
Feasibility of FitSurvivor: a Technology-Enhanced Group-Based 
Fitness Intervention for Adolescent and Young Adult Survivors 
of Childhood Cancer

Katie A. Devine, PhD, MPH1, Adrienne Viola, MPH1, Kristine Levonyan-Radloff, MS1, 
Nicholas Mackowski, MS2, Brittany Bozzini, BS2, Alexa Chandler, MS2, Baichen Xu, MS1, 
Pamela Ohman-Strickland, PhD2, Sherri Mayans, APN3, Anne Farrar-Anton, PhD3, Olle 
Jane Z. Sahler, MD4, Margaret Masterson, MD1, Sharon Manne, PhD1, Shawn Arent, PhD2,5

1Rutgers Cancer Institute of New Jersey

2Rutgers, The State University of New Jersey

3Hackensack Meridian Health, Hackensack University Medical Center

4University of Rochester Medical Center

5University of South Carolina

Abstract

Background: This study evaluated the feasibility of a technology-enhanced group-based fitness 

intervention for adolescent and young adult (AYA) survivors of childhood cancer.

Procedure: AYA survivors ages 13 to 25 were randomized to the intervention (8 in-person group 

sessions with mobile app and FitBit followed by 4 weeks of app and FitBit only) or waitlist 

control. Assessments were at 0, 2, 3, 6, and 9 months. Feasibility was evaluated by enrollment, 

retention, attendance, app engagement, and satisfaction. Secondary outcomes included physical 

activity, muscular strength/endurance, cardiorespiratory fitness, health-related quality of life, and 

fatigue.

Results: A total of 354 survivors were mailed participation letters; 68 (19%) were screened, of 

which 56 were eligible and 49 enrolled (88% of those screened eligible, 14% of total potentially 

eligible). Forty-nine survivors (Mage = 18.5 years, 49% female) completed baseline assessments 

and were randomized (25 Intervention, 24 Waitlist). Thirty-seven (76%) completed the post-

intervention assessment and 32 (65%) completed the final assessment. On average, participants 

attended 5.7 of 8 sessions (range 1-8). Overall intervention satisfaction was high (M = 4.3, SD = 

0.58 on 1-5 scale). Satisfaction with the companion app was moderately high (M = 3.4, SD = 

0.97). The intervention group demonstrated significantly greater improvement in lower body 

Correspondence concerning this article should be addressed to Katie A. Devine, PhD, Rutgers Cancer Institute of New Jersey, 195 
Little Albany Street, New Brunswick, NJ 08903. Phone: 732-235-7549; katie.devine@rutgers.edu. 

Conflicts of Interest Statement: The authors declare that they have no conflict of interest.

Availability of Data: The data that support the findings of this study are available from the corresponding author upon reasonable 
request.

HHS Public Access
Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2021 September 01.

Published in final edited form as:
Pediatr Blood Cancer. 2020 September ; 67(9): e28530. doi:10.1002/pbc.28530.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



muscle strength compared to the waitlist post-intervention, and small but not statistically 

significant changes in other secondary measures.

Conclusions: A group-based intervention with a mobile app and fitness tracker was acceptable 

but has limited reach due to geographical barriers and competing demands experienced by AYA 

survivors.
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Up to 62-95% of childhood cancer survivors develop a chronic health condition such as 

cardiovascular disease by age 45.1,2 Cardiovascular events are the leading cause of non-

cancer related death among survivors of childhood cancer.3 Regular physical activity may 

mitigate the risk of some late effects.4 However, 42%−72% of childhood cancer survivors 

demonstrate insufficient rates of physical activity,5-9 with rates lower than the general 

population.10,11 Physical activity declines sharply in adolescence.12,13 Intervening to 

increase activity during this time may help adolescents and young adults (AYAs) change this 

trajectory and carry healthy lifestyle habits into adulthood.14,15

Increased exercise has been associated with a reduction in all-cause mortality among 

childhood cancer survivors16 and a dose-dependent reduction in the incidence of 

cardiovascular events.17 There is a growing body of evidence suggesting that participation in 

physical activity interventions can improve physical function (e.g., muscular strength, 

cardiorespiratory fitness) and psychosocial outcomes (e.g., health-related quality of life, 

fatigue).18,19 However, the literature as a whole is characterized by single-arm feasibility 

and pilot studies, with very few rigorously designed randomized trials.19,20

The majority of studies have been designed for child and adolescent pediatric survivors21-23 

or young adults diagnosed as young adults.24-26 Few studies specifically target AYA 

survivors of pediatric cancers.27-32 Of those studies targeting AYA survivors of pediatric 

cancer, almost all found positive but not statistically significant improvements in physical 

activity and fitness outcomes, which may be attributed to small sample size. Of note, a 

group-based community intervention found significant improvements in physical activity 

and fitness outcomes post-intervention, but gains were not maintained at follow-up.30 

Studies incorporating a FitBit or other electronic activity monitor found trackers to be 

acceptable to AYAs.27,28,31 Taken together, these studies suggest that an in-person 

supervised intervention may have good initial impact but could be enhanced by 

incorporating mobile interventions that are acceptable to AYA and more likely to be 

integrated into daily life. No studies to date have combined the in-person group-based 

approach enhanced with mobile technology to capitalize on the strengths of each approach.

To address this gap, we developed “FitSurvivor,” a group-based supervised fitness 

intervention with a companion mobile app. Guided by Social Cognitive Theory,33 the 

intervention consisted of eight weekly group-based sessions with four primary components: 

(1) exercise with a trainer, (2) goal setting and self-monitoring, (3) healthy lifestyle 

education, and (4) social support. The primary aim was to evaluate the feasibility and 
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acceptability of FitSurvivor. The secondary aim was to examine effects on physical activity, 

muscular strength, cardiorespiratory fitness, fatigue, and health-related quality of life.

Methods

Study Design

This study evaluated the feasibility of FitSurvivor versus waitlist control, chosen to increase 

the acceptability of randomized assignment and to obtain intervention adherence and 

satisfaction data from all enrolled participants. The intervention was 12 weeks, including 

eight weeks of in-person group sessions followed by four weeks of mobile app and fitness 

tracker use alone. Baseline assessment occurred prior to randomization followed by 

assessments at 2 months (end of group sessions), 3 months (post-intervention), 6 months 

(short-term follow-up) and 9 months (end of intervention for waitlist and longer follow-up 

for intervention). This study was approved by the Institutional Review Board at both 

recruitment sites and performed in accordance with the ethical standards in the 1964 

Declaration of Helsinki and its later amendments. The study was registered at 

ClinicalTrials.gov (NCT02688192).

Participants

AYA survivors were recruited from long-term follow-up clinics at two pediatric cancer 

centers in the northeastern US. Eligibility criteria were age 13 to 25 years old, diagnosed 

with any cancer prior to age 21, off treatment at least six months, physician approval, and 

self-reported physical activity levels below the CDC activity guidelines (i.e., for adolescents: 

<60 minutes of moderate-vigorous aerobic activity daily including three or more days of 

vigorous intensity activities, muscle-strengthening exercises, and bone strengthening 

exercises; for adults ≥ 18: <150 minutes of moderate-intensity aerobic activity or 75 minutes 

of vigorous-intensity aerobic activity and two or more days of muscle-strengthening 

exercises per week). Exclusion criteria were significant developmental delay, pregnancy, and 

non-English speaking.

FitSurvivor Intervention

FitSurvivor is a group-based supervised program enhanced with a custom-built mobile app 

and a commercially available activity tracker (FitBit Charge or Alta). FitSurvivor was 

developed grounded in social cognitive theory,33 with major components targeting self-

efficacy, goal setting and self-monitoring, instruction in proper exercise form, increasing 

cancer-related and general health behavior knowledge, and social support. For example, the 

trainer taught participants how to set specific goals and reviewed progress weekly. The 

companion app prompted users to set goals during the first log-in. In training sessions, the 

trainer encouraged participants to work on the goals set. The FitBit provided self-monitoring 

of steps and active minutes, and participants could log workouts within the app. See 

Supporting Information Table S1 for more examples of how behavior change techniques 

were employed.

The intervention was 12 weeks (eight weeks of in-person group-based exercise sessions 

followed by four weeks of using the companion app and FitBit alone). Each session was 90 
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minutes, with 60 minutes of trainer-led exercise and 30 minutes of personalized goal setting, 

feedback, and education. Education included strategies for behavior change (e.g., goal 

setting, overcoming barriers) and information about exercise and nutrition. Exercises were 

age-appropriate, and the trainers assisted participants in modifying intensity or form as 

needed based on participants’ ratings of perceived exertion or physical limitations due to 

cancer treatment (such as balance problems or limited use of a limb). Trainers taught 

participants to gradually increase resistance, reps, and minutes of moderate/vigorous 

exercise over time.

The FitSurvivor app (available for Apple and Android devices) included graphic feedback 

on activity from the FitBit tracker, goal setting, cancer-specific and general health 

information, full-, upper-, or lower-body strength workouts (including video and/or 

pictures), high intensity circuit workouts, achievements unlocked by meeting activity goals 

or completing workouts (e.g., “Strong Body” awarded for the first time meeting weekly 

strength goal), points for completing workouts, and a social feed to highlight participant 

successes (e.g., “[Nickname] completed Workout 1”). Participants were able to “like” or 

comment on others’ accomplishments but there was no private messaging. See Supporting 

Information Figure S1 for screenshots of the app. Participants could optionally join a private 

Facebook group to allow participants to message each other.

Procedures

Recruitment occurred in four waves between January 2016 and September 2017 at two sites. 

Potentially eligible patients were mailed recruitment letters/flyers. At Site 1, study staff 

made follow-up phone calls and/or approached potential participants during routine clinic 

visits. At Site 2, participants had to contact the study staff for information and screening. 

Interested participants were screened for eligibility via phone/in-person and scheduled for a 

consent/baseline visit. After obtaining informed consent/assent and parent permission for 

minors, participants completed the baseline assessment conducted by a qualified trainer in a 

gym setting. Participants completed anthropometric measures first followed by 

cardiorespiratory and muscular fitness tests and survey measures. Participants were asked to 

wear an ActiGraph wGT3X-BT accelerometer on their non-dominant wrist for 7 days 

following the baseline assessment. They were asked to wear 24-hours per day but to remove 

for water-related activities. For subsequent assessments, participants were mailed actigraphs 

and surveys prior to the visit.

Participants were randomized 1:1 to either the FitSurvivor intervention or waitlist control 

(WLC). The study biostatistician created the randomization scheme, stratifying by site and 

age (13-17 vs. 18-25), using a varying block size of 2-6 to ensure equal assignment between 

arms. Individual assignments were sealed in envelopes and opened sequentially according to 

baseline completion. Participants randomized to the intervention were invited to start the 

group sessions within a few weeks. All participants were asked to complete assessments at 

2, 3, 6, and 9 months following randomization. Individuals randomized to the WLC received 

the intervention after the 6-month assessment. Participants were compensated with $20 gift 

cards for each assessment and given a FitBit free-of-charge. Participants who completed all 

study assessments were entered into a raffle for a $150 prize at the end of the study.
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Measures

Feasibility and satisfaction.—Feasibility was evaluated by enrollment, retention, 

attendance at in-person sessions, engagement with the FitSurvivor companion app, 

engagement with the private Facebook group, and satisfaction with the intervention. Data 

regarding app usage was securely downloaded by study staff. Engagement with the app was 

measured by number of in-app exercises completed, points earned, achievements unlocked, 

optional posting of a “survivor story” (i.e., participants’ story/motivation for exercise), and 

likes/comments posted within the social feed. Engagement with the Facebook group was 

measured by joining the group, percentage of posts viewed, and number of likes/comments 

posted. In addition, participants completed a survey rating their satisfaction with various 

aspects of the intervention using a scale of 1 (not at all) to 5 (very much), and responded to 

open-ended questions about whether they would recommend the program to others, what 

they liked, what they disliked, and suggestions for improving the group sessions and the app.

Physical activity and sedentary behavior.—Objective physical activity data was 

collected in 1-second epochs using Actigraph wGT3X-BT initialized at 30 Hz. Self-reported 

minutes of moderate-vigorous activity (MVPA) in the past seven days was measured using 

the modified International Physical Activity Questionnaire – Short Form (IPAQ-SF34). 

Participants report the number of days of moderate and vigorous activity and number of 

minutes per day. Scoring yields a total weekly minutes of moderate-vigorous activity. 

Sedentary behavior was measured using two items from the PACE Adolescent Psychological 

and Sedentary Behavior Survey35 regarding the number of hours spent engaging in 

sedentary activity (e.g., watching TV) on weekdays and weekends. This measure yields a 

summary score ranging from 2 to 12, with higher scores indicating longer amounts of 

sedentary behavior.

Fitness.—All tests were performed by certified strength trainers. Lower and upper body 

muscular strength were measured via 10-repetition maximum (10-RM) tests following 

National Strength and Conditioning Association guidelines36 (leg press machine for lower 

body and barbell bench press for upper body). Following a warm-up, participants started 

with one set of 10 repetitions using a moderate load (~50% of estimated 10-RM based on 

rating of perceived exertion). Weight was progressively increased until a load allowing only 

10 repetitions (not 11) in good form for both exercises. Participants generally completed two 

to four sets to determine the 10-RM, with about three minutes of rest between sets. 

Estimates of 1-RM leg and bench press were made using a linear prediction equation.37 

Cardiorespiratory fitness was measured via submaximal treadmill testing, chosen over 

maximal testing because it was feasible at both sites, using a modified Bruce protocol.38 

This standardized graded treadmill test adds two warm-up stages, with the first performed at 

a 1.7 mph and 0% grade and the second at 1.7 mph and 5% grade. Participants performed 

the graded exercise test until they reached 85% of their age-predicted maximum heart rate,39 

which was measured using a chest-worn Polar heart rate monitor. Estimated VO2 max was 

calculated for each participant using the multi-stage model and American College of Sports 

Medicine metabolic equations.40 Heart rate was recorded from the treadmill interface for the 

first cohort of fifteen participants and a Polar heart rate watch for the remainder of the 

cohorts. Analyses were run with and without a covariate for device.
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Anthropometrics.—Height, weight, and waist circumference were measured.

Psychosocial outcomes: health-related quality of life and fatigue.—Participants 

completed the PedsQL Generic Core,41,42 a 23-item multidimensional measure of physical, 

emotional, social, and cognitive functioning. Respondents indicate how much of a problem 

each item has been in the past week using a scale from 0 (never) to 4 (almost always). 

Scores are transformed on a 0-100 scale, with higher scores indicating better functioning. It 

yields two summary scores – Physical and Psychosocial. The PedsQL inventory is widely 

used and extensively validated.42-44 The PedsQL Multidimensional Fatigue Scale measures 

general, sleep/rest, and cognitive fatigue. Higher scores indicating better functioning.

Statistical Analyses

Feasibility was evaluated using descriptive statistics (percentages, means, frequencies) of 

enrollment rates, assessment completion rates, attendance at weekly sessions, engagement 

with the app, use of the Facebook groups, and satisfaction with the intervention. Responses 

to the open-ended satisfaction questions were thematically coded by two members of the 

research team, with any discrepancies resolved through discussion. We examined attendance 

at weekly sessions and engagement with the app separately by intervention group and the 

WLC after receiving the intervention; there were no significant differences between groups 

(data not shown) so pooled data on all participants who began the intervention is presented.

Data from Actigraph wGT3X-BT were re-integrated into 10-second epochs for scoring 

using the ActiLife software. Wear-time was determined using the wear sensor and the Choi 

algorithm.45,46 As has been recommended, valid days were defined as 10 or more hours of 

wear time and at least 4 valid days were required for use in analysis.47 Chandler cut points 

for MVPA were used.48 Daily minutes of MVPA were calculated by dividing the total 

number of moderate-to-vigorous activity minutes by the number of valid wear days.

While feasibility was the primary outcome, the a priori secondary outcomes were changes in 

fitness tests and self-reported outcomes at 3 months or immediately post-intervention. These 

were evaluated using group x time in a repeated measures analysis of variance with gender 

as a covariate, performed in SPSS 26.0, for participants with complete data at 3 months. 

Trainer, cohort, and device to read heart rate were initially included as covariates but did not 

substantially alter results, so were excluded. Missing data ranged from 25% to 37.5% across 

outcomes. In an exploratory analysis using baseline data carried forward for those who 

dropped out, we found the results were similar, but effect sizes were reduced (data not 

presented). Additional exploratory analyses evaluated whether there were any lasting short-

term benefits by examining group x time interactions in repeated measures analyses of 

variance, covarying for gender, from baseline to 6 months (i.e., 3 months after the end of the 

intervention).

Results

Feasibility

Enrollment and retention.—In total, 354 participants were mailed letters; 68 were 

contacted/screened, of which 56 were eligible and 49 enrolled (88% of those screened 
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eligible, 14% of total potentially eligible pool). A total of 49 participants completed baseline 

assessments and were randomized to the intervention (n=25) or waitlist control (n=24). Of 

those assigned to the intervention, 16 (64%) completed the group sessions (see Figure 1 for 

CONSORT flow diagram). For the WLC, 19 (79%) completed the group sessions. For the 

intervention group, 16 (64%) completed assessments at 2 months, 15 (60%) completed 

assessments at 3 months, 14 (56%) completed assessments at 6 months, and 13 (52%) 

completed assessments at 9 months. For the WLC, 23 (96%) completed assessments at 2 

months, 22 (92%) completed assessments at 3 months, 22 (92%) completed assessments at 6 

months, and 19 (79%) completed assessments at 9 months. Overall, 32 of the 49 participants 

(65%) completed the study. Participants assigned to the intervention group were more likely 

to drop out by 3 months, χ2(1) = 5.78, p = .02, but this was not significant at 9 months, p 
= .12. Among participants assigned to the intervention group, there were no significant 

differences in baseline characteristics (i.e., age, sex, race, ethnicity, cancer diagnosis, time 

since treatment completion) between those who completed the intervention and those who 

did not (ps > .05). Participant characteristics are presented in Table 1. There were no serious 

adverse events and three related or possibly related non-serious adverse events during the 

study (i.e., minor wrist cut, muscle strain, dizziness during treadmill test).

Participant engagement and satisfaction.—On average, participants attended 5.7 out 

of eight group sessions (71%). There was wide variability in engagement with the 

companion app (Table 2). On average, participants completed 6.67 in-app workouts (SD = 

10.77, range = 0 to 44). Participants earned an average of 169.5 points for completing 

workouts (SD = 290.1, range 0 to 1,195) and unlocked 8.71 achievements (SD = 4.5, range 0 

to 20). Completion of in-app workouts appeared to decline over the course of the 

intervention, peaking at weeks 2 and 6. There was very little usage of the social features of 

the app where participants could “like” or comment on others’ activity (M=0.80 

engagements per participant, SD = 1.63; range = 0 to 8). Only seven individuals (16%; 1 in 

cohort 1; 4 in cohort 2, and 2 in cohort 4) shared an optional “Survivor Story” about their 

cancer history and motivation for joining the intervention study. There were several technical 

problems where syncing between the FitBit app and FitSurvivor app was temporarily 

unavailable, typically lasting only a few hours but sometimes requiring technical support 

from study staff. Anecdotally, participants found this disruptive and frustrating.

Overall, engagement with the optional Facebook private groups was low, with only 71% of 

participants joining the group. Given a low number of participants with Facebook accounts 

in the final waitlist group, we did not create a private Facebook group for that one group (n = 

8). Participants who were younger were less likely to join due to not having a Facebook 

account (X2 = 5.99, p = .01). Of those who joined, participants viewed on average 50.9% of 

posts (SD = 38.5%, range 0-100%) and liked 1.1 posts (SD = 2.6). Group sizes were small 

(n = 5 to 9) and only two individuals posted comments in addition to moderators.

Participants reported greatest satisfaction with the trainer (M = 4.88, SD = 0.33), program 

overall (M = 4.27, SD = 0.57), types of exercises completed (M = 4.27, SD = 0.63), and 

length of group sessions (M = 4.21, SD = 0.65; see Table 3). Satisfaction with the 

FitSurvivor app was moderately high (M = 3.39, SD = 0.97), including the visual appeal of 
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the app (M = 3.97, SD = 0.77), the workouts (M = 3.85, SD = 0.94), ease of use (M = 3.82, 

SD = 1.07), and the tips and information within the app (M = 3.79, SD = 0.77).

When asked what they liked about the intervention, participants’ responses had four themes: 

encouragement and motivation, education, beneficial outcomes, and social enjoyment (see 

Table 4). Suggested improvements centered on refining technical aspects of the mobile app, 

adding functional features to the app, and adding more variety of training exercises as well 

as increasing the duration (more weeks) or dose (more frequent sessions) of the program.

Secondary Outcomes

Physical activity and sedentary behavior.—Participants wore the Actigraph monitors 

for an average of 6.21 days (SD = 2.22) at baseline and 5.67 days (SD = 2.23) at 3 months, 

with 41 and 30 participants, respectively, providing at least 4 valid days for analysis. 

Although both groups self-reported increased weekly MVPA, Actigraph data indicated a 

slight decrease in MVPA for the intervention group and no change for the WLC post-

intervention. There were no statistically significant group*time differences in physical 

activity or sedentary behavior post-intervention (Table 5) or at 6 months (Supporting 

Information Table S2).

Fitness.—Repeated measures ANOVA demonstrated a significant group*time effect for 

lower body muscular strength, with the intervention group demonstrating a greater increase 

post-intervention (30.8% vs. 11.7% in WLC), F[1,32] = 6.15, p = .02, η2 = .16). This was 

not significant at 6 months. There were no statistically significant group*time differences in 

upper body strength or cardiorespiratory fitness post-intervention (Table 5) or at 6 months 

(Supporting Information Table S2).

Anthropometrics.—There were no statistically significant changes in BMI or waist 

circumference post-intervention (Table 5) or at 6 months (Supporting Information Table S2).

Psychosocial outcomes: HRQOL and fatigue.—Although the percent increase 

generally favored the Intervention group, there were no statistically significant group*time 

differences across psychosocial outcomes post-intervention (Table 5) or at 6 months 

(Supporting Information Table S2).

Discussion

The FitSurvivor intervention was designed to meet the unique needs of adolescent and 

young adult survivors of pediatric cancers by combining in-person group-based exercise 

sessions with a mobile application. Recruitment was challenging, primarily because we were 

only able to reach a small percentage of the potentially eligible pool (<20%). However, 

study acceptance amongst those who were eligible was high (88%). Retention was 

suboptimal, but consistent with other studies of adolescent and young adult survivors, where 

retention rates have ranged from 60% for a community-based intervention22 to 90% for a 

mobile intervention.27 A potential explanation is that interventions involving greater time 

and effort, like this intervention, result in lower retention due to competing time 

commitments. Satisfaction with the in-person training was very high, and attendance at 
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group sessions averaged 71%. Satisfaction and ease of use of the app were rated moderately 

high, but engagement decreased over time for the majority of participants. This is similar to 

the general literature regarding mobile health applications, as many factors influence 

sustained engagement over time.49

Engagement with the social features of the app and the private Facebook group was poor, 

particularly among adolescent participants. Low utilization may have been due to a lack of 

interest in engaging with other participants outside of sessions, low perceived need to engage 

outside sessions given socialization during group sessions, or preference to engage with their 

existing social networks through other channels (e.g., Snap Chat, Instagram). Younger 

participants were less likely to have a Facebook account, suggesting that Facebook is not the 

optimal platform for engaging with adolescents. Engaging with other survivors is commonly 

endorsed by AYA survivors50 but often difficult to successfully create in intervention studies. 

Connecting survivors 1:1 instead of a general group, or using direct prompts to provide 

structure for responding, may facilitate engagement. More research is needed to identify the 

best ways to successfully foster peer interaction and support in mobile environments.

Given the goal was to determine feasibility, this study was not powered to detect small to 

medium effects in fitness, health-related quality of life, or fatigue outcomes, and we must 

interpret these results cautiously.51 However, there were some promising improvements in 

muscular strength that aligned with the intervention’s focus on strength training rather than 

aerobic training. To have a greater impact on cardiorespiratory fitness, future iterations 

should consider specific aerobic training and increasing the intensity or duration of the 

intervention. Future work could consider using maximal aerobic capacity testing to 

individually prescribe aerobic training.

Despite strengths of a randomized design, there were several weaknesses. The small sample 

size appropriate for feasibility testing limited power to detect differences in secondary 

outcomes, similar to the state of the field in this area.19 The study design did not allow 

examination of different components of the intervention (i.e., in-person groups vs. app/

FitBit). Given that there is mixed literature on the impact of activity tracking devices like 

FitBit,27,52 future studies should consider including a device-only control group. The 

inclusion of a wide developmental range from 13 to 25 was a strength in representing the 

AYA group but made it difficult to foster group cohesion and present educational 

information in a way that engaged the full age range. Future work may consider different 

approaches for adolescents and young adults. Eligibility criteria required that participants 

did not meet the CDC guidelines for both aerobic and strength training, such that some 

participants may have met one guideline but not the other, which may have biased baseline 

fitness scores towards a slightly more active group but would not have differentially affected 

intervention or waitlist control groups. To reduce participant burden, we did not include a 

measure of self-efficacy; however, future work should explicitly evaluate self-efficacy as a 

potential mediator.

In sum, while the FitSurvivor intervention offered promise to those who were willing and 

able to attend in-person group sessions, such a program is likely to have limited reach due to 

geographical barriers and competing school, work, and social demands of AYA survivors.50 
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There are a number of potential ways to move forward. Given that the in-person group 

sessions showed promise, future studies might invite AYA survivors to join group sessions in 

community settings with a friend or family member to increase group size, recognizing a 

potential reduction in the focus on cancer survivorship specifically but harnessing natural 

social support networks. Alternatively, telehealth technology might be used to deliver group 

sessions to survivors at home, perhaps with family or other friends involved. Indeed, the 

healthcare system has rapidly expanded the use of telehealth in response to COVID-19,53 

with seemingly high acceptance amongst patients. Although a stand-alone mobile app is 

more likely to have broader reach, there would be concerns about engagement and 

accountability over time. The use of factorial or adaptive designs could provide insight into 

which features are effective in producing behavior change.54 Given our participants’ high 

satisfaction with the trainer, another potential approach is individualized health coaching 

with a trainer or coach via an app or telehealth. Health coaching interventions have 

demonstrated positive effects among adults with chronic conditions.55 Future work should 

evaluate the efficacy of different approaches and characteristics of individuals most likely to 

benefit from one approach over another.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consort flow diagram
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Table 1

Participant characteristics

Intervention (n=25) Waitlist (n=24)

M (SD) or n (%) M (SD) or n (%)

Current Age (years) 18.76 (3.9) 18.25 (3.6)

Sex

 Male 10 (40.0%) 15 (62.5%)

 Female 15 (60.0%) 9 (37.5%)

Cancer Diagnosis

 Blood Cancer 19 (76.0%) 21 (87.5%)

 Brain Tumor 3 (12.0%) 0 (0.0%)

 Solid Tumor 3 (12.0%) 3 (12.5%)

Age at diagnosis (years) range 7.36 (5.5) [0-17] 8.54 (6.1) [0-19]

Time since treatment completed (years) range 9.46 (5.5) [1-22] 7.63 (4.4) [1-16]

Treatment Received

 Chemotherapy (yes) 25 (100%) 24 (100%)

 Radiation

  Yes 7 (28.0%) 7 (29.2%)

  No 18 (72.0%) 17 (70.8%)

 BMT/HSCT

  Yes 4 (16.0%) 3 (12.5%)

  No 21 (84.0%) 21 (87.5%)

Race/Ethnicity:

 Non-Hispanic White 13 (52.0%) 14 (58.3%)

 Non-Hispanic Black 1 (4.0%) 2 (8.3%)

 Non-Hispanic Asian 3 (12.0%) 4 (16.7%)

 More than 1 race 3 (12.0%) 1 (4.2%)

 Other/unknown 5 (20.0%) 4 (16.7%)

Employment Status:

 Student 19 (76.0%) 17 (70.8%)

 Part-Time 3 (12.0%) 4 (16.7%)

 Full-Time 2 (8.0%) 3 (12.5%)

 Unemployed 1 (4.0%) 0 (0.0%)

Health Insurance:

 None 0 (0.0%) 2 (8.3%)

 Public 7 (28.0%) 7 (29.2%)

 Private 18 (72.0%) 17 (70.8%)

Marital Status:

 Single, never married 24 (96.0%) 25 (100.0%)

 Married/Partnered 1 (4.0%) 0 (0.0%)

Note. BMT = Bone Marrow Transplant; HSCT = Hematopoietic Stem Cell Transplant
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Table 2

Participant engagement with FitSurvivor group sessions and companion app

Engagement M (SD) Range

# Group Sessions Completed 5.67 (2.31) 1-8

# In-App Workouts 6.50 (10.69) 0-44

Total In-App Points Earned 165.48 (287.74) 0-1,195

# Achievements Unlocked 8.50 (4.63) 1-20

# of Likes/Comments Posted 0.62 (1.51) 0-8

Note. Participants who dropped out prior to completing any sessions were excluded from these analyses (n = 42).
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Table 4

Participant feedback about intervention benefits and suggestions for improvement.

Positive Themes Example quotes

Encouragement & motivation 
(n = 21)

“This program really gave me the push I needed to begin a more healthy lifestyle for me.”
“I never felt this encouraged to work out. It’s very helpful and life changing.”
“The sessions are more personable and gave more of a drive and motivation to push your limits.”
“The app challenges you every day and kept me motivated (along w/the tips)”

Education (n = 18) “Having [the trainer] directing workouts, because I don't really know how to exercise.”
“Learning the correct way to do the exercise…”
“I was able to check the app to make sure I was doing the workouts right.”
“Lots of good educational information and recommendations.”

Beneficial Outcomes (n = 15) “This program helped a lot.”
“I felt better from exercising. I also lost a few pounds.”
“It was very productive and I got a lot out of it, from like [the] physical aspect to the educational aspect as 
well.”
“It helps you feel better about yourself.”

Social enjoyment (n = 7) “You can meet people that have gone through the same thing as you.”
“Exercising in a group was fun.”
“I liked exercising in a group and learning new exercises.”
“I like how people can share their stories.”

Problems/Suggested 
Improvements

Example quotes

App: Technical aspects (n = 
20)

“Sometimes my workout data deleted before I completed the workout.”
“It really didn't sync well for me.”
“Make it work more efficiently…no crashing, load faster.”

App: Functional features (n = 
11)

“Ability to set reminders. For example, setting yourself personal reminder to go workout.”
“Please add Apple watch support.”
“Adding a setting to plug music through the app would be useful.”
“Add proposed meals to the app.”

Enhanced training (n = 7) “More training on equipment to use alone after.”
“Add small amounts of weight training.”
“Having the sessions more often instead of once a week”
“I would change the number of weeks. I would say 16-week program”

Note. The n for each theme reflects the number of participants making a comment within that theme and participants could provide multiple 
comments that aligned with more than one them.
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