
The Oncologist, 2024, XX, 1–9
https://doi.org/10.1093/oncolo/oyae002
Advance access publication 11 January 2024
Original Article

A Feasibility Study Investigating an Exercise Program in 
Metastatic Cancer Based on the Patient-Preferred Delivery 
Mode
Alice Avancini1, , Anita Borsati2, Elisabetta Baldo3, Christian Ciurnelli3, Ilaria Trestini4, 
Daniela Tregnago1, Lorenzo Belluomini1, Marco Sposito1, Jessica Insolda1, Alessandra Auriemma5, 
Elena Fiorio5, Michela Piacentini5, Federico Schena3, Michele Milella1, , Sara Pilotto*,1,

1Section of Innovation Biomedicine-Oncology Area, Department of Engineering for Innovation Medicine (DIMI), University of Verona and 
University and Hospital Trust (AOUI) of Verona, Verona, Italy
2Biomedical, Clinical and Experimental Sciences, Department of Medicine, University of Verona, Verona, Italy
3Department of Neurosciences, Biomedicine and Movement, University of Verona, Verona, Italy
4Dietetic Service, Medical Direction, Azienda Ospedaliera Universitaria Integrata di Verona, Verona, Italy
5Section of Oncology, University of Verona Hospital Trust (AOUI) Verona, Verona, Italy
*Corresponding author: Sara Pilotto MD, PhD, Section of Innovation Biomedicine-Oncology Area, Department of Engineering for Innovation Medicine (DIMI), 
University of Verona and University and Hospital Trust (AOUI) of Verona, P.le L.A. Scuro 10, 37134, Verona, Italy. Tel: +39-0458128247; Fax: +39-0458128140; 
Email: sara.pilotto@univr.it

Abstract 
Background:  Feasibility of exercise in patients with metastatic cancer is still a challenge. This study aimed to determine the feasibility and pre-
liminary efficacy of an exercise intervention based on a patient-preferred delivery mode in patients affected by metastatic cancer.
Materials and Methods:  Forty-four patients with a confirmed diagnosis of metastatic cancer were recruited in a 3-month exercise pro-
gram. Whereas the exercise program consisted of aerobic and resistance activities performed twice a week, the participants may choose 
the mode of delivery: home based, personal training, or group based. The primary endpoint was the feasibility, defined by recruitment 
rate, attendance, adherence, dropout rate, tolerability (comparing the session RPE with the target RPE), and safety (using the Common 
Terminology Criteria for Adverse Events, version 5.0). Secondary endpoints included cardiorespiratory fitness (six minutes walking test), 
muscle strength (handgrip strength test and isometric leg press test), flexibility (the back scratch and chair sit and reach tests), anthropo-
metric parameters (body mass index and waist-hip ratio), quality of life (EORTC QLQ C-30 questionnaire), and amount of physical exercise 
(Godin’s Shepard Leisure Time Exercise Questionnaire). Descriptive statistics, Student t test, and Wilcoxon signed rank test were used to 
analyze data.
Results:  The study recruitment rate was 81%. Out of 44 recruited patients, 28 chose the personal training program, 16 chose the home-based 
program, and none chose the group-based program. Nine dropouts occurred (20%), 6 in the personal training program, and 3 in the home-based 
intervention. The median attendance rate was 92%, adherence was 88%, tolerability was 100%, and 9 nonsevere adverse events were reg-
istered during the exercise sessions. An increase in cardiorespiratory fitness (P < .001) and flexibility (P = .011 for chair sit and reach; P = .040 
for back scratch) was observed at the end of the intervention, while no changes in anthropometric values and muscle strength were detected. 
Different quality-of-life domains were improved following the intervention, including physical (P = .002), emotional (P < .001), and role function-
ing (P = .018), fatigue (P = .030), and appetite loss (P = .005).
Conclusion:  A 3-month exercise program based on a patient-preferred delivery mode is feasible in patients with metastatic cancer and may 
improve physical function and quality of life.
Trial Registration:  NCT04226508
Key words: exercise; metastatic cancer; patient’s preferences; feasibility.

Implications for Practice
The authors proposed a program based on the patient-preferred delivery mode, allowing patients with metastatic cancer to choose if to 
perform exercise at home, with personal training, or in a group-based program. The program has proved to be feasible without serious 
adverse events and a preliminary efficacy in cardiorespiratory fitness and quality of life has been detected. Although further evaluations 
of its efficacy have been required, an exercise intervention based on the patient-preferred delivery mode may be a feasible strategy to 
deliver exercise in the metastatic setting.
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Introduction
Although approximately 67% of cancer-related deaths are 
due to metastatic disease,1 the introduction of innovative 
anticancer treatment has led to an increasing number of 
patients living with metastatic cancer, which is projected to 
grow.2,3 Metastatic cancer is characterized by a high burden 
of symptoms, with about one-quarter of patients reporting 
moderate-severe physical and psychological symptoms at 
diagnosis, such as tiredness, anxiety, fatigue, breathlessness, 
and pain, which may negatively impact the quality of life and 
prognosis.4,5

It is now recognized that physical exercise may confer sig-
nificant enhancements in a broad array of symptom control 
outcomes for patients with cancer. Nevertheless, most avail-
able evidence derives from early-stage settings, whereas minor 
attention has been dedicated to the metastatic context. Few 
investigations have been conducted on patients affected by a 
metastatic disease6-14; most of them tested combined aerobic 
and resistance training delivered through a supervision-based 
approach7,8,10,12,14 or with a home-based program,6,9,11 whereas 
just one explored the impact of aerobic training.13 Preliminary 
evidence deriving from these researches reported mixed find-
ings regarding benefits in physical fitness and quality of life, 
which are the most studied outcomes.6-14 In addition, another 
concern regards the feasibility of the intervention; although 
the safety profile of exercise in patients with metastasis has 
been reported,15,16 compliance and adherence to the program 
are still challenging, and some studies also find a high drop-
out rate.10,13,17 Different features may obstacle exercise partic-
ipation, including disease specific (eg, symptoms burden and 
treatment toxicity) and general barriers (eg, lack of time and 
interest).18 On the contrary, patients’ preferences may facili-
tate the adoption of an exercise intervention, especially in the 
context of metastatic cancer. Whereas the majority of patients 
prefer a supervised program, the favorite mode of delivery 
tends to vary: a quarter of patients would like an individual 
program to follow at home, a quarter an individual program 
in a gym with a personal trainer, and 40% a group-based 
program supervised by a kinesiologist.19 Thus, it is possible 
to speculate that proposing different delivery modalities may 
be a strategy to increase the patient’s compliance with the 
exercise program.

The present study aimed to determine the feasibility and 
safety of a combined exercise program in patients with met-
astatic cancer based on the patient-preferred delivery mode. 
The secondary aims were to explore the impact on physical 
fitness, symptoms, and quality of life. We hypothesized that 
an exercise intervention that allows patients to choose the 
delivery modality would be safe, feasible, and produce signif-
icant benefits.

Materials and Methods
Study Design
A prospective single-arm feasibility study was conducted 
between December 2019 and March 2023 at the University 
of Verona to investigate the effect of a 3-month exercise pro-
gram in patients with metastatic cancer. The single-arm design 
was chosen to specifically evaluate each component of the 
feasibility of the new proposed exercise intervention.20 The 
project was approved by Verona University Ethics Committee 
(Prot. No. 33320) and was registered at ClinicalTrials.

gov (NCT04226508). The study was conducted following 
the principles of the Declaration of Helsinki as well as the 
Declaration of Oviedo. The current report complies with the 
CONSORT Statement: extension to randomized pilot and 
feasibility trials.21

Participants and Procedures
Potential eligible patients were recruited by invitation from 
their attending oncologist or dietitian at the Oncology Units 
of the University of Verona Hospital Trust. Patients were eli-
gible if they (i) were ≥18 years old, (ii) had a histologically 
confirmed diagnosis of metastatic cancer, (iii) had an Eastern 
Cooperative Oncology Group performance status of 0 to 1, 
2 (or Karnofsky index ≥ 50), (iv) had medical clearance for 
study participation, and (v) signed the written informed con-
sent. Exclusion criteria included: (i) pregnancy status, (ii) 
a time less than 8 weeks from any surgical procedure, (iii) 
participant’s inability to walk, and (iv) comorbidities that 
could inhibit patients from exercising as determined by their 
clinicians.

Healthcare providers sent the information of the inter-
ested patients to the research staff. Interested patients were 
then contacted by the research staff to provide a detailed 
description of the study and to fix a first appointment at the 
Department of Sport Science at the University of Verona to 
confirm eligibility, obtain written informed consent, and per-
form baseline evaluations.

Exercise Training Intervention
The 3-month exercise program was conducted at the 
Department of Sport Science facilities at the University of 
Verona. Patients could choose one of the following exercise 
delivery modalities based on their preferences and needs:

• Home-based program consisted of a personalized written 
exercise program to perform on patients’ own. In such 
programs, the activities’ type, frequency, intensity, and 
duration were detailed, and an exercise log diary was 
proposed to monitor the intervention. Periodical meet-
ings every 2, 4, and 6 weeks were scheduled in order to 
hand the new exercise program and teach patients the 
exercise and how to self-monitor the intensity. A weekly 
phone call by the research staff was additionally made to 
check and support patients.

• Personal training program, in which each session was 
supervised and delivered by a dedicated kinesiologist 
with a kinesiologist-patient ratio of 1:1, at the facilities 
of the Department of Sport Science.

• Group-based program, where participants could exercise 
with other cancer patients. Each session was supervised and 
delivered by a dedicated kinesiologist with a kinesiologist- 
patient ratio of 1:4-6 at the Department of Sport Science 
facilities.

Patients could not switch the exercise delivery modalities 
throughout the 3 months.

The exercise prescription was similar for all delivery modal-
ities and was individually tailored to each patient according 
to functional baseline evaluation and symptom burden.

The program included aerobic and resistance exercises pre-
ceded by 5 minutes of warm-up (stretching and light aerobic 
activity) and 5 minutes of cooldown (stretching). The aero-
bic component comprised cardiovascular exercises, such as 
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treadmill and cycle-ergometer, for those patients who chose 
to perform the personal training or group-based program, 
while patients who followed the home-based program were 
allowed to perform their preferred activity (swimming, jog-
ging, walking, and cycling). Aerobic exercise duration started 
at 10-20 minutes and progressively increased every 2 weeks 
until it reached 30 minutes. The intensity was set at a moder-
ate level and was checked using the 10-point Borg Rating of 
the Perceived Exertion Scale (ie, 3-5 RPE). Resistance training 
included 6 exercises using bodyweight and elastic resistance 
bands (Thera-Bands, Hygienic Corp. Akron, OH), for all 3 
exercise delivery modalities. Resistance activity involved the 
major upper and lower body muscle groups, utilizing a vari-
ety of exercises, including, for example, squats, lunges, chest 
press, should press, biceps curls, pulley, triceps extension, row, 
calf raise, and crunch, which were adapted on patient’s abil-
ity. Participants were instructed to perform 2-3 sets of 8-12 
repetitions for each exercise which progressively increased 
over the weeks, at moderate intensity (ie, 3-5 RPE). Aerobic 
and strength exercises were performed twice a week each, and 
patients were allowed to choose whether to perform them in 
the same session or on 2 separate days based on their prefer-
ences, symptoms, and needs.

Outcomes
The primary study endpoint was feasibility assessed by the 
following: (i) recruitment and completion rate (the ratio of 
patients who were enrolled and completed the intervention, 
ie, performed the post-intervention evaluations); (ii) atten-
dance to the aerobic and resistance program (ie, number of 
the attended sessions compared to the total programmed); 
attendance were also defined as missed session (ie, missing 
1-2 consecutive sessions), treatment interruption (ie, miss-
ing ≥3 consecutive sessions), or permanent discontinuation 
(ie, loss to follow-up); (iii) adherence to the program (ie, the 
number of completed planned exercise dosage compared to 
the total programmed); adherence was also classified as dose 
modification (ie, number of patients who requiring ≥10% of 
sessions dose escalation/reduction), early session interrup-
tion (ie, interruption of session before the planned intensity/
duration); (iv) program tolerance (comparing the session RPE 
with the target RPE)22,23; (iv) patient safety, checking the exer-
cise related adverse events, (using the Common Terminology 
Criteria for Adverse Events, version 5.0).24 According to 
the prior literature, the study was considered feasible in the 
absence of severe life-treating adverse events and if achieved 
3 or more of the following: recruitment rate > 50%, lost to  
follow-up rate < 20%, median attendance > 80%, median 
adherence > 75%, and tolerance to the planned RPE > 70%.25,26

Secondary endpoints, performed at baseline and postinter-
vention, included the evaluation of the patient’s health-related 
skills through a series of standardized tests. Cardiorespiratory 
fitness was estimated using the “six minutes walking test,” 
according to the guidelines of the American Thoracic 
Society.27 Muscle strength was evaluated using the handgrip 
strength test for upper limb,28 and the isometric leg press test 
for lower limb,29 following standard procedures. The sit and 
reach test,30 aiming to assess the lower body flexibility, and 
back scratch test30 for upper body flexibility, were proposed. 
Anthropometric measures involved height, weight, body mass 
index, and waist and hip circumferences, evaluated according 
to the procedures of the World Health Organization.31 Patients 
reported outcomes included the European Organization 

for Research and Treatment of Cancer Quality of Life and 
Core Questionnaire (EORTC QLQ C-30) to determine the 
quality of life (QoL)32 and exercise level using the Godin’s 
Shepard Leisure Time Exercise Questionnaire.33 The EORTC 
QLQ C-30 incorporates 5 functional scales (physical, role, 
cognitive, emotional, and social), 3 symptom scales (fatigue, 
pain, nausea and vomiting), and a global health and quality- 
of-life scale. The remaining single items assess additional 
symptoms commonly reported by cancer patients (dyspnea, 
appetite loss, sleep disturbance, constipation, and diarrhea). 
The scores range from 0 to 100, with higher scores indicat-
ing a better function, and a worsening for what concern-
ing symptoms. The Godin’s Shepard Leisure Time Exercise 
Questionnaire assesses the weekly duration and frequencies 
of physical activity across strenuous, moderate, and mild 
intensities. Clinical information was extracted at baselines by 
reviewing medical charts, and socio-demographic data were 
collected using a dedicated questionnaire.

Statistical Analysis
Since this was an feasibility study, a formal sample size analy-
sis was not performed. A sample of 44 patients was considered 
appropriate to estimate the feasibility and explore the efficacy 
of the exercise intervention.34 Baseline data and feasibility 
outcomes were analyzed using descriptive statistics (mean, 
standard deviation, median, interquartile range, frequencies, 
and percentage). The Shapiro-Wilk test was used for second-
ary endpoints to test the normality assumption. Changes from 
baseline to postintervention were explored using the Student’s 
t test or Wilcoxon signed rank test, as appropriate. Data were 
analyzed using SigmaStat v. 4.0 (Systat Software Inc). All tests 
were 2 tailed, and P-values of <.05 were considered statisti-
cally significant.

Results
Figure 1 shows the study flow. Of the 54 referred patients, 
44 consented to participate and undertook the baseline 
assessments. Lack of interest (n = 3) and inability to contact 
patients (n = 3) were the main reasons for exclusion. Baseline 
participants’ characteristics are displayed in Table 1. Patients 
had a mean age of 60.5 ± 10.7 years old, 56.8% were male, 
43.2% had at least an undergraduate degree, and 81.8% were 
married. The most represented tumor was pancreatic (27.3%) 
and breast (18.2%) cancer, and the most common metastatic 
site was the liver (47.7%). The median time since diagnosis 
was 17.0 (IQR = 6.0-37.5) months, all patients were under-
going systemic treatments, and 68.2% presented at least one 
comorbidity. Out of 44 patients, 28 chose to participate in 
the personal training program and 16 in the home-based pro-
gram. None chose the group-based program.

Feasibility
The study recruitment rate was 81%. During the trial, 35 
patients (80%) completed the study, whereas 9 (20%) patients 
were lost to follow-up, 6 (21%) in the personal-training  
program group, and 3 (19%) in the home-based program 
group (Table 2). No significant difference in clinical, socio-
demographic, physical, and quality of life data was observed 
in patients who were lost to follow-up and those who com-
pleted the program (Supplementary Material). The median 
individual session attendance rate among patients who com-
pleted the study was 92% (IQR = 75%-100%; 1431 of 1680 
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planned sessions), with a minimal difference between aerobic 
(723 of 840 planned sessions) and resistance (709 of the 840 
planned sessions) components. The median attendance rates 
for the personal training program and home-based program 
were 90% (IQR = 78%-97%; 900 of 1056 planned sessions) 
and 96% (IQR = 71%-100%; 541 of 624 planned sessions), 
respectively. A total of 249 sessions were missed; the mean 
number of missed sessions per patients was 6.8 ± 6.9 due to 
principally non–health-related reasons (38.6%) and fatigue 
(10.8%; Supplementary Material). The treatment interrup-
tion rate was 31% (11 of 35 patients), and reasons for inter-
ruption were health related (treatment adverse events n = 1, 
undergoing a nephrostomy n = 1, bone pain n = 1, hospital 
appointments n = 2, hospitalization n = 1) and non–health 
related (lack of motivation n = 1 and personal reasons n = 2).

Median adherence to the prescribed exercise program was 
overall 88% (IQR = 75%-100%; 1427 of 1680 planned exer-
cise dosage), 88% (IQR = 79%-100%; 727 of 840 planned 
exercise dosage) for the aerobic training component and 88% 
(IQR = 75%-100%; 700 of 840 planned exercise dosage) 
for resistance exercise. Personal training program showed a 
median adherence of 85% (IQR = 77%-97%; 892 of 1056 
planned exercise dosage), while the home-based program of 
90% (IQR = 71%-100%; 535 of 624 planned exercise dos-
age). One patient in the home-based program required a dose 
modification for the resistance component, whereas another 
in the personal training program had to terminate the session 
early due to tachycardia onset. Overall, patients reported to 
have performed the sessions at the prescribed intensity (ie, 3-5 
RPE). Nine nonserious adverse events were registered during 
the exercise sessions (Table 3), 5 in the personal training group 
and 4 in the home-based group; just in one case, the onset of 
an adverse event required interrupting the session as reported.

Exploratory Endpoints
The effect of the intervention on physical function is dis-
played in Table 4. There were no significant changes in the 
anthropometric measures and strength. Significant increases 
in the six minutes walking test (+34.5 m, 95% CI: 19.8-49.2; 
P < .001), the chair sit and reach test—right leg (+3.1 cm, 
95% CI: 0.8-5.5; P = .011), and back scratch test—left arm 
(+1.0 cm, 95% CI: 0.1-2.0; P = .040) were observed. Patients 
reported outcomes are reported in Table 5. At the end of the 
intervention, several domains of QoL improved, including 
physical functioning (80.0 points [pts] 95% CI: 73.3-93.3 vs. 
86.7 pts 95% CI: 80.0-93.3; P = .002), role functioning (83.3 
pts 95% CI: 66.7-100.0 vs. 100.0 pts 95% CI: 83.3-100.0; 
P = .018), emotional functioning (75.0 pts 95% CI: 58.3-83.3 
vs. 83.3 pts 95% CI: 75.0-31.7; P < .001), fatigue (33.3 pts 
95% CI: 22.2-55.6 vs. 22.2 pts 95% CI: 11.1-33.3; P = .030), 
and appetite loss (0.0 pts 95% CI: 0.0-33.3 vs. 0.0 pts 95% 
CI:0.0-0.0; P = .005). The total physical activity (225.0 min-
utes/week 95% CI: 0.0-420.0 vs. 330.0 pts 95% CI: 135.0-
720.0; P = .019) and activity performed at moderate intensity 
(0.0 minutes/week 95% CI: 0.0-120.0 vs. 120.0 pts 95% CI: 
60.0-240.0; P = .004) increased significantly.

An exploratory analysis of the 2 exercise program modal-
ities was performed (Supplementary Material). At baseline, 
the 2 groups were balanced for sociodemographic and clin-
ical data, except for family income (P = .022) and type of 
anticancer treatment (P = .15). Moreover, at baseline a sig-
nificant better profile for waist-hip ratio (P = .044), handgrip 
strength (P = .008, right arm; P = .007, left arm), six minutes 
walking test (P < .001), and some domains of quality of life 
(ie, physical functioning pain, dyspnea, insomnia, and con-
stipation) was observed in patients who chose the home-
based program. Both groups exhibited a significant increase 

Figure 1.  Study flowchart.
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in the six minutes walking test (+31.9 m 95% CI: 11.8-52.2; 
P = .005 home-based program; +35.9 m 95% CI: 14.9-
56.9; P = .001 personal training program), and additionally, 
the home-based program reported improvement in upper 
(+2.0 cm 95% CI: 0.6-3.5; P = .010 right arm; + 2.0 cm 95% 
CI: 0.4-3.6; P = .021 left arm) and lower (+3.8 cm 95% CI: 
0.5-4.8; P = .025 right leg) limb flexibility. Patients in the per-
sonal training program reported an increase in the handgrip 
strength test—right arm (+1.6 kg 95% CI: 0.1-3.2; P = .021) 
and significant enhancements in physical functioning 
(P = .013), role functioning (P = .010), emotional functioning 
(P = .014), appetite loss (P = .021), and moderate intensity 
physical activity (P = .010).

Discussion
The present study indicates that a physical exercise program, 
based on patients-preferred delivery mode, on the basis of 
predefined criteria is feasible in patients with metastatic can-
cer; indeed our intervention has reported an 81% recruitment 
rate, a median attendance of 92%, and adherence of 88%, 
an optimal tolerance, a good safety profile, and a 20% of 
dropout rate. A recent systematic review on patients with 
advanced cancer reported a median recruitment rate of 68% 
and attendance rate of 86%35; focusing on patients with met-
astatic disease, recruitment, dropout, and attendance rates 
varied, ranging from 25% to 75%, 17.8% to 50%, and 50% 
to 89%, respectively,35 suggesting that feasibility is highly het-
erogeneous across the trials. Most of the studies included in 
such revision were conducted under a fully supervised con-
text, and among the reasons for nonparticipation, the travel 
distance to the study site was found relevant. Home-based 
programs could break down this barrier, offering patients a 
more flexible intervention; on the other hand, patients have a 
greater degree of autonomy to manage training with potential 
implications in its attendance and completion. In this sense, a 
12-week home-based program, including walking and resis-
tance training with elastic bands, in men with metastatic 
prostate cancer showed a 47% of recruitment rate, 27% of 
patients who withdrew, and 80% of adherence to the walking 
program, and only 63% of resistance component.9 Similarly, 
another trial testing the feasibility of a walking program in 

Table 1. Baseline demographics and clinical characteristics.

Characteristics Participants (n = 44)

Age, mean (SD) 60.5 (10.7)

Male, n (%) 19 (43.2)

Female, n (%) 25 (56.8)

White race, n (%) 44 (100.0)

Education, n (%)

  Secondary 10 (22.7)

  High school degree 15 (34.1)

  Undergraduate degree 16 (36.4)

  Postgraduate degree 3 (6.8)

Marital status, n (%)

  Single 4 (9.1)

  Married 36 (81.8)

  Divorced 3 (6.8)

  Widow 1 (2.3)

Employment, n (%)

  Part-time employed 5 (11.4)

  Full-time employed 13 (29.5)

  Retired 26 (59.1)

Family income, n (%)

  Inadequate 1 (2.3)

  Barely adequate 5 (11.4)

  Adequate 24 (54.5)

  More than adequate 14 (31.8)

Tumor site, n (%)

  Pancreas 12 (27.3)

  Breast 8 (18.2)

  Lung 7 (15.9)

  Colon 6 (13.6)

  Esophagus 3 (6.8)

  Prostate 3 (6.8)

  Ovary 2 (4.5)

  Thymus 1 (2.3)

  Melanoma 1 (2.3)

  Liver 1 (2.3)

Metastases sites, n (%)

  Liver 21 (47.7)

  Bone 14 (31.8)

  Lymph nodes 8 (20.9)

  Lung 8 (18.2)

  Brain 3 (6.8)

  Peritoneum 2 (4.5)

  Rectum 1 (2.3)

  Bladder 1 (2.3)

Metastatic involvement

  Single organ 29 (65.9)

  Multiorgan 15 (34.1)

Months since diagnosis, median (IQR) 17.0 (6.0; 37.5)

Type of treatment, n (%)

  Chemotherapy 32 (72.7)

  Radiotherapy 12 (27.3)

  Surgery 17 (38.6)

  Immunotherapy 4 (9.1)

  Target therapy 7 (15.9)

Characteristics Participants (n = 44)

  Hormone therapy 10 (22.7)

Current treatments status, n (%)

  Ongoing 44 (100.0)

  Completed 0 (0.0)

Concomitant comorbidities, n (%)

  Yesa 30 (68.2)

  No 14 (31.8)

aType of comorbidities: hypertension (22.7%), diabetes (13.6%), 
osteoporosis (11.4%), hypercholesterolemia (2.3%), polyradiculopathy 
(2.3%), kidney stones (2.3%), anxious-depressive syndrome (2.3%), 
migraine (4.5%), demyelinating neuropathy (2.3%), gastroesophageal 
reflux (2.3%), hip vasculitis (2.3%), cardiopathy (11.4%), myasthenia 
gravis (2.3%), scoliosis (2.3%), dyslipidemia (6.8%), hyperthyroidism 
(2.3%), metabolic syndrome (2.3%), neuropathy (2.3%), Hashimoto’s 
thyroiditis (2.3%), Graves-Basedow’s disease (2.3%), and chronic gastritis 
(2.3%).

Table 1. Continued D
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patients with different metastatic cancer reported a 38% of 
recruitment rate and a 45% of attrition rate.36 Our study 
reported high rates of recruitment, adherence and attendance, 
and a low dropout; additionally, no important difference for 
such feasibility outcomes was observed between the personal 
training program and the home-based program and neither 
the aerobic and resistance components. This finding is partic-
ularly interesting and may suggest that the intervention design 
may have favored these aspects. Indeed, allowing patients to 
choose their preferred exercise modality may allow patients 
to have a proactive role in their care pathways without being 
conditioned by the impositions of others, leading to an increase 
in their empowerment. Another concern related to the pro-
posal of a single exercise modality is that it may not suit all 
patients, especially in the metastatic cancer setting. The most 
deconditioned patients may feel particularly uncomfortable in 
a home-based program, mainly because of safety issues; vice 
versa, patients with a preserved psycho-physical condition 
may not need or prefer a close supervision. Our exploratory 
analysis confirmed this hypothesis: at baseline, patients who 
have chosen the home-based program had a better profile in 
the anthropometric values, in strength, cardiorespiratory fit-
ness, and some domains of quality of life, while patients in the 
personal training program were more deconditioned. In this 
light, from the healthcare and kinesiologists’ perspectives, the 
proposal of multiple modalities of exercise delivery may have 
several advantages, including supervising the frailest patients 
and having a time-saving intervention (ie, a home-based pro-
gram) that allows following several patients simultaneously. 
Another in point in favor of the present study is the lack of 
serious adverse events which highlights a good safety profile. 
Only 9 nonserious events were observed and just in one case 
it require a dose modification and an early session termina-
tion. Scott et al13 in their trial investigating aerobic exercise in 
patients with metastatic breast cancer reported an higher rate 
of adverse events during the training sessions, however, even 
in this case, the side effects were nonserious, confirming the 
acceptable safe profile of exercise.

Regarding the exploratory efficacy outcomes, no significant 
effect of exercise was found for muscle strength and anthro-
pometric parameters. Compared to our study, a prior inves-
tigation found a positive impact of exercise on strength.14 
Specifically, a 12-week intervention combining aerobic and 
strength training was able to significantly improve upper and 
lower limb strength, both, in patients with advanced cancer. 
A possible explanation could be related to the strength proto-
col; whereas such a study used strength training based on iso-
tonic machines, we have preferred to deliver a program based 
on exercises performed using body weight or elastic bands. In 
this sense, it is possible to speculate that strength training on Ta

b
le

 2
. F

ea
si

bi
lit

y 
ou

tc
om

es
 o

f 
th

e 
en

tir
e 

co
ho

rt
, a

nd
 a

cc
or

di
ng

 t
o 

th
e 

de
liv

er
y 

m
od

al
ity

.

V
ar

ia
bl

e
T

ot
al

 c
oh

or
t

Pe
rs

on
al

 t
ra

in
in

g 
pr

og
ra

m
H

om
e-

ba
se

d 
pr

og
ra

m

O
ve

ra
ll

A
er

ob
ic

  
tr

ai
ni

ng
R

es
is

ta
nc

e 
tr

ai
ni

ng
O

ve
ra

ll
A

er
ob

ic
  

tr
ai

ni
ng

R
es

is
ta

nc
e 

tr
ai

ni
ng

O
ve

ra
ll

A
er

ob
ic

  
tr

ai
ni

ng
R

es
is

ta
nc

e 
tr

ai
ni

ng

L
os

t 
to

 f
ol

lo
w

-u
p,

 n
 (

%
)

9 
(2

0)
–

–
6 

(2
1)

–
–

3 
(1

9)
–

–

A
tt

en
da

nc
e,

 m
ed

ia
n 

(I
Q

R
)

92
%

  
(7

5%
-1

00
%

)
92

%
  

(7
9%

-1
00

%
)

92
%

  
(7

5%
-1

00
%

)
90

%
  

(7
8%

-9
7%

)
90

%
  

(7
9%

-9
7%

)
90

%
  

(7
8%

-9
7%

)
96

%
  

(7
1%

-1
00

%
)

96
%

  
(7

7%
-1

00
%

)
96

%
  

(6
5%

-1
00

%
)

T
re

at
m

en
t 

in
te

rr
up

ti
on

, n
 (

%
)

11
 (

31
)

10
 (

29
)

11
 (

31
)

6 
(2

6)
6 

(2
6)

6 
(2

6)
5 

(3
8)

4 
(3

1)
5 

(3
8)

M
is

se
d 

se
ss

io
n,

 m
ea

n 
(S

D
)

6.
8 

(6
.9

)
3.

2 
(3

.2
)

3.
7 

(4
.1

)
7.

1 
(6

.7
)

3.
3 

(3
.1

)
3.

8 
(3

.9
)

6.
4 

(7
.5

)
2.

9 
(3

.3
)

3.
5 

(4
.5

)

A
dh

er
en

ce
, m

ed
ia

n 
(I

Q
R

)
88

%
  

(7
5%

-1
00

%
)

88
%

  
(7

9%
-1

00
%

)
88

%
  

(7
5%

-1
00

%
)

85
%

  
(7

7%
-9

7%
)

85
%

  
(7

9%
-9

7%
)

85
%

  
(7

5%
-9

7%
)

90
%

  
(7

1%
-1

00
%

)
96

%
  

(7
7%

-1
00

%
)

92
%

  
(6

5%
-1

00
%

)

D
os

e 
m

od
ifi

ca
ti

on
, n

 (
%

)
1 

(3
)

0 
(0

)
1 

(3
)

0 
(0

)
0 

(0
)

0 
(0

)
1 

(8
)

0 
(0

)
1 

(8
)

E
ar

ly
 s

es
si

on
  

te
rm

in
at

io
n,

 n
 (

%
)

1 
(0

)
–

–
1 

(0
)

–
–

0 
(0

)
–

–

To
le

ra
bi

lit
y,

 %
10

0
10

0
10

0
10

0
10

0
10

0
10

0
10

0
10

0

D
efi

ni
ti

on
: L

os
t 

to
 f

ol
lo

w
-u

p,
 n

um
be

r 
of

 p
at

ie
nt

s 
w

ho
 d

id
 n

ot
 c

om
pl

et
e 

th
e 

st
ud

y;
 a

tt
en

da
nc

e,
 n

um
be

r 
of

 a
tt

en
de

d 
se

ss
io

ns
 c

om
pa

re
d 

to
 t

he
 t

ot
al

; t
re

at
m

en
t 

in
te

rr
up

ti
on

, n
um

be
r 

of
 p

at
ie

nt
s 

w
ho

 m
is

se
d 

≥3
 

co
nt

in
uo

us
 s

es
si

on
s;

 m
is

se
d 

se
ss

io
n,

 n
um

be
r 

of
 s

es
si

on
s 

no
t 

at
te

nd
ed

 b
y 

th
e 

pa
ti

en
ts

; a
dh

er
en

ce
, n

um
be

r 
of

 c
om

pl
et

ed
 p

la
nn

ed
 e

xe
rc

is
e 

do
sa

ge
 c

om
pa

re
d 

to
 t

he
 t

ot
al

 p
ro

gr
am

m
ed

; d
os

e 
m

od
ifi

ca
ti

on
, n

um
be

r 
of

 
pa

ti
en

ts
 t

ha
t 

re
qu

ir
ed

 ≥
10

%
 o

f 
se

ss
io

ns
 d

os
e 

es
ca

la
ti

on
/r

ed
uc

ti
on

; e
ar

ly
 s

es
si

on
 t

er
m

in
at

io
n,

 n
um

be
r 

of
 s

es
si

on
s 

in
te

rr
up

te
d 

be
fo

re
 t

he
 p

la
nn

ed
 in

te
ns

it
y/

du
ra

ti
on

; t
ol

er
ab

ili
ty

, n
um

be
r 

se
ss

io
ns

 p
er

fo
rm

ed
 a

t 
th

e 
pl

an
ne

d 
in

te
ns

it
y.

Table 3. Adverse events registered during the exercise sessions.

Variable Total 
cohort

Personal training 
program

Home-based 
program

Adverse events, 
n (%)

9 (100) 5 (100) 4 (100)

  Dizziness 2 (22.2) 2 (40.0) 0 (0.0)

  Back pain 1 (11.1) 0 (0.0) 1 (25.0)

  Leg pain 3 (33.3) 0 (0.0) 3 (75.0)

  Fatigue 1 (811.1) 1 (20.0) 0 (0.0)

  Palpitation 2 (22.2) 2 (40.0) 0 (0.0)
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isotonic machines may produce higher stimulus to increase 
strength compared to exercises performed using body weight.

We found that exercise improved flexibility, cardiorespi-
ratory fitness, and some QoL domains. The favorable effect 
of exercise on cardiorespiratory fitness was also consistent 

in the sub-analysis of the 2 exercise modalities, suggesting 
that the programs may be equally effective in increasing 
this parameter. Whereas prior meta-analyses and system-
atic reviews investigating the impact of exercise on car-
diorespiratory fitness found inconsistent results,35,37 other 

Table 4. Functional assessments and change over 3 months.

Variables (n = 35) Baseline, mean (SD) Postintervention, mean (SD) Mean difference (95% CI) P-value

Anthropometric measures

  Body weight (kg)* 70.9 (13.3) 71.7 (12.6) 0.83 (−0.29 to 1.94) .140

  Body mass index (kg/m2)* 26.2 (4.4) 26.3 (4.0) 0.08 (−0.49 to 0.65) .781

  Waist (cm)* 90.8 (13.9) 89.5 (12.8) −1.25 (−3.01 to 0.51) .159

  Hip (cm)* 102.5 (8.0) 101.8 (6.3) −0.74 (−2.21 to 0.74) .317

  Waist-hip ratio (cm)* 0.88 (0.09) 0.87 (0.04) 0.00 (−0.02 to 0.01) .586

Chair sit and reach (cm)

  Right leg* −3.3 (10.7) −0.1 (12.2) 3.14 (0.78 to 5.51) .011

  Left leg* −3.3 (11.5) −0.8 (12.3) 2.44 (−0.03 to 4.93) .052

Back scratch (cm)

  Right arm* −3.7 (12.1) −2.6 (11.9) 0.46 (−1.54 to 2.45) .645

  Left arm* −9.7 (12.3) −8.4 (12.8) 1.03 (0.05 to 2.01) .040

Handgrip (kg)

  Right arm* 28.7 (8.1) 29.1 (7.3) 1.21 (−0.20 to 2.62) .090

  Left arm* 26.8 (8.5) 27.1 (7.3) 0.77 (−0.35 to 1.88) .171

Leg press (kg)* 89.8 (44.9) 114.3 (85.4) 24.40 (−0.28 to 49.08) .052

Six minutes walking test (m)* 489.0 (79.5) 519.1 (71.4) 34.51 (19.82 to 49.21) <.001

*Data analyzed using the Student’s t test.

Table 5. Patient-reported outcomes and change over 3 months.

Variables (n = 35) Baseline, median (IQR) Postintervention, Median (IQR) P-value

EORTC QLQ-C30

  Physical functioning* 80.0 (73.3-93.3) 86.7 (80.0-93.3) .002

  Role functioning* 83.3 (66.7-100.0) 100.0 (83.3-100.0) .018

  Emotional functioning* 75.0 (58.3-83.3) 83.3 (75.0-91.7) <.001

  Cognitive functioning* 83.3 (66.7-100.0) 100.0 (83.3-100.0) 1.000

  Social functioning* 66.7 (50.0-83.3) 83.3 (66.7-100.0) .057

  Global health status* 66.7 (50.0-83.3) 66.7 (50.0-83.3) .322

  Fatigue* 33.3 (22.2-55.6) 22.2 (11.1-33.3) .030

  Nausea/vomiting* 0.0 (0.0-16.7) 0.0 (0.0-16.7) .893

  Pain* 16.7 (0.0-33.3) 16.7 (0.0-33.3) .265

  Dyspnea* 33.3 (0.0-33.3) 0.0 (0.0-33.3) .353

  Insomnia* 0.0 (0.0-33.3) 0.0 (0.0-33.3) .252

  Appetite loss* 0.0 (0.0-33.3) 0.0 (0.0-0.0) .005

  Constipation* 0.0 (0.0-0.0) 0.0 (0.0-0.0) .164

  Diarrhea* 0.0 (0.0-33.3) 0.0 (0.0-0.0) .250

  Financial problems* 0.0 (0.0-33.3) 0.0 (0.0-0.0) .250

Physical activity level (minutes/week)

  Vigorous* 0.0 (0.0-0.0) 0.0 (0.0-0.0) .383

  Moderate* 0.0 (0.0-120.0) 120.0 (60.0-240.0) .004

  Light* 75.0 (0.0-280.0) 120.0 (60.0-240.0) .440

  Total* 225.0 (0.0-420.0) 330.0 (135.0-720.0) .019

*Data analyzed using the Wilcoxon signed rank test.

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/advance-article/doi/10.1093/oncolo/oyae002/7516951 by Azienda O

spedaliera U
niversitaria Integrata di Verona user on 12 January 2024



8 The Oncologist, 2024, Vol. XX, No. XX

studies found positive findings.14,38 For instance, a single- 
arm trial involving patients with locally advanced or met-
astatic disease reported that a 12-week combined aerobic 
and resistance training program significantly improved 
cardiorespiratory, strength, and QoL.14 This results may be 
particularly encouraging and assume an important clinical 
implication since cardiorespiratory fitness is a prognostic 
factor in cancer39 and the vast majority of patients present 
impairment in this parameter.40

In our study, several domains of QoL associated with func-
tioning, such as physical and emotional functioning, and 
symptoms, including fatigue and appetite loss, improved after 
exercise intervention. Moreover, the exploratory analysis has 
shown that significant improvements occurred in patients 
attending the personal training program; nevertheless, it may 
be related to the low baseline levels reported in the personal 
training program, making it more sensitive to the improve-
ments. Although the impact of exercise on QoL, and symp-
toms such as nausea,41 and fatigue42 are well established, 
our findings may be particularly relevant, since most of the 
available studies analyzing the effect of exercise on QoL and 
symptoms are conducted in early-stage context. Indeed, QoL 
assumes considerable importance in daily oncology practice, 
especially in the treatment pathway of patients with incur-
able disease, in which more consideration is oriented to the 
trade-off between patients’ quality and quantity of life, and 
the decision-making process is often oriented toward extend-
ing the patient’s life without reducing QoL.43

Limitations of the present work may be related to the 
heterogeneity of the study population, the lack of follow- 
up, and measurements dedicated to the body composi-
tion analysis, given its relevance in the oncological setting. 
Additionally, the COVID-19 outbreak period in which this 
study was conducted has discouraged the implementa-
tion of the group-based program, which no one has cho-
sen, consequently losing valuable information. The study’s 
strengths are primarily in the exercise intervention, being 
the first study proposing a program based on a patient- 
preferred delivery mode, and in the large amount of col-
lected feasibility outcomes, which provided a large amount 
of data enables the replication of this study in a large scale 
and a randomized design.

Conclusion
In conclusion, a 12-week exercise program based on the 
patient-preferred delivery mode is safe and feasible in 
patients with metastatic cancer. Further, the intervention 
appears to improve cardiorespiratory fitness, flexibility, and 
some domains of QoL. A future large randomized controlled 
trial should be addressed to evaluate the real efficacy of this 
intervention.
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