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Background

Higher rates of physical inactivity and comorbid conditions are reported in Hispanic/Latinx and Black cancer patients receiving chemotherapy compared to their White counterparts. Despite the beneficial effect of exercise training for cancer patients, rates of participation in exercise oncology clinical trials are low among disadvantaged and racial and ethnic minority groups. Here, we will examine the effect of an exercise intervention using a novel, accessible, and cost-effective home-based exercise approach among Hispanic/Latinx and Black cancer patients receiving chemotherapy on exercise participation and cardiovascular disease risk.





Methods

The THRIVE trial is an 8-month prospective, three-arm study of 45 patients who are randomized in a 1:1:1 fashion to a supervised exercise intervention (SUP), unsupervised exercise (UNSUP), or an attention control (AC) group. Eligible patients include those with breast, colorectal, or prostate cancer, who are sedentary, overweight or obese, self-identify as Hispanic/Latinx or Black, and plan to receive chemotherapy. Patients randomized to the SUP group participate in a home-based 16-week periodized aerobic and resistance exercise program performed three days per week, supervised through video conference technology. Patients randomized to the UNSUP group participate in an unsupervised 16-week, telehealth-based, periodized aerobic and resistance exercise program performed three days per week using the same exercise prescription parameters as the SUP group. Patients randomized to the AC group receive a 16-week home-based stretching program. The primary outcome is changes in minutes of physical activity assessed by 7-day accelerometry at post-intervention. Secondary outcomes include cardiovascular risk factors, patient-reported outcomes, and physical function. Outcome measures are tested at baseline, post-intervention at month 4, and after a non-intervention follow-up period at month 8.





Discussion

The THRIVE trial is the first study to employ a novel and potentially achievable exercise intervention for a minority population receiving chemotherapy. In addition, this study utilizes an intervention approach to investigate the biological and behavioral mechanisms underlying exercise participation in these cancer patients. Results will guide and inform large randomized controlled trials to test the effect of home-based exercise on treatment outcomes and comorbid disease risk in minority patients with cancer undergoing chemotherapy.





Clinical trial registration

https://classic.clinicaltrials.gov/ct2/show/NCT05327452, identifier (NCT#05327452).
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1 Introduction

Cancer is the leading cause of mortality in Hispanic/Latinx adults, and the second leading cause of death among Black adults (1–3). Particularly, obesity-related cancers, including breast, prostate, and colorectal cancer, are more prevalent among minority populations (3–5). In the U.S., the largest minority group is the Hispanic/Latinx population, comprising 60.6 million people and representing 18% of the nation’s total population (3, 6). The non-Hispanic Black population is the second largest minority population in the U.S. with 40.1 million people, accounting for approximately 12.1% of the nation’s total population (7). Chemotherapy is an essential component of treatment for many patients, administered to prevent the growth and survival of cancer cells. However, the decline in cardiorespiratory fitness paired with cardiotoxic effects associated with treatments, puts cancer patients at a higher risk for cardiovascular disease (CVD) incidence and mortality (8–10). The potential negative effects of chemotherapy may further exacerbate cardiovascular burden in Hispanic/Latinx and Black patients who are disproportionately affected by CVD. However, data on racial differences specifically in treatment-related toxicities remains scarce (11–13).

Exercise is known as a non-pharmacological tool to reduce CVD risk factors in the general population (14). Among ethnically diverse cancer patients and survivors, exercise has shown to decrease low-density lipoprotein cholesterol (15), systolic blood pressure (15, 16), the presence of diabetes (15) and body weight (16), while increasing cardioprotective high-density lipoprotein cholesterol (15, 16) and improving components of metabolic syndrome (16, 17). Further, an increasing body of literature has shown that exercise during chemotherapy is safe and feasible (18, 19), reduces cardiometabolic risk factors, and maintains or improves different health outcomes, including physical fitness, physical function, and fatigue (20–23).

Despite the beneficial effects of exercise for cancer patients, racial and ethnic minority groups have been largely underrepresented in exercise clinical trials (24–26). Furthermore, minority cancer patients may face unique barriers to exercise participation and research participation, such as lack of transportation, interference with work/family responsibilities, language barriers, lack of enjoyment, etc. (27, 28) Home-based exercise interventions are more cost-effective and desired for minority cancer patients and could potentially help to overcome barriers to exercise in this population (29–32). The feasibility of educational self-directed home-based physical activity intervention (i.e., booklet with exercise recommendations) has been demonstrated in obese/overweight Hispanic/Latinx and Black adults and cancer survivors (31, 32). However, to our knowledge no study has examined the effects of home-based exercise program in minority cancer patients undergoing chemotherapy nor using a virtually supervised approach. Thus, we are currently conducting the THRIVE trial, a randomized controlled trial to determine whether virtually supervised and unsupervised home-based exercise could increase exercise participation and improve CVD risk factors among Hispanic/Latinx and Black cancer patients undergoing chemotherapy for the treatment of breast, colorectal, and prostate cancer (Figure 1).




Figure 1 | Conceptual framework of the THRIVE trial.






2 Methods and analysis



2.1 Study design

The THRIVE study is a prospective, single-center, three-arm randomized controlled trial conducted through Dana-Farber Cancer Institute in Boston, MA. The study aims to enroll 45 Hispanic/Latinx and Black patients with newly diagnosed breast, colorectal, or prostate cancer, who are receiving chemotherapy. Patients are randomized in a 1:1:1 allocation to one of three groups: (1) virtually supervised exercise intervention (SUP), (2) self-directed unsupervised exercise (UNSUP), and (3) attention control (AC). The study intervention period is 16 weeks with an additional follow-up period at 4 months post-intervention. The study protocol follows the Consolidated Standards of Reporting Trials guidelines, and the study patient flow diagram is shown in Figure 2. The study has been approved by the Institutional Review Board at the Dana-Farber Cancer Institute (IRB #21-559) and the University of Massachusetts Boston Institutional Review Board approved this study under a reliance agreement. The study is registered at ClinicalTrials.gov (NCT05327452).




Figure 2 | Study schema of the THRIVE Trial.






2.2 Participant eligibility

This study involves Hispanic/Latinx and Black patients who have been diagnosed with breast, colorectal, or prostate cancer. Specifically, patients are eligible if they are: (1) over 18 years old; (2) diagnosed with stage I-III breast, colorectal, or prostate cancer, or metastatic prostate or colorectal cancer; (3) self-identified as Hispanic/Latinx, or Black; (4) within 4 weeks of initiating chemotherapy; (5) overweight or obese (BMI ≥25kg/m2 or body fat percent >30%); (6) not pregnant or planning to become pregnant during study participation; (7) cleared by their physician to participate in moderate-vigorous intensity exercise; (8) English- or Spanish-speaking; (9) currently participating in less than or equal to 60 minutes of structured moderate to vigorous exercise/week; (10) willing to travel to Dana-Farber Cancer Institute for necessary data collection; and (11) able to understand and the willingness to sign a written informed consent document. Patients are excluded if they have: (1) another active malignancy, (2) pre-existing musculoskeletal and/or cardiorespiratory conditions; (3) and/or any uncontrolled illness, including ongoing or active infection, diabetes, hypertension, or thyroid disease, or other condition that may exacerbate or be deemed unsafe with exercise.




2.3 Recruitment and informed consent

All patient recruitment is conducted by Dana-Farber Cancer Institute clinical research staff. To find potential participants, the study uses various recruitment strategies such as screening patient clinic lists, displaying advertisements in patient waiting areas, and promoting the study through online platforms and newsletters. Once potential participants are identified, a study coordinator contacts their treating providers or oncologists to request permission to invite them to participate in the study. Study staff then screen these participants by phone to confirm their eligibility, including their current exercise levels using the Godin Leisure Time Questionnaire (33) and their past and current medical conditions using the Physical Activity Readiness Questionnaire (PAR-Q) (34). Interested participants are scheduled for a follow-up appointment with a member of the study staff to review the protocol and sign informed consent. Electronic consent (e-consent) or wet signature is used to obtain consent.




2.4 Randomization and blinding

After baseline assessments are completed, patients are randomly assigned to the SUP, UNSUP, or AC group with an equal allocation ratio (1:1:1) using block randomization with a block size of 6. The randomization is stratified by cancer stage (i.e., I, II, III for breast cancer, and I, II, III, or metastatic for prostate and colorectal cancer) which is assessed at time of diagnosis. A study biostatistician (H.U.) creates the randomization schema before the trial begins, and the randomization allocation is given to staff through a web-based application (REDCap) (35). The study investigators are blind to the randomization process. The intervention allocation is not hidden from the study participants, interventionists, and outcome assessors due to the nature of exercise intervention.




2.5 Exercise interventions



2.5.1 Virtually supervised exercise intervention (SUP group)

Patients randomized to the SUP intervention participate in a home-based 16-week periodized aerobic and resistance exercise program performed three days per week, with each session lasting approximately 45-90 minutes based on the week in the training period. SUP exercise sessions are supervised by an exercise trainer through video conference technology (i.e., Zoom). The home-based intervention consists of a systematically progressed exercise program that starts at a low intensity and gradually increases to high intensity over the 16-week duration. Each session begins with a 5 min warm-up of low-intensity aerobic cycling on a stationary bike and concludes with 5 min of cooldown. Total-body resistance training is comprised of 6 resistance exercises performed using dumbbells and resistance bands, followed by the cycling aerobic exercise bout. Heart rate (HR) is monitored throughout aerobic exercise using a Fitbit heart rate monitor. One-repetition maximum (1RM) and maximal power output (wattage) obtained during baseline testing are used to determine resistance load for each resistance exercise and aerobic intensity, respectively. The details of a single exercise session of the SUP and UNSUP programs are further depicted in Table 1.


Table 1 | The THRIVE trial by intervention arm.



The resistance exercise component utilizes a linear periodization to progress load and volume across four, one month-long mesocycles (Table 2), to optimally elicit improvements in body composition and physical function (36, 37). Briefly, in the first mesocycle, participants exercise at low intensity (40-45% 1RM) in an effort to increase tolerance of higher training intensities that occur later in the program. In the subsequent mesocycles, the program increases in intensity to be performed at moderate-to-vigorous intensity (70-75% 1RM) to emphasize increases in body composition and glucose metabolism (38). The volume (e.g., repetition and sets) of resistance exercises also increases throughout the intervention period (Table 2). The aerobic exercise component incorporates a high-intensity interval training (HIIT) program, consisting of a 20-minute stimulus period with high-intensity interval bouts at 90% maximal power output and a recovery bout at 10% at a 1-minute:1-minute (work: recovery) ratio (Figure 3). The ‘high’ interval is increased by 10% each week, starting from 40%, until it reaches 90%. Once 90% is reached, the intensity remains there for the remainder of the study. In the event that a participant is unable to achieve compliance with a HIIT program, a moderate-intensity interval training program will be substituted as an alternative exercise prescription to continue to provide exercise programming for participants who may be physically unable or unwilling to participate or comply fully with a HIIT program. The intensity of the moderate interval is calculated as a percentage of the individual’s estimated VO2max and selected according to the highest intensity that the participant is able to tolerate/complete.


Table 2 | Periodization model for the resistance exercise component of the exercise intervention.






Figure 3 | Sample high intensity interval training (HIIT) workout. Dark blue bars indicate high intensity intervals at 90% maximal power output. Light blue bars indicate one-minute rest intervals at 10% maximal power output.



To increase compliance and aid in the standardization of the exercises, one-on-one supervision utilizing video chat (i.e., Zoom) with an exercise trainer occurs for each SUP exercise session. In addition, participants are asked to complete weekly records of physical activity performed outside the study. During each Zoom session, exercise trainers provide verbal encouragement, corrections to exercise technique, and modifications based on physical capabilities to mimic direct supervision in a clinic-based intervention. Wattage is monitored during each exercise session to ensure exercise intensity is achieved and maintained throughout each bout. Exercise equipment, including a stationary bike, resistance equipment, a Fitbit heart rate monitor, and a Wi-Fi enabled tablet, is delivered directly to each participant’s home in order to perform the intervention at home. Detailed written instructions on exercise equipment, connecting to video conferencing are provided and internet access is also provided for those who do not have access.




2.5.2 Self-directed exercise intervention with regular guidance (UNSUP group)

Patients randomized to the UNSUP intervention participate in an unsupervised 16-week, telehealth-based, periodized aerobic and resistance exercise program performed three days per week using the same exercise prescription parameters as the SUP intervention (Table 2, Figure 3). Participants are provided with a stationary bike, resistance equipment, and a Fitbit heart rate monitor. HR is monitored during each exercise session using a Fitbit heart rate monitor to ensure exercise intensity is achieved and maintained throughout each bout. The exercise trainer calls each participant in the UNSUP intervention on a weekly basis to monitor progress and patients additionally complete physical activity logs. This training strategy will help to ensure that the intervention is implemented in the same way across all patients randomized to the UNSUP group. The phone calls are individualized as necessary to address individual problems to overcome barriers to success. Data on compliance and changes in physical activity reported by participants are captured and recorded electronically during the calls.




2.5.3 Attention control group

The AC intervention receives a 16-week home-based stretching program, consisting of the same stretches utilized in the SUP and UNSUP interventions. The stretching protocol consists of one set of 4 static stretching exercises held for 30 seconds and performed 3 days per week. Because flexibility exercises are low-intensity, low-impact, and low-volume, minimal caloric expenditure is expected to be incurred. To increase compliance and aid in standardization, participants receive an instructional manual describing the stretches, and are instructed on the stretching exercises by an exercise trainer at baseline. Participants complete weekly records of stretching compliance and stretching adherence is captured as the percent and number of prescribed stretching sessions performed. Participants in the AC group will be asked not to change their exercise habits during the 8-month study period. Patients in the AC group are permitted to participate in a modified UNSUP exercise condition after the 8-month study period.





2.6 Measurements

Testing occurs at baseline (Week 0), post-intervention (Week 17), and follow-up (Week 33). All measures are completed at baseline, post-intervention, and follow-up unless otherwise specified below. A complete data collection schedule is provided in Table 3.


Table 3 | Timeline of the study visits of the THRIVE Trial.





2.6.1 Primary outcomes

Minutes of moderate-to-vigorous physical activity are utilized as the primary outcome variable and assessed via the ActiGraph wGT3X-BT (ActiGraph, Pensacola, FL), which is worn by patients for seven days at all times except for water activities and sleeping. Other measures of physical activity such as sedentary time, light physical activity, step count etc. are also captured using the ActiGraph. Additionally, the 7-day Physical Activity Recall interview is conducted over the phone asking participants to recall their exercise for the same 7 days that the ActiGraph was worn. Only wake wear time is utilized, and participants must have recorded a minimum of four days with at least 600 minutes of wake wear time per day for inclusion in the analysis. Non-wear time is excluded from the analysis, defined as≥90minutes of consecutive zeros with a 2-minute spike tolerance (39). Commonly used cutoff points among cancer patients will be used to classify sedentary time (<100 counts per minute), light physical activity (100–1951 counts per minute), and moderate-to-vigorous physical activity (≥1952 counts per minute) (40, 41).




2.6.2 Secondary outcomes



2.6.2.1 Blood biomarkers

Fasting blood is drawn by a trained phlebotomist, obtaining both serum-separating tubes and EDTA samples, which after being processed and aliquoted are stored in a -80°C freezer for later batch analysis. Blood will be analyzed through commercially available kits to assess insulin, glucose, and c-peptide, C-reactive protein, and HbA1c, where homeostasis model assessment will be used to estimate insulin resistance. These biomarkers were selected for their role as cardiovascular risk factors.




2.6.2.2 Brachial and non-invasive aortic blood pressure

Brachial and aortic systolic and diastolic blood pressure are obtained non-invasively using Mobil-O-Graph (I.E.M. GmbH, Stolberg, Germany) (42). The Mobil-O-Graph is an ambulatory automated BP monitor validated for the simultaneous, non-invasive assessment of brachial and aortic blood pressure (42), and augmentation index (AIx, a marker for systemic arterial stiffness) indirectly using a mathematical transformation of the brachial pressure waveform (43). The device has been validated in healthy individuals and patients with essential hypertension (43). Measurements are taken in triplicate at rest.




2.6.2.3 Anthropometrics

Height (cm), weight (kg), and waist and hip circumference (cm) are assessed according to standard procedures, with height and weight used to calculate BMI (kg/m2). Body composition is assessed using bioelectrical impedance (Tanita 780, Arlington Heights, IL), providing both appendicular and whole-body measures of fat and lean mass (kg).




2.6.2.4 Cardiorespiratory fitness

To assess maximal oxygen consumption (VO2max), a maximal cardiopulmonary exercise test is completed on a cycle ergometer (ErgoSelect 100, Ergoline, Germany). After a 5-minute warm-up of no resistance, participants start at a resistance of 40 W and then proceed into an incremental ramp protocol increasing 10 W every minute until volitional fatigue (44). Cadence is kept between 60 and 70 revolutions per minute. HR (Polar USA, Lake Success, NY) and rate of perceived exertion (Borg scale 1-10) are recorded every minute and at the end of the test. Expired gas analysis (TrueOne 2400, ParvoMedic, Inc., Salt Lake City, UT) is used to measure VO2max. The results of this test are also used to calculate the target power output in watts for the high-intensity and recovery intervals of the HIIT program. In addition, the 6-minute Walk Test is used to estimate exercise capacity (45). Participants are instructed to walk as far as they can in 6 minutes up and down a 10-m walking course within a hallway. The distance achieved in 6 minutes will be measured in meters.




2.6.2.5 Physical function

Physical function is assessed using the Short Physical Performance Battery (SPPB) (46) and sit-to-stand (47) tests. The SPPB comprises three sections: (1) balance with feet together, semi tandem, and full tandem is held for up to 10 seconds with no support (only 1 attempt is given for each position, and the time in seconds to complete it is recorded); (2) usual gait speed over 4 m is timed, where the participant has 2 attempts with the fastest time (seconds) recorded; and (3) chair stand, where the time (seconds) to complete 5 chair sit-to-stands is recorded. Each section of the SPPB is given a score dictated by performance to then provide a summary score. The sit-to-stand test involves participants completing as many sit-to-stands as possible from a seated chair position to a standing position with full hip extension in 30 seconds. The number of full movements with correct technique is recorded.




2.6.2.6 Muscular strength

Muscular strength is assessed using an estimated 1-RM from 10-RM of leg press and chest press (Matrix Fitness, Cottage Grove, WI). Additionally, 10-RM of chair squat, chest press, glute bridge, standing row, lunges, shoulder press (i.e., the exercises completed in the exercise intervention) using resistance bands (Bodylastics USA, Boca Raton, FL) and dumbbells are also completed to calculate weight intensity for exercise sessions. Participants perform 1 to 2 warm-up sets of 6 to 8 repetitions. The participant proceeds to complete sets of 10 repetitions with increasing weights in each set until volitional fatigue is reached on the 10th repetition. The weight of the participant’s 10-RM is recorded in kilograms and used to estimate 1-RM using validated equations (48, 49). Isometric handgrip strength is measured in the dominant upper limb (Camry Digital Hand Dynamometer, El Monte, CA). Participants perform 3 trials in a standing position with their arms down by their side, with the highest result used for analysis.




2.6.2.7 Psychosocial measures

Quality of life is assessed using the European Organization for Research and Treatment of Cancer questionnaires C-30 (50) for all patients, plus the cancer specific ones given to each participant based on diagnosis, prostate cancer-25 (51), colorectal cancer-29 (52), breast cancer-45 (53). Quality of life and physical function is assessed through the PROMIS-29 (54). Sleep quality is assessed via the Pittsburg Sleep Quality Index (55). Anxiety is assessed using the State Trait Anxiety Inventory (56). Common treatment-related toxicities is assessed via the patient reported outcome version of the Common Terminology Criteria for Adverse Events (57). Additionally, treatment symptoms are monitored via the therapy-related symptoms checklist completed at each supervised exercise session, and weekly phone call for the unsupervised group (58). Finally, patient views on exercise benefits, barriers, and preferences, as well as acceptability and feasibility of measures (59) are assessed in addition to their satisfaction with the intervention via an exit survey completed only at follow-up.





2.6.3 Covariates



2.6.3.1 Participant characteristics

Participant demographic and medical history data are collected at baseline with the administration of a study-tailored questionnaire. Changes in demographic and medical history data (e.g., medical conditions, medication, and cancer treatment) are monitored throughout the study period and confirmed at each testing time point.




2.6.3.2 Dietary intake

Recent dietary patterns are assessed using the automated self-administered 24-hour dietary assessment tool (60). Participants complete 3 assessments at home on 2 weekdays and 1 weekend day, recording all food and drinks consumed during the previous 24-hour period.




2.6.3.3 Physical activity logs

The AC and UNSUP groups complete a daily activity log throughout the 16-week intervention. During the supervised exercise sessions, the SUP group is asked about their physical activity completed outside the supervised sessions over the previous week. In addition, the SUP group completes daily activity logs during the follow-up period. In the activity logs, the participants are asked to record the type of exercise performed, time spent performing the exercise, intensity of the exercise bout (rate of perceived exertion [Borg scale 1-10]), and day of the week in which it was completed.






2.7 Intervention adherence and acceptability

Exercise adherence will be assessed according to 1) the percentage and number of prescribed sessions performed and 2) the average minutes of exercise/week, collected from the Fitbit (61). Participant adherence will be captured by 1) percentage and number of prescribed sessions attended (participants must attend≥70% of sessions to be considered compliant with exercise program e.g.,≥34 sessions), and 2) average minutes of exercise/week (participant must complete≥70% of prescribed minutes) performed at the prescribed intensity (62, 63). Intervention acceptability and feasibility will be assessed via Acceptability of Intervention and Feasibility of Intervention questionnaires at month 4 (59). Items are measured on a 5-point Likert scale (completely disagree to completely agree), and the score is calculated mean. An average rating of 4 or higher will be considered feasible/acceptable.




2.8 Follow-up

The planned duration of the exercise intervention is 16 weeks. However, to account for any unforeseen illness, family or medical emergency, or unplanned travel that might prevent participants from completing 48 exercise sessions within 16 weeks, all participants will have a total of 18 weeks to complete these sessions. Any sessions not completed within the 18-week period will not be made up and will be counted as a missed session. All patients will be followed for 4 months after the intervention is completed unless the patient withdraws consent. During this follow-up period, patients who are in the exercise interventions (SUP and UNSUP) will be encouraged to continue with exercise and will be provided an exercise prescription similar to the prescription provided during the exercise intervention, which will be calculated based on their post-exercise intervention assessment.




2.9 Adverse events

Each patient is evaluated for potential adverse events (e.g., lymphedema, pain, muscle soreness, nausea, etc.) at each supervised testing visit and each exercise session, including the supervised sessions for the SUP intervention and telehealth calls for the UNSUP intervention. Participants are provided with a phone number to contact study staff to report potential intervention-related adverse events. Participants are assessed and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) V5 (64) and will be documented by the study personnel at each testing or exercise session. Staff will report on study progress and injuries during weekly meetings either in person, by phone, or through weekly email updates. All adverse events, both serious and nonserious, and deaths that are encountered from initiation of study intervention, throughout the study, and within 30 days of the last study intervention sessions, should be followed to their resolution, or until the principal investigator assesses them as stable or determines the event to be irreversible, or the participant is lost to follow-up.




2.10 Data monitoring and management

Data monitoring begins at the time of participant registration and will continue until protocol completion. While the study team collects, manages, and performs quality checks of the data, the principal investigator or their designated representatives may also perform quality assurance checks as needed. All data are stored on a secure network drive using REDCap (Research Electronic Data Capture; Vanderbilt University) (35, 65), a Health Insurance Portability and Accountability Act–compliant web-based application hosted by Partners HealthCare Research Computing, Enterprise Research Infrastructure & Services, on password-protected computers, with hard-copy data stored in locked filing cabinets in card-access facilities. The results of this study will be presented in publication, conference, and invited speaker formats.




2.11 Sample size

In order to assess change from baseline to post-intervention in daily exercise minutes for the SUP intervention versus AC; and the UNSUP intervention vs. AC, we anticipate to enroll a total of 45 patients with breast, prostate, or colorectal cancers, who will be randomized to SUP (n=15) or UNSUP (n=15) exercise groups, or AC (n=15). Based on data from a recent study led by Lee et al. (2019) examining how a HIIT intervention was feasible for breast cancer patients undergoing chemotherapy, we assume the average weekly minutes of moderate-to-vigorous physical activity to be 30 minutes for all participants at baseline, 60 minutes for the SUP and UNSUP exercise groups and 45 minutes for the AC during 4-month post-intervention, with standard deviation of 12. To detect such difference in the pre-post change in mean minutes of exercise per week (corresponding to a standardized effect size of 1.25), comparing supervised and unsupervised exercise groups to control group using t-test, with two-sided α = 0.05, a sample size of 12 subjects in each group is needed in order to achieve 80% power. Assuming 80% drop off between baseline and post-intervention (Week 17-19), a sample size of 15 patients each group is needed to be randomized.




2.12 Statistical analysis

Initial descriptive analyses will be used to evaluate baseline comparability among the three intervention groups, using ANOVA or Kruskal-Wallis tests for continuous variables and chi-square tests for categorical variables. We will conduct an intention-to-treat analysis for our primary and secondary endpoints. Specifically, we will conduct a t-test for the primary endpoint of difference in change in minutes of exercise for the SUP and UNSUP exercise group relative to control. The SUP and UNSUP exercise intervention will be compared to control separately. The 95% confidence interval for the mean of the difference in change in minutes of exercise will be reported. Statistical testing is for exploratory purpose, without multiple testing adjustment.

Post-intervention outcomes, including cardiovascular risk factors, patient-reported outcomes, and physical function, at 8-months will be evaluated using generalized linear mixed effects model with random intercept to adjust for clustering of repeated measurements within participants. If the primary analyses shows statistical significance, then a sensitivity analysis with multiple imputation of missing data will be conducted to test the robustness of the results. If judged to be MAR or MCAR multiple imputation will be used and between imputation variability incorporated using Rubin’s rule. We will use generalized linear mixed effects models for analyses of continuous outcomes, with appropriate distribution and link selected for any that are not normally distributed. Distribution of primary and secondary endpoints will also be examined by key socio-demographic factors (e.g. income, education level, employment status, and zip code) to explore whether these socio-demographic factors are associated with the endpoints of interest. Statistical testing will be conducted at a family-wise two-sided α = 0.05 level to determine statistical significance. All analyses will be performed using SAS (version 9.4, SAS Institute, Cary, NC).





3 Discussion

The THRIVE trial is the first exercise oncology trial to assess the effects of supervised and unsupervised exercise training on exercise participation in a home-based setting among physically inactive, overweight and obese Hispanic/Latinx and Black cancer patients undergoing chemotherapy. This study comprises a 16-week progressive combined resistance and HIIT intervention delivered virtually to assess exercise participation during chemotherapy, and a 16-week follow-up to evaluate the maintenance of exercise participation in the absence of exercise supervision and programming. In addition, we seek to investigate the effects of supervised and unsupervised home-based exercise training on exercise participation, cardiovascular risk factors, patient-reported outcomes, and physical function.

The THRIVE trial is the first study designed to recruit Hispanic/Latinx and Black cancer patients undergoing chemotherapy. To date, limited studies have evaluated the effect of exercise on health outcomes in Black and Hispanic/Latinx cancer survivors, with the majority of research focused on psychosocial health. Spector et al. (32) has reported improvements in weekly physical activity, cardiopulmonary fitness, muscle strength measures, functional movement, total quality of life, and fatigue in Black breast cancer survivors after completion of a home-based aerobic and resistance exercise intervention. Improvements have also been shown in quality of life, emotional well-being, social well-being, spiritual well-being, and distressed mood in both Hispanic and Black breast cancer survivors after completing a yoga intervention (66). Black men with prostate cancer undergoing androgen deprivation therapy have shown improvements in muscular strength, power, function, endurance, quality of life, and perception of fatigue following resistance only exercise (67). While no study has examined the effect of exercise training specifically in minority cancer patients undergoing chemotherapy, an increasing body of literature reveals that exercise completed during chemotherapy is not only safe, but can maintain and/or improve physical fitness, physical function, and activities of daily living. Exercise also shows potential for reducing toxicities associated with chemotherapy, including fatigue and peripheral neuropathy (20, 68). Given the demonstrated benefits and lack of clinical trials in this population, we focused on underserved minority cancer patients to bridge the gap in cancer health research in minority cancer patients undergoing chemotherapy with limited access to exercise training facilities and support.

The primary outcome of this study is physical activity levels measured by accelerometry. Physical activity participation is an important modifiable factor to improve cancer survivorship (69). Therapeutic interventions that prevent or retard the decline of physical function offer clinical benefits in cancer patients (70). Considering the reported barriers to physical activity in minority cancer survivors (71), exercise participation is a key outcome to be evaluated with exercise interventions. Increased physical activity levels have been reported in Hispanic (72, 73), and Black cancer survivors (32, 73, 74) following exercise interventions ranging between 8 to 16 weeks, suggesting the potential effectiveness of these interventions to increase exercise participation. Notably, previous studies predominantly relied on questionnaires to assess physical activity, acknowledging the higher cost and logistical complexities associated with wearable devices like accelerometers. However, self-reported physical activity data might not accurately portray participants’ activity levels, particularly before the exercise intervention, possibly due to unfamiliarity with the assessment instrument and reporting bias. Therefore, the forthcoming findings from THRIVE trial are expected to offer valuable objective measures of physical activity levels in cancer patients after an exercise intervention.

We selected cardiovascular risk factors as our secondary outcome because the potential negative effects of anticancer therapy on cardiovascular health. This may further exacerbate cardiovascular burden in Hispanic/Latinx and Black cancer patients, who are disproportionately affected by cardiometabolic diseases (10). CVD-specific mortality has been reported higher among younger Black breast cancer survivors than White breast cancer survivors (13.3% vs 8.9%, respectively) (10). Exercise is a safe, cost-effective (75), non-pharmacological approach that has been shown to reduce cardiovascular risk factors in ethnically diverse cancer patients and survivors (15–17). In addition to the traditional cardiovascular risk factors, our study will provide novel data on aortic blood pressure dynamics. Aortic blood pressure is more prognostic than conventional brachial blood pressure as aortic pressure more aptly reflects the load encountered by the heart (i.e., ventricular-vascular coupling) (76). Thus, brachial blood pressure may neglect important information on the cardiovascular burden and response to therapy in Blacks and Hispanics. The THRIVE trial will be the first to evaluate the effect of the interventions in both traditional brachial blood pressure and novel aortic blood pressure. It will also provide ancillary data on arterial stiffness to explore the potential effects on vascular function.

We have implemented novel home-based exercise training strategies to lower barriers to exercise participation in our target populations. Some reported barriers to physical activity participation include the lack of family-care support, limited access to exercise facilities, and the monetary cost of gym membership among Black and Hispanic/Latinx populations (29). Moreover, cancer patients undergoing chemotherapy experience disease- and treatment-related side effects (77), which may further lower the patients’ motivation to attend in-person exercise sessions.

Careful considerations were made in the THRIVE trial to ensure accessibility for underserved minority patients residing in the Greater Boston area. Specifically, home-based exercise is utilized in both exercise intervention groups in the THRIVE study, with the primary distinction lies in the level of supervision they receive. In addition, exercise equipment is delivered to participants’ homes and patients are provided with detailed written instructions on exercise equipment, connecting to video conferencing, and internet access (e.g., providing internet-enabled tablet for those without access).

Although home-based exercise interventions have previously been utilized in cancer survivors, the THRIVE study is the first to utilize self-directed unsupervised and virtually supervised home-based exercise interventions in minority cancer patients receiving chemotherapy. Only one study, to our knowledge, examined the feasibility and safety of home-based exercise interventions in cancer patients during chemotherapy (78). While exercise adherence of 87.6% was reported during the self-directed unsupervised exercise intervention with weekly phone calls, Sturgeon et al. (78) reported limited tolerability for the high-intensity component of their exercise dose. In a Swedish cohort of breast cancer patients undergoing chemotherapy, HIIT provided an effective and time-saving training strategy resulting in beneficial preservation of cardiorespiratory fitness (79). Similarly, Lee et al. (80) found supervised, in-clinic HIIT to be feasible and have an adherence rate of 82% in a cohort of mostly Hispanic cancer patients undergoing chemotherapy. The THRIVE trial takes the next step of exploring the feasibility of delivering a HITT exercise program remotely to cancer patients during chemotherapy. Even though the THRIVE trial is not designed to directly compare the effectiveness of self-directed unsupervised and virtually supervised exercise intervention groups, our preliminary findings will offer valuable insights for the design of future exercise trials involving cancer patients during chemotherapy.

A major strength of the THRIVE trial is the employment of tailored exercise interventions for Hispanic/Latinx and Black cancer patients during chemotherapy. Our exercise intervention is rigorously developed incorporating individualized progressive HIIT and resistance training. We also provide novel real-time supervision during home-based exercise in the virtually supervised exercise group. This model has the potential to be utilized for other cancer diagnoses among minority patients. Moreover, we are examining integration of physiological variables for the intervention to provide mechanistic information on the effectiveness of the trial. One limitation of the THRIVE trial is the lack of detailed focus on social determinants of health. However, we are addressing this to some extent by collecting participants’ income, education, employment status and zip codes at basement (T1). Performing analyses on this data will provide preliminary insights into the impact of social determinants of health and help guide the design of a larger trial in the future. Another limitation of the THRIVE trial is the inclusion of three distinct cancer types in various stages and there are gender differences in cancer occurrence. However, based on our hypothesis, we expect to see increases in physical activity levels regardless of the participants’ cancer diagnoses and staging. The preliminary data from the current trial will be used to guide and inform the design of a Phase II clinical trial with specific cancer diagnoses to assess the effects of home-based exercise interventions on cardiovascular risk in cancer patients undergoing chemotherapy and the overall efficacy of chemotherapy.

In conclusion, the THRIVE trial is the first study to employ a novel and potentially achievable exercise intervention for a minority population receiving chemotherapy. In addition, this study utilizes an intervention approach to investigate the biological and behavioral mechanisms underlying exercise participation in these cancer patients. Results from this study will guide and inform large randomized controlled trials to test the effect of home-based exercise on treatment outcomes and comorbid disease risk in minority cancer patients undergoing chemotherapy.
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