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A B S T R A C T   

During the COVID-19 pandemic, new challenges are presented in clinical research settings to increase exercise 
levels, particularly in vulnerable populations such as cancer survivors. While in-person supervised exercise is an 
effective format to improve patient-reported outcomes and physical function for cancer survivors, the COVID-19 
pandemic limited this form of exercise as a feasible option within research and cancer care. As such, exercise 
oncology interventions were adapted to home-based instruction. In this review, we examine the current evidence 
of exercise interventions in cancer populations during and beyond the COVID-19 pandemic. We identified that 
group-based virtually supervised home-based exercise was the most used format among exercise oncology in-
terventions during the pandemic. Preliminary results support feasibility and effectiveness of this emerging ex-
ercise setting in cancer survivors; however, it needs to be further investigated in adequately designed larger 
trials. Additionally, we provide recommendations and perspective for the implementation of virtually supervised 
home-based exercise.   

1. Introduction 

The novel coronavirus (SARS-CoV-2 or COVID-19) is an unprece-
dented public health challenge that affected the entire world with 
several high impact changes in daily life and was classified as a global 
pandemic by the World Health Organization on March 11th of 2020 
(Sohrabi et al., 2020). Prior to COVID-19, physical inactivity was 
considered a major public health concern (Guthold et al., 2018) and 
recognized as a global pandemic (Kohl et al., 2012). This lack of physical 
activity was further exacerbated by the implementation of 
COVID-19-related “stay at home” mandates with increases in sedentary 
behavior seen worldwide (Stockwell et al., 2021; Gonzalo-Encabo et al., 
2021). In this regard, new challenges are presented in clinical and 
research settings to increase physical activity and exercise levels (Tuttle, 
2020; Martinez-Ferran et al., 2020). This is especially difficult in clinical 
populations such as cancer survivors, who are highly susceptible to 
infection and at risk for severe illness from COVID-19 (Liu et al., 2020), 
due to the nature of disease development at an older age as well as the 

immunosuppressive state caused by cancer and its treatments (Yang 
et al., 2020). 

Exercise is a critical adjuvant therapy for cancer survivors and has 
been shown to improve cancer and treatment-related outcomes (e.g., 
patient-reported outcomes and physical function) (Campbell et al., 
2019). However, most cancer survivors were already insufficiently 
active prior to the COVID-19 pandemic (Ottenbacher et al., 2015), and 
“stay at home” mandates have resulted in further activity declines 
(Natalucci et al., 2021). In terms of exercise interventions in research, 
in-person supervised exercise programs are more effective in improving 
cancer- and treatment-related side effects than self-directed, home--
based interventions (Baumann et al., 2021, 2012; Buffart et al., 2017). 
Given that most individuals living with cancer report a preference for 
exercising at home (Wong et al., 2018), integrating virtual supervision 
(e.g., telehealth) may be a potential tool for improving home-based 
exercise programs (Bland et al., 2020). During the pandemic, several 
clinical trials in exercise oncology transitioned their interventions from 
supervised to home-based or were postponed/terminated (Newton et al., 
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2020). Consequently, researchers and clinicians had the opportunity to 
examine different home-based exercise programs to overcome barriers 
to engage cancer survivors in exercise during COVID-19. 

To our knowledge, this is the first review that aims to investigate 
different exercise interventions and discuss potential effectiveness in 
cancer survivors before, during, and beyond COVID-19. We provide 
recommendations for designing effective supervised home-based exer-
cise interventions post- pandemic for cancer survivors. Furthermore, we 
discuss the challenges and perspectives for exercise oncology clinical 
trials beyond COVID-19. 

We conducted a systematic search using PubMed, Google Scholar 
and Web of Science databases for published studies and conference 
abstracts until January 2022. Search terms included various combina-
tions of: COVID-19; oncology; exercise. The key criterion was to identify 
clinical exercise oncology studies during COVID-19 pandemic. 
Furthermore, randomized and non-randomized clinical trials, single- 
arm studies, case series and cohort studies were included if they 
involved an exercise/physical activity component. Extracted data 
included the first author’s name, year of publication, population (e.g., 
sex, cancer type, stage, age, minorities), study design, intervention 
period, exercise prescription, adherence and results. Twelve published 
studies met our inclusion criteria and were included in this review. 
Given the heterogeneity of studies, a narrative review was chosen to 
discuss a wider array of studies and provide a more complete critical 
perspective. 

2. Exercise-oncology research before the COVID-19 pandemic 

Exercise should be tailored to the targeted patient group, cancer 
type, treatment, and outcome of interest; however, the delivery of ex-
ercise interventions is also of high importance (Table 1) and may be 
dictated by the needs of the patient. The superior effect of supervised 
exercise compared to unsupervised exercise may be attributed to a real- 
time, face-to-face environment. Supervised exercise ensures that the 
exercise selection, technique, and intensities are adhered to and 
appropriately prescribed to promote the desired physiological adapta-
tions in the patient (Buffart et al., 2017). Supervised exercise also pro-
motes safety, which is particularly important for survivors on treatment 
as their physical and mental health status can change daily due to the 
acute side effects (Wilson et al., 2021). 

With the establishment of in-person supervised exercise as a feasible 
and safe adjuvant therapy (Baumann et al., 2021; Ussing et al., 2021; 
Yang et al., 2020; Courneya et al., 2012; Meneses-Echávez et al., 2015), 
research examining self-directed, home-based exercise interventions 
were growing in popularity within the exercise oncology paradigm prior 
to COVID-19 (Lopez et al., 2020; Cheng et al., 2017; Batalik et al., 2021). 
Self-directed, home-based exercise can take many forms as highlighted 
in Table 1. The ever-developing technology industry, smart watches, 
phones, exercise equipment, tablets, and websites allow immediate ac-
cess to exercise programs and analysis of personal fitness and activity 
levels. While these platforms are effective at improving fitness and ac-
tivity levels for cancer survivors (Singh et al., 2021), compared to 
in-person supervised exercise, self-directed home-based exercise only 
induces smaller desirable changes in the outcome of interest (van Waart 
et al., 2015). Patients may not be able to gain the full potential benefits 
of exercise without the supervision of an exercise professional, since an 
understanding of how to prescribe exercise, adapt the prescription to 
daily physiological changes or injuries, and interpretation of the data 
gained from technology used (e.g., using smart watch heart rate to meet 
a certain intensity), is required to induce substantial beneficial changes 
in the targeted outcome of interest. 

3. Home-based exercise during the COVID-19 pandemic 

During the COVID-19 pandemic, many different approaches were 
taken on how to develop (Winters-Stone et al., 2021) or adapt (Di Blasio 
et al., 2021; Gothe and Erlenbach, 2021; Grazioli et al., 2020; Trevino 
et al., 2021; Winters-Stone et al., 2021; Wonders et al., 2021; 
Basen-Engquist and Liao, 2020; López-Rodríguez-Arias et al., 2021; 
Papandreou et al., 2021; Wu et al., 2021; Natalucci et al., 2021) new or 
existing studies and clinic-based programs including self-directed un-
supervised (e.g. booklet of exercise recommendations), self-directed 
with regular guidance (e.g., weekly phone calls with exercise trainer), 
and supervised (e.g., virtual live exercise). Here we describe key exercise 
oncology-based studies during COVID-19 (Table 2). 

3.1. Home-based self-directed unsupervised interventions 

We identified two studies that reported the use of self-directed un-
supervised interventions that were adapted to COVID-19 restrictions 
(López-Rodríguez-Arias et al., 2021; Yildiz Kabak et al., 2021). 
López-Rodríguez-Arias et al. examined the effect of a home-based pre-
habilitation program on body composition in 20 patients scheduled for 
colorectal surgery. Patients were recommended to complete daily ex-
ercise by following a 30–45 min aerobic and resistance exercise video 
(López-Rodríguez-Arias et al., 2021). They reported that prehabilitation 
attenuated loss of lean mass and stabilized weight and fat mass as well as 
reduced the length of hospitalization. Yildiz Kabak et al. examined he-
matopoietic stem cell transplant patients and their compliance to a 
home-based exercise program that was prescribed prior to the COVID-19 
“stay at home” period (Yildiz Kabak et al., 2021). Compliance to exercise 
during this period was negatively associated with age, performance 
status, and symptom score, and positively associated with functionality 
and general health scores. However, exercise compliance significantly 
deteriorated during the “stay at home” period where only 13.3% stated 
they regularly performed the prescribed exercise; in contrast with 56% 
self-reporting compliance in a similar study conducted in the same clinic 
pre-COVID-19 (Yildiz Kabak et al., 2020). 

As highlighted above, adherence continue to be a challenge in un-
supervised home-based exercise interventions even during the COVID- 
19 pandemic among cancer patients. The understanding of why pa-
tients do and do not adhere to exercise, as well as the needs of different 
populations e.g., older and frail versus young and fit, will assist in the 
development of strategies to improve home-based exercise adherence. 
For example, the inclusion of supervised home-based exercise may be of 
benefit and provide a point of accountability for patients at home. 

Table 1 
Settings for exercise and physical activity interventions in cancer survivors.  

Exercise setting Implementation 

Supervised • In-person, clinic-based (e.g., hospital run exercise fa-
cility with exercise oncology trainers).  

• In-person, one-on-one or group, community-based (e. 
g., gym personal trainer). 

• Virtual, one-on-one or group, home-based (e.g., exer-
cise oncology trainer video conferences with patient in 
real time and provides exercise instruction). 

Self-directed with 
regular guidance  

• Weekly phone calls/texts/email with exercise trainer 
to check progress on completing exercise 
recommendations and make new exercise goals (e.g., 
trainer provides individual prescription for progress 
but does not supervise execution of exercise). 

Self-directed 
unsupervised  

• Home-based, surrounding neighborhood, or 
community facility/club (e.g., gym membership, sport 
club).  

• Web-based (e.g., follow exercise videos on YouTube). 
• Phone application-based (e.g., follow exercise pro-

grams provided through application).  
• Booklet/handout (e.g., booklet of exercise 

recommendations with instructions on how to perform 
them).  

• Wearable technology (e.g., using a smart watch to 
track step count and heart rate).  

• Exercise equipment with built in on-demand programs 
(e.g., Tonal, Peloton, Mirror).  
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Table 2 
Exercise/Physical activity studies conducted during COVID-19 pandemic and beyond.  

Author (year) Population (n / sex /cancer type and 
stage/age/race and ethnicity 

Design Intervention 
period (months) 

Exercise prescription (FITT) Adherence Results 

Home-based self-directed unsupervised interventions 
López-Rodríguez-Arias 

et al. (2021) 
20 Men and women / Patients 
undergoing colorectal cancer surgery / 
Stage = 0-IV / Mean age = 66 ± 9 yr / 
Race/ ethnicity = NR 

Two-arm RCT: Control group: standard 
care (n = 10) Intervention group: 
Prehabilitation and postoperative follow- 
up with exercise, nutrition and relaxation 
recommendations (n = 10) 

Pre-Surgery: ~ 1- 
month Post- 
Surgery: ~ 45 days 
and 90 days 

F: 7 days/wk I: NR T: 30–45 
min/session Type: Combined 
aerobic and resistance 
training. Home-based, 
unsupervised using a video 
playlist 

NR  • Lean mass decreased in a lesser degree 
in the intervention group compared to 
control (1.7% vs 7.1%; p = 0.17) 45 
days after surgery.  

• Fat mass decreased in the intervention 
compared to control (− 8.2% vs 8.7%; 
p = NR).  

• Hospital stay was reduced in the 
intervention compared to control (4.8 
vs 7.2 days; p = 0.05), as well as 
postoperative complications (20% vs 
50%; p = 0.16) 

Yildiz Kabak et al. 
(2021) 

101 Men and women / Patients treated 
with hematopoietic stem cell 
transplantation (HSCT) / Stage = NA / 
Mean age = 51 ± 12 yr / Race/ 
ethnicity = NR 

Individuals were referred to an exercise 
and walking program before COVID-19. 
Then, they were interviewed on the phone 
to assess compliance and outcomes 

NR F: NR I: NR T: 90–150 min/wk 
Type: walking program +
home exercise unsupervised: 
strengthening, endurance, 
stretching 

Walking program: 
29. % Home-based: 
13%  

• Supportive care needs during COVID- 
19: physical and psychological.  

• Exercise compliance was low during 
the pandemic, and was associated with 
age, performance level and QoL (p <
0.05)  

• Women were most vulnerable than 
males in psychological needs and QoL 
outcomes during the pandemic (p <
0.05) 

Home-based semi-supervised intervention defined as having regular contact with staff, but no supervision of exercise performance 
Forner et al. (2021) 17 Men and women / Patients with 

breast cancer (N = 7), colon (N = 5), 
prostate (N = 5) / Stage = I-III / Mean 
age = NR (aged ≥30–80 yr) / Race/ 
ethnicity = NR 

Intervention (n = 9) 
Fitbit and exercise information materials/ 
standard of care (n = 8) 

3 months NR NR  • Physical activity and step count 
increased and fatigue and QoL 
decreased in the intervention, with 
non-significant differences between 
groups. 

Natalucci et al. (2021) 30 Women / Patients with breast 
cancer / Stage = 0 - III / Mean age = 53 
± 8 yr / Race/ethnicity = NR 

Originally an RCT, but due to the lack of 
meaningful differences between the two 
groups as a result of the COVID-19-related 
changes to the intervention, the results of 
the two groups were combined for this 
analysis. 

3 months F: 3 days/wk 
I: 40–70% HRR 
T: 20–60 min 
Type: aerobic exercise 

Diet adherence 
improved by 28%, 
physical activity 
improved by 61.2%  

• BMI, VO2max, physical activity, 
adherence to Mediterranean diet, heart 
rate, cardiac function indexes, 
metabolic and inflammatory 
parameters showed a significant 
improvement after the intervention (p 
< 0.05) 

Papandreou et al. (2021) 44 Women / Breast cancer survivors / 
Stage = I-IIIA / Mean age = 50 ± 8 yr/ 
Race/ ethnicity = NR 

Two-arm RCT: Control group: general 
lifestyle advice (n = 22) Intervention 
group: personalized dietary plans and 
physical activity guidelines (n = 22) 

3 months F: NR I: NR T:NR Type: 
Physical activity guidelines 

80%  • Body weight and fat mass decreased in 
the intervention compared to control 
(p < 0.001).  

• Adherence to Mediterranean diet 
increased in the intervention group 
compared to control (p < 0.001).  

• The intervention group improved QoL 
after the intervention (p < 0.05) 

Wu et al. (2021) 66 Men and women / Patients with 
colorectal cancer (n = 41), urology (n 
= 15), breast (n = 7), lung (n = 3) / 
Stage = NR / Mean age = NR (aged ≥
18 yr / Race/ethnicity = White (n =
61), Other (n = 5) 

Single group study (adapted due to 
COVID-19) 
Completed program (n = 100) 
Complete results and used for statistical 
analysis (n = 66) 

Pre-hab 
From < 2 weeks to 
≥ 8 weeks 

F: Resistance 2days/wk 
I: 3 sets, 8–10 reps 
T: 150 min/wk aerobic 
Type: aerobic & resistance 

Telehealth 
adherence: 72% 
Adherence to home 
program NR  

• Home-based Prehabilitation was 
feasible.  

• Self-perceived health increased, and 
fatigue decreased after the intervention 
(p < 0.001). 

Virtually supervised home-based exercise interventions 
Di Blasio et al. (2021) 51 Women / Patients with breast 

cancer (post-surgery) / Stage =NR / 
Mean age = 51 ± 6 yr / Race/ethnicity 
= NR 

Attended virtual classes plus personalized 
feedback (E+ group) (n = 24) 
Could not attend virtual classes, received 

4.5 months F: 3 days/wk I: 12–13 RPE (15 
RPE scale) T: 50 min/session 
Type: Group-based circuit 

Online classes: 94 
± 5%  

• Sedentary time increased (P < 0.05) in 
the E- group compared to baseline  

• The presence of personal feedback and 
an activity monitor, in the absence of 

(continued on next page) 
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Table 2 (continued ) 

Author (year) Population (n / sex /cancer type and 
stage/age/race and ethnicity 

Design Intervention 
period (months) 

Exercise prescription (FITT) Adherence Results 

only personalized feedback (E- group) (n 
= 27) 

calisthenic and aerobic 
training, stretching. 

supervised exercise, was not effective 
in improving physical activity during 
the COVID-19 era. 

(Gothe and Erlenbach, 
2021) 

78 Men and women / Survivors of 
breast cancer (n = 47), skin (n = 4), 
prostate (n = 3) / Stage = 0-IV / Mean 
age = 55 ± 9 yr / Race/ethnicity=
Caucasian (n = 71), Other (n = 7) 

Three-arm RCT with a sample of 
participants (n = 15) that transition from 
in-person to virtual. 

3 months (7 of the 
12 wk of the 
intervention were 
virtual) 

F: 3 days/wk I: moderate 
intensity T: 60 min/session 
Type: Group-based walking or 
yoga. 

NR • Higher preference for in-person ses-
sions than online (60% vs 40%).  

• 66% reported no differences in 
enjoyment with online vs in-person.  

• 20% reported that the exercise 
intensity felt easier during online 
sessions.  

• Engagements varied with 
approximately 50% of the sample 
reporting the same as in-person and 
50% reporting less than in-person. 

Grazioli et al. (2020) 2 Women / Patients with breast cancer 
/ Stage = NR / Age = 43 and 56 yrs old 
/ Race/ethnicity = NR 

Case reports of 2 patients 
Virtual exercise intervention using 
smartphone app video calling (WhatsApp) 

4 months F: 2 days/week 
I: progressive 50–70% of 
HRmax for aerobic; (volume: 
progressive 10–12 reps x 3–5 
exercises x 1–2 sets) 
T: 60 min 
Type: one-on-one aerobic and 
resistance training 

100% adherence, 
100% retention  

• Increased emotional function and 
decreased cognitive fatigue for both 
participants.  

• No changes were found in all other 
outcomes. 

Trevino et al. (2021) 5948 visits / sex = NR / adult cancer 
patients / Stage = NR / Mean age = NR 
/ Race/ethnicity = NR 

Virtual mind-body group-based therapy 
sessions 

2 months NR NR  • Retention (65.6%). Fitness was the 
most attended class (42.2%), followed 
by meditation (19.8%), yoga (15.3%), 
music (8.6%), dance (7.1%), and tai chi 
(6.9%).  

• Anxiety/stress decreased by 84%. 
Winters-Stone et al. 

(2021) 
31 dyads (men and women) / Breast 
cancer survivors and spouses / Stage =
NR / Mean age survivors = 62 ± 9 yr; 
Mean age spouses = 66 ± 8 yr / Race/ 
ethnicity = NR 

Two-arm (adapted due to COVID-19): 
Virtually supervised group (n = 12 dyads) 
In-person supervised group (n = 19 dyads) 

6 months F: 2 days/wk I: 8–10 RM 
(volume: progressed to 2–3 
sets, 8–10 reps) T: NR Type: 
group-based resistance 
training 

Virtual: 86% ±
12% vs In-person: 
81% ± 13%  

• Higher retention rates with online 
training compared to in-person (95% 
vs 80%).  

• No differences were found in adverse 
events.  

• Chair stand time decreased in those 
breast cancer survivors who trained in- 
person. No differences were found for 
their spouses. 

32 Men / Survivors of prostate cancer / 
Mean age (in person) = 72 ± 6 yr; 
Mean age (virtual) = 72 ± 7 yr / Race/ 
ethnicity = NR 

Two-arm (adapted due to COVID-19): 
Virtually supervised group (n = 11) In- 
person supervised group (n = 21) 

6 months F: 3 days/wk I: 15% BW 
(volume: progressed to 2–3 
sets, 8–10 reps) T: 60 min 
Type: group-based resistance 
training 

Virtual: 91% ± 9% 
vs In-person: 81% 
± 12%  

• Higher retention rates with online 
training compared to in-person (91% 
vs 81%).  

• Adverse events (4 vs 5) and chair stand 
time (− 20% vs − 23.7%) were similar 
in online and in-person, respectively. 

Wonders et al. (2021) 491 Men and women / Mostly breast 
cancer (58%)/ Stage = NR / Mean age: 
60 yr / Mostly White (76%) 

Single group study (adapted due to 
COVID-19) 
In person to virtual to in-person (n = 208) 
In-person to virtual to virtual (n = 215) 
Virtual to in-person (n = 15) 
Virtual to virtual (n = 53) 

12 weeks 
In person: Average 
2.3 visits before 
quarantine 

F: 1 day/wk 
I: 30–45% predicted VO2max 
(volume: 3 sets, 10 reps & 
rest:15–20 s) 
T: 30 min (goal 150 min/wk) 
Type: aerobic & resistance & 
flexibility 

Virtual: 84% 
In-person: 89–90% 
Withdrawn: 3.5% 
(N = 18)  

• Between-group and within differences 
were not measured  

• Cardiovascular endurance (15%: p <
0.05), muscular endurance (18%: p <
0.05) and flexibility (32%: p < 0.05) 
increased in all patients combined (n =
491)  

• Physical function (timed up and go) 
(27%: p < 0.05) decreased in all 
patients combined (n = 491) 

Note: NA indicate that the information is not applicable. NR indicate that the information is not reported. 
Abbreviations: BMI, body mass index; BW, body weight; Days/wk, days per week; F, frequency; HRmax, heart rate maximum; HRR, heart rate reserve; I, intensity; Min, minutes; Min/session, minutes per session; Min/wk, 
minutes per week; Pre-hab, pre-habilitation; QoL, quality of life; RCT, randomized and controlled trial; Reps, repetitions; RPE, rate of perceived exertion; T, time; VO2max, maximal oxygen uptake; Yr, years. 
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Nevertheless, these preliminary results in colorectal patients support the 
effectiveness of self-directed unsupervised home-based exercise 
interventions. 

3.2. Home-based self-directed with regular guidance 

We identified four studies examining self-directed exercise/physical 
activity and lifestyle interventions with regular guidance. Overall, these 
studies used websites with online videos (Wu et al., 2021), smartwatches 
(e.g., fitbit) (Forner et al., 2021) and printed exercise materials to sup-
port cancer survivors with lifestyle and exercise resources during 
COVID-19, as well as phone calls or messages to maintain weekly con-
tact with patients (Papandreou et al., 2021; Wu et al., 2021; Natalucci 
et al., 2021; Forner et al., 2021). For example, Papandreou et al. con-
ducted a 3-month RCT in 44 breast cancer survivors to assess the impact 
of an adapted clinical resource (e.g. implementation of a patient food 
database as part of the Clinical Decision Support System [CDSS] to assist 
in clinical decision making for care of cancer survivors), which was 
complemented by phone calls every 15 days to assist with the imple-
mentation of Mediterranean diet and physical activity consultation 
(Papandreou et al., 20 2021). They reported that those exposed to the 
CDSS had a significantly increased adherence to the Mediterranean diet, 
increased physical activity levels, achieved weight and fat mass loss, and 
maintained glucose and lipid levels when compared to the control group 
who only received phone calls to discuss general lifestyle advice every 
15 days. 

Wu et al. also completed a prospective observational study to assess 
the feasibility of their COVID-19 adapted prehabilitation program for 
cancer survivors from in-person to home-based which included educa-
tional material, online videos, and weekly contact from staff who rein-
forced healthy lifestyle behaviors (Wu et al., 2021). The adapted 
prehabilitation program was well received with 76% of patients con-
senting to participate; reasons for non-acceptance included 
self-perceived lack of benefit, starting treatment soon, or wanted 
face-to-face program. Focus groups highlighted benefits of the adapted 
program to include flexibility, accessibility, social support from staff, 
and eliminating the need to exercise in front of others, therefore, 
removing the perceived judgment of other exercisers. Contrastingly, 
identified challenges included lack of digital ability and literacy, po-
tential cost of digital resources, absence of group sessions, and reliance 
on self-motivation. Nevertheless, the adapted prehabilitation program 
led to significant improvement in self-perceived health and fatigue. 

Nataluci et al. originally proposed a combined home-based and in- 
person exercise and nutrition protocol, which was completed for 4- 
weeks before COVID-19 “stay at home” mandates. All sessions became 
home-based with weekly phone calls from exercise and nutrition spe-
cialists to reinforce advice and recommendations (Natalucci et al., 
2021). Due to the change in intervention, the control and intervention 
groups were combined for analysis as the control group also received 
weekly healthy lifestyle reminders and a preliminary analysis indicated 
no difference between groups. They reported that weekly healthy life-
style reminders during the COVID-19 “stay at home” period led to 
improved BMI, cardiorespiratory fitness, metabolic and inflammatory 
parameters, cardiac function indexes, heart rate variability, and Medi-
terranean diet adherence. Other researchers found similar positive im-
pacts of adapted exercise interventions as a result of COVID-19 “stay at 
home” mandates (Forner et al., 2021). 

In this regard, home-based self-directed exercise with regular guid-
ance from support staff (e.g., research or clinical people) during the 
COVID-19 pandemic was feasible in cancer patients and led to improved 
lifestyle behaviors (e.g., increases in physical activity), as well as health 
outcomes such as body composition and VO2max. 

3.3. Virtually supervised home-based exercise interventions 

Another major adaptation that occurred because of COVID-19 was 
the implementation of virtually supervised exercise as an alternative to 
supervised in-person sessions. We identified seven manuscripts that re-
ported the use of virtually supervised or video-conferencing format as an 
alternative modality of exercise intervention delivery during COVID-19 
(Di Blasio et al., 2021; Gothe and Erlenbach, 2021; Grazioli et al., 2020; 
Trevino et al., 2021; Winters-Stone et al., 2021; Wonders et al., 2021; 
Basen-Engquist and Liao, 2020). 

Overall, various computer or smartphone applications were used (e. 
g., Zoom, FaceTime, Skype, or WhatsApp) and exercise sessions were 
mostly conducted in a group-based setting rather than a one-on-one. 
There are substantial heterogeneities across studies in terms of study 
designs (e.g., single-arm), sample sizes (e.g., ranging n = 2–491), and 
cancer types (e.g., breast, prostate). Furthermore, most of the studies 
were not designed for assessing virtual exercise and analyzed a sub- 
sample of participants who received virtual exercise as an alternative 
during COVID-19 (Di Blasio et al., 2021; Gothe and Erlenbach, 2021; 
Winters-Stone et al., 2021; Wonders et al., 2021; Basen-Engquist and 
Liao, 2020). However, the findings suggest that virtually supervised 
exercise is generally feasible and well-accepted in cancer survivors, with 
adherence ranging from 84.0% to 94.4% (Di Blasio et al., 2021; Gothe 
and Erlenbach, 2021; Grazioli et al., 2020; Trevino et al., 2021; 
Winters-Stone et al., 2021; Wonders et al., 2021; Basen-Engquist and 
Liao, 2020). Winters-Stone et al. analyzed data from two individual 
trials in 62 breast cancer survivors and spouses and 32 prostate cancer 
survivors to report the feasibility of virtually supervised exercise. 
Compared to in-person supervision before COVID-19, virtually super-
vised format showed higher rates of attendance in both interventions 
(80–81% vs 86–91%, respectively) and retention (80–81% vs 91–95%, 
respectively) (Winters-Stone et al., 2021). Wonders at al. conducted a 
community-based 12-week exercise program in 491 survivors of various 
cancer types and reported high adherence rates (84%) in the virtually 
supervised setting although they were lower compared to the in-person 
setting (90%). Although cancer survivors well-adhere to virtually su-
pervised sessions, in-person sessions may still be preferred (Gothe and 
Erlenbach, 2021). 

Studies also reported the preliminary efficacy of virtually supervised 
exercise interventions on various outcomes in cancer survivors (Bau-
mann et al., 2012; Basen-Engquist and Liao, 2020; Christensen et al., 
2018; Hallal et al., 2012; Ndjavera et al., 2020; Ormel et al., 2018; 
Williams et al., 2018). For example, in a single-arm community-based 
exercise study, virtually supervised exercise significantly improved 
cardiovascular endurance by 15.2%, muscular endurance by 18.2%, 
flexibility by 31.9%, and agility and physical function by 27.5% 
(Wonders et al., 2021). Furthermore, Di Blasio et al. established that 
breast cancer survivors who participated in group-based virtual super-
vised exercise had a superior increase in physical activity and reduction 
of sedentary behavior when compared to those who only received 
personalized advice via phone call (Di Blasio et al., 2021). Moreover, 
virtually supervised exercise has been reported to improve 
patient-reported outcomes such as quality of life, feeling of support, 
feeling of loneliness, and anxiety/stress (Grazioli et al., 2020; Trevino 
et al., 2021; Wonders et al., 2021). 

It should be noted that these trials were not initially designed to 
examine the feasibility and efficacy of virtually supervised exercise, 
where the findings were likely confounded due to the mixed use of in- 
person and virtual formats given the timeframe of the intervention pe-
riods and sudden changes in COVID-19 related restrictions. Neverthe-
less, the use of virtually supervised exercise is deemed feasible in cancer 
survivors and potentially efficacious in improving physical fitness and 
patient-reported outcomes, which requires further research designed to 
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utilize this format and to examine its feasibility, acceptability, and 
effectiveness in various cancer settings. 

4. Recommendations to conduct virtually supervised exercise 
interventions to optimize health outcomes in cancer survivors 
beyond COVID-19 

Given emerging COVID-19 variants and the continuous increase in 
cases worldwide (World Health Organization, 2021), it is likely that 
virtual exercise oncology will continue to grow. As summarized in  
Table 3, virtually supervised exercise has several advantages including 
the use of a hygienic space, elimination of mask-wearing, and removal of 
travel burden to exercise facility. Moreover, the virtually supervised 
format allows researchers to maintain the rigor and fidelity of super-
vised exercise in a remote setting. However, several challenges must be 
overcome such as technology illiteracy, securing a large, safe, and un-
interrupted space if a patient lives with others, cost of equipment 
including Wi-Fi, and patient safety, particularly if a patient has never 
exercised before, has comorbidities, or treatment-related side effects. 
With these advantages and challenges in mind, and the preliminary 
results of virtually supervised exercise previously discussed, we present 
recommendations for researchers and exercise professionals for deliv-
ering virtually supervised home-based exercise interventions for cancer 
survivors. 

4.1. Ensuring safety as a top priority 

Researchers should consider various strategies to ensure patients’ 
safety throughout each virtual exercise session. One-on-one exercise 
sessions are a crucial aspect to ensure safety in a virtual setting, espe-
cially when working with a clinical population with no previous exercise 
experience. To ensure safety during group-based exercise sessions with 
cancer patients, it is important to have introductory sessions to ensure 
proper technique and reduce injury risk. Furthermore, given that cancer 
survivors often experience daily changes as a result of treatment side- 
effects, we recommend the use of a cancer-related symptom question-
naire (e.g., Therapy-Related Symptom Checklist) before each one-on- 
one exercise session to identify symptoms that should be closely moni-
tored during exercise or even preclude the exercise session (Williams 
et al., 2013). During a group-based exercise session, breakout rooms 
before the start of the exercise session could be used for this purpose to 
discuss health-related issues with each individual in a private space. 
Moreover, exercise trainers and researchers need to confirm the address 
where patients are training remotely, as well as having an emergency 
contact and knowing if the patient is home alone, in case any accident 
occur during the exercise session. Additionally, heart rate (HR) monitors 
and automated blood pressure measures can be used to conduct health 
screening before exercise and monitor HR during exercise, particularly 
patients with cardiometabolic comorbidities (Fletcher et al., 2001). It is 
also ideal to conduct an initial in-person exercise familiarization session 
to provide patients with detailed exercise instructions (e.g., proper ex-
ercise postures and use of exercise equipment), especially with older 
cancer survivors or those with comorbidities (e.g., severe osteoporosis, 
neuropathy, etc.). Lastly, it is important to include in the consent form 
potential liability issues (e.g., if the exercise equipment damages the 
floor at patient’s house) and data protection issues (e.g., apps use, 
sharing their personal address with the exercise equipment company for 
delivery, etc.). 

4.2. Rigorous exercise prescription and implementation 

A virtually supervised intervention may provide a greater opportu-
nity to adequately meet the intended exercise prescription compared 
with unsupervised interventions (Okechukwu et al., 2021), but there are 
several points to consider. Virtually supervised home-based exercise 
interventions in cancer survivors should be developed using the 

Frequency, Intensity, Time, Type (FITT) principles and exercise volume 
to ensure a proper exercise prescription, and to provide better context 
for interpreting study results and improve research to practice trans-
lation (Bland et al., 2021). Regarding exercise modality, aerobic exercise 
may be simpler to implement as modes such as walking are natural for 
majority of people, therefore, little guidance is required to teach the 
exercise mode. However, if aerobic exercise equipment is utilized (e.g., 
stationary bike, rower etc.) this can add several challenges and barriers 
including high cost, assembly of equipment if delivered in parts, and 
exercise technique on devices that may be unfamiliar to the participant. 
With regard to resistance exercise, the equipment cost may be lower (e. 
g., resistance bands, body weight exercise, etc.), than aerobic equipment 
(e.g., treadmill); however, the verbal instruction of resistance exercise 
technique may be more challenging in a virtual environment compared 
to an in-person environment where physical corrections are possible. 
Moreover, it should be noted that trainers and researchers require an 
appropriate visual of the patient throughout the session to reduce injury 
risk and monitor proper technique in the use of weight machine alter-
natives (Conceicao et al., 2021). 

Although increases in muscle mass and strength have been previ-
ously reported using home-based interventions in certain populations 
such as older adults (Chaabene et al., 2021), typically home-based 
resistance exercise is mostly limited to free weights, resistance bands, 
or body weight. While these resistance-based modes are effective and 
can elicit muscle mass and strength improvements (Bardstu et al., 2020), 
participants may not be able to achieve the same intensity needed to 
induce proportional improvements when compared to clinic-based 
programs utilizing machine-based weights. Furthermore, adaptations 
in muscle mass and strength can be difficult to induce in cancer patients, 
regardless of resistance training mode, given the effects of cancer, its 
treatment, and presence of comorbidities (Christensen et al., 2018). 
Therefore, it is important to consider if the training objective (e.g., 
strength or hypertrophy) is feasible in a home-based setting where 
equipment and space limitations may be present. Furthermore, pre-
scribing the desired exercise intensity, is a key training variable that 
should be manipulated accordingly during virtual supervision. For 
example, treatment side effects may affect HR resulting in tachycardia or 
bradycardia, so we recommend using %HRmax or %HR reserve in 
combination with additional methods such as watt-based training pre-
scription, rating of perceived exertion (RPE), or the Talk Test, to gauge 
intensity to ensure the appropriate dosage (Maginador et al., 2020; 
Norman et al., 2008). Effective resistance training prescriptions include 
using the percentage of repetition maximum (%RM) after in-person 

Table 3 
Potential advantages and challenges of virtually supervised exercise interven-
tion format in exercise oncology research.  

For researchers / interventionists For patients 

Advantages  
o Maintaining the rigor of 

supervised exercise  
o Potentially improving the 

adherence and efficacy of the 
intervention in a home-based 
setting  

o Greater freedom with location for 
virtual intervention  

o No contact with other people in a public 
space and low risk of infection (especially 
for those who are undergoing active 
treatment or immunocompromised)  

o No mask wearing during exercise that 
helps performing exercise with 
cardiopulmonary exertion  

o Reducing travel burden (time and cost) 
and absence from home (e.g., Patients 
with young children or another 
dependent person) 

Challenges  
o Difficulties in supervising and 

monitoring intervention and 
safety.  

o Costs for home exercise 
equipment, virtual sessions for 
those not having proper device or 
internet  

o Limited social interactions/support with 
other patients  

o Safety concerns for those who are not 
familiar with home-based equipment  

o Technical issues with device and internet  
o Lack of enough space at home and other 

distractions  

P. Gonzalo-Encabo et al.                                                                                                                                                                                                                      



Critical Reviews in Oncology / Hematology 174 (2022) 103699

7

testing combined with other methods such as the perceived exertion 
scale for resistance exercise (Omni-res scale) (Colado et al., 2018) or the 
number of repetitions in reserve (RIR) (Zourdos et al., 2016). Re-
searchers should include frequent strength and cardiovascular testing 
timepoints for cancer survivors in order to meet training principles (e.g. 
progression or overload) (Bland et al., 2021). 

4.3. Provide accessibility and maintain adherence 

Recognizing the diverse environments and available amenities that 
compromise the efficacy of home-based exercise provides important 
insight for designing exercise prescriptions. One of the most reported 
challenges by cancer survivors in home-based exercise interventions is 
establishing suitable space for training (i.e. create a spacious area to 
exercise, appropriate and safe anchor of exercise bands, etc.) (Lopez 
et al., 2020). Additional barriers include unsafe neighborhoods or 
possible interruptions during exercise sessions from cohabitants (Sallis 
et al., 2016). Therefore, it is important to identify home-based barriers 
to exercise training during baseline assessments and provide alternate 
options that are safe with adequate space (i.e. outdoor park settings) 
(Lopez et al., 2020). Cancer survivors may also experience accessibility 
barriers (e.g. poor technology literacy, unstable Wi-Fi, programs or 
websites not formatted for use on mobile phone/tablet) (Morrison et al., 
2020). Researchers should consider providing patients with detailed 
written instructions on device function, connecting to video confer-
encing, and securing stable internet access (e.g., providing 
internet-enabled tablet). Encouraging patients to test their internet 
connection prior to training sessions could alleviate the disruptive and 
frustrating nature of internet reliability. 

Adherence is a challenge in exercise oncology trials and can be 
improved through many facets, with primary consideration for 
providing flexible scheduling options to accommodate patient avail-
ability for training at home and to address possible technology delays 
that require rescheduling exercise sessions. Additionally, trainer edu-
cation should be standardized to conduct virtual exercise sessions 
comparable to in-person sessions, and include the type/frequency of 
verbal feedback, provide adequate motivation while exercise is being 
performed, and assess patient’s status/progress throughout the session 
(e.g., Borg scale or HR). Furthermore, integrating group-based sessions 
with other cancer survivors can enhance social interaction and poten-
tially benefit intervention adherence and motivation. 

4.4. Remote exercise testing 

Delivering remote exercise testing to prescribe exercise and to assess 
health outcomes in cancer survivors is also a great challenge, with 
limited evidence regarding the validity to adapt in-person to remote 
assessments. Winters-Stone et al. reported high reliability of tran-
sitioning the physical function tests short physical performance battery 
(Intra-reliability (IAR) = 0.97; inter-reliability (IER) = 0.79), the timed- 
up and go test (IAR = 0.96: IER = 0.99), and 4 m usual walk (IAR = 0.90; 
IER = 0.40) to a virtually supervised environment in cancer survivors 
(Winters-Stone et al., 2020). In this regard, ensuring safety and validity 
during a remote assessment of cardiorespiratory fitness may be more 
difficult, particularly for older adults or those with comorbidities. For 
example, preliminary data suggest adequate validity for the 6-minute 
walk test (6MWT) when performed outdoors independently monitored 
with phone applications, but not in a home-based setting, and may be a 
simple virtual indirect alternative to the in-clinic cardiopulmonary ex-
ercise test (CPET) (Holland et al., 2020). Overall, there is insufficient 
evidence to ensure the validity of virtually supervised remote exercise 
testing in cancer survivors, therefore we recommend striving for 
in-person exercise testing in order to accurately prescribe exercise and 
ensure valid measurements of health outcomes. 

Formalizing these types of recommendations for continuity of 
exercise-based research during a pandemic are essential to deliver 

effective virtual-based interventions that promote safety, proper pre-
scription and testing, accessibility, and adherence for cancer survivors. 

5. Perspective: a path forward on exercise oncology beyond 
COVID-19 pandemic 

The COVID-19 pandemic has led to the significant emergence and 
integration of virtually supervised home-based exercise interventions 
within clinical research among cancer survivors. This approach allows 
us to take advantage of both at-home and in-person exercise. Emerging 
studies included in this review have shown feasibility and safety of 
virtually supervised home-based exercise interventions among cancer 
survivors, and improvements in several health outcomes (e.g., fatigue or 
quality of life). However, given the relatively recent nature of COVID- 
19, there is insufficient evidence supporting the effectiveness of this 
approach on other important cancer-related health outcomes such as 
body composition, physical function, or clinical outcomes (e.g., 
survivorship). 

Moving beyond the pandemic, it is probable that in the upcoming 
years several exercise oncology trials will be delivered remotely. We 
believe that these trials should implement a virtually supervised design 
to maximize health benefits. Before transitioning to a remote environ-
ment, it is important to consider the cost-benefit ratio of a virtually 
supervised home-based exercise intervention compared to in-person as 
the former may present additional financial challenges for the research 
team that could be underestimated. Furthermore, there is a need to 
reflect on the future progression of exercise oncology research and 
which outcomes or exercise interventions need to be tested in person 
first. These preliminary studies will provide evidence for which in-
terventions should and should not be delivered virtually to derive the 
most effective and safe exercise prescriptions for home-based use. For 
example, can important health outcomes for cancer patients (e.g., 
muscle mass, bone health) be improved long-term with a virtually su-
pervised home-based approach? Is home-based exercise equipment able 
to provide a sufficient anabolic stimulus? Can high-intensity interval 
training be delivered safely at home? In this regard, there are several 
questions that are unsolved in a remote exercise setting, thus future 
trials in exercise oncology using this approach are needed. 

Virtually supervised exercise can reduce barriers to participation in 
an in-person exercise intervention in cancer patients living in rural 
communities, countries with long distances, or countries with weak 
fitness facilities infrastructure reduce barriers to access to exercise fa-
cilities in rural communities or countries with long distance or weak 
fitness facilities infrastructure (Charlton et al., 2015). Moreover, this 
pandemic has led to a dramatic impact in racial/ethnic minority cancer 
survivors, with an increase in health inequalities and socio-economic 
disparities (Wang et al., 2021; Dorn et al., 2020). Therefore, barriers 
to enrolling in exercise oncology trials during and after the pandemic 
may be even greater for more vulnerable populations (Hansson et al., 
2021) including older adults or those from racial/ethnic minority 
backgrounds. Furthermore, current data reveals that racial and ethnic 
minority cancer survivors experienced a higher burden to access tele-
health tools (Abdel-Rahman, 2021). Regarding remote exercise in-
terventions, it is unknown yet if technology may eliminate or exacerbate 
barriers to exercise in this population. Our research laboratory is 
currently evaluating this with multiple ongoing studies including the 
ROSA trial (Reducing Metabolic Dysregulation in Obese Latina Breast 
Cancer Survivors, 2022), which targets Latina and/or Hispanic breast 
cancer survivors and the THRIVE trial (Testing Homebased ExeRcise 
Strategies to Improve Exercise Participation and CardioVascular Health 
in UndersErved Minority, 2022) which targets Black and Hispanic can-
cer survivors receiving chemotherapy. The ROSA trial transitioned to a 
Zoom-based supervised exercise intervention due to the pandemic. We 
have implemented several strategies to ensure that remote exercise does 
not increase barriers to exercise in this population (i.e., providing a 
Wi-Fi-enabled tablet, training equipment). Results from this ongoing 
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trial will allow determining the effectiveness of this new exercise 
approach in important health outcomes (i.e., metabolic dysregulation, 
body composition), and if it reduces barriers to participation in exercise 
trials in this specific population. The THRIVE trial was designed to 
include a virtual exercise intervention from inception to outreach to 
patients not residing within the Greater Boston area or that lack 
adequate transportation for clinical in-person exercise. Collectively 
these trials will aid in planning for future exercise oncology intervention 
for minority survivors. 

6. Conclusion 

Following a review of the existing unsupervised, semi-supervised 
and virtually supervised exercise interventions in cancer survivors, we 
identify that virtually supervised group-based exercise interventions 
were the most common format among oncology lifestyle interventions 
during the pandemic. We conclude that virtually supervised home-based 
exercise interventions may be feasible, safe, and may improve several 
health outcomes in cancer survivors (e.g., fatigue, anxiety/stress, etc.). 
Given these studies were not designed to test feasibility and efficacy of 
this exercise approach, future studies should be specifically designed 
and powered to further investigate these outcomes and other health and 
clinical outcomes such as body composition, physical function, or sur-
vivorship. Recommendations for future interventions using this exercise 
approach include ensuring safety, proper prescription and testing, 
accessibility, and adherence. While infection rates continue to grow due 
to new COVID-19 variants, it is critical to continue to encourage the 
uptake of exercise among cancer survivors, given the known benefits of 
exercise, as the risks associated with inactivity may result in additive or 
synergistic risks when coupled with the risk of infection from COVID-19. 
Therefore, during these challenging times, there is a need to maintain 
and develop high-quality research in exercise oncology to support can-
cer survivors to start and continue exercising beyond the COVID-19 
pandemic. 
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