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Abstract
BACKGROUND Adolescent and young adult (AYA) hematopoietic cell transplantation (HCT) survivors are at increased risk
of metabolic syndrome and lean body mass (LBM) deficits. Resistance training (RT) is a potential intervention to improve
LBM, metabolic fitness and reduce risk of cardiovascular disease. PROCEDURE Eligible participants ages 13-39 years, 80-120
days post-HCT, transfusion independent, and prednisone dose <1 mg/kg/day were approached. Baseline assessments of body
composition (DXA), anthropometrics and strength testing were completed and participants were taught a 12-week, homebased RT intervention with weekly remote coaching. Follow-up assessments were at day +200 (FU1) and +365 post-HCT
(FU2). Feasibility targets were 1) 60% enrollment of approached patients, 2) 80% completion of weekly phone calls and 3) 80%
completion of the RT intervention and FU1 assessments. Acceptability was measured by recommendation of the intervention
to an AYA HCT survivor. RESULTS Twenty of 31 (65%) eligible AYAs enrolled. Two participants failed to complete baseline
measurements (1=scheduling barriers, 1=passive refusal) and 4 participants who completed baseline assessments did not receive
the intervention (2=medical reasons, 2=no longer interested). Of the 13 who received the intervention, 11 (85%) completed FU1
and completed 88.5% of coaching calls. LBM (kg) increased or remained unchanged in 9/9 participants with complete body
composition data at FU1 (mean 1.1 kg; 95%CI: 0.4,1.9). All participants who completed FU1 reported they would recommend
the intervention to an AYA HCT survivor. CONCLUSIONS A home-based RT intervention in AYA HCT survivors early post
HCT is both feasible and acceptable and may maintain or increase LBM.
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ABSTRACT
BACKGROUND
Adolescent and young adult (AYA) hematopoietic cell transplantation (HCT) survivors are at increased
2
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risk of metabolic syndrome and lean body mass (LBM) deficits. Resistance training (RT) is a potential
intervention to improve LBM, metabolic fitness and reduce risk of cardiovascular disease.
PROCEDURE
Eligible participants ages 13-39 years, 80-120 days post-HCT, transfusion independent, and prednisone dose
< 1 mg/kg/day were approached. Baseline assessments of body composition (DXA), anthropometrics and
strength testing were completed and participants were taught a 12-week, home-based RT intervention with
weekly remote coaching. Follow-up assessments were at day +200 (FU1) and +365 post-HCT (FU2). Feasibility targets were 1) 60% enrollment of approached patients, 2) 80% completion of weekly phone calls and
3) 80% completion of the RT intervention and FU1 assessments. Acceptability was measured by recommendation of the intervention to an AYA HCT survivor.
RESULTS
Twenty of 31 (65%) eligible AYAs enrolled. Two participants failed to complete baseline measurements
(1=scheduling barriers, 1=passive refusal) and 4 participants who completed baseline assessments did not
receive the intervention (2=medical reasons, 2=no longer interested). Of the 13 who received the intervention, 11 (85%) completed FU1 and completed 88.5% of coaching calls. LBM (kg) increased or remained
unchanged in 9/9 participants with complete body composition data at FU1 (mean 1.1 kg; 95%CI: 0.4,1.9).
All participants who completed FU1 reported they would recommend the intervention to an AYA HCT
survivor.
CONCLUSIONS
A home-based RT intervention in AYA HCT survivors early post HCT is both feasible and acceptable and
may maintain or increase LBM.
INTRODUCTION:
There were more than 678,000 adolescent and young adult (AYA) cancer survivors in the US in 2019, and
this number is projected to increase by more than 30% in the next 10 years.1 Unfortunately, one-third of
childhood cancer survivors have severe or life-threatening medical complications 30 years after diagnosis and
early mortality from cardiovascular disease (CVD) is one of the leading causes of non-relapse mortality.2–5 The
growing number of survivors raises the importance of developing interventions to reduce these adverse late
effects of cancer treatment, including after hematopoietic cell transplantation (HCT).1,6 HCT survivors are
at increased risk of metabolic syndrome (central obesity, insulin resistance, glucose intolerance, dyslipidemia,
and hypertension),7–10 lean muscle mass deficits and sarcopenic obesity compared to sibling controls.11,12 In
a recent study, an exercise intervention including resistance training (RT) in adult breast cancer survivors
was shown to attenuate metabolic syndrome, sarcopenic obesity, and circulating biomarkers.13 Lower muscle
mass and higher central adiposity are highly predictive of insulin resistance and are potential targets for
interventions designed to enhance metabolic fitness and reduce risk of CVD in adolescent cancer survivors.
Resistance training (RT) is a form of physical activity designed to improve muscular fitness by exercising a
muscle or a muscle group against external resistance including traditional free weights and dumbbells, weight
machines, body weight, elastic tubing, medicine balls, or even common household products like milk jugs
filled with sand or soup cans.14 RT has been established as effective in increasing lean body mass, preventing
abdominal and total fat gain, and reducing markers of inflammation and other cardio-metabolic risk factors
in healthy adults.15–18 Studies in adults have demonstrated resistance training regimens are feasible and
effective at improving abdominal adiposity, lipid metabolism and fat mass.15,19 Muscular strength has also
been identified as an independent and powerful predictor of better insulin sensitivity in children.20
A 2019 systematic review of physical activity in AYA cancer patients highlighted the lack of high-quality
studies aimed at improving physical functioning in this population,21 and even fewer studies evaluating
RT interventions in these survivors.22,23 Furthermore, there are few studies evaluating RT interventions
in pediatric and AYA HCT survivors and none of a home based intervention, which is likely to be more
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feasible, acceptable and generalizable than in-hospital supervised programs.22,23 Here in a small pilot study,
we evaluate the feasibility and acceptability of a RT intervention uniquely suited to the needs of AYA cancer
survivors, consisting of a brief in-person training at study entry followed by a home-based regimen for the
duration of the study with remote coaching.
METHODS
Study Design
We conducted a single arm pilot study of an exercise intervention evaluating the feasibility and acceptability
of home-based resistance training intervention in AYA HCT survivors. We recruited participants from the
Seattle Children’s Hospital, Seattle Cancer Care Alliance and Fred Hutchinson Cancer Research Center
(FHCRC) in Seattle, WA between November 2018 and February 2020. We targeted a sample size of 2025 participants. The intervention period was 12 weeks. The primary endpoint was feasibility which was
assessed through enrollment of approached and eligible patients, completion of weekly follow-up phone calls
and completion of the full intervention among enrolled patients. As secondary endpoints, acceptability,
change in body composition, and muscular strength were described.
Eligibility
Patients who were at least 80 days but less than 120 days out from HCT were recruited for participation
in the study. Eligibility criteria included 13–39 years old, ambulatory (able to walk) and without medical
contraindication to increasing physical activity, transfusion independent, and < 1 mg/kg/day of prednisone
and on a tapering schedule. After providing written informed consent (and assent if <18 years of age),
patients were enrolled on the study. The study was approved by the IRB at Fred Hutchinson Cancer
Research Center (no. 10046) and conducted in accordance with the ethical standards of the Declaration of
Helsinki. It is registered at ClinicalTrials.gov (NCT03672981).
Intervention
The RT exercise prescription was uniquely formulated for AYA patients according to RT principals outlined
by the American College of Sports Medicine strength training guidelines.24 Participants were offered up
to three initial in-person exercise teaching sessions with an exercise physiologist at the FHCRC Exercise
Research Center where they were taught the home-based exercise program. The RT intervention was tailored to the participant’s baseline strength assessments by the exercise physiologist. Each participant was
prescribed a progressive resistance program, with participants completing 1-2 sets of 8 to 10 exercises, 8
to 12 repetitions of each exercise, 2-3 days per week. Participants were given graded resistance bands to
complement body weight exercises to target all major muscle groups with the primary goal of increasing
muscle mass. An exercise physiologist then conducted weekly follow-up phone calls with each participant
to assess adherence to the exercise program and to provide support including identifying and overcoming
barriers to exercise, goal setting, assess for adverse events, and providing motivation to exercise.
Outcome Measures
Baseline assessments were performed within 2 weeks of study enrollment. The primary outcomes were assessed at Follow-up 1 (FU1) within 2 weeks after the 12-week intervention period. Outcomes were also
assessed secondarily at Follow-up 2 (FU2) within 4 weeks of day +365 post HCT. At all timepoints, anthropometrics, body composition, and strength testing were measured. For assessment of feasibility, we traced
the number of eligible participants who enrolled in the study, the completion of weekly follow-up phone calls
with participants and the number of participants who completed the 12-week intervention and FU1. To
assess acceptability, one-on-one, semi-structured interviews were performed by a clinical research assistant
via telephone following completion of the 12-week RT intervention. The interviews were conducted following
a standardized script. Sessions were digitally recorded, transcribed verbatim and analyzed. Participants
were asked “Would you recommend this program to other adolescent/young adult hematopoietic cell transplant cancer survivors?” Acceptability was measured by a response of “yes” or “I would” recommend the
intervention to another AYA HCT survivor.
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Body Composition
Heigh and weight were obtained in the FHCRC Exercise Research Center or extracted from the medical
record within 1 week of the evaluation time points. Dual x-ray absorptiometry (DXA) was used to evaluate
body composition including lean body mass (LBM) and percent fat mass (PFM).
Strength Testing
Strength and endurance assessments were performed at the FHCRC Exercise Research Center under the
direct supervision of an exercise physiologist. Assessments included hand grip strength, 30-second chair
stand assessment, one repetition maximum chest press, one repetition maximum leg press and a 6-minute
walk test.
Primary Disease and Transplant Related Data
Primary disease and transplant related data were extracted from the electronic medical record. Data on
donor source, conditioning regimen, radiation exposure, and steroid exposure for treatment of graft versus
host disease (GVHD) were also collected.
Statistical analysis
Participants’ age, gender, and socio-demographic characteristics were summarized using descriptive statistics,
as were participants’ medical characteristics, including underlying diagnosis, HCT conditioning regimen and
donor source. Feasibility was defined as: (1) at least 60% enrollment of approached and eligible patients; (2)
at least 80% completion of the full intervention among enrolled patients; and (3) at least 80% completion
of weekly follow-up phone calls. Absolute and percentage change for muscle strength and body composition
outcomes were calculated for the periods baseline to FU1 and baseline to FU2. Changes were summarized
using means and 95% confidence intervals together with the number of participants experiencing no change,
benefit or decline. Statistical analyses were performed using Stata version 16 (StataCorp., College Station,
TX).
RESULTS
Feasibility and Acceptability
Between November 2018 and February 2020, 91 HCT survivors were screened for eligibility, 31 were eligible,
30 were approached, and 20 survivors (64.6%) were enrolled in the study. Study enrollment was stopped in
February 2020 due to the SARS-CoV-2 pandemic limiting enrollment of up to an additional 5 participants.
Participants ranged in age from 16-39 years, 6 (30%) were female, and 10 (50%) had a 4-year college degree
or higher. (Table 1) Ten participants (50%) had a primary diagnosis of acute lymphoblastic leukemia,
5 (25%) acute myeloid leukemia, 4 (20%) Hodgkin lymphoma, and 1 participant had a germ cell tumor.
Most participants (n=14, 70%) received total body irradiation (TBI) and had an allogeneic donor source
(n=16, 80%). (Table 2) Seventeen participants (85%) completed baseline measurements. Of the 3 who
did not complete baseline measurements, 2 participants cited lack of evening/weekend FHCRC Exercise
Research Center hours and 1 passively refused participation after enrollment. Of the participants who
completed baseline assessments, 11 (65%) completed FU1. Of the 6 participants who did not complete
FU1 measurements, 2 had disease relapse, 1 suffered a non-intervention related medical condition preventing
exercise, 2 declined further follow-up, and 1 declined to follow-up due to the SARS-CoV-2 pandemic. Six
(55%) of the participants who completed FU1 required steroids for GVHD during the intervention period.
There were no significant adverse events during the study. Of the 11 participants who completed assessments
at FU1, 10 completed assessments at FU2. The patient who did not complete FU2 had disease relapse. (Fig.
1)
Participants who completed FU1, completed 89% of weekly coaching phone calls and reported a median of
2 exercise sessions per week. All participants who completed FU1 measurements reported during interviews
they would recommend the intervention to a friend or HCT survivor.
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Body Composition
Paired baseline and FU1 and baseline and FU2 DXA body composition data were available on 9 participants.
Baseline body composition data were unable to be extracted from DXA scans on 2 participants. Of the
participants with evaluable data at FU1, all either maintained (n=3) or gained (n=6) LBM at FU1 compared
with baseline (Table 3). Lean body mass increased for all 8 participants with paired baseline and FU2 body
composition data. The mean increase in LBM at FU1 was 1.1 kg (95% CI: 0.4,1.9) or 2% (95% CI: 1, 4).
At FU2 the mean increase in LBM was 2.1 kg (95% CI: 0.5, 3.8) or 5% (95% CI: 1, 8). Percent fat mass
at FU1 decreased for 3 participants, remained the same for 1 participant and increased for 5 participants.
The mean increase from baseline in PFM at FU1 was 1% (95% CI -2, 5) and 1% (95% CI -3, 5) at FU2. Of
note, all participants who had an increase in PFM at FU1 were on oral prednisone for GVHD at some point
during the intervention while all participants who decreased PFM or remained the same were not.
Muscular Strength
Of the participants who completed FU1, all increased their 6-minute walk distance with a 14% (95% CI:
9, 20) mean increase from baseline (Table 4). 10 participants increased their 30-second chair stand score
with the other participant obtaining the same score resulting in a mean 36% increase (95% CI: 16, 57) from
baseline. Dominant grip strength increased in 9 participants and non-dominant grip strength increased in 8
participants corresponding to a 14% (95% CI: 5, 23) and 19% (95% CI 4, 33) mean increase respectively. One
repetition maximum chest press increased in 10 participants and leg press one repetition max increased in 9
participants corresponding to a 30% (95% CI: 14, 47) and 26% (95% CI: 11, 41) mean increase respectively.
(Fig. 2)
Of the participants who completed FU2, compared with baseline, all participants improved their 30-second
chair stand score with a mean increase of 51% (95% CI: 12, 89) and 6-minute walk test with a mean increase
of 24% (95% CI: 5, 42). Additionally, all participants increased their one repetition maximum chest press
and leg press with a mean increase of 38% (95% CI: 10, 67) and 32% (95% CI: 4, 61) respectively. Dominant
and non-dominant grip strength increased by a mean of 9% (95% CI: -12, 30) and 18% (95% CI: -6, 43).
DISCUSSION
We report the results of a pilot study, which demonstrates the feasibility and acceptability of a home-based RT
intervention for AYA HCT survivors in the early post-HCT period. The feasibility goals of >60% enrollment
of eligible HCT survivors and completion of >80% weekly phone coaching calls were achieved. Completion
rates of the 12-week intervention among enrolled participants were lower than the anticipated 80% rate due to
the fact that 4 participants dropped out of the study due to medical issues/relapse or SARS-CoV-2 pandemic
reasons and 2 due to lack of evening or weekend hours at the FHCRC Exercise Research Center for initial
teaching sessions. Promisingly, all participants increased or at least maintained lean body mass following
the intervention (FU1) and at 1-year post-HCT (FU2). Furthermore, an overwhelming majority of patients
also demonstrated improvements in functional strength assessments. Previous studies have demonstrated
that following allo-HCT, total lean body mass significantly decreases corresponding to increased incidence of
sarcopenia.25–27 Therefore, the resistance training intervention we describe in this study serves as a promising
intervention to increase lean body mass and prevent sarcopenia.
In addition to the improvements in LBM, we also saw corresponding improvements in strength assessments
of major muscle groups from baseline at both follow-up timepoints. These results demonstrate not only
improvement in body composition but also function. However, without a control group, it is difficult to
attribute improvements to the RT intervention versus natural improvements that may occur with the passage
of time and growth after HCT. Despite seeing improvements in LBM, these improvements were not universally
seen for changes in PFM. All of the participants who had an increase in PFM at FU1 (n=5) were on steroids
for GVHD at some point during the intervention period. Therefore, the increase in PFM following the
intervention could largely be due to the use of steroids for treatment of graft versus host disease. Future
interventions could combine both resistance and aerobic exercise to target both improvements in LBM and
percent fat mass.
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The intervention described above is unique in the fact that it utilizes both remote and in-person coaching,
outpatient based, and is designed for the early post-HCT period. Previous literature to date has focused
on older and young populations, as well as predominantly hospital-based interventions. A home-based
resistance training intervention is particularly of value in this immunocompromised population which has
been highlighted by the SARS-CoV-2 pandemic. Furthermore, as we also learned in our study, AYA survivors
can find it hard to return to regional cancer centers for work, family and educational reasons, making a homebased intervention desirable in this population. We have learned that having weekend and evening hours
available for teaching sessions and follow-up assessments is particularly important in the AYA population.
There are a number of limitations to our study, outside of the small number of participants, little racial and
ethnic diversity, single transplant center, and the lack of a control group. Data regarding pre-HCT body
composition were unavailable and not obtained as part of this study. Furthermore, we were unable to extract
baseline body composition data from the DXA scans for 2 participants as only limited DXA scans for bone
density were performed. Additionally, we did not collect data on nutrition and protein intake which can also
have an impact on lean body mass gain.
This study provides preliminary evidence supporting a randomized controlled trial of a home-based resistance
training exercise program in AYA survivors that is both feasible and acceptable. Future randomized trials are
needed to confirm and validate these early findings. Given the prevalence of sarcopenia and metabolic syndrome observed in HCT survivors, exercise interventions that target skeletal muscle loss and cardiometabolic
risk factors are needed to address the chronic metabolic complications in HCT survivors.
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