
rate monitors record up to 99 sessions of exercise. Heart rate monitor data is downloaded to
a computer to enable objective monitoring of exercise adherence. Participant exercise logs
and objective heart rate data are discussed and reviewed by the exercise physiologist to
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provide feedback including encouragement, problem solving, and long-term planning to the
study participant.

For both the low-dose and high-dose exercise groups, the initial exercise dose prescribed in
week one of the study is 60 min. This relatively low volume of exercise allows participants
to gain confidence in exercising, allows for time to determine how exercise will be
integrated into their schedule, and allows the participant to work towards a practical initial
exercise goal that is not overwhelming. Exercise is titrated by 30 min-wk™1 as the participant
successfully responds to the exercise dose prescribed in the prior week. During the exercise
titration phase, participants meet with the exercise physiologist at the university research
center each week to review the exercise completed in the prior week, discuss any new
musculoskeletal symptoms, side effects, or barriers to exercise. At that time exercise is then
titrated for the following week. The planned exercise volume of the low-dose and high-dose
exercise groups are 150 min-wk~1 and 300 min-wk~1, respectively. In the absence of dose-
limiting toxicity, low-dose and high-dose study participants have their exercise volume fully
titrated by week 4 and 9 of the study, respectively. Delivered over six months, the planned
total dose of exercise delivered to the low-dose and high-dose exercise groups is 3,720
minutes and 6,740 minutes, respectively. The intensity of all exercise is prescribed between
50 and 70% of the age-predicted maximum heart rate, consistent with that of moderate-
intensity aerobic exercise (3-6 METS) [35]. Participants are allowed to complete exercise
sessions that are =10 minutes to <75 minutes in length toward the goal of increasing
behavioral feasibility of completing the planned exercise dose.

Exercise adherence is quantified using objective heart rate monitoring. However, heart rate
monitors may fail due to technical error or exceed the available memory capacity. In our
prior dose-response exercise trial this situation occurred <5% for all exercise sessions [53,
54]. In this scenario, objective monitoring is used to validate at least three weeks of self-
report logs. Upon validation, self-report logs are accepted as a valid substitute for objective
heart rate data until heart rate monitor function has been restored. Exercise adherence
outcomes include the number of minutes of exercise completed within the target heart rate
range for each week of the study and over six months, and the percent of prescribed minutes
completed in each week of the study and over six months.

Participants randomized into the usual-care control group are asked to maintain their pre-
study levels of physical activity and/or follow the recommendations provided by their
physician. After completing six month measures, control group participants are provided
with an in-home treadmill and individualized exercise program, similar to that prescribed to
the two exercise groups. Upon study completion, all participants are allowed to keep their
study-provided treadmills.

4.7 Statistical Considerations

Thirty nine participants were randomized to the three study arms (control, 150 min-wk2,
300 min-wk™1), toward the goal of having 30 participants (10 per arm) with study endpoint
data (76% completion rate). This sample size provides adequate statistical power for the
primary outcome biomarkers (SICAM-1 and sVICAM-1) with a hypothesis for a linear dose-
response trend. Against the hypothesis of a dose-response relationship with decreases of 22
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and 44 units for low-dose and high-dose respectively for SICAM-1 and 74 and 148 units for
sVCAM-1, 30 participants provide 80% power for two tests (one for SICAM-1 and one for
sVCAM-1), each tested with a type | error rate of 0.025, to maintain the experiment-wise
overall error rate of 0.05. The estimated change in SICAM-1 and sVCAM-1 is clinically
meaningful and consistent with prior exercise interventions in non-cancer populations [27,
55-58].

The target sample size provides sufficient statistical power to examine key secondary
outcomes that include VAT and fasting insulin. Against the hypothesis of a dose-response
relationship with an increase in VAT of +8.6% (+14 cm?) in the control group, +1.7% (+2.9
cm?) in the low-dose group, and —6.9% (-11.6 cm?) in the high-dose group and a pooled
standard deviation of +17%, 30 participants provide 80% power tested with a type | error
rate of 0.05. These changes are estimated from a prior dose-response exercise study [59-61].
Against the hypothesis of a dose-response relationship with an increase in fasting insulin of
+1.1 fJ/mL in the control group, —0.5 fJ/mL in the low-dose group, and —0.9 pUJ/mL in the
high-dose group, and a pooled standard deviation of £0.7 @UJ/mL, 30 participants provide
80% power tested with a type | error rate of 0.05. These changes are estimated from a prior
dose-response exercise study [62]. The exploratory outcomes for this trial include
enumeration of CTCs, functional status, and patient-reported outcomes and quality of life
measures. There are limited data to determine what proportion of colon cancer survivors
who have completed adjuvant therapy for colon cancer will have enumerable CTCs. Further,
it is unknown how exercise may impact CTC volume. Consequently, this outcome is
considered exploratory with no directional hypothesis. We hypothesize that functional status,
and patient-reported outcomes and quality of life measures will improve in dose-response
fashion.

To identify characteristics associated with inquiry about study participation and
randomization onto the study protocol we had 80% power to detect an odds ratio as small as
1.3 and 1.7, respectively. Both sets of analyses were tested with the type | error rate of 0.05.

4.8 Statistical Analysis

The feasibility of exercise is quantified by comparing the proportion of participants in each
group who achieve >80% of their prescribed exercise dose. The safety of exercise is
quantified by comparing the proportion of participants who experience adverse events in
each of the three study groups. For each of the primary and secondary physiologic outcomes,
a linear mixed-effects regression model is used to compare the change in biomarker levels
for each group while adjusting for the baseline value of the dependent variable. All analyses
follow an intention-to-treat approach. Models are fit to include dose as a linear term, and
model fit is examined using standard methods. Alternatives to a linear dose trend include
transformations of dose, such as average actual dose, log-transformed dose per week, or
second-order polynomial (i.e., dose and dose?). In the absence of a dose-response
relationship, each of the two intervention groups (low-dose and high-dose exercise) is
compared to the control arm using a two-sided t-test.

Characteristics associated with inquiry about study participation and randomization onto the
study protocol are identified using two sets of logistic regression analyses: one set to
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compare characteristics between those who inquired about study participation versus those
who do not inquire about participation; and one set to compare characteristics between those
who were randomized onto the study protocol versus those who were not randomized onto
the study protocol. Characteristics with £<0.20 in univariable models are entered
simultaneously in a multivariable model.

5 RESULTS

Between January and July 2015, 1,435 letters were delivered to potentially-eligible persons
with an ICD-0O-3 code for colon cancer (Table 1). Two recipients of the study letter
expressed concern about disclosure of private health information (0.001%). These two
recipients clarified their concerns with the principal investigator and were provided with the
appropriate contact at the PCR. These two participants were excluded from the analyses
presented herein reducing the analytic sample to 1,433. Colon cancer survivors who were
invited to participate in this trial were representative of colon cancer survivors in the United
States with respect to age, sex, race, and disease stage [1]. The median distance from the
University of Pennsylvania to the zip-code centroid of survivors invited to participate was 20
kilometers [interquartile 25-75% range: 10-33] and ranged from 0.4 (~4 city blocks) to 71
kilometers.

Among the 1,433 colon cancer survivors invited to participate, 126 (8.8%) inquired about
participation (Figure 2). Eleven letters were mailed to screen one potentially-eligible
participant. In univariate analysis, colon cancer survivors who inquired about participation
were younger [Odds Ratio: 0.82 per 5-year increment (95% ClI: 0.76-0.88); /A<0.001; Table
2], and were more likely to be treated with chemotherapy [Odds Ratio: 1.68 (95% CI:
1.15-2.44); P=0.007], compared to those who did not inquire about participation. In a
multivariable model, age was associated with inquiring about study participation [Odds
Ratio: 0.83 per 5-year increment (95% ClI: 0.77-0.89); £<0.001], but treatment with
chemotherapy was no longer statistically significant [Odds Ratio: 1.43 (95% CI: 0.98-2.10);
P=0.066].

Among the 126 colon cancer survivors who inquired about participation, 102 were screened
(81%). The remaining 24 inquiries were not screened due to the study reaching its accrual
goal. Among the 102 colon cancer survivors screened, 46 (45%) were not interested in
participating after learning more about the study. The most commonly cited reasons for not
being interested in the study were: being too busy (n=27; 59%); traveling into the city of
Philadelphia would be too burdensome (n=13; 28%); having other health concerns (n=5;
11%); and not wanting to be randomized to a group that may not include exercise (n=1; 2%).
Among the 102 colon cancer survivors screened, 17 (17%) were not eligible for participation
after completing the telephone interview. The most common reasons for ineligibility
included: having a history of another cancer (n=8; 47%); currently exercising =150
min-wk ™1 (n=3; 18%); having a cardiac condition (n=3; 18%); having recurrent or metastatic
colon cancer (n=2; 12%); and being =36 months post cancer therapy (n=1; 5%).

Among the 102 colon cancer survivors who were screened, 39 (38%) were randomized onto
the study protocol. Thirty seven letters were mailed to randomize one participant onto the
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study protocol. Thirty-two participants were recruited during phase 1 eligibility (82%; most
strict, January and March letter mailings), two participants in phase 2 (5%; less strict, May
letter mailing), and five participants in phase 3 (13%; least strict, July letter mailing). It is
not clear why recruitment was most successful during the more restrictive phases of
recruitment. This may be due in part to the month in which participants were recruited
which may have influenced their willingness to participate in a trial of lifestyle modification.
Compared with mailings in the month of January, mailings in the months of March, May,
and July were associated with lower study inquiry and randomization rates, though these
comparisons did not reach the threshold for statistical significance. No participants had their
physician decline approval to participate in the study. In univariate analyses, colon cancer
survivors who were randomized onto the study protocol were younger [Odds Ratio: 0.69 per
5-year increment (95% CI: 0.60-0.78); £<0.001], and were more likely to be treated with
chemotherapy [Odds Ratio: 2.66 (95% CI: 1.32-5.39); ~=0.006]. In a multivariable model,
age was associated with randomization onto the study protocol [Odds Ratio: 0.70 per 5-year
increment (95% ClI: 0.61-0.79); £<0.001], and treatment with chemotherapy was attenuated
to marginal statistical significance [Odds Ratio: 2.01 (95% CI: 0.98-4.13); £=0.056].

Among participants randomized to one of the two exercise groups, the median time from
randomization to treadmill delivery and setup was 12 days [interquartile 25-75% range:
10-15]. The final trial participant was randomized in August 2015. Six month endpoint data
collection was completed in February 2016.

6 DICUSSION

The COURAGE trial is an NCI sponsored, phase |1, randomized, dose-response exercise trial
that seeks to test the feasibility, safety, and physiologic effects of two distinct doses of
moderate-intensity aerobic exercise compared to a usual-care control group among colon
cancer survivors. The results of this trial will provide preliminary information regarding the
appropriate dose of aerobic exercise to optimize biomarkers that may mediate the
relationship between exercise and colon cancer recurrence and clarify important design
aspects for future phase 2 and phase 3 randomized controlled trials.

The primary recruitment method for the COURAGE trial was postal mailings to potentially-
eligible colon cancer survivors identified within the PCR. Historically the recruitment of
survivors of colon cancer into lifestyle modification trials has been challenging [63-67]. The
reasons for this have not been fully explained, but may be due in part to the fact that colon
cancer survivors are often older, have other comorbid health conditions, or residual toxicity
from treatment (i.e., neuropathy), each of which may influence willingness to participate in a
program of lifestyle modification [68]. Several studies have described their experience in
recruiting colon cancer survivors into trials of lifestyle modification. Pinto et a/. recruited
colon cancer survivors to a telephone-based physical activity intervention that aimed to
increase participation in physical activity and improve self-reported quality-of-life outcomes
[63]. Despite implementing various recruitment strategies (informational mailings, in-clinic
recruitment, and community presentations), they were unable to recruit the required sample
size of 134 participants; only randomizing 46 colon cancer survivors over 39 months (~1.5
participants per month). The Cravence trial is a randomized phase 3 trial that seeks to recruit
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high-risk stage Il and stage 111 colon cancer survivors to a three year physical activity
program that aims to improve disease-free survival [52]. When the Cracience trial was
designed, recruitment of 962 colon cancer survivors was estimated to require 36 months
(~27 participants per month). Despite being open at 20 centers in Canada and 22 centers in
Australia, over 55-months, 250 colon cancer survivors have been randomized (~4.5
participants per month) [65]. At a single institution over seven months, the COURAGE trial
randomized 39 colon cancer survivors (~5.5 participants per month). At the time the trial
met its planned accrual goal and closed to enrollment, an additional 24 potentially-eligible
colon cancer survivors expressed interest in participating and were waiting to be screened
for trial enrollment.

Each of the above-described trials is unique in their eligibility criteria, intervention
characteristics, and endpoints of interest, our recruitment experience indicates that utilizing
population-based cancer registries to recruit colon cancer survivors into a lifestyle
modification trial is feasible. The use of population-based cancer registries is disseminable
to other cancer centers for accrual in multicenter trials, and may help to address an important
barrier in the conduct of future lifestyle modification trials in this population. A potential
limitation to the use of population-based cancer registries is the six to nine month delay that
may occur from the time of diagnosis to entry into the registry. This limitation is of
importance for trials that seek to modify behavior during or shortly after the completion of
adjuvant therapy. To address this limitation, many cancer registries now offer rapid case
ascertainment which accelerates the reporting process to within one month of diagnosis [69].
Another explanation to the high inquiry and screening rates in this study was the provision
of an in-home treadmill. The mailed flyer did describe this novel feature of the study. As
intended, this may have provided additional incentive to inquire about participation. Given
the potential benefit of exercise to improve disease outcomes, developing methods to recruit
colon cancer survivors to participate in lifestyle modification trials is of critically high
importance.

Colon cancer survivors who inquired about trial participation were younger than those who
did not inquire about trial participation. Similarly, colon cancer survivors who were
randomized onto the trial protocol were younger than those who were not randomized. This
pattern is common to many trials, regardless of the intervention. In an analysis of 21
Southwest Oncology Group (SWOG) therapeutic trials that included 5,190 cancer patients
with 21 types of cancer, trial enrollees were significantly younger than non-enrollees
(P<0.001) [70]. These findings underscore the need for continued research to identify
methods to communicate opportunities about clinical trial participation to older adults in an
efficient and scalable manner. In our multivariable model, treatment with chemotherapy was
of marginal statistical significance for both inquiry about study participation (£=0.066) and
randomization onto the study protocol (P=0.056). This finding indicates the interest of
patients with a higher probability of recurrence (i.e., high-risk stage 1l and stage 111) to
inquire and participate in a clinical trial of lifestyle modification. Collectively, these data
indicate that with exception of age, COURAGE trial participants are similar to the broader
community of colon cancer survivors on measured characteristics, such as sex, race, time
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since diagnosis, clinico-pathologic tumor features, and geographic proximity to the
University of Pennsylvania.

In addition to obtaining important information about the feasibility and safety of the dose-
response effects of exercise among colon cancer survivors, this trial will gather preliminary
data regarding physiologic changes in biomarkers that are hypothesized to mediate the
relationship between exercise and disease outcomes. sSICAM-1 and sVCAM-1 are cell-
adhesion molecules that promote the growth of existing micro-metastases, and promote CTC
differentiation, contact inhibition, and apoptosis [71]. The down regulation of ICAM-1
attenuates the invasive potential of colon cancer cells and has been recommended as a
therapeutic target [72]. VCAM-1 has also been recommended as a therapeutic target [73].
ICAM-1 and VCAM-1 have also been demonstrated to influence the metastatic potential of
melanoma and gastric cancers [74, 75]. We hypothesize that exercise may inhibit both
seeding of distant organs and the cultivation of the angiogenic milieu that is thought to be
required for the growth of micro-metastases. We speculate that exercise may have direct
effects on anti-cancer myokines, such as secreted protein acidic and rich in cysteine
(SPARC) [76], and may also have indirect effects through pathways that include improved
metabolic homeostasis (i.e., VAT and insulin). Several studies have demonstrated that
abdominal adiposity, particularly VAT, is associated with poor colon cancer outcomes
[77-82]. VAT associates with insulin among colon cancer survivors (r=0.519; £<0.001) [83],
and is implicated in the recurrence of colon cancer [84, 85]. We hypothesize that exercise
may reduce VAT and fasting insulin and potentially inhibit the growth of existing micro-
metastases. As an exploratory aim, we will examine CTCs using the innovative GEDI
platform [29]. We hypothesize that CTCs disseminate via the circulation during the earliest
stages of recurrent metastatic growth, mirroring what occurs during the primary tumor
setting. If this does indeed occur, we are uniquely situated to detect this phenomenon using
GEDI. If exercise delays or inhibits metastases, this may be reflected in CTC concentration.

There are several strengths of this trial. The use of two intervention groups, each prescribed
a distinct dose of exercise will allow us examine how feasibility, safety, and physiologic
effects differ along the exercise dose curve. Given the eligibly criteria, these two different
doses of exercise will require that some participants modestly increase their exercise and
others to increase over 10-fold. The exercise intervention was designed to allow for
scalability to larger phase 2 and ultimately a phase 3 clinical trial. The exercise program
allows for flexibility, emphasizing a home-based program, blended with supervised training
and ongoing behavioral and clinical support from an exercise physiologist. The provision of
home-based treadmills serves a dual purpose of providing a reasonable incentive for
participation, and promoting feasibility and favorable adherence to the exercise prescription
over six months.

There exist several limitations to this trial. The primary limitation to this study is the small
sample size which may limit interpretation of the study findings. However, this study was
designed to gather important feasibility, safety, and preliminary physiologic data to refine
important design aspects for future phase 2 and phase 3 trials. We acknowledge 300
min-wk~1 is a large weekly dose of aerobic exercise. We elected to compare 150 and 300
min-wk 1 of aerobic exercise to complement ongoing work which prescribes 225 min-wk™1
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[52, 67] and to parallel the epidemiologic data that suggest a dose-response relationship with
disease outcomes [9-16]. Our research team has been successful in promoting adherence to
the prescription of 300 min-wk™1 of aerobic exercise in our prior studies [53, 54]. The high-
dose exercise group received five additional in-person sessions with the exercise physiologist
which may differentially impact adherence rates between the low-dose and high-dose
exercise groups. Although VAT and fasting insulin are secondary outcomes of this trial,
participants were not recruited on the basis of being overweight or obese at baseline and/or
having high levels of fasting insulin. Consequently this may limit our ability to detect
significant exercise-induced improvements in these outcomes. We considered the inclusion
of survivors of rectal cancer, but restricted inclusion to colon cancer survivors, as there is
limited evidence to support the benefit of exercise in improving rectal cancer outcomes [10].

7 CONCLUSION

In conclusion, the findings from this trial will be useful in understanding the feasibility,
safety, and physiologic effects of two doses of aerobic exercise among colon cancer
survivors. These findings contribute toward the goal of conducting a definitive trial to assess
the effects of exercise on disease outcomes among colon cancer survivors.
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