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Abstract

Background Exercise training is beneficial in enhancing physical function and quality of life in cancer patients. Its
comprehensive implementation remains challenging, and underlying cardiopulmonary adaptations are poorly inves-
tigated. This randomized controlled trial examines the implementation and effects of home-based online training

on cardiopulmonary variables and physical activity.

Methods Of screened post-surgical patients with breast, prostate, or colorectal cancer, 148 were randomly assigned
(1:1) to an intervention (2 x 30 min/week of strength-endurance training using video presentations) and a control
group. All patients received activity feedback during the 6-month intervention period. Primary endpoint was change
in oxygen uptake after 6 months. Secondary endpoints included changes in cardiac output, rate pressure product,
quality of life (EORTC Qol-C30), C-reactive protein, and activity behavior.

Results One hundred twenty-two patients (62 intervention and 60 control group) completed the study period.
Change in oxygen uptake between intervention and control patients was 1.8 vs. 0.66 ml/kg/min (estimated difference
after 6 months: 1.24; 95% Cl 0.23 to 2.55; p=0.017). Rate pressure product was reduced in IG (estimated difference
after 6 months:—1079; 95% Cl—2157 to—1; p=0.05). Physical activity per week was not different in IG and CG. There
were no significant interaction effects in body composition, cardiac output, C-reactive protein, or quality of life.
Conclusions Home-based online training among post-surgery cancer patients revealed an increase of oxygen
uptake and a decrease of myocardial workload during exercise. The implementation of area-wide home-based train-
ing and activity feedback as an integral component in cancer care and studies investigating long-term effects are
needed.

Trial registration DRKS-ID: DRKS00020499; Registered 17 March 2020.

Keywords Cardiac output, Activity feedback, Adherence, Body composition, Strength-endurance training, Home-
based exercise

*Correspondence:

Roberto Falz

roberto falz@uni-leipzig.de

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, 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 changes were made. 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/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-023-03010-6&domain=pdf
http://orcid.org/0000-0002-9956-7538
https://drks.de/search/en/trial/DRKS00020499

Falz et al. BMC Medicine (2023) 21:293

Background

Breast, prostate, and colorectal cancer rank among the
most commonly diagnosed cancers and leading cause of
cancer-related deaths worldwide and in Europe [1, 2].
The burden of cancer disease remains a significant health
issue resulting from the cancer symptoms, its chemother-
apeutic and surgical treatment, and related comorbidities
such as developing heart disease [3]. Cancer is also asso-
ciated with aging [4] and cardiorespiratory fitness reveals
a strong inverse correlation with cancer mortality [5].

The role of exercise in cancer has attracted significant
research interest over the past decades [6, 7]. There is
strong evidence for improving cancer-related health out-
comes via exercise in terms of anxiety, depressive symp-
toms, fatigue, health-related quality of life, lymphedema,
and physical function and that exercise training is gener-
ally safe for cancer survivors [8]. Overall, physical activity
is effective for the prevention of several cancer entities [7,
9-13]. Exercise training or physical activity after a can-
cer diagnosis is beneficial for overall survival or prevent-
ing a recurrence of breast (app. 20-30%), prostate (app.
5-30%), and colorectal cancer (app. 20—-30%) [7, 14—16].
Post-diagnosis exercise training seems to exert a stronger
effect on cancer outcomes in comparison to pre-diagno-
sis exercise [7]. There is strong evidence that cardiores-
piratory fitness or changes in cardiorespiratory fitness
are inverse and independently associated with all-cause
mortality risk [17-19]. Potentially beneficial biological
mechanisms of exercise on cancer are the modulation of
insulin/glucose metabolism and thus reducing obesity,
inflammation, and oxidative stress, which reduces tumor
growth, the activation of tumor suppressor genes, and
an increase in apoptosis in tumor tissue [20—26]. Exer-
cise also supports the mechanisms of chemotherapeutic
agents [20, 27].

The current physical activity guidelines recommend
150 to 300 min per week of moderate (3 to 5.9 METs) or
an equivalent amount of vigorous intensity aerobic activ-
ity of 75 to 150 min per week (<6 METs) [28]. However,
in patients undergoing chemotherapy, chemo radiother-
apy, or cancer surgery, these recommendations should
be adapted to the patients’ individual performance level.
The type, intensity, and amount of training must there-
fore be individually set according to the patient’s own
performance and postsurgical condition. The objecti-
fication of physical activity is essential, when assessing
dose—response relationships between exercise interven-
tions and their effects in cancer patients [29], but actual
physical activity is usually self-reported and thus not
reliably objectifiable [30]. Furthermore, essential factors
that help patients maintain their adherence to a training
program include considering their individual capacity,
giving them motivation-enhancing activity feedback, and
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bidirectional communication [31]. Telemedicine-based
exercise interventions in cancer patients enable meas-
ured activity tracking, communicating with and among
patients, and have revealed (long-term) improvements on
physical activity, self-management, and functional capac-
ity [32-35]. Nevertheless, the effects of home-based exer-
cise interventions on physical capacity reported to date
were small [30], the induced cardiopulmonary adapta-
tions have not yet been fully elucidated, and home-based
exercise seems a safe and feasible intervention strategy
for patients with cancer [6, 8, 36] although there is lit-
tle published evidence for assessment to date [36, 37].
Lastly, despite the positive evidence of physical training
on cancer outcomes, there has to date been no systematic
implementation or large randomized controlled trails of
individually-adapted exercise training involving quantita-
tive activity feedback after cancer surgery.

Given the uncertainty of the role of home-based
online training and activity feedback in post-surgery
cancer patients, the aim of this trial was to test whether
online-supported training (intervention) and online
activity feedback (intervention and control group)
result in different changes in oxygen uptake and car-
diopulmonary exercise parameters, quality of life, and
activity behavior during and after 6 months.

Methods

Study design, ethics approval, and patients

CRBP-TS (ColoRectal, Breast, and Prostate Cancer—
Telemonitoring and Self-management) was a rand-
omized, multicenter trial involving an intervention (IG)
and control group (CG) that assessed supervised and
home-based post-surgery online training to strengthen
physical performance and patient empowerment via
automated activity feedback information after cancer
surgery. A detailed description of the study design has
been published [38]. The study was approved by the
Ethics Committee of the Medical Faculty, University of
Leipzig (reference number 056/20-¢k), and at all partic-
ipating sites. The patients were screened, informed, and
enrolled at University Hospitals in Dresden, Hannover,
and Leipzig. All participants provided written informed
consent. Cancer patients with International Classifica-
tion of Diseases codes C18/19/20 (colorectal cancer),
C50 (breast cancer), and C61 (prostate cancer) who
underwent curative (RO) surgery at stages TINOMO to
T3N3MO (Tumor, Nodes, Metastases; including M1
with achieved RO resection); ECOG (Eastern Coop-
erative Oncology Group)<1; and aged between 18 to
75 years were eligible to participate in this trial. In total,
148 patients were recruited and randomized (Fig. 1 and
Table 1).
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297 Patients assessed for eligibility

149 Excluded
73 Patients ECOG >1

d 38 Not in target population (ICD)

15 another cancer disease <5 years
10 Participation in another trail

7 not appeared

6 declined to participate

148 Randomized

¥

A 4

76 Allocated to exercise intervention group

11 Excluded
> 6 Adverse events
5 Withdrew consent

3-mo Follow-up
65 Completed supervised period

3 Excluded
2 Adverse event
1 Withdrew consent

6-mo Follow-up
62 Completed supervised period

l

Intent-to-Treat analysis of the end points

Fig. 1 CONSORT flow diagram

Randomization

An online-based system was used to assign patients in a
1:1 allocation to IG or CG. Randomization was stratified
by study site and cancer entity using block sizes of two
and four blocks.

Intervention and CRBP-TS application

Home-based and body-weight online training consisted
of entity-specific, individually performance-adapted,
and heart rate-limited strength-endurance training using
video presentations. Individual entry and follow-up lev-
els based on patients’ individual physical performance
level were used. The training was scheduled in accord-
ance with exercise guidelines [8, 28] for two (at least) or
preferably three times or more per week for 30 min per
session (5-min warm-up; four rounds with five differ-
ent body-weight upper and lower body exercises with
40 s loading and 20 s recovery period per set; 5-min cool
down). The strength endurance exercises mainly done
with the patient’s own body weight included for example
stepping exercises, squats, rowing, upper body push and

72 Allocated to guideline control

10 Excluded
7 Withdrew consent
3 Adverse events

A\ 4

3-mo Follow-up
62 Completed supervised period

2 Excluded
> 1 Adverse event
1 Withdrew consent

6-mo Follow-up
60 Completed supervised period

l

Intent-to-Treat analysis of the end points

pull exercises, jumps, and core exercises. For the included
entities, partially adapted training videos were designed
(i.e., breast cancer patients avoided shoulder exercises,
colorectal cancer patients avoided exercises in prone
position, and prostate cancer patients avoided jumping
exercises). The target training intensity was determined
by the perceived exertion (target 5—8; CR10 scale) [39—
41], and adjustable after each training month’s period,
because strength endurance training (interval exercise
with predominantly peripheral fatigue) cannot be ade-
quately controlled by heart rate zones. Nevertheless, a
heart rate sensor was used to document exercise inten-
sity during exercise sessions and to enable immediate
feedback to patients. For forensic reasons, an individual
maximum heart rate (75% heart rate max or symptom-
limited heart rate) was defined using a cardiopulmonary
exercise test) at baseline and was individually adjustable
during a repeated cardiopulmonary exercise test after
3 months (study visit 2).

At baseline, all patients were given a wearable (Vivo
active 4; Garmin, Olathe, Kansas, US) for activity
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Table 1 Demographic and clinical characteristics at baseline

Intervention Control group

group (n=76) (n=72)
Age (years) 544+11 546+12
Sex
Female (%) 45 (59) 43 (60)
Male (%) 31(41) 29 (40)
Height (cm) 172+8 171+11
Body composition
Weight (kg) 788+153 7494153
Fat mass (kg) 246+103 213+84
Lean body mass (kg) 542+11.1 536+106
Body mass index (kg/m?) 269+45 25.1+47
Waist-to-hip ratio 0.90+0.2 0.88+0.1
Cancer entity no. (%)
Colorectal cancer 10(13) 9(12)
Breast cancer 43 (57) 41 (57)
Prostate cancer 23 (30) 22 (31)
Dropouts no. (%) 14 (18) 12(17)
SAE nos. (hospitalizations) 11 7
Comorbidities, no (%)
Diabetes type 2 4 2
Hypertension 23 17
Adiposity (BMI > 30) 16 11
Cardiovascular diseases 2 3
Hypothyroidism 13 15
Asthma 2 2
Arthritis 9 3
Cancer medication
Estrogen receptor modulator 9 16
Monoclonal antibody 2 1
Aromatase inhibitors 8 4
Chemotherapy medication 3 2
Metabolic status
CRP level (mg/I)* 15(0.7;2.5) 1.0 (0.6; 1.9)
HbA, (%) 54+04 54+07
Albumin level (g/1) 450+28 453+25
Hemoglobin level (mmol/l) 85+0.85 84+08
Ferritin (ng/1) 1504189 180+199

Values are presented as the means and standard deviation or as the median*
and 25th and 75th percentiles*

Abbreviations: CRP C-reactive protein, HbA, glycosylated hemoglobin

tracking (steps per day, active minutes per day with an
intensity>3 MET) connected to a tablet (Lenovo Tab
M10 TB-X606X; Lenovo, Hongkong, China) via Blue-
tooth with the CRBP-TS application. The wearable unit
was to be worn 24 h a day during the entire study period.
An automatic data transfer from patient to an electronic
patient file (case report form) was provided via internet
access (LTE, Deutsche Telekom AG, Germany) in the
tablet device. The CRBP-TS application was meant to
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be regularly used by the patients to visualize the train-
ing video presentations, to record their heart rate (chest
belt) and to receive their heart-rate feedback during the
training sessions, to complete questionnaires, and to
receive physical activity feedback (steps per day, activity
time in minutes >3 MET per week) during the interven-
tion period. Structured information on general health
improvement, disease prevention, and lifestyle changes
(diet, training, and self-perception) was also provided by
the study team (physician, sports scientist, and a study
nurse) via the CRBP-TS application. In case of unsched-
uled exercise breaks, patients were encouraged via short
message service as reminders to increase their adherence.
CG patients received general information about lifestyle
changes and physical activity according to guidelines and,
as described in the IG, the wearable and a tablet with
the CRBP-TS application to enable the receipt of activity
feedback information (without video presentations).

Clinical assessments
All patients were assessed at baseline and 3 and 6 months
(study visit 2 and 3) after randomization. The CRBP-TS
application measured and evaluated the daily activity of
patients in the IG and CG. All study subjects underwent
clinical examinations according to standard operating
procedures; this included medical history, anthropom-
etry (BIACORPUS RX 4004 M, MEDI CAL HealthCare
GmbH, Germany), flow-mediated dilation, blood analy-
sis (clinical chemistry; tumor and inflammation marker
panel) cardiopulmonary exercise testing, and complet-
ing the European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire (EORTC
QoLQ-C30). Subjects also underwent cardiopulmonary
exercise testing to determine primary and secondary end
points (custo, BT300 electrocardiogram, custo GmbH,
Germany; PhysioFlow impedance cardiography, Manatec
Biomedical, France; Dynostics ergo-spirometry, Sicada
GmbH, Germany) on an electronically braked semi-
recumbent ergometer. The initial load was 30 Watts with
10 Watts/min increments until subjective or objective
exhaustion or the occurrence of termination criteria [42].
Staff members conducting the evaluations were not
blinded to treatment groups. Cardiopulmonary exer-
cise capacity was tested according to current recom-
mendations [42] and analyzed in blinded manner at
the study core laboratory in Leipzig. Maximum oxygen
uptake (VO,,,.,) was defined as the highest 30-s aver-
age within the last minute of exercise. Blood parameters
were analyzed at the central core laboratory (Institute of
Laboratory Medicine, Clinical Chemistry and Molecu-
lar Diagnostics, University Hospital Leipzig, Leipzig,
Germany).
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Outcomes

Our primary end point was the change in VO, ,, after
6 months (study visit 3). Secondary end points included
changes from baseline to 6 months for cardiopulmonary
exercise testing parameters (cardiac output [CO], rate
pressure product [RPP], and peak power output), anthro-
pometric parameters (body mass index [BMI], body cell
mass [BCM]), C-reactive protein (CRP), and the qual-
ity of life (EORTC QoL-C30). Activity parameters (steps
per day, active minutes >3 MET per week) were recorded
during the entire study period in IG and CG. The addi-
tional secondary end points of changes in flow-mediated
dilatation, blood parameters (inflammation panel, tumor
makers, liquid biopsies, and metabolic markers), ques-
tionnaires (Patient Health Questionnaire-2; Depres-
sion Anxiety Stress Scale; Fatigue Severity Scale and
Oral Health Impact Profile), and other anthropometric
parameters (fat mass, lean body mass) from baseline to
6 months are not reported here. Serious adverse events
(SAE) were documented and categorized at each study
site and then evaluated. To identify SAEs, participants
were asked to self-report any health problems during
the study period and were questioned about events by
the site investigator at each study visit. Selection criteria
were death, life-threatening, hospitalization, disability, or
permanent damage. SAE reports were assessed according
to GCP ICH by the study site principal investigator (tem-
poral or exercise association with training; alternative
relationship, e.g., accident or new illness) and reported to
the head of clinical trial.

Statistics

The trial protocol defined 13% change in VO, ,, in the
IG compared to the CG as clinical or substantial impor-
tance [43, 44]. By an assumed mean difference of 3.6 ml/
kg/min between home-based online training and the CG,
80% power and an alpha of 0.05, a sample containing 40
patients per group was needed. Considering probable
dropouts and a moderate number of missing values, we
aimed to include 100 patients (50 in IG and CG) in this
study. To enable a subgroup analysis per entity (breast,
prostate and colorectal cancer), we needed to enroll 300
patients.

Data were analyzed using IBM SPSS Statistics (Ver-
sion 29; IBM, Armonk, New York, USA) and displayed
using GraphPad Prism (Version 9; GraphPad Software
Inc., California, USA). The Shapiro—Wilk test was used
to analyze the sampling distribution. The evaluation was
conducted on an intention-to-treat basis, and all ran-
domized participants were included. Available data on
participants with missing data were included under the
“missing at random” assumption. Per-protocol analyses
were conducted, including only participants in the IG
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who completed all study visits and who had engaged in at
least 1.5 training sessions per week.

To evaluate the primary and secondary end points, we
applied mixed-effects models with repeated measure-
ment structure (estimated using restricted maximum
likelihood). In this model, the measured values (meas-
ured at baseline, 3-month, and 6-month follow-up) were
treated as the dependent variable. As fixed effects, we
have included the randomization arm and categorical
time covariate in the model. Interactions were modeled
for group and time (categorical). As random effect(s), we
had an intercept for subjects. Within the mixed models,
we estimated 95% confidence intervals (CI) and p-values
for contrasts between groups for the 3- and 6-month
periods. In a sensitivity analysis, we included only those
patients with complete paired baseline and 6-month fol-
low-ups for time difference within groups (paired ¢ test
for dependent samples). Sphericity was checked using
Mauchly’s W test, and Greenhouse—Geisser correction
was applied when necessary. All analyses were two-sided,
and the level of significance was p=0.05.

Results

The first patient was enrolled in July 2020, with the last
patient completed the study in June 2022. After screen-
ing 297 patients, we could enroll 148 patients in the
study (Fig. 1). A total of 149 patients therefore had to
be excluded for the following reasons: 73 for having an
Eastern Co-operative Oncology Group (ECOGQG) sta-
tus of >1, 38 screened patients because of an ICD code
or TNM status discrepancy, 15 because of additional
tumor disease within the past 5 years, 13 patients did not
appear for baseline or withdrew informed consent, and
10 because of participating in another clinical trial at the
time of screening. No participants were excluded from
our intent-to-treat analysis. Twenty-six patients dropped
out of the study during the 6-month study period. Drop-
out reasons included new medical complaints or diagno-
ses, lack of interest, problems using the app/technology,
and other reasons (total no-shows). Baseline patient
demographics and clinical data (mean age, 54 years; 88
women [59%]; mean BMI, 26.0) are shown in Table 1.

Primary outcome

The mixed effect model of repeated measurement of
maximal oxygen uptake showed a significant time effect
(p<0.001), a p-value of 0.056 for interaction effect and
no group effect (Table 2). After the 6-month inter-
vention, the estimated change in VO, differed sig-
nificantly between groups 1.24 [95% CI: 0.23 to 2.25:
p=0.017] mL/kg/min. The IG’s increase in VO, ,, from
baseline to 6 months was significant (mean [SD] for IG:
1.82 [2.7] mL/kg/min), unlike the CG’s (mean [SD] for
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CG: 0.66 [3.5] mL/kg/min). Figure 2 displays the change
in VO, across the study visits at 3 and 6 months. The
estimated change at the 3-month time point showed no
significant group difference. Subgroup analysis per entity
for the change in oxygen uptake is reported in Table S1
(additional file 1) and 3-month visit data are presented in
Table S2 (additional file 1).

Secondary outcomes

The increase in peak power output after 6 months
showed a significant time effect in the mixed model
(p<0.001) and within groups without significant differ-
ences between IG and CG (3.8 W [95% CI,—1.9 to 9.5]).
However, after 6 months, the change in the rate pressure
product (RPP) was significantly lower in the IG than the
CG (—1079 [95% CI,—2157 to—1]; Table 2, Fig. 2B) and
showed an interaction effect in the mixed model analysis
(p=0.04). Nonsignificant increases during the interven-
tion period in cardiac output (CO) were observed within
the IG and in the global mixed model analysis with no
group difference (0.4 1/min [95% CI, — 4.2 to 3.4]; Table 2).
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Change in BMI after 6 months was not significant and
showed no group differences (Table 2). The difference
between the change in IG und CG was 0.3 [95% CI,—0.6
to 0.03]. There was no significant difference in either the
change in C-reactive protein (CRP) within groups over
time or between groups (Table 2, Fig. 2D). Nevertheless,
body cell mass (BCM) rose significantly in both groups,
although no group differences were evident (Table 2).
The change in quality of life (QoL) revealed a significant
increase over time in the CG, but this did not differ sig-
nificantly between groups (Table 2). The activity data
(activity in minutes per week >3 MET) revealed no group
difference between 1G and CG patients in the (Table 2).
The CG showed a decrease in activity behavior over time
(—48 min per week>3 MET). There was no interaction
effect. Patients randomized to IG demonstrated through-
out the study period (week 1 to week 25) 128 (SD +135)
minutes of total activity>3 MET and 29 (SD +32) min-
utes activity with intensity exceeding 6 MET per week.
The CG revealed a mean of 142 (SD +122) minutes total
activity>3 MET and 31 (SD+37) minutes activity>6
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Fig. 2 Change in oxygen uptake (A), rate blood pressure product (B), body mass index (C), and C-reactive protein concentration (D) at 3
and 6 months in IG and CG. Changes are calculated from baseline to 3 and 6 months of intervention within each group (presented as boxes
and whiskers [median, quartiles, 5 to 95 percentiles]. *Significant difference (p < 0.05) between change in IG and CG
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MET per week during the 6-month study period (week
1 to week 25). App usage in both groups decreased sig-
nificantly during the study period and differed between
groups but showed no interaction effect (Table 2). Fig-
ure 3 illustrates the course of activity (steps per day;
active minutes >3 MET) and app usage per week during
the entire study period in IG and CG.

Adherence and per-protocol analysis

One hundred twenty-two patients completed the
6-month study period (62 in IG, 60 in CG). Dropouts
(IG: n=14; CG: n=12) were mainly for clinical reasons
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(n=9; hospitalizations or worsening health) or con-
sent withdrawal (7= 17; motivational problems [n=6],
difficulty handling the devices [n=6], other reasons
[n=5]). Patients randomized to the IG participated in a
mean of 2.1 (SD +1.1) training sessions per week in the
intervention period.

Adherence

Of those patients who completed the 6-month training
intervention, 46 (74.2%) performed at least 1.5 training
sessions per week (mean 2.7; SD £ 1.0) and 164 (SD + 152)
minutes total activity >3 MET per week across the entire
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Fig. 3 Active minutes above 3 MET per week (A), steps per day (B), and number of app uses per week (C) during the study period in IG and CG

(presented as mean and standard deviation)
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study period (week 1 to week 25). Thirty-five (56.4%)
patients in IG even exercised more than 2 sessions per
week (mean 3.0; SD +0.9) and were active 172 (SD + 164)
minutes per week (week 1 to week 25). Reductions in
adherence to less than 1.5 of scheduled exercise ses-
sions were mainly due to clinical factors (n=6), personal
(n=2), and motivational problems (n=38).

Results of the per-protocol analysis were similar to the
main results of the trial (Additional file 1: Table S3).

Adverse events

We documented 18 adverse events in 16 patients (11%)
classified as serious adverse events (SAE) that were unre-
lated to the exercise intervention (no temporal relation
to training, other cause such as accident, new disease
diagnosis or scheduled surgery; IG 10 [13%] patients;
CG 6 patients [8%]; chi-square p=0.35). Hospitalization
or disease progression was the cause for being classified
as an SAE in all these cases. Reasons were scar hernia
(n=5; without timely relation to the training), metasta-
ses or recurrence (n=3), accidents involving a trauma
to the passive musculoskeletal system (n=3), additional
carcinoma (n=2), stoma relocation (n=2), pulmonary
embolism (#=1), peritonitis (n=1), and urethral stenosis
(n=1).

Discussion

In postoperative cancer patients, we observed that
home-based strength-endurance online training entail-
ing the provision of measured activity feedback infor-
mation yielded a significant increase in VO, ,, during
the intervention period in the IG and compared to the
CG, while other parameters were unaffected (CRP, BMI,
QoL) (those had been in the reference range at baseline).
Moreover, the IG revealed the a priori defined differ-
ence of 3.5 ml/kg/min at none of the study time points.
Nevertheless, we were able to demonstrate an area-wide
home-based online training and a significant decrease in
rate pressure product during the exercise intervention in
post-surgery cancer patients. Activity feedback seemed
to induce in general a positive lifestyle modification
toward physical activity in our CG because the recorded
activity per week resembled the IGs.

The 1.24 ml/kg/min difference in VO, ,, we observed
between home-based online training and control patients
of resembles such evidence from other studies (post-
surgery supervised training, not home-based), report-
ing a range of 0.4 to 1.8 ml/kg/min [44—47]. However,
our study results failed to confirm the findings of two
smaller studies, which reported a difference of 4.0 ml/
kg/min in postmenopausal women [48], or a reduction
in male patients (n=21) with colorectal cancer of—1.7
[49] in comparison to the change in control patients. So
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far, home-based exercise or telerehabilitation interven-
tions in cancer patients has demonstrated only minor to
moderate effects on functional capacity, measured via
the 6-min walking distance or oxygen uptake [50, 51].
Nevertheless, minor changes in cardiorespiratory perfor-
mance result in an inverse and clinically relevant change
in mortality risk and contribute to improved health [18].
Peak power output rose in both groups without interac-
tion effects but is, nevertheless, in line with the change
in VO, Cardiac dysfunction in cancer and caused by
cancer-related-therapies is a frequent side effect requir-
ing adequate diagnosis and interventional strategies [52,
53]. To the best of our knowledge, our randomized con-
trolled study is the first to have measured maximum car-
diac output (CO) during exercise testing before and after
long-term exercise interventions in post-surgery cancer
patients. So far, exercise data on CO in cancer patients
has only been collected during acute exercise and under
resting conditions [54—56]. Evidence from healthy sub-
jects suggests that exercise training, particularly interval
training, helps improve the pumping function [57] and
seems to be significantly enhanced by enlarging the blood
volume [58, 59]. However, the change in CO we observed
was not significant and suggests home-based online
training’s limited effect on cardiac pump function.

In contrast, as did two previous exercise trials in can-
cer patients [60, 61], the present study demonstrates that
the improvement in exercise capacity after 6 months was
associated with a reduction in the rate pressure product
(RPP) as a reliable index of myocardial oxygen demand.
The RPP decreased significantly further in the IG than
the CG. These results highlight that despite equal physi-
cal activity in IG and CG and unchanged cardiac output,
home-based online training (strength-endurance) con-
tributed to the improvement we observed in VO,.

In our study, QoL improved in both groups (no within-
change in IG, significant within-change in CG), but there
was no apparent interaction effect. The study by Saarto
et al. (2012) also assessed QoL using EORTC-QLQ C30
to determine changes in QoL during exercise interven-
tions in breast cancer survivors, and supports our find-
ings. However, in addition to improvements in physical
performance through the exercise interventions, several
meta-analyses have demonstrated small to moderate
effects on QoL in cancer survivors [62—64]. Supervised
training exerts a stronger effect than home-based train-
ing and may have contributed to our results [8]. The
activity feedback in the CG—as in the IG—seems to be
a significant factor stimulating motivation in our control
patients. Nevertheless, the improvements in quality of
life (EORTC-QoL C30, global score) we noted originat-
ing from the interventions resemble those reported in
a recent meta-analysis that cited a mean increase of 4.4
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[65] and were related to the change in physical fitness
(VOZmax)'

The physical activity time of intervention and control
patients involving an intensity exceeding 3 METs was
measured during the entire study period while they were
wearing their wrist-worn wearable, but this measure
revealed no group differences. However, our CG revealed
a significant reduction in activity time per week from
baseline to their 6-month visit. Wrist-worn wearables
enabling activity tracking are very accurate at monitor-
ing the heart rate and numbers of steps [66, 67]; how-
ever, they can easily underestimate energy expenditure
at high intensities and when activity involves less wrist
motion [68, 69]. Our applied body-weight online train-
ing involves low arm movement amplitudes and frequen-
cies, thus might have resulted in an underestimation of
the IG’s physical activity. The changes in VO, ., and RPP
via the same activity behavior of IG compared with the
CG indicate a possible missing recording of activity dur-
ing the training sessions. However, it seems also likely
that home-based body-weight training is more effective
in inducing performance-enhancing adaptations at the
same overall activity level. Overall, distance-based physi-
cal activity interventions revealed only minor effects on
activity behavior [30]. However, most of such evidence
originates from self-reported physical activity, which
compromises the comparability of studies associated
with the subjective aspect of recoding such activity [8,
30]. Nevertheless, the effects that we have demonstrated,
albeit small, are evidence that online or home-based
exercise programs are a potential tool to address func-
tional degradation in aging cancer survivors [50].

The inflammatory blood marker CRP decreased in both
our groups without achieving significance in within or
between comparisons. In general, physical activity and
exercise are likely to lower circulating cytokine levels in
cancer survivors [70]. For our results, it is important to
consider that mean concentration at baseline was within
the reference range, therefore no significant reductions
were likely.

An increase in body cell mass was evident in both
groups with no group differences (mean difference of
0.3 kg between IG and CG). The changes we documented
in body cell mass, as an essential component of lean
body mass, are in accordance with the data (mean dif-
ference 0.41 kg) in a recent meta-analysis [71]. The BMI
was unchanged within each group and after comparing
both—a finding that is in line with two meta-analyses
involving prostate and colorectal cancer patients [72, 73]
however not breast cancer patients [74]. Improvements
in body composition via strength training interventions
in cancer survivors are markedly low but potentially clin-
ically meaningful in cancer survivors [71].
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The effectiveness of training interventions in patients
depends on their participation and adherence rates [31].
In the present trial entailing automatic activity feedback
and counseling, about 74% of the patients engaged in at
least 1.5 training sessions per week or 75% of the pre-
scribed minimum of two sessions per week during the
home-based exercise training period (6 months); how-
ever, this rate is 71 to 90% according to adherence data in
the literature, [75, 76]. The average of these patients ful-
filled the current guideline recommendations of at least
150 min of physical activity per week [28]. Nevertheless,
despite feedback information and high app usage rates,
only 56% of the IG patients participated in at least 2 exer-
cise sessions per week and achieved a mean of 172 active
minutes per week (<3 MET).

Eighteen serious adverse events (16 patients; hospitali-
zations or cancer progression) unrelated to the exercise
intervention occurred during the study period with no
difference in incidence between IG and CG. The num-
ber of serious adverse events we observed is considerably
higher than those reported in meta-analyses [36, 37, 76]
and reflects our patients’ post-surgery condition. Overall,
there is little reliable information on safety, particularly
the reporting of serious adverse events, in studies report-
ing on home-based training [76]. Overall, exercise is gen-
erally safe for cancer survivors [6, 8] and can be adapted
by selecting indication-specific training parameters
(range of joint motion, intensity, training position). How-
ever, after surgical cancer therapy or during chemother-
apy, individual patient limitations and problems should
be considered.

Limitations

This study has several limitations. First, our CG patients,
like those in the IG, underwent activity tracking includ-
ing feedback information, which was probably a major
motivating factor for a more active lifestyle [77, 78]. If we
had blinded the CG study subjects, their risk of dropout
from wearing an activity tracker for 6 months without
feedback information would have been high. Second, the
physicians and study nurses who conducted the exami-
nations, as well as the patients, were also not blinded,
which could have had an effect on results. Third, the
SARS-CoV-2 pandemic, involving surgery cancelations,
high patient refusal rates, and restrictions on public life,
substantially reduced the attendance rates and precluded
entity subgroup analysis. In addition, study funding was
time-based, which prohibited us from enlarging our sam-
ple size after the funding period. The sample sizes per
entity we had anticipated were not realizable. We there-
fore conducted a cross-entity evaluation. Fourth, the
short intervention period does not permit the interpre-
tation of long-term effects on recurrence and mortality.
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Fifth, we were unable to obtain impedance cardiography
without artifacts in all patients. Sixth, this study most
likely involved exercise-experienced patients consider-
ing the study focus on physical activity [31]. As most of
our study parameters were consequently in the reference
range, they were unlikely to improve.

Conclusions

Home-based and body-weight online training among
postoperative cancer patients yielded a difference in
the VO,,., change at 6 months between those patients
assigned to training compared to control patients given
activity feedback, but the IG patients did not achieve the
prespecified assumed difference in VO,, ... The change
in RPP in the IG confirms the change in VO, ... In addi-
tion, providing digital activity feedback seems to have an
influence on motivating patients in the control group to
practice a healthier lifestyle, similar to the intervention
group. Home-based online training might be an effective
component after cancer surgery and provides the oppor-
tunity for area-wide implementation into cancer care.
These findings support large-scale studies investigating
long-term effect of online-based training with different
patient groups, training volumes, and intensities, as well
as automated activity feedback provision for patients
with malignancies.
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