
Chamradova et al. Cardio-Oncology           (2024) 10:46  
https://doi.org/10.1186/s40959-024-00249-7

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Cardio-Oncology

Effects of home-based exercise 
with telehealth guidance in lymphoma 
cancer survivors entering cardio-oncology 
rehabilitation: rationale and design of the tele@
home study
Katerina Chamradova1,2, Ladislav Batalik1,3*, Petr Winnige1,3, Filip Dosbaba1,3, Martin Hartman1,2, 
Katerina Batalikova1, Andrea Janikova4, Svatopluk Nehyba5, Marian Felsoci5, Garyfallia Pepera6 and 
Jing Jing Su7* 

Abstract 

Background Participation in cardio-oncological rehabilitation is low, and the effects incline to decrease after the ini-
tial rehabilitation term. Home-based exercise has the potential to enhance involvement in cardio-oncology rehabili-
tation and was demonstrated to be feasible, safe, and helpful in increasing short-term cardiorespiratory fitness. The 
lasting effects on cardiorespiratory fitness and physical activity are uncertain. Hence, a novel approach via telehealth 
management based on objectively measured exercise at home was proposed.

Objectives To improve self-monitoring, such as self-confidence, behavioral change, and goal setting for individual 
exercise, and afterward, increase long-term effects concerning cardiorespiratory fitness.

Design This randomized controlled trial compares a 12-week guided home exercise telehealth intervention with a center-
based exercise intervention of the same duration and intensity of exercise in lymphoma cancer survivors entering cardio-
oncology rehabilitation after treatment. Participants will be instructed to exercise gradually at 60–85% of their maximum 
heart rate for 30–50 min 3 times a week. Participants will receive individual remote guidance (feedback about frequency, 
duration, and exercise intensity) by preferred contact (phone call, text message) once a week based on shared exercise 
data through the web platform. The primary outcome is a change in cardiorespiratory fitness expressed as maximal 
oxygen uptake assessed through cardiopulmonary exercise test at baseline, 12 weeks, and 1 year. Secondary objectives are 
quality of life, muscle strength, body composition, incidence of adverse events, and exercise adherence.

Summary This study will determine whether a telehealth model is effective and safe compared to a center-based 
model in cancer survivors and whether exercise prescriptions are followed by participants. Additionally, an overview 
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of the long-term effectiveness of telehealth cardio-oncology rehabilitation will be provided. This approach aligns 
with the trend of moving non-complex healthcare services into the patients’ home environment.

Trial registration ClinicalTrials.Gov Identifier: NCT05779605

Keywords Cardio-oncology rehabilitation, Home-based exercise, Cancer survivors, Telehealth, Telemonitoring

Introduction
Cancer survivorship and supportive care are critical areas 
of focus, given the significant morbidity, mortality, and 
harsh treatment regimens associated with the disease 
[1]. The International Agency for Research on Cancer 
projected a substantial increase in global cancer cases 
and deaths by 2020, underscoring the urgent need for 
sustainable approaches to cancer management and pre-
vention [2]. While advancements in treatment have led 
to improved survival rates, many cancer survivors grap-
ple with long-term physical and mental health challenges 
arising from treatment side effects [3–5].

Exercise interventions have become pivotal in cancer 
treatment and supportive care [6]. Previous systematic 
reviews have demonstrated the benefits of center-based 
exercise (CBE) interventions, including enhanced physi-
cal and psychosocial well-being [7]. However, various 
barriers, such as logistical challenges and limited access 
to specialized rehabilitation services, hinder the imple-
mentation of CBE programs [8].

Lymphoma, a cancer originating in the lymphatic sys-
tem, significantly impacts cardiovascular health, neces-
sitating the integration of exercise programs into patient 
care. Treatments like chemotherapy and radiotherapy, 
especially those involving anthracyclines, often lead to 
cardiotoxic effects, including heart failure and arrhyth-
mias. Chest radiation can cause coronary artery dis-
ease and valvular heart damage [9, 10]. Additionally, the 
chronic inflammation associated with lymphoma exacer-
bates atherosclerosis, further increasing cardiovascular 
risk [11]. Patients frequently have comorbid conditions 
such as hypertension and diabetes, heightening cardio-
vascular vulnerability [12]. Regular exercise has been 
shown to mitigate these risks by improving cardiovas-
cular fitness, reducing inflammation, and managing 
comorbid conditions. Therefore, integrating structured 
exercise programs is crucial for improving cardiovas-
cular outcomes and overall quality of life in lymphoma 
patients [6, 7].

Home-based exercise (HBE) programs present a 
promising alternative [13, 14], particularly regarding 
accessibility barriers exacerbated by the COVID-19 
pandemic [15]. Telemedicine-enabled HBE has  been 
proposed  as a feasible, safe, and cost-effective 
approach to optimizing supportive cancer care [16, 17]. 

Preliminary studies have shown promising results, indi-
cating improvements in cardiorespiratory fitness and 
health-related quality of life (HRQL) among cancer sur-
vivors participating in telemedicine-based exercise pro-
grams [18, 19].

HBE has gained considerable attention due to its 
potential to provide flexible and accessible options for 
physical activity, particularly for individuals facing bar-
riers to attending supervised exercise sessions [20]. 
Several studies have demonstrated that HBE, when com-
bined with proper monitoring and support, can yield 
outcomes comparable to supervised exercise in terms 
of improving cardiorespiratory fitness, muscle strength, 
and overall quality of life [21]. For instance, a systematic 
review by Buffart et al. [22] concluded that home-based 
interventions are effective in enhancing the physical and 
psychosocial well-being of cancer survivors, comparable 
to center-based programs. These findings suggest that 
HBE can be a viable alternative to traditional supervised 
exercise, offering similar health benefits while accommo-
dating the practical needs of participants.Despite these 
encouraging findings, the long-term efficacy of telemedi-
cine-enabled HBE remains uncertain, warranting further 
investigation through rigorously designed randomized 
controlled trials [23]. The Tele@home study aims to fill 
this gap by comparing the effectiveness of HBE with 
remote guidance and telemonitoring to traditional CBE 
in improving long-term cardiorespiratory fitness among 
cancer survivors [24]. Additionally, the study will assess 
training adherence, HRQL, adverse effects, and body 
composition between the two exercise interventions. 
Monitoring training adherence is crucial for evaluating 
intervention feasibility and effectiveness, while assess-
ing HRQL provides insight into the broader impact of 
the interventions on participants’ well-being. Evaluating 
adverse effects is essential for ensuring participant safety 
and optimizing intervention protocols, while measuring 
body composition allows for a comprehensive assess-
ment of physical health and potential changes resulting 
from the interventions [25–27].

We hypothesize that HBE with remote guidance and 
telemonitoring will enhance long-term motivation and 
effectiveness in independent exercise among cancer 
survivors, leading to superior cardiorespiratory fitness 
outcomes. Furthermore, we anticipate that the cost of 
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telemonitoring and information and communication 
technology services will  be offset  by reduced expenses 
associated with preventative care due to fewer supervised 
CBE sessions required.

Methods
Study design
The Tele@home study is structured as a single-center, 
single-blind, parallel-group randomized controlled trial, 
conducted at the University Hospital Brno in the Czech 
Republic. Prior to participation, all individuals will be 
required to provide written informed consent. Data will 
be gathered at three distinct time points: baseline (T0), 
3 months post-baseline (T1), and 12 months post-base-
line (T2) (see Fig.  1). The study protocol has received 
approval from the Institutional Ethics Committee of the 
University Hospital Brno, Czech Republic. Additionally, 
in accordance with WHO recommendations, the trial has 
been registered in the clinical trial registry (ClinicalTri-
als.gov Identifier: NCT05779605) [28].

Study population
The study will include participants aged 18 and above 
who have been diagnosed with hemato-oncological 

malignancy/lymphoma and have completed systemic 
chemotherapy-based treatment, transitioning to outpa-
tient cancer rehabilitation (see Fig. 1). Additional criteria 
for inclusion are a clinically stable state (remission), the 
ability to undergo physical training and cardiopulmo-
nary exercise testing, proficiency in the Czech language, 
and providing signed informed consent. Access to inter-
net facilities and a personal computer at home are also 
required.

Exclusion criteria will be determined based on partici-
pants’ health status as assessed through electronic medi-
cal records screening, excluding those with acute heart 
disease or decompensation within the previous 6 weeks, 
severe psychological or cognitive disorders. Additionally, 
individuals with significant musculoskeletal issues that 
limit their ability to undergo cardiopulmonary exercise 
testing or self-reported participation in physical activity 
meeting recommended levels (150 min per week) or cur-
rent involvement in another supervised exercise program 
will be excluded [29].

Recruitment & randomization
Participants will be randomly assigned in a 1:1 ratio 
to either the home-based telehealth exercise (HBE) 

Fig. 1 The study flow chart
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experimental group or the center-based exercise (CBE) 
control group using a computer-generated sequence 
with variable blocking sizes (2/4). Treatment alloca-
tion will remain concealed until completion of base-
line examinations, with allocation revealed through 
sequentially numbered, sealed, opaque envelopes. 
While participants cannot be blinded to treatment allo-
cation, researchers conducting examinations during 
follow-up periods (T1, T2) will be blinded to treatment 
assignment.

Intervention
The exercise program will be prescribed according to 
the current American College of Sports Medicine rec-
ommendations [30]. In both groups, the participants 
participate in a 3-month exercise program with three 
aerobic and resistance training sessions (30 to 50 min/
session) a week (Table  1). Participants are instructed 
to exercise with a training intensity of 60–85% of their 
maximal heart rate, which is assessed during maximal 
cardiopulmonary exercise testing at baseline. Partici-
pants in the HBE group will undertake the first three 
training sessions in an outpatient clinic under direct 
supervision of the physiotherapist. During these ses-
sions, participants are familiarized with training dura-
tion and intensity. They will be educated on using the 
valid wearable heart rate sensor (Polar M430, a com-
mercially available device designed for long-term use) 

[31]. If is detected an inappropriate function of the 
wrist-worn heart rate sensor M430, the valid chest-strap 
H7 Polar sensor is available as an alternative to measure 
exercise heart rate zone [32].

Further on, the participants will be asked to choose 
their preferred training modality in a home-based 
environment and obtain instructions and advice on 
using them. Participants are instructed to use the 
wearable sensor properly and upload the training data 
to the web platform (Polar Flow) via the Internet. Par-
ticipants can check the platform Polar Flow, review 
their exercise data and results, and see whether they 
keep their personal aims. Each exercise session will be 
extended with a resistance exercise part 3 times a week 
(Table 1).

The personal coach (physiotherapist/exercise special-
ist in rehab) will regularly access the training data on the 
web platform. The coach will provide remote guidance 
(feedback about frequency, duration, and training inten-
sity) via preferred contact (phone call, text message) once 
a week (Fig. 2).

Regarding potential safety reasons, participants will 
be instructed to contact the study investigators or 
their medical doctor to experience any symptoms dur-
ing or after the exercise training. After 3 months, the 
telemonitored exercise sessions are finished. After this 
period, the participants will be recommended to con-
tinue personal exercises with the heart rate sensor and 
web platform.

Table 1 Exercise intervention

RPE Borg Rating of Perceived Exertion Scale (6–20), CBE Centre-based exercise, HBE Home-based exercise
a HRmax obtained from the baseline cardiopulmonary exercise test
b Weights are set individually in the range of 0.5–2.5 kg

Warm up (duration 10 min)
*Marching on the spot (5 min)
*Flexibility activities: Upper back stretch, Chest stretch, Back - waist mobility, Calf stretch, Hamstring stretch, Quadriceps stretch (5 min)

Core of exercise session (gradual)
Continuous aerobic exercise training (30–50 min) Resistance training (10–20 min)
Intensity: 60–85%  HRmaxa Intensity: 13–15 RPE

Modality (HBE): cycling, walking, Nordic walking
Modality (CBE): stationary ergometer, treadmill

Exercise no.1: pelvic bridge (solid surface)
Exercise no.2: squat (with the use of a chair)
Exercise no.3b: dumbbell biceps curl (seated)
Exercise no.4b: dumbbell shoulder external 
rotation (seated)

Modality (HBE): water bottles/dumbbells
Modality (CBE): dumbbells

Week 1–2: each session duration 30 min Week 1–2: each session 2 sets (8 reps)

Week 3–4: each session duration 30–40 min Week 3–4: each session 2–3 sets (8–12 reps)

Week 5–12: each session duration 30–50 min Week 5–12: each session 2–4 sets (8–15 reps)

Cool down (duration 10 min)
*Marching on the spot (5 min)
*Flexibility activities; same as warm up (5 min)
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In the CBE group, participants receive a group-based 
exercise program at the outpatient clinic under the 
direct supervision of physiotherapists specializing in 
exercise rehab. The participants in the CBE group will 

receive a similar exercise prescription; an individually 
tailored exercise program on a treadmill and/or a bicy-
cle ergometer and resistance part [29, 33, 34]. Dur-
ing the exercise program, physiotherapists will track 

Fig. 2 Overview of home-based exercise supported with telemonitoring and telecoaching
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exercise adherence. After the 3-month supervised 
exercise period, the physiotherapists will encourage 
the participants to continue physical exercises in their 
environment.

If participants miss sessions, they will be encouraged 
to make them up to maintain their adherence rate. They 
can add additional sessions in subsequent weeks to 
reach the required number of sessions. However, it is 
important to note that participants will not exceed safe 
exercise limits, and any make-up sessions should be 
spaced appropriately to avoid overtraining and poten-
tial injury. The study investigators will provide guid-
ance on how to safely make up missed sessions.

Telemonitoring
After the initial supervised training sessions, partici-
pants in the home-based exercise (HBE) group will 
transition to exercising in their home environment. 
A personal coach will provide remote telemonitoring 
supervision by monitoring participants’ physical inter-
ventions and offering feedback and support through 
regular phone calls or text messages. At the outset of the 
exercise program, each participant will have an individ-
ual meeting with the coach to establish personal train-
ing goals. This personalized approach can have a positive 
impact on overall improvement by fostering a concrete 
relationship and allowing the coach to tailor each par-
ticipant’s exercise regimen to their abilities. Encouraging 
participant activity and cooperation will foster a sense 
of responsibility for their results. The coach will employ 
motivational interviewing, an effective technique for 
eliciting behavioral changes in various domains [29].

Remote monitoring and supervision will adhere to 
the gold standard for exercise rehabilitation, compris-
ing three components: warm-up, core exercise, and 
cool-down. Each phase will be precisely timed and set 
at specific intensities according to the heart rate zones 
determined in the baseline cardiopulmonary exercise 
test. The coach will regularly monitor whether par-
ticipants adhere to the exercise prescription in terms of 
duration and intensity and advise them to adjust the pro-
gram as needed based on their analysis. If a participant 
is unable to continue with the prescribed exercise, the 
participant and coach will explore alternative modalities 
or plans. For example, if the target heart rate zone is not 
reached during cycling, the participant will be directed to 
engage in brisk walking instead.

Outcomes
The primary outcome of the study is the change in car-
diorespiratory fitness, expressed as peak oxygen uptake, 

which will be assessed at baseline, 3 months, and 12 
months into the intervention. Secondary outcomes 
include health-related quality of life (HRQL), training 
adherence, intervention safety, and cost-effectiveness 
evaluation. HRQL will be evaluated at baseline, 3 months, 
and 1 year. Training adherence, safety, and costs will be 
monitored in both groups over the course of the 3-month 
training program. An overview of the study design is pro-
vided in Fig. 1.

Cardiorespiratory fitness
Cardiorespiratory fitness is a crucial outcome measure 
in this study due to its strong association with overall 
health, physical function, and mortality, particularly in 
cancer survivors [35]. Cardiorespiratory fitness analysis 
will be conducted using the automated metabolic system 
Metalyzer 3b (Biophysics GmbH, Leipzig, Germany) and 
through a progressive increment cardiopulmonary exer-
cise test on the bicycle ergometer Ergoselect 100 (Ergo-
line Bitz, Germany) up to the level of limited symptom 
maximum. These tools are chosen for their high validity 
and reliability in measuring peak oxygen uptake (VO2 
max), a gold standard for assessing cardiorespiratory fit-
ness [36, 37].

The cardiopulmonary exercise test (CPET) will be per-
formed according to the recommendations of the Euro-
pean Society of Cardiology and the American Heart 
Association, ensuring standardized and reproducible 
testing conditions [38]. The ramp protocol will be utilized 
for the stress test, consisting of a 2-min warm-up at 10 
watts, followed by incremental increases of 15 watts per 
minute for men and 10 watts per minute for women, with 
a final 2-min cool-down period at 10 watts. A cardiologist 
will be present during the testing to assess any abnormal 
signs on the electrocardiogram (ECG) and independently 
evaluate ventilation thresholds. This approach ensures 
safety and accuracy in detecting cardiopulmonary 
responses to exercise [39].

Health‑related quality of life
HRQL will be assessed in the standardized questionnaire 
SF-36. The questionnaire version has been translated and 
validated into the Czech language [40]. Normative repre-
sentative study validity, reliability, sensitivity, and task com-
plexity for the European population have been proved [41]. 
SF-36 was chosen in our study as an assessment tool for its 
full usability, functional coherence, and high responsibility 
in repeated testing. The SF-36 consists of eight domains: 
Physical Functioning, Role Limitations due to Physical 
Health, Bodily Pain, General Health Perceptions, Vital-
ity, Social Functioning, Role Limitations due to Emotional 
Health, and Mental Health. Scores for each domain range 
from 0 to 100, with higher scores indicating better HRQL.
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Training adherence
Training adherence will be monitored using the Polar 
Flow web application, which allows for accurate tracking 
of exercise frequency, duration, and intensity. Adherence 
data will be collected through the wearable Polar heart 
rate monitors (Polar M430), which have been validated 
for their accuracy in measuring heart rate and physi-
cal activity levels [32]. Regular monitoring of training 
adherence is essential to evaluate the feasibility and effec-
tiveness of the exercise intervention and to identify any 
barriers to participation [42].

High session attendance rates were defined as attend-
ing at least 80% of the sessions. Participants will be 
instructed to exercise three times per week, resulting in a 
total of 36 sessions over the 12-week intervention period. 
Therefore, to be considered compliant, participants must 
complete at least 29 sessions.

Compliance definition
Compliance will be defined as completing at least 80% of 
the prescribed exercise sessions. This threshold is chosen 
based on evidence suggesting that high adherence rates 
are necessary to achieve significant health benefits from 
exercise interventions [43].

Monitoring and reporting
Adherence data will be collected and reviewed weekly 
by the study investigators. The Polar Flow web applica-
tion will automatically log each exercise session, includ-
ing its frequency, duration, and intensity. This data will 
be used to calculate the overall adherence rate for each 
participant.

Cost‑effectiveness
In the economic evaluation, the effects of both inter-
ventions will be compared and their difference in costs 
will be analyzed. A cost-effectiveness analysis will be 
conducted using quality-adjusted life years (QALYs) as 
outcome measures. This approach allows for a compre-
hensive assessment of the economic impact of the inter-
ventions, providing valuable information for healthcare 
decision-makers [44].

Costs will encompass various aspects of rehabilita-
tion, including professional wages (such as physiother-
apists, medical doctors, nurses), assessments (such as 
exercise testing), equipment (such as heart rate moni-
tors), and other healthcare utilization during the first 
year of follow-up. QALYs will be calculated based on 
the health utility gain scores obtained from the SF-36 
questionnaire administered at baseline, 3 months, and 
1 year. Sensitivity analyses will be conducted from the 
healthcare perspective to assess the robustness of the 
findings.

This preventive approach aligns with studies dem-
onstrating that regular exercise decreases healthcare 
utilization and costs [45, 46]. The use of commercially 
available and validated wearable technology (e.g., Polar 
M430 heart rate monitors) minimizes costs compared to 
developing proprietary equipment. These devices pro-
vide reliable data for monitoring and adjusting exercise 
programs without frequent in-person assessments [47].

A range of studies have demonstrated the poten-
tial of telehealth and wearable technology in improv-
ing healthcare outcomes and reducing costs [48, 49]. 
Polisena [50] provides a systematic review of the cost-
effectiveness of home telehealth for chronic diseases, 
suggesting that it has the potential to reduce costs 
from the healthcare system and insurance provider 
perspectives. These findings collectively underscore 
the value of telehealth and wearable technology in pre-
ventive healthcare.

Body composition measurement
Body composition will be assessed using bioelectrical 
impedance analysis (BIA) with the InBody 370S multi-
frequency analyzer scales. Participants will follow the 
manufacturer’s instructions, maintaining contact with 
the scale’s hand and foot electrodes while multiple elec-
trical currents pass through the arms, legs, and trunk at 
frequencies of 1, 5, 50, 250, and 500 kHz. The scale will 
measure the impedance of these electrical currents to 
determine various body composition parameters, includ-
ing body fat mass, skeletal muscle mass, and total body 
water. The complete BIA examination will last approxi-
mately 60 s.

Validation studies of bioelectrical impedance analysis 
in assessing body composition in cancer patients have 
demonstrated strong correlations with computed tomog-
raphy, suggesting its usefulness as a more convenient 
alternative for measuring visceral fat area and skeletal 
muscle mass [51, 52].

Handgrip strength
Handgrip strength will be evaluated using a digital hand 
grip meter (Sagita, Mariestad, Sweden). Participants will 
be seated with their elbow flexed at 90 degrees during the 
assessment. Grip strength will be measured three times, 
and the average score will be calculated. The digital hand 
grip meter is a commonly used tool known for its reli-
ability in test-retest evaluations and is recommended for 
assessing cancer survivors post-treatment [53].

Incidence of adverse events
The systematic recording and evaluation of AEs are criti-
cal for maintaining participant safety and for making 
any necessary adjustments to the intervention protocols 
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[54]. To assess the safety of the study, investigators will 
promptly report any adverse events (AEs) occurring 
throughout the duration of the study. Additionally, any 
malfunctions in the web platform or telehealth devices 
will be documented. The presentation will include the 
number and percentage of participants experiencing AEs, 
as well as the total number of AEs. A detailed list of par-
ticipants experiencing AEs will be provided, specifying 
the type of event, start and end times, duration, severity, 
actions taken, and the event’s relationship to exercise (see 
Supplemental Table 1).

In the event of an adverse event (AE), participants will 
be instructed to contact the study investigators or their 
medical doctor if they experience any symptoms during 
or after the exercise training. Investigators will assess 
the situation to determine whether to suspend the par-
ticipant’s intervention or halt the entire study. They will 
proceed with diagnosis and appropriate treatment as 
necessary. In cases of severe AEs, immediate action will 
be taken to ensure participant safety, and the incidents 
will be reported to the study clinician within 24 h.

Power analysis
The sample size analysis is derived from an anticipated 
increase in cardiorespiratory fitness of 4.7  ml/kg/min 
peak oxygen uptake, with a standard deviation of 8.6 ml/
kg/min, based on data from Courneya et al. [55]. To test 
the null hypothesis with a statistical power of 90% and a 
statistical significance level of 5%, the study requires the 
inclusion of 36 experimental and 36 control participants. 
Accounting for a 10% dropout rate during the 12-month 
follow-up period, a total of 80 participants need to be 
randomized evenly between the experimental and con-
trol groups.

Sample size participation rate
At the University Hospital Brno, approximately 300 to 
350 newly diagnosed patients with lymphoma are treated 
each year, with nearly half of them undergoing systemic 
therapy. Overall, the Department of Internal Medicine 
Hematology – Oncology manages over 2500 lymphoma 
survivors who attend regular outpatient follow-ups after 
completing cancer treatment. This patient pool repre-
sents a significant potential participant base for the pro-
posed study. (Target sample size: 80 participants, with an 
expected enrollment of 25 to 30 patients per year).

Furthermore, our pilot feasibility investigation dem-
onstrated a solid chance of study completion, with a 
recruitment rate of 42.9% [19]. This rate is comparable to 
exercise-based trials conducted in the lymphoma popula-
tion (26–49%) [56–58].

To mitigate potential biases and ensure balanced rep-
resentation, our study intends to stratify participants 

based on lymphoma subtype and treatment history. By 
accounting for these factors, we aim to minimize con-
founding variables and obtain more accurate insights 
into the relationship between exercise intervention and 
patient outcomes across different lymphoma subgroups.

Statistics
Data analysis will be conducted using the latest version 
of SPSS, with an intention-to-treat principle whenever 
applicable. Descriptive statistics will be computed for the 
socio-demographic and clinical data. Normality assump-
tions for the variables will be tested using the Kolmog-
orov-Smirnov (KS) test. Baseline comparability between 
the two study groups will be assessed using independ-
ent sample t-tests or chi-square tests, as appropriate. 
Generalized estimating equations (GEE) models will 
be used to compare changes in outcomes across time 
points between the groups. The GEE model can estimate 
missing data based on the maximum likelihood estima-
tion method. Potential confounding variables will be 
selected based on statistical incomparability, as there are 
no clinically known covariates in the outcomes. Baseline 
variables with p < 0.2 will be adjusted to obtain a more 
precise estimation of the intervention effect. All data 
analyses will be conducted with a 5% significance level 
(two-tailed).

The adherence rate will be calculated as the percent-
age of completed sessions out of the total prescribed 
sessions. Participants will be categorized as compliant 
(≥ 80% adherence) or non-compliant (< 80% adher-
ence). Statistical analyses will include (i) Descrip-
tive Statistics (We will report the mean and standard 
deviation of adherence rates, as well as the proportion 
of participants meeting the compliance threshold), 
(ii) Comparative Analysis (Differences in adherence 
rates between the intervention and control groups 
will be analyzed using independent sample t-tests or 
chi-square tests, as appropriate), and (iii) Regression 
Analysis (Multivariate regression models will be used 
to identify predictors of adherence, including demo-
graphic, clinical, and psychosocial factors).

Impact of non‑compliance
To address potential biases due to non-compliance, sen-
sitivity analyses will be conducted. These analyses will 
compare the primary and secondary outcomes between 
compliant and non-compliant participants to assess 
the impact of adherence on the study results. By clearly 
defining and rigorously monitoring training adherence, 
we aim to ensure the validity and reliability of our study 
findings. Participants’ adherence to the exercise regi-
men is crucial for evaluating the true effectiveness of the 
intervention.
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Discussion
The Tele@home study aims to deliver personalized 
exercise-based rehabilitation care through innovative 
telehealth guidance to cancer survivors at cardiovascu-
lar risk due to cancer therapies. Specifically, the study 
focuses on lymphoma cancer survivors who face various 
cardiovascular diseases and risks. The primary objective 
is to evaluate the effectiveness of HBE combined with 
telemonitoring guidance compared to CBE. Our hypoth-
esis suggests that implementing HBE with online coach-
ing will enhance motivation and self-efficacy among 
lymphoma cancer survivors, consequently leading to 
improved long-term cardiorespiratory fitness compared 
to conventional CBE.

Previous research has established the safety and effi-
cacy of HBE, which is similar to regular CBE [59, 60]. 
However, our study stands out for incorporating telem-
onitoring and telecoaching guidance throughout the HBE 
intervention, coupled with a comprehensive 1-year fol-
low-up period. Notably, such a combination of telehealth 
tools in the rehabilitation of lymphoma cancer survivors 
has been scarcely explored in clinical trials [19].

Advancements in wearable sensor technology have 
enhanced the validity of heart rate measurements while 
concurrently reducing costs. By leveraging these tel-
ehealth devices, we can mitigate the bias inherent in 
self-reported results based on questionnaires or writ-
ten training diaries, which often lack reliability and 
fail to track physical expenditure effectively [61]. Tel-
ehealth intervention studies prioritize early survivor 
motivation, activation of self-responsibility, and the 
cultivation of self-efficacy focused on maintaining a 
healthy lifestyle [24]. This approach empowers cancer 
survivors to initiate behavioral changes in their home 
environment right from the onset of the rehabilitation 
intervention [62].

Telemonitoring tools play a crucial role in measur-
ing exercise intensity during HBE, enabling telecoaching 
to adopt an individualized approach based on real-time 
exercise data. Studies have confirmed that such interven-
tions can counteract the tendency for survivors to lapse 
into inactivity post-completion of short-term CBE [63]. 
However, prior studies on HBE interventions in can-
cer survivors have reported inconsistent adherence to 
exercise prescription, particularly when relying on self-
measurement or web-based platforms [19]. We hypoth-
esize that employing validated technology-assisted 
measurement of exercise intensity asynchronously avail-
able on a web-based platform will yield more reliable 
results regarding exercise adherence among lymphoma 
survivors.

Ensuring sustainable improvements is pivotal in our 
study. Beyond assessing immediate HRQL enhancements, 

we prioritize long-term follow-up to measure interven-
tion longevity. Following the initial phase, our proto-
col includes extended monitoring to track progress and 
assess the durability of benefits. Moreover, we will exam-
ine factors influencing sustainability, such as exercise 
adherence and disease status. By capturing these data, 
we aim to understand sustained HRQL  improvements 
among lymphoma survivors, informing future care prac-
tices. This approach underscores our commitment to 
long-lasting patient well-being [64, 65].

The proposed telehealth intervention for HBE in 
lymphoma cancer survivors is designed to be a cost-
effective alternative to traditional CBE programs. Tra-
ditional CBE programs incur significant costs related 
to the use of medical facilities, including maintenance, 
utilities, and staffing (physiotherapists, medical doc-
tors, nurses) [66]. By transitioning to a telehealth 
model, these overhead costs can be significantly 
reduced or even eliminated. Patients often face finan-
cial and logistical barriers to accessing CBE programs, 
such as travel expenses and time off work. HBE miti-
gates these costs by allowing patients to exercise from 
home, potentially increasing adherence and participa-
tion rates [67, 68].

Once established, telehealth platforms benefit from 
economies of scale, meaning the marginal cost of add-
ing new participants decreases. The initial investment in 
technology and training can be amortized over a growing 
number of users [69]. Effective telehealth interventions 
can lead to better health outcomes, reducing the inci-
dence of hospital readmissions and other costly medical 
interventions.

The use of Polar heart rate (HR) monitors in our tele-
health intervention reduces costs by decreasing the need 
for continuous in-person supervision, optimizing health-
care professionals’ time, and lowering labor costs. It min-
imizes the need for frequent facility visits, thus reducing 
operational expenses and associated patient costs such as 
travel and time off work. The monitors provide real-time 
data, enabling efficient management and adjustments 
to exercise programs without additional testing or in-
person evaluations. Accurate monitoring helps prevent 
overexertion and related adverse health events, reducing 
costly medical interventions.

By supporting long-term adherence to exercise regi-
mens, HR monitors contribute to sustained health ben-
efits and lower future medical costs. Additionally, Polar 
HR monitors are cost-effective compared to proprie-
tary systems, offering validated accuracy and reliability. 
The scalability of this technology allows for managing 
larger patient populations without proportional cost 
increases, making it economically viable for widespread 
implementation.
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Despite its potential, this research has some limita-
tions. In exercise-based studies, blinding subjects for 
allocation is unfeasible. Moreover, telecoaching via the 
Polar Flow web-based platform necessitates internet con-
nectivity at home, and proficiency in technological liter-
acy and computer skills is imperative. Although baseline 
instructions and informational booklets are provided, 
limited technological skills among participants may pose 
initial challenges during the study, such as connectivity 
issues or difficulties in uploading training data.

Future perspective
If the results of the Tele@home study demonstrate that 
HBE using telemonitoring and telecoaching is more 
effective than CBE in enhancing long-term cardiores-
piratory fitness, there will be strong grounds for mak-
ing HBE interventions as readily available as CBT for 
motivating cancer survivors to exercise within their 
home environments. Additionally, the implementation 
of HBE may offer economic advantages. With hospi-
tal budgets decreasing and CBE cancer rehabilitation 
being underutilized, there’s a pressing need for inno-
vative and cost-effective rehabilitation and preventive 
medicine strategies. If HBT with telemonitoring and 
telecoaching meets these criteria, it could serve as a 
viable alternative to regular CBE rehabilitation for lym-
phoma survivors, allowing many to access rehabilita-
tion without significantly increasing overall costs.

This initiative aligns with the National Strategy for 
the Computerization of Public Health of the Czech 
Republic, approved by the government for the period 
2016–2026 [70]. The strategy emphasizes transferring 
non-complex health services from hospitals to patients’ 
homes, particularly through the implementation of tel-
emedicine and e-health delivery [71]. The outcomes of 
the Tele@home study may thus hold implications for 
the digital transformation of supportive care and reha-
bilitation for cancer survivors.
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