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There is emerging evidence that decreased muscle mass and cardiorespiratory fitness
(CRF) are associated with increased risk of cancer-related mortality. This paper aimed to
present recommendations to prescribe effective and safe exercise protocols to minimize
losses, maintain or even improve muscle mass, strength, and CRF of the cancer
patients who are undergoing or beyond treatment during the COVID-19 era. Overall,
we recommend performing exercises with bodyweight, elastic bands, or suspension
bands to voluntary interruption (i.e., interrupt the exercise set voluntarily, according to
their perception of fatigue, before concentric muscular failure) to maintain or increase
muscle strength and mass and CRF during COVID-19 physical distancing. Additionally,
rest intervals between sets and exercises (i.e., long or short) should favor maintaining
exercise intensities between 50 and 80% of maxHR and/or RPE of 12. In an exercise
program with these characteristics, the progression of the stimulus must be carried
out by increasing exercise complexity, number of sets, and weekly frequency. With
feasible exercises attainable anywhere, modulating only the work-to-rest ratio and using
voluntary interruption, it is possible to prescribe exercise for a wide range of patients
with cancer as well as training goals. Exercise must be encouraged; however, exercise
professionals must be aware of the patient’s health condition even at a physical distance
to provide a safe and efficient exercise program. Exercise professionals should adjust
the exercise prescription throughout home confinement whenever necessary, keeping
in mind that minimal exercise stimuli are beneficial to patients in poor physical condition.

Keywords: COVID-19, cancer, exercise, physical training, physical distance

INTRODUCTION

The novel 2019 coronavirus disease (COVID-19) pandemic is a global public health emergency.
Despite vaccines having been approved, it will take a long time to immunize a sufficient percentage
of the population. Non-pharmaceutical interventions represent the most effective strategy to
control the COVID-19 and the SARS-CoV-2 spread until global immunization. Strategies such
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as wearing a mask, having good personal hygiene, and
maintaining physical distance have been deemed effective
measures to limit spread (Kantor and Kantor, 2020), especially
before the SARS-CoV-2 vaccine. Even though social life is
gradually returning to normal after the SARS-CoV-2 vaccine,
home confinement and physical distance will continue to be
encouraged, mainly for people at increased risk for COVID-
19, including patients with cancer and cancer survivors. While
avoiding contagion, these measures have caused negative health-
related behavioral changes. For instance, people in home
confinement decrease the accumulated minutes of physical
activity per week (Stanton et al., 2020), leading to drops in muscle
strength (Papiol et al., 2016) and mass (Kyle et al., 2004) (i.e.,
myocyte atrophy). It has also been shown that reduced levels
of physical activity lead to a ∼7% decrease in cardiorespiratory
fitness (CRF) (i.e., VO2max) in young males (Krogh-Madsen
et al., 2010). The decline in muscle mass and VO2max are
clinically relevant, as they are independently associated with
reduced quality of life and increased mortality, especially in
individuals undergoing disease-related treatments, including
cancer treatment based on chemotherapy.

Cancer treatment based on chemotherapy has decreased
the number of disease-related deaths and increased longevity
(Early Breast Cancer Trialists’ Collaborative Group, 2005; Early
Breast Cancer Trialists’ Collaborative Group, Darby et al.,
2011); nonetheless, it can greatly reduce muscle strength,
muscle mass, and CRF, which increase the risk of death
(Psutka et al., 2014; Reisinger et al., 2015; Guinan et al.,
2018; Wang et al., 2018) and cancer recurrence and reduce
quality of life (Nipp et al., 2017; Chang et al., 2018). The
prevalence of low muscle mass is 16% among long-term breast
cancer survivors (Villasenor et al., 2012) and 56 and 60%
among women and men, respectively, with colorectal cancer
(Broughman et al., 2015). Additionally, 50% of metastatic
breast cancer patients with sarcopenia present capecitabine
toxicity, compared to 20% of those without sarcopenia (Griffin
et al., 2019). Regarding the decrease in CRF, there is
emerging evidence that cardiomyocyte atrophy and fibrosis
are the main factors leading to decreased cardiac function
and, consequently, CRF. Cancer-related factors associated
with decreased cardiac function are reduced physical activity
levels, myocyte atrophy, tumor-released pro-cachectic factors,
inflammatory and neuronal modulators, and chemotherapy-
induced cardiotoxicity (Ausoni et al., 2020).

The conservation of skeletal and cardiac muscle mass and
function predicts a better treatment response (Kazemi-Bajestani
et al., 2016; Scott et al., 2018) as it prevents creating a vicious
cycle in which loss of muscle mass and strength induces cardiac
dysfunction, and this causes further decline in muscle mass and
CRF (Clauss et al., 2017; Ausoni et al., 2020). Considering its
importance, it is crucial to develop strategies to preserve skeletal
and cardiac muscle mass and function for patients undergoing or
beyond cancer treatment during COVID-19 pandemic physical
distancing and eventually home confinement even after the
SARS-CoV-2 vaccine.

Exercise training is a safe and efficient method to preserve
and/or augment muscle mass and strength and CRF (Acsm, 2011;

Hayes et al., 2019). Exercises on machines or using free-weights
at moderate- to high-intensity (∼50–85% of the load that can be
lifted just once with proper form, or one repetition maximum
[1-RM]) have been recommended to increase muscle mass.
Regarding CRF, exercises such as jogging, running, cycling,
and swimming performed in continuous or interval modes
are recommended, with moderate to high intensity (>65%
of the VO2max), to significantly increase CRF (Acsm, 2011;
Hayes et al., 2019). Traditionally, the implementation of exercise
protocols depends on specialized equipment usually found
in gyms and health centers. However, individuals restricted
by home confinement or strict physical distance protocols
due to COVID-19 cannot access those places. Alternatively,
home-based exercises can adequately replace traditional exercise
protocols by adjusting the implements, load, and structure
of the exercises.

Prescribing exercise protocols during the COVID-19 and
after the SARS-CoV-2 vaccine era of physical distancing and
home confinement is challenging (Khoramipour et al., 2021).
The exercise prescription has to be determined based on the
identification of the goals, general and cancer-specific health
issues, and their contribution to the risk of morbidity and/or
mortality of the patient. Specific adjustments of the training
protocol to the type of cancer and conditions associated
with the treatment are beyond the scope of the present
work, as they have been extensively discussed elsewhere (van
der Leeden et al., 2018; Hayes et al., 2019). Thus, the
objective of the present work is to present recommendations
to prescribe effective and safe exercise protocols to minimize
losses, maintain or even improve muscle mass, strength, and
CRF depending on the condition of the cancer patients who
are undergoing or beyond treatment during the COVID-
19 era.

EXERCISE RECOMMENDATIONS FOR
CANCER PATIENTS DURING THE
COVID-19 ERA AND AFTER SARS-COV-2
VACCINE: A LIGHT AT THE END OF THE
TUNNEL

Exercise recommendations to maintain or increase muscle mass
in cancer patients are similar to those suggested for healthy
individuals. It is recommended to perform resistance exercises
on machines or using free weights. Approximately 1–4 sets of
8–12 repetitions (i.e., moderate to high intensity, ∼50–85% of 1-
RM) for 8–10 exercises targeting the major muscle groups, with
rest intervals of 1–3 min between sets and exercises, should be
performed at least once per week (Acsm, 2011; Campbell et al.,
2019). It is also recommended that individuals progress from
a minimal stimulus (e.g., one set and twice a week) to greater
stimuli according to their adaptation and tolerance to exercise.
This information is crucial for cancer patients who are cleared
to exercise, but with short-term disease-associated conditions
which are not favorable to exercise. While performing a low
weekly volume promotes gains in strength and muscle mass
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(Singh et al., 2018), recent meta-analyses showed a dose-response
relationship in which higher ranges of weekly sets (1–5, 5–9,
and ≥10 sets) enhanced the gains in muscle strength (Ralston
et al., 2017) and mass (Schoenfeld et al., 2016) for healthy
individuals. These findings show that performing more than
the recommended weekly sets (Schoenfeld et al., 2016; Ralston
et al., 2017) may be beneficial for cancer patients who exercise
regularly and are in good physical condition. Although these
recommendations are feasible at home, they require machines
or free weights to exercise with moderate to high intensities.
It has recently been reported that low intensity (e.g., 30–50%
1-RM) exercise sets performed to concentric muscle failure
(i.e., inability to complete another repetition with appropriate
form) or close to failure produces similar gains in muscle
strength and mass as moderate and high intensities (e.g., 50–80%
of the 1-RM) (Nobrega et al., 2018; Santanielo et al., 2020).
These adaptations occur irrespective of the manipulation of
additional training variables (e.g., repetition duration, type of
contraction, or exercise) (Nobrega et al., 2018; Damas et al.,
2019; Soligon et al., 2020). Determining whether individuals are
exercising close to concentric muscle failure is straightforward.
They should be instructed to interrupt the exercise set voluntarily,
according to their perception of fatigue, before concentric
muscular failure (Santanielo et al., 2020). In fact, it has been
recently shown that from these instructions, individuals interrupt
exercise sets between 1 and 3 repetitions before concentric
muscle failure (Nobrega et al., 2018; Santanielo et al., 2020).
Voluntary interruption is practical and can also be used when
performing body weight, elastic resistance band, and suspension
band exercises at home. Importantly, these exercises can preserve
and even increase muscle mass and strength, making them a
viable option for cancer patients with no access to dumbbells,
barbells, or exercise machines typically found in gyms.

Bodyweight exercises use different body positions as a means
of resistance to perform work against gravity. These exercises
can be easily prescribed and guided remotely using spreadsheets
with photos, video clips, video calls, e-mails, or smartphone
applications (van der Kolk et al., 2019). Studies comparing
the effects of exercises using bodyweight (e.g., push-ups) with
equipment exercises (e.g., bench press) showed similar increases
in muscle mass and strength when both were performed to
concentric muscle failure (Calatayud et al., 2015; Kikuchi and
Nakazato, 2017). Elastic resistance bands have several levels of
resistance (e.g., from 4.5 to 79 kg – super bands) (Lopes et al.,
2019), allowing precise adjustment of the exercise load in a wide
variety of exercises. The most common types of bands are tube
bands with handles, super bands, loop bands (aka giant rubber
bands), and therapy bands (de Oliveira et al., 2017). Several
studies have shown that elastic resistance bands are effective in
improving muscle mass and strength in young, middle-aged, and
older adults with gains comparable to machines and free weights
(de Oliveira et al., 2017; Liao et al., 2018, 2020; Lopes et al., 2019).
Like elastic resistance bands, suspension bands can be performed
in small rooms with adequate control of the exercise load. This
exercise mode was specifically designed to train body segments
(e.g., upper or lower limbs) while suspending the body in hanging
straps, creating an unstable environment, using bodyweight and

gravity to perform multiplanar and multijoint exercises (Mok
et al., 2015). Recently, we did not find differences in muscle
mass and strength gains between traditional resistance training
machines and suspension band exercises in older individuals
(Soligon et al., 2020).

As previously described, to maintain and increase muscle
strength and mass, the recommendations for improving CRF
of cancer patients are similar to those for healthy individuals.
Exercise guidelines recommend jogging, running, cycling, and
swimming, continuously or intermittent, with intensities based
on a percentage of either VO2max, maximal heart rate (%maxHR),
or rate of perceived exertion (RPE). Exercise intensity should
be between 60 and 80% VO2max, 40 and 85% maxHR, or 12–
14 RPE (6–20 scale), for 15–60 min per training session, and
with a frequency of 2–7 sessions per week (Haskell et al., 2007;
Acsm, 2011). Although low-intensity exercise performed for
only 20 min and twice a week increases CRF, greater gains
can be obtained by manipulating the training-related variables
(Singh et al., 2018; Hayes et al., 2019; Maginador et al., 2020).
For instance, recent studies have shown that exercise can be
safely performed at even greater intensities during chemotherapy.
For example, women with breast cancer performed interval
training (7 efforts of 1-min at 90% VO2max interspaced by
2-min low-intensity intervals) for 8 weeks (Lee et al., 2019)
and presented a significant increase in CRF. Adherence to the
training protocol was excellent (i.e., 100% retention), and no
adverse effects were reported. A recent meta-analysis (Wallen
et al., 2020) showed that despite the short session duration,
interval training protocols with short bouts (≤5 min) of high-
intensity (80–100% maxHR), interspersed with passive or lower
intensity active recovery periods, promote CRF gains comparable
to continuous protocols (e.g., ≥20 min) of moderate-intensity
(50–70% of maxHR) for patients with cancer or cancer survivors.
However, we recently showed that this appears to occur in
patients undergoing chemotherapy only when either continuous
or interval exercise is performed at high intensities (Maginador
et al., 2020). Although the use of %maxHR is a practical method
to determine intensity when performing continuous or interval
exercise, the physical status of patients with cancer can vary
daily due to treatment side effects, which can greatly affect
exercise-induced heart rate response. An alternative strategy for
monitoring exercise intensity is to assess the RPE. The RPE has
a strong association with %maxHR (Scherr et al., 2013). Thus,
RPE could be used to monitor training intensity; for instance,
values between 12 and 14 on a 6 to 20 scale correspond to 60–
80% of VO2max. If one wanted to perform high-intensity exercise
sessions (i.e., ≥ 80% of maxHR), targeted RPE values should
be ≥ 15 (Singh et al., 2018). Once heart rate and RPE values are
within the prescribed ranges during exercise sessions, one should
expect increases or maintenance of CRF during the COVID-19
era and after the SARS-CoV-2 vaccine.

Although cardiorespiratory exercises are simple and easy to
perform, they require expensive equipment or space and are
difficult to perform during home confinement. Alternatively,
during COVID-19 physical distancing, body weight, elastic
band, and suspension band exercises can also be adapted
to maintain or improve CRF while being time-efficient and
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enjoyable. Individuals can perform large muscle group exercises,
either continuously or intermittently, which increase oxygen
consumption and, over time, the CRF (Burd et al., 2010; Myers
et al., 2015; Tabata, 2019). Several bodyweight (e.g., jumping
jacks, butt kicks, squat sidekick), elastic resistance bands (e.g.,
overhead squat, push-ups), and suspension bands (e.g., squat
or a variation to single-leg squat, hamstring curl, low row, and
chest press) exercises can be performed even by individuals
with low CRF. It is possible to increase the energy demand
using higher intensity exercises such as burpees, squat jumps,
jump squats, and mountain climbers. For example, performing
8 sets of 20 s of a single exercise per day (e.g., day 1 burpees,
day 2 jumping jacks, day 3 mountain climbers) interspaced by
10 s rest periods increased CRF to the same extent as running
30 min at 85% of maxHR after four weeks of training. Likewise,
there appear to be no significant differences in CRF gains
between bodyweight exercise [e.g., split squat jumps, mountain
climber, high knees, burpees (without jump), and jumping jacks]
programs and interval running programs (Menz et al., 2019).
Importantly, muscle strength and mass also increase with these
exercise programs. They only need to perform exercises with
body weight, elastic band exercise, and suspension bands to
voluntary interruption (i.e., close to concentric muscle failure) to
maximize the neuromuscular stimulus. The rest interval between
sets and exercises can be short (e.g., 15–30 s) or long (e.g.,
1–4 min) (Feito et al., 2018) while alternating the exercise mode,
or upper and lower limbs (Myers et al., 2015) and maintaining
the %maxHR range during exercise. For example, Myers et al.
(2015) trained young women with a traditional training program
to increase strength, muscle mass, and CRF, performed with
weightlifting machines, cycle ergometer, treadmill, or bodyweight
exercise. The researchers reported that a bodyweight exercise
program induced superior CRF gains and similar muscle strength
gains compared to weight lifting machines, cycle ergometer, and
treadmill. Importantly, this type of exercise program can decrease
exercise duration and increase motivation, which are likely to
increase exercise adherence.

Overall, we recommend that to maintain or increase muscle
strength and mass and CRF during COVID-19 physical
distancing, exercises performed with bodyweight, elastic bands,
or suspension bands should be performed to voluntary
interruption, regardless of the target number of repetitions in
each set. Additionally, rest intervals between sets and exercises
(i.e., long or short) should be manipulated to maintain the
intensity of exercise above 50–80% of maxHR and/or 12 of
RPE. For an exercise program with these characteristics, the
progression of the stimulus must be carried out by increasing
the complexity of the exercises, the number of sets, and the
weekly frequency.

It is important to emphasize that cancer patients must be
frequently monitored regarding their health status, fatigue levels,
and well-being to increase the safety and efficiency of the
exercise prescription, which must emphasize the patients’ needs
and overall health (Hayes et al., 2019). Despite understanding
the effectiveness of our recommendations, we hope that
after a massive anti-COVID-19 vaccination, cancer patients
may exercise in well-equipped facilities and under specialized

supervision to increase the efficiency compared to home-based
programs (Schmitz et al., 2019).

CONSIDERATIONS

We provide exercise recommendations for cancer patients, under
or beyond treatment, to keep or increase muscle mass and CRF
without sophisticated equipment while under home confinement
during the COVID-19 era and after the SARS-CoV-2 vaccine.
With feasible exercises attainable anywhere, modulating only the
work-to-rest ratio and using voluntary interruption, %maxHR,
and RPE for monitoring exercise intensity, it is possible to
prescribe exercise for a wide range of patients with cancer as well
as exercise-induced adaptations. Exercise must be encouraged;
however, exercise professionals must be aware of the patient’s
health condition even at physical distance to provide a safe
and efficient exercise program. Exercise professionals should
adjust the exercise prescription throughout home confinement
whenever necessary, keeping in mind that minimal exercise
stimuli are beneficial to patients in poor physical condition, and
prescriptions above the standard recommendation can provide
additional benefits to patients in good physical condition. It is
important to highlight that the suggestions of the present study
were based on data available in the literature; thus, future studies
should validate our recommendations. According to the 2020
World Health Organization guidelines (Bull et al., 2020), adults
and older adults with chronic conditions such as cancer, should
minimize sedentary time as any physical activity is better than
none.
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