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Abstract
Background: Advances in autologous hematopoietic stem cell transplantation (HSCT) and supportive care have led
to marked improvements in survival for patients with multiple myeloma. Despite these improvements, patients with
multiple myeloma remain at high risk of physical dysfunction and frailty due to HSCT and its associated exposures.
Although traditional supervised exercise programs can improve frailty in cancer patients and survivors, rehabilitation
facilities are typically far from a patient’s residence, are offered on fixed days/hours, contain uniform activities for everyone, and carry a higher risk of contact cross-infection due to immunosuppression, which can be barriers to exercise
participation. Innovative personalized interventions are needed to overcome the limitations of traditional exercise
interventions. The purpose of this study is to determine the efficacy and sustainability of a telehealth exercise intervention on physical function and frailty in patients with multiple myeloma treated with HSCT.
Methods: This randomized controlled trial will assess the efficacy of an 8-week telehealth exercise intervention in
60 patients with multiple myeloma who underwent autologous HSCT (30–180 days post-transplant) and are prefrail or frail. There will be 30 intervention participants and 30 delayed controls. We will administer remote baseline
assessments (week 0), followed by an 8-week telehealth intervention (week 1–8), post assessment (week 9), and an
additional follow-up assessment (week 17). Our primary endpoint will be improved physical function, as assessed
by the Short Physical Performance Battery test. Our secondary endpoint will be a decrease in frailty characteristics
such as gait speed, strength, and fatigue. We will also evaluate the sustainability of improved physical function and
frailty at week 17. Participants randomized to the intervention group will perform at least 90 min of exercise per week
throughout the 8 weeks.
Discussion: This study will help optimize the delivery of safe, low-cost, and scalable telehealth exercise interventions
to improve health outcomes in patients with multiple myeloma, an understudied population at high risk for physical
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dysfunction and frailty. Our study may provide the foundation for sustainable telehealth exercise interventions to
improve physical function and frailty for other hematologic cancer patients (e.g., acute leukemia, lymphoma) as well
as any other cancer population of interest.
Trial registration: ClinicalTrials.gov NCT05142371. This study was retrospectively registered on December 2nd, 2021,
and is currently open to accrual.
Keywords: Telehealth exercise, Physical function, Frailty, Multiple myeloma

Background
Advances in autologous hematopoietic stem cell transplantation (HSCT) and supportive care have led to
marked improvements in survival for patients with multiple myeloma [1]. In fact, multiple myeloma is the most
common indication for autologous HSCT, with an estimated 67% of patients with multiple myeloma comprising the total HSCT in the USA annually [2]. Despite these
improvements, patients with multiple myeloma remain
at high risk of physical dysfunction and frailty due to
HSCT [3], and its associated exposures [4]. Frailty can
be defined as having three or more of the following: clinically underweight, exhaustion, low energy expenditure,
slow gait speed, and weak strength [3, 5, 6]. It is estimated
that two thirds of patients with multiple myeloma have
aging-related health conditions such as frailty [7]. The
International Myeloma Working Group reported that
frail patients with multiple myeloma have the lowest survival rate after 3 years (57% vs 84%) as well as the highest treatment discontinuation (31.2% vs 16.5%) compared
to non-frail patients [8]. Additionally, frailty is associated
with a 2.7-fold higher risk of mortality in HSCT survivors
when compared with those who are not frail [3], which
further emphasizes the need for innovative prevention
strategies to mitigate these modifiable complication risks
after autologous HSCT.
Exercise interventions for hematological cancer survivors have been implemented to reduce treatment-related
side effects and counteract physical inactivity. Several
studies have examined the effects of exercise before [9–
11], during [12, 13], or after [14–17] HSCT. However,
studies have not utilized a fully remote telehealth exercise approach on physical function and frailty in these
patients. Moreover, previous studies have not focused on
patients at risk for developing frailty to show the benefits
of participating in an exercise intervention in those at
highest risk for adverse health outcomes. This unspecified selection of participants may have led to an underestimation of exercise effects, which has hindered the
development of optimal exercise interventions for these
patients.
Exercise is one of the most effective strategies to
improve physical function and frailty in patients with
chronic health conditions including heart failure [18],

stroke [19], and cancer [20]. Unfortunately, exercise
intervention studies presently face substantial challenges
in implementation due to the COVID-19 pandemic [21],
which has resulted in the closures of exercise facilities
due to the need to maintain appropriate social distancing [22]. One potential exercise approach that does not
require in-person attendance and can be accessed anytime and anywhere is a telehealth exercise intervention.
A telehealth exercise intervention is an effective alternative model of home-based rehabilitation that can possibly produce higher compliance rates and similar efficacy
when compared with hospital-based programs [23].
Studies in patients with coronary artery disease [24], and
heart failure [25] have shown that a telehealth exercise
intervention is equivalent to traditional cardiac rehabilitation in achieving functional improvement, managing risk factors (blood pressure, lipid profile, and body
mass index), and improving quality of life, without serious adverse events. Despite strong evidence supporting
the safety and effectiveness of home-based cardiac rehabilitation [26, 27], to our knowledge, no studies have used
fully remote exercise interventions to prevent the risk of
physical dysfunction and frailty in patients with multiple
myeloma.
Therefore, the purpose of this trial is to evaluate a
supervised telehealth exercise intervention (at least 30
min/session × 3 days/week for 8 weeks) that is aimed
at improving physical function and frailty in patients
with multiple myeloma soon after transplant (30–180
days post-transplant). Our primary outcome is physical function, as assessed by the Short Physical Performance Battery test. Our secondary endpoints are frailty
characteristics such as gait speed, strength, and fatigue.
We will also evaluate the sustainability of improved
physical function and frailty at week 17. We will use an
innovative telehealth exercise platform (Moterum Technologies, Salt Lake City, USA) which enables remote
exercise interventions (e.g., home-based) that are accessible through digital platforms (e.g., video conferencing
on smartphones or tablets) and customizable for users
to properly address the individual needs of each participant. We hypothesize that the intervention will improve
the Short Physical Performance Battery (SPPB) test and
5-scale frailty index, as objectively ascertained using
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Bluetooth-enabled biosensors and patient-reported questionnaires, respectively.

Methods/design
A single-center, investigator-blinded randomized, parallel-group, superiority study was conducted to demonstrate the efficacy of a telehealth exercise intervention
on physical function and frailty in patients with multiple
myeloma who received HSCT at City of Hope (COH).
Figure 1 depicts the flow of the study. We will conduct
an 8-week telehealth intervention that will include baseline (week 0) and post-intervention measures (week 9,
week 17) on physical function and frailty measures. We
will randomize 60 pre-frail or frail patients with multiple
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myeloma (1:1) to either the 8-week telehealth exercise
intervention group (n=30) or the delayed control group
(n=30). All study procedures, including screening and
enrollment, will be performed using a telehealth-based
approach and will not require participants to be assessed
at a clinical center.
Eligibility

Eligibility requirements include (1) diagnosed with multiple myeloma; (2) ≥18 years of age; (3) self-reported
as pre-frail or frail (i.e., Fried criteria: clinically underweight, exhibiting exhaustion, low energy expenditure, slow walking speed, and muscle weakness), with
the presence of 2/5 indices classified as pre-frail and

Fig. 1 Study flow chart. Participants are randomized into either the telehealth exercise group or the delayed control group for 16 weeks.
Participants in the delayed control group are offered the same exercise program after the week 17 assessment
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≥3/5 indices classified as frail; (4) within 30 to 180 days
post-HSCT prior to registration; (5) physically able and
willing to complete all study procedures; and (6) English-speaking. Patients will be excluded if they (1) have
clinically significant/active cardiovascular disease (e.g.,
unstable angina, uncontrolled arrhythmia, etc.); (2) have
contraindications to exercise (acute infectious disease or
unstable bone lesions); (3) currently recovering from a
recent injury or have been physically injured in the past
6 months, in which participation in rigorous exercise
may not be appropriate; (4) self-reported ongoing participation of exercise over 60 min per week; and (5) are
female patients who are pregnant or planning to become
pregnant. As acknowledged in the manuscript, patients
who are frail generally have worse outcomes than those
who are not, including worse survival and higher treatment discontinuation rates. However, the optimal timing for interventions to reverse frailty is not known. We
have elected to include individuals who are pre-frail, as
they may represent an optimal phenotype to target for
the long-term sustainability of the intervention, prior to
the onset of potentially irreversible physical functional
decline. We anticipate that the randomized design of the
trial will allow for a balanced allocation of pre-frail and
frail study participants between the two arms.
Prescreening/screening

The long-term follow-up after hematopoietic cell transplant program at COH ensures the active and comprehensive follow-up of all patients who have undergone
transplant at COH since 1976 — capturing demographics, disease, and vital status, as well as posttransplant complications such as new malignancies,
cardiopulmonary disease, and endocrinopathies. Based
on our database, we will prescreen all patients diagnosed
with multiple myeloma, who will undergo the transplant
at COH. After identifying potentially eligible patients,
we will inform their primary hematologist at COH to
confirm the physician’s clearance before contacting the
eligible patients. Each potentially eligible patient will be
contacted by phone to determine the patients’ willingness
to participate and to identify patient-reported pre-frailty
or frailty. If potentially eligible patients do not respond to
our initial contact, we will call up to 3 more times, and
discontinue our efforts if there is no response. These individuals will be deemed as non-responders
Recruitment/randomization

If potentially eligible patients are interested in the study,
a trained clinical research assistant will confer with the
patients in detail about the additional study inclusion/
exclusion criteria by phone. Once patients have been
deemed eligible for participation, they will complete an
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informed consent via a web-based consent form (DocuSign™) prior to performing any further testing (see supplementary file). Participants will be randomly assigned
to the telehealth exercise intervention group (n=30) or
delayed control group (n=30). Randomization will be
performed following physician’s clearance to participate in exercise and baseline outcome assessment using
a computer-generated permuted block randomization.
An independent biostatistician will be responsible for
randomization and study investigators will be blinded to
the randomization. Unblinding may need to occur in the
case of a medical emergency or a serious medical adverse
event study-directed exercise. Unblinding will be done
in consultation with the study physician, and the institutional Data Safety Monitoring Board will be notified
according to institutional standard operating procedures.
Remote measures of physical function and frailty

We will mail gait sensors (for hip, right foot, and left
foot), a hand dynamometer, measuring tape, and blue
tape to each participant’s home. All of this equipment
will be used to assist in measuring physical function and
frailty outcomes before and after the intervention at each
participant’s home, or remote place of choosing, via live
video conferencing. Objective data will be recorded by
Bluetooth-enabled sensors into the telehealth exercise
platform. All participants will complete an initial 30-min
technology support session via Zoom video conferencing, during which research staff will help participants set
up their sensors and will verify that the sensors operate
properly prior to measuring outcome measures. Frailty
will be assessed using a 5-scale frailty index: body mass
index, fatigue, level of physical activity, gait speed, and
muscular strength. Body mass index will be determined
by medical record data while fatigue and level of physical
activity will be measured by questionnaires. Gait speed
will be collected using gait sensors, and hand dynamometer measurements will be used to assess muscular
strength. We will assess physical function remotely using
the SPPB under the supervision (through videoconferencing) of study staff. SPPB includes three lower extremity measures completed in the following order: timed
balance; gait speed; and chair stand. We will assess timed
balance under three conditions: (a) side-by-side stand
with both feet placed on the ground for 10 s or when the
subject steps out of position; (b) semi-tandem stand with
the side of the heel of one foot touching the big toe of
the other foot for 10 s or when the subject steps out of
position; and (c) tandem stand with the heel of one foot
touching the big toe of the other foot for 10 s or when the
subject steps out of position. We will assess gait speed by
instructing participants to measure and mark a 4-meter
flat surface distance, across which they will be asked to
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walk at their “usual” pace. Next, participants will be asked
to walk at their “usual” pace to cover the 4-meter distance
once more. Time will be recorded using an electronic
timer, and the fastest time will be documented. We will
assess chair stand under two conditions — participants
will (a) perform a single chair stand and (b) be asked to
perform five repeated chair stands as quickly as possible;
time to completion will be recorded. All participants will
complete the remote physical assessments on week 0,
week 9, and week 17.
Telehealth exercise intervention

The 8-week telehealth exercise intervention will begin
for the intervention group after participants have completed the baseline assessments and have been randomized. Exercise equipment (resistance bands, resistance
loop bands, and exercise mats) will be directly shipped
out to the participants from COH. The exercise trainer
will assign the appropriate exercises to the participants
via the Moterum platform, which will notify each study
participant (via email/text) and provide a Zoom link to
start a videoconference meeting 15 min prior to each telehealth intervention. We will provide education on safety
precautions during the first remote exercise intervention
session (i.e., wearing proper shoes, removing clutter, having enough space to move, having a chair near to take
breaks when required, and dealing with dizziness, injuries, or falls). The exercise trainer will ensure proper positioning of the camera and also ensure that the workout
environment is safe during each exercise session.
A total of 24 video conferences (at least 30 min/session;
3 days/week for 8 weeks) will take place in each participant’s home or remote place of choosing. Of note, the
exercise time of 90min/week represents the minimum
time for our intervention, and there is no upper limit.
Exercise programs will be individualized and prescribed
based on the participant’s baseline assessment, physical
limitations, and exercise preferences. The exercise prescriptions will be developed and monitored by a clinical
exercise physiologist over the course of the intervention.
Each exercise session will consist of exercises targeting
four essential components: dynamic balance, strength,
core stability, and postural control. If a participant cannot
complete the exercises as planned, the exercise trainer
will provide alternative options and exercise modifications, as needed, to allow the participant to be successful
and reach the desired intensity. Allocated interventions
will be discontinued based on the participant’s symptoms. For example, if a participant reports any pain
related to a prescribed exercise posture or ratings of perceived exertion >8, other exercise postures will be provided. Furthermore, participants will have the option
to reschedule or make up an exercise session if they are
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unable to attend a workout on the date as planned. Exercise adherence for each participant will be captured on
the Moterum platform and extracted to assess the feasibility of the prescribed exercise program.
After completing the 8-week telehealth exercise intervention, participants will be encouraged to continue
exercising but will no longer be monitored by the exercise trainer for the next 8 weeks until the follow-up
physical assessment (week 17). For participants who have
successfully completed their remote physical assessments
and questionnaires on Week 0 and who are randomized
into the delayed control group, they will be asked to continue maintaining their current lifestyle for 17 weeks. On
weeks 9 and 17, participants will complete the remote
physical assessment and questionnaires again. The study
staff will check in with the participants before week 17
and ask them if they would like to participate in the telehealth exercise intervention or not. The exercise program
will be offered to the participants as a courtesy and is not
mandatory to complete study procedures. All appropriate exercise equipment will be shipped out accordingly
to those who would like to participate in the 8-week telehealth exercise program, and outcome measures will not
be collected once the program is completed. The study
will end after the week 17 assessment for participants in
the delayed control group who do not want to participate
further with the telehealth exercise option.
Questionnaires (weeks 0, 9, and 17)

Additional patient-reported outcomes to be measured
include instruments that have been found to be reliable,
valid, responsive, brief, and easy to administer in cancer
patients. All questionnaires will be sent out to the participants electronically via Moterum, and all questionnaires
will be self-administered by the patient unless assistance
is requested for filling them out. If assistance is preferred,
study staff will help over the phone. However, the ability
to complete the questionnaires does not influence eligibility criteria.
We will use International Physical Activity Questionnaire, Short Form (IPAQ-SF) to estimate participants’
perception of participating physical activity. That said,
we acknowledge that the IPAQ-SF may not detect small
changes in levels of physical activity. This questionnaire
provides common instruments that can be used to obtain
internationally comparable data on health-related physical activity in young and middle-aged adults.
Quality of life will be assessed using the Functional
Assessment of Cancer Therapy – Multiple Myeloma
(FACT-MM) scale developed for the assessment of
patient symptoms and Quality of Life in multiple myeloma patients.
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Fatigue will be assessed using the 13-item FACITfatigue scale for the assessment of fatigue/tiredness and
its impact on daily activities and functioning in cancer
patients.
Pain will be assessed by the 15-item Brief Pain Inventory. This self-administered questionnaire measures both
the intensity of pain (sensory dimension) and the interference of pain in the patient’s life (reactive dimension). It
also asks about pain relief, pain quality, and patient perception of the cause of pain.
Sleep quality will be assessed by the Pittsburgh Sleep
Quality Index. This is a self-rated questionnaire which
assesses sleep quality and disturbances over a 1-month
time interval. It looks at subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime
dysfunction.
Power calculations

This study is powered to detect a difference in physical
function between the two groups after the 8-week intervention. Assuming that a type 1 error = 0.05, data is
collected at two time points, there is 20% attrition from
baseline to week 9, and there is a correlation of ≥ 0.8 for
within-person measurements between time, 60 patients
(30 per group) at baseline will achieve 80% power to
detect an effect size of at least 0.40 at week 9. A previous study of an 8-week exercise intervention in cancer
survivors showed that baseline physical function was
6.7, SD=2.7, with a correlation of 0.9 between baseline
and post-intervention [28]. By applying these values to
patients with multiple myeloma who underwent HSCT,
the present study will be able to show a difference of at
least 1 in function score between the treatment groups
post-intervention. A 1-unit decrease in the physical function score has been associated with a 12% increase in allcause mortality in cancer survivors [29], and represents a
clinically meaningful difference. The attrition rate in our
previous study was 0% [28]. Nevertheless, we conservatively assumed a higher attrition rate of 20% and a lower
correlation of 0.70; thus, 60 subjects at baseline (30 telehealth exercise intervention, 30 delayed controls) should
provide even greater power since our preliminary study
had a higher correlation as well as an attrition of less than
10%.
Statistical analysis

We will generate descriptive statistics for participants’
demographics, lifestyle behaviors (physical activity,
tobacco use), family history of chronic disease, history
of other comorbidities (e.g., hypertension, diabetes,
dyslipidemia, thyroid disease), and cancer treatmentrelated exposures. We will assess participation bias by
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comparing demographics (age, gender, race/ethnicity)
and treatment-related exposures among participants
and non-participants. Although the number of adverse
events is not the major outcome of the study, we will
report any adverse events during the study intervention
period. We will use a two-sided type I error=0.05. An
intention-to-treat analysis will be done by including all
randomized participants. We will also conduct another
analysis by excluding participants that demonstrate <70%
compliance rates within the telehealth exercise sessions
completed (17/24). Hypothesis 1: The intervention will
improve the SPPB test, as objectively measured using
Bluetooth-enabled biosensors. We will assess changes in
physical function from baseline to week 9 by using the
Generalized Estimation Equation (GEE) model with an
indicator variable of time, accounting for within-person
correlations in measurements. Treatment by time interaction will be included in GEE and its significance tested
to assess treatment effects. Body mass index, age, and
race will be determined through medical records and
included in GEE as a priori covariates for adjustment.
Changes in physical function measures from baseline to
week 9 will also be examined by a paired t-test (within
the treatment group). A 2-sided significance level of
p<0.05 will be used. Hypothesis 2: The intervention will
improve a 5-scale frailty index, as measured by patientreported questionnaires. We will assess group differences in changes in the proportion of participants who
are of pre-frail or frail from baseline to week 9 using the
GEE approach for proportions, accounting for correlation between measurements. As in hypothesis 1, we will
include the same covariates for adjustment in the analysis. Hypothesis 3: Intervention-related improvements in
physical function and frailty will be sustained at week 17.
We will examine the long-term effects of the telehealth
exercise intervention by fitting GEE models for the outcomes at weeks 9 and 17. The model will include the
treatment main effect (to allow for group differences at
week 17), time, and the treatment group by time interaction. Contrasts will be used to test if the group difference at week 17 equals that at week 9. As in hypothesis
1, we will include the same covariates for adjustment.
Additionally, between-group differences in outcome values at week 17 will be computed, along with 95% confidence intervals, and compared to the differences at week
9. Linear mixed-effects modeling will be used to evaluate
the effect of interventions over time on the primary and
key secondary outcomes. The models incorporate subject-specific random effects to account for within-subject
correlation due to repeated measures. Group averages, as
well as subject-specific intercepts and slopes, will be estimated to capture potential variations in the baseline values and slopes among individuals. Linear mixed-effects
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models accommodate missing data due to dropout, such
that all randomized participants can be included. We will
compare participants who complete the study with those
who do not and identify potential factors that are associated with dropout. An interim analysis is not currently
planned for this study.

Discussion
This study will address current knowledge gaps by
including an objective assessment of physical function
and frailty before and after a telehealth exercise intervention in patients with multiple myeloma. Physical function
and frailty have emerged in recent clinical and epidemiological investigations as intervention targets to improve
in hematological cancer survivorship [30–32]. To date,
controlled exercise trials in cancer populations have primarily targeted survivors of solid malignancies such as
breast [33–35], prostate [36–38], colorectal [39–41], and
lung [42–44] cancer. There is a paucity of information
on optimal rehabilitation strategies to improve physical
function and frailty in patients with multiple myeloma
at risk of developing frailty. Moreover, the efficacy and
sustainability of fully remote exercise interventions have
not been evaluated in this population. The current study
presents a unique opportunity to determine the efficacy
and sustainability of a telehealth exercise intervention
on physical function and frailty in patients with multiple
myeloma who have undergone autologous HSCT, which
is currently a rapidly growing population at high risk for
comorbidities.
Although this study will provide the first evidence of a
novel telehealth exercise approach targeting frailty and
physical function in patients with multiple myeloma,
it is beyond the scope of the current study to elucidate
the mechanisms of improving frailty with exercise. Our
study has the potential to demonstrate that frailty is
maintained and not worsened during the intervention
when compared to the delayed control group, which will
be a clinically important finding. We recognize that poor
retention is a possibility, given the time and effort needed
to partake in an intervention study. Therefore, we have
accounted for a 20% attrition rate (from randomization
to week 17 post-intervention). This takes into consideration patient death, recurrence of cancer, illness, or loss to
follow-up. We acknowledge that there may be differential
loss to follow-up according to participant attributes and
prognosis, which may contribute to participation bias
and/or survival bias. To minimize participation bias, we
will incorporate many of the strategies (e.g., reminders,
incentives) that we have successfully used to maintain
excellent participation rates in our exercise intervention studies to date. Attrition will be monitored in real
time, allowing us to address obstacles in a timely manner.
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Differential loss to follow-up due to prognosis, death,
and missing data will be addressed using statistical methods of pattern mixture models and multiple imputation.
Finally, recruitment of patients with multiple myeloma
can be challenging. However, our ongoing successful recruitment strategies in place for the current study,
which includes collaborating with the hematology team
at COH, appear to be a successful recruitment plan.
This study will provide critical evidence that contributes to the development of comprehensive telehealth
exercise programs in HSCT survivors by investigating
the effects of an 8-week telehealth exercise intervention
in HSCT survivors with the potential of demonstrating
improvements and sustainability in physical function. If
successful, our approach would be low cost, easily disseminated, and have potential implications for the management and prevention of frailty in HSCT survivors as
well as other cancer survivors at risk of developing frailty
after cancer treatment.
Trial status

Protocol version number and date: #211981 (September
29th, 2021), date of first recruitment: October 4, 2021,
approximate date to complete recruitment: June 30th,
2023
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