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ABSTRACT

Exercise-Oncology is an emerging area with a lot of questions for physical activity professionals
focused on health. This review collects the general side effects and exercise implication and
benefits, such as body composition changes, cardiovascular limitations or functional impairments
as lymphedema; exercise relevance in cancer biomarkers related to cancer prognosis; as well as the
exercise cautions related to some specific side effects. In addition, exercise recommendations to
specialists are explained, including practice suggestions about how to personalize exercise
prescription collecting a clinical history in order to control patient’s development; how to control
exercise intensity with different devices; and, finally, types of exercise and how they should be
developed in terms of intensity and volume.
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EJERCICIO FiSICO ONCOLOGICO.
DE LA TEORIA A LA PRACTICA

RESUMEN

El ejercicio fisico oncolégico es un area muy novedosa en nuestro pais que, actualmente, genera
muchas dudas a los profesionales del ejercicio fisico y la salud. Esta revision, trata de aportar
informacién general sobre los tipos de efectos secundarios que los pacientes pueden presentar y
qué tipo de ejercicio puede ser ttil en cada caso. También se introduce la importancia del ejercicio
en el cambio de determinados biomarcadores relativos al prondstico del cancer, asi como algunas
cuestiones de seguridad que deben tenerse en cuenta en relacién con el ejercicio, si los pacientes
presentan determinados efectos secundarios. Por dltimo, se hace un repaso practico de cémo se
debe aplicar las bases de la planificacién de un programa de ejercicio a estos pacientes, teniendo en
cuenta la importancia de la individualizacidn, el seguimiento de la intensidad o la evolucién del
programa en los pacientes.
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INTRODUCTION

Cancer is one of the most common causes of mortality around the world,
with around 14.1 million new cases in the world in 2012 (Ferlay et al., 2012),
estimating close to 24 million new cases in 2035. It has been estimated that
there will be 315,415 new cases of cancer in Spain by 2035, increasing in
almost a 50% the total amount of new cases reported in 2012. The Spanish
Society of Oncology (SEOM, 2018) has determined that half of the men and one
third of the women are expected to be diagnosed with cancer throughout their
lives.

However, although the number of cases of cancer continues to increase
(SEOM, 2018), there is a gradual decline in the mortality rate (except for lung
cancer mortality in women which has shown a 5% increase since 2012).
Specifically in colorectal, prostate, breast and uterus cancer, this decline is
largely a result of improved screening, which has meant that cancer can be
diagnosed in early stages, but it is also due to new and more effective treatment
regimens which are focused on target therapies (Cabanes et al,, 2010).

The high survival rate of patients with some type of cancers with a high
incidence (particularly, prostate, breast, colorectal, bladder and uterus) means
they have to live with different side effects produced by anti-cancer treatments.
Anti-cancer treatments are associated with several serious side effects which
can affect patients for the rest of their lives (Mayer, 2013). For example, more
than 66% of breast cancer patients show at least one comorbid condition and
more than 33% of them have two or more comorbidities. The most common
comorbidities include hypertension, cardiovascular diseases, respiratory
diseases, obesity and diabetes and, in post-menopausal women, the incidence
of hypothyroidism is increasing dramatically (Kumar et al.,, 2012). In addition,
cancer is the third cause of hospitalization in Spain, due, in part, to the lack of
treatment for some of these side effects, such as cancer-related fatigue.

Exercise has shown to be a feasible, safe and effective tool to reduce and
prevent some of these side effects, specifically most of those that do not have
pharmacological treatment, and, in addition, it may promote the effectiveness
of some treatments. For this reason, this review collects the relevance of
exercise-oncology programs in cancer patients, providing strategies on how to
adapt exercise to patients in order to achieve the personal objectives for all of
them.

Importance of a healthy life style in cancer patients. In 2017, the most
frequent cancers reported were prostate, lung and colorectal cancer in men;
and breast, colorectal, uterus and lung cancer in women (SEOM, 2018).
Different studies have established that around 30% of colorectal and breast
cancer cases may be prevented following a healthy diet (rich in fruits and
vegetables and poor in red meat and processed foods) and avoiding inactivity.
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This, joined to tabaco and alcohol consumption and their relationship with
different cancers, indicates the importance of a healthy life style to prevent this
disease (WHO, 2010).

In 2007, the World Cancer Research Fund and the American Institute for
Cancer Research published the international expert report Food, Nutrition,
Physical Activity, and the Prevention of Cancer: a Global Perspective (2007). The
main conclusion of this document is that adult body fatness is related to an
increased risk in the main cancers in both sexes. And all the preventive
recommendations made to the general population are extensive to cancer
survivors to avoid cancer relapse.

For this reason, exercise plays an essential role for cancer patients not only
reducing side effects and increasing quality of life, but also improving patients’
survival.

General cancer treatment, their main side effects and exercise implication.
Cancer is a general term used for many different diseases in which abnormal
cells divide without control and can invade nearby tissues. Cancer cells can also
spread to other parts of the body through the blood and lymph systems.
However, there are many several types of cancer depending on the original
tissue that suffers the mutation. In addition, each type of cancer may be divided
into different subtypes considering some particularities in protein expression
or gene mutations.

The usual treatments in cancer patients are: surgery, chemotherapy,
radiotherapy, hormonal therapy, monoclonal antibody therapy and
immunotherapy. Treatments are usually decided by a multidisciplinary group
of different specialists that take into consideration all the different points of
view (Mayer, 2013). It is important to note that every cancer case is unique, and
treatment should be as specific as possible depending on the biologic
characteristics of the tumour. The most common treatments and their side
effects are explained in the next table (table 1).
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TABLE 1

Cancer treatments and side effects.

Treatment Definition Examples Type of Acute side effects Permanent side
cancer effects
Local therapies
It is a local treatment used to remove the cancer Pain
from the body. It could remove only the tumour . Fatigue
. . . Tumorectomy . Pain .
or include a more extensive area (National Solid Endocrine changes
Surgery . - . Mastectomy Soreness
Cancer Institute). In addition, adjacent lymph tumours . o Musculoskeletal soft
. Colostomy Functional Limitations .
nodes could be removed as well if they are tissue changes
infected by tumour cells. Lymphedema
The use of high-energy radiation from x-rays,
gamma rays, neutrons, protons, and other . .
: . Pain Cardiovascular
sources to kill cancer cells and shrink tumours. . o
. . o Functional limitation change
There are different techniques of radiation,
. . External-beam Worsen bone health Pulmonary change
external that comes from a machine outside the — . . i
. . : . . radiation Impaired immune Cognitive change
Radiotherapy body, or internal, which comes from radioactive All tumours .
) A therapy system Reproductive change
material placed inside the body near cancer . .
. : Brachytherapy Gastrointestinal Musculoskeletal soft
cells. It may be administered after surgery in L. .
toxicity tissue changes
the place where cancer was or to stop the Skin chanees Lvmphedema
growth of tumours, as cerebral or bone g ymp
tumours.
Global therapies
It is a cytotoxic or cytostatic drug used to stop Alkylating Anaemia o
. s Nausea and vomiting
the growth of cancer cells, either by killing the agents
. o . General weakness
cells or by stopping them from dividing. Anti-tumour Hair loss Muscle weakness
Chemotherapy may be given orally, by injection antibiotics . Fatigue
. . ) ; . . All types of Diarrhoea . -
Chemotherapy or infusion, or on the skin, depending on the Antimetabolites ) Cardiotoxicity
: . cancer Peripheral and central e
type and stage of the cancer being treated. It Topoisomerase neuropath Cognitive changes
could by administrated before surgery Inhibitors pathy Secondary cancers
. o Body weight changes
(neoadjuvant therapy) or after surgery Mitotic Impaired immune
(adjuvant therapy). Inhibitors P

function
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TaBLE 1 (CONT.)

- Type of . Permanent side
Treatment Definition Examples yp Acute side effects
cancer effects

Hormone therapy removes or blocks the action Tamoxifen Body weight changes

of cancer cells and stops them from growing. Aromatase Articular pain

Some hormones can cause certain cancers to g Breast cancer  Fat mass increase

. Inhibitors

grow and, if tests show that the cancer cells have LHRH agonist Prostate Lean mass losses
Hormone therapy =~ hormone receptors, some treatments are used to LHRH g cancer Impaired immune Fatigue

reduce the production of hormones or block . Ovarian function

antagonist ; .
them, as hormone therapy or oophorectomy Ani- cancer Gastrointestinal
(removing the ovaries) or orchiectomy toxicity
. . androgens

(removing the testicles). Second cancer

A type of biological therapy that uses substances

to stimulate or suppress the immune system to

help the body fight cancer, infection, and other

) . Lung cancer .
diseases. Some types of immunotherapy only Pain .
: . Melanoma . . Fatigue
Immunotherapy target certain cells of the immune system. Others Gastrointestinal : .
. . Breast cancer .. Autoimmune disease

affect the immune system in a general way. toxicity

Types of immunotherapy include cytokines,

vaccines, bacillus Calmette-Guerin (BCG), and

some monoclonal antibodies.

Cancer treatment that uses antibodies made in .

. . Cardiovascular

the laboratory from a single type of immune damages

Biological therapy  system cells. It can identify substances on cancer Breast cancer 8 . Fatigue
Impaired immune
cells or normal cells that may help cancer cells .
arow function

Based on: 1. Institute NC.  http://ncim.nci.nih.gov/ncimbrowser/pages/concept_details.jsf; 2.  Society @~ AC. American  Government,
http://www.cancer.org/cancer/breastcancer/detailedguide/breast-cancer-treating-chemotherapy.; 3 Pinkerton, J. V., & Thomas, S. (2014). Use of SERMs for
treatment in postmenopausal women. The Journal of Steroid Biochemistry and Molecular Biology, 142, 142-154. doi:10.1016/j.jsbmb.2013.12.011.; 4. Schmitz, K.
H., Courneya, K. S., Matthews, C,, Demark-Wahnefried, W., Galvao, D. A., Pinto, B. M., & Schwartz, A. L. (2010). American College of Sports Medicine roundtable on
exercise guidelines for cancer survivors. Medicine & Science in Sports & Exercise, 42(7), 1409-1426. doi:10.1249/MSS.0b013e3181e0c112.
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Each cancer patient is affected differently by their anti-cancer treatment,

first because cancer patients receive different therapies, and secondly because

cancer patients are a very heterogeneous population with a large age range and

different genetic and environmental background. Here the most common side

effects that should be considered before performing an exercise intervention

are described, focusing on those that could be reduced or prevented by exercise.

Main side effects and their definition are shown in table 2.

TABLE 2
Side effects definition.

Side effect

Definition

Physical Impairments

Functional
Limitations

Lymphedema

Sexual
Dysfunction

Urinary
Incontinence

Functional limitations are defined as reported difficulties to perform
everyday tasks and, as such, they contribute to a decline in an individual’s
functional status (Braithwaite et al., 2010). Functional limitation may be
assessed by the joint range of motion or other physical limitations
(Melstrom, Melstrom, Ding, & Adrian, 2007) due to the muscle adherence or
stiffness produced by surgery or radiotherapy. Examples: articular range
reduction in hips, arms, shoulders, mouth.

A condition in which extra lymph fluid builds up in tissues and causes
swelling. It may occur in an arm or leg if the lymph vessels are blocked,
damaged, or have been removed by surgery in cancer patients (NCI
dictionary).

Sexual dysfunction it is a multifactorial problem constructed by several
models: a) the mechanistic one, focused almost exclusively on addressing
physical sequels and disruptions in organ function produced by some
treatments (hormone therapy, surgery and radiotherapy); b) More recently,
the complexity of sexuality after cancer has been established and other
integrative models have been proposed attending to a more comprehensive
understanding of sexuality in the context of cancer (Sanchez Varela, Zhou, &
Bober, 2013).

Urinary incontinence is the leakage of urine when coughing or exercising
(stress urinary incontinence) or after a strong uncontrollable urge to
urinate (urgency urinary incontinence) (Cody, Jacobs, Richardson, Moehrer,
& Hextall, 2012). In women who have gone through the menopause, low
estrogen levels may contribute to urinary incontinence.

Physiological Side Effects

Cardiovascular
Fitness Capacity

Cardiotoxicity

It refers to the ability to perform large muscle, dynamic, moderate-to-high
intensity exercise for prolonged periods. Performance of such exercise
depends on the functional state of the respiratory, cardiovascular and
skeletal muscle systems (Institute NC dictionary).

It is the toxicity produced by some cancer drugs or radiation in the left side
of the thorax that affects the heart. Clinically, cancer therapeutics-related
cardiac dysfunction is defined as a > 10% decrease in left ventricular
ejection fraction (LVEF) or a LVEF < 53% confirmed by repeated
echocardiography 2-3 weeks apart (Institute NC dictionary) (Xie et al,
2015).
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TABLE 2 (CONT.)

Body Composition

Cachexia and
Muscular
Alterations

Loss of body weight and muscle mass, and weakness that may occur in
patients with cancer. It is characterized by a higher loss of muscle mass than
fat mass and by high level of blood inflammation biomarkers (Melstrom et
al, 2007).

Weight Gain

It refers to the weight gain after cancer treatments, especially of an increase
of fat, which may affect some cancer patients’ survivorship. This weigh gain
after treatments is more usual in hormone dependent cancers such as
breast and prostate (Demark-Wahnefried, Winer, & Rimer, 1993;
McTiernan, 2005).

Osteoporosis

A condition that is marked by a decrease in bone mass and density, causing
bones to become fragile. In this case, it is produced by treatments, especially
in those patients under hormone deprivation (Saylor, Keating, & Smith,
2009; Wiwanitkit & Wiwanitkit, 2013).

Neurological System Effects

Peripheral
Neuropathy

It is a nerve problem that causes pain, numbness, tingling, swelling, or
muscle weakness in different parts of the body. It usually begins in the
hands or feet and gets worse over time. Peripheral neuropathy may be
caused by cancer or cancer treatment, such as chemotherapy. It may also be
caused by physical injury, infection, toxic substances, or conditions such as
diabetes, kidney failure, or malnutrition. It is also called neuropathy
(Institute NC dictionary).

Chemobrain

It represents a newly described clinical diagnosis associated with cancer
therapy. This neuropsychological syndrome induced by pharmacological
agents used in oncological therapy is centred on the gradual cognitive
decline of the patients which could range from mild inability in performing
some tasks to serious attention and memory problems (Gaman, Uzoni,
Popa-Wagner, Andrei, & Petcu, 2016).

Global Side Effects

Fatigue

It is defined as a disorder characterized by a state of generalized weakness
with a pronounced inability to summon sufficient energy to carry out daily
activities. In addition, this kind of fatigue does not disappear after resting,
on the contrary it lasts for a long time (Berger, Gerber, & Mayer, 2012;
Kilgour et al,, 2010).

Sleep
Disturbance

Patients describe problems falling asleep (sleep latency), problems staying
asleep (awakenings), having restless sleep (quality of perceived sleep),
and/or having trouble staying awake during the day (excessive daytime
sleepiness). The issues of sleep-wake disturbances are often combined in
symptom clusters, especially with cancer-related fatigue and insomnia,
which occur pre-treatment, exacerbate during treatment, and continue
through survivorship (Dickerson, Connors, Fayad, & Dean, 2014).

Side effect limitations and exercise implication. Although during treatments
there are different side effects that could be related to the different drugs used

in each cancer, there is a group of permanent-reversible treatments that are

common among cancer patients. These side effects may result in comorbidities

if they are not reduced or restored and they may be related with other side

effects that occur later.

We could summarize side effects in five groups:
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- PHYSICAL IMPAIRMENTS: they are all those side effects that are related
with a functional limitation or dysfunction. They are usually related to
local treatments as surgery or, in some cases, with radiotherapy, such as
lymphedema. Sometimes they may be consequence of systemic treatments,
such as arthralgia produced by aromatase-inhibitors. In all of these side
effects, exercise-oncology is really useful to restore the global function and,
specifically in these cases, integrative work between exercise physiologists
(i.e. exercise science professionals specialist in exercise-oncology) and
physiotherapists is essential for patients.

- PHYSIOLOGICAL SIDE EFFECTS: they are related to those side effects that
affect some organs or systems implicated in maintaining an adequate
fitness capacity level, as these are important in the patients’ global health
and in the cardiac impairment prevention. Exercise-oncology objectives
should be focused on bringing back the organs and system’s functionality.
If patients are diagnosed with any problem related to cardio toxicity, they
must be supervised by a cardiologist.

- BODY COMPOSITION ALTERATIONS: these side effects are usually
produced by tumour cells and cancer treatments. These changes in body
composition may not only alter the metabolic function, but they are also
related with specific-cancer mortality in patients. Exercise-oncology is
essential to achieve a body composition balance, increasing muscle mass
in patients and controlling or reducing fat mass if it is needed. To achieve
the best exercise adaptation, a nutritionist intervention could be essential.

- NEUROLOGICAL SYSTEM: in this group we include the side effects related
to peripheral and cognitive alteration because there is evidence of
alteration in the brain structure. In this group, exercise effect is unknown,
and the potential restoration is theoretical. Especially in chemobrain
therapy, the potential effect may be linked to a cognitive or psychological
program, focused on this problem.

- PSYCHOLOGICAL IMPAIRMENTS: some patients present different
psychological distress, such as depression, anxiety, fatigue related-cancer
or sleep disturbance, although active patients have shown an
improvement in all of them. These benefits are multiplied when exercise-
oncology programs are developed in-group. Of course, if patients present a
diagnosed psychological problem, they may be treated by a professional
psycho-oncologist.

These side effect impacts on patients’ daily lives and the exercise
implications are explained in table 3, including the type of exercise and exercise
mechanism and adding in each part if another professional should be
implicated in the process.
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TABLE 3
Side effect, implication and the effective exercise intervention supervised by an exercise-oncology specialist.

Side effect Implication

Exercise intervention

Exercise mechanisms

Physical Side Effects
Other professional implicated: physiotherapist

Soft articular movements.

Enhances tissue extensibility and promotes normal range of mobility

. TR . o Stretching. avoiding muscle contractures and alterations in the mechanics of the
Physical Limitation in daily activities ; .
Limitation and pain Progressive muscle affected joints.
) strength training in both, Resistance exercise increases muscular strength, improves range of
arms and legs. motion, and reduces weight, body fat and systemic inflammation levels.
Limitation in daily activities Stretching to reduce pain. Stretc Ing IMproves tissue extens_lb{ ity . .
Lymphedema . . . Subfascial lymphedema system is improved by resistance exercise and
and pain. Resistance exercise.
muscle strength.
Sexual relationship reduction . .
Sexual . ) Pelvic floor exercise . N .
. . and psychological and social . Increases vaginal lubrication and sensations.
Disfunction routine.
problems.
Urinary Social ~ impairments and Pelvic  floor  exercise . . . . .
. . o : Urinary incontinence control by training pelvic floor muscles.
Disfunction limitations. routine.

Physiological Side Effect

Other professional implicated: cardiologist if it was needed, especially in cardiotoxicity problems

. . . Aerobic  exercise  with Intensity changes in aerobic exercise and resistance training improve

Fitness Metabolic and cardiac illness . . L . .

. intensity changes. muscle cell adaptation in both senses, molecular and physiological, as
Capacity precursor. . . . . . .

Resistance exercise. well as the cardiovascular adaptation to increase peripheral blood flow.
Reduction of global inflammation.

. - o Aerobic  exercise  with Cardiac capacity and strength of the cardiac muscle increased with a

Cardiotoxicity Cardiac illness precursor.

intensity changes.

combined training program.
Increase of peripheral blood vessels.

European Journal of Human Movement, 2018: 41, 24-48

32




Soraya Casla-Barrio; Jordi Alfaro-Gamero

Exercise oncology ...

TaBLE 3 (CONT.)

Side effect

Implication

Exercise intervention

Exercise mechanisms

Body Composition Side Effects
Other professional implicated: nutritionist

Cachexia

Weight Gain

Bone loss

Metabolic illness, global
inflammation and death. As well as
sarcopenic obesity precursor.

Aerobic exercise with
intensity changes.
Resistance exercise.

Reduces inflammation.
Improves mitochondrial and muscle restoration.
Restores energy balance production.

Survival reduction and second
cancer risk increase.

Aerobic exercise with
intensity changes.
Resistance exercise.

Calorie waste and metabolism increase.
Muscle mass increase, preventing sarcopenia obesity.

Bone fracture, daily activities
limitation and pain.

Upper-body resistance
exercise to recover spine
bone mass.

Impact aerobic exercise to
recover hip-bone mass.

Resistance and impact exercise promote bone regeneration
decreasing osteoporosis levels.

Neurological System Effects
Other professional implicated: psychologist in cognitive impairments

Peripheral Daily activities limitation, balance Aerobic exercise. Exercise improves muscle movement and restores nerve
Neuropathy loss and pain. Resistance exercise. connections.
Cognitive Work activities limitation and ) ) . -
. . Aerobic exercise. Improving cerebral plasticity.
Impairments depression precursor.

Psychological Impairments
Other professional implicated: psychologist

Sleep
Disturbance

Cancer Related
Fatigue

Psychological
Problems

Biological restauration
implications and fatigue

Aerobic exercise

Reduces global inflammation and increases acute fatigue which in
turn improves rest necessities.

Daily and work activities limitation
and depression precursor.

Combining exercise:
aerobic and strength.

Moderate to high intensity exercise presented the best results
reducing cancer-related fatigue, due to improvement in muscle mass,
reduction of global inflammation and increase of cardiovascular
capacity.

Daily and work activities

limitation.

Group and guided

exercise.

Training with people in the same situation may reduce these side
effects.
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Side effects and exercise cautions. Although exercise might be really
effective in an integrative way, preventing or reducing different side effects
with the same intervention, some of these side effects may reduce exercise
adaptation, increase injury risk or produce exercise limitation. All these aspects
should be taken into account in order to preserve patients’ health and safety.
Based on different studies and reviews, the following are exercise adaptation
suggestions:

- In first place, a period of rest is recommended after surgery, with a
duration adapted to each specific situation before starting the exercise
training. In any case, the surgeon authorization is mandatory (Schmitz et
al.,, 2010).

- Patients with peripheral neuropathy or dizziness produced by treatments
or illnesses have a high risk of falling, and it would be better to perform
exercise indoors (Denlinger et al., 2014).

- Other patients suffer osteoporosis or bone metastasis, and, in this case, the
knowledge of where the metastases are and doing exercise in a safe
environment should be essential for patients (Sasso et al., 2015).

- Muscular or articular pain suggests that exercise intensity may be
reviewed, or activity may be adapted. This situation is usually present in
patients undergoing hormone treatment, after surgery or after mammary
reconstruction. Stretching and gentle movements are suggested as an
effective intervention (Guru, Manoor, & Supe, 2012).

- Sex hormone deprivation is related to poor muscle regeneration activity,
which increases the risk of injury. In this case, more time of rest between
activities and adapting the exercise intensity to patients’ necessities will
be the best option (Wiwanitkit & Wiwanitkit, 2013).

- Some patients present breathing capacity reduction due to both, illness
and treatments. In this case, exercise adaptation to patients’ physical level
and necessities are really important. In addition, a clinical history of
cardiomyopathy or other cardiac events should be studied before exercise
initiation and the patient should carry out a Cardiopulmonary Effort Test
under medical supervision (Schmitz et al., 2010).

Cancer biomarkers and exercise effects. Cancer microenvironment is a
complex cell state in which different molecules are related with the growth or
inhibition of cancer cells. These molecules are called cancer biomarkers,
defined as different type of molecules related to cancer diagnosis, prognosis
and survival. Some of these biomarkers have shown sensitivity to exercise
programs, which promote the global effect of exercise, especially insulin levels
(Fairey et al., 2003), inflammation levels (Fairey et al., 2005; Friedenreich et al,,
2012; Han et al., 2011; Heikkila, Ebrahim, & Lawlor, 2007), immune function
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(Fairey, Courneya, Field, Bell, Jones, & Mackey, 2005) and sex hormone levels
(Friedenreich et al., 2010; Kumar, Riccardi, Cantor, Dalton, & Allen, 2005). All of
them may be modified by the adequate exercise program, having an impact on
cancer patient’s survival (table 4).

TABLE 4
Exercise evidence in cancer biomarkers.

Cancer biomarkers Exercise evidence

Aerobic exercise with intensity changes produces better metabolic
adaptation in muscle cells and decreases IGF-1 levels and
increases IGFBP-3 levels.

Insulin Combined exercise (strength and aerobic) decreases serum
insulin levels.
Resistance exercise improves lean body mass and reduces body

fat mass.
Immune cell Aerobic exercise increases immune cell function by increasing NK
function cell cytotoxicity.
Inflammator . . . .
. y Aerobic exercise decreases C-reactive protein.
cytokines
Aerobic exercise decreases plasma estradiol and increases sex
Sex hormones

hormone-binding globulin (SHBG) levels.

Exercise-oncology: general considerations

Exercise-Oncology: an approach to exercise physiologist role.

Practical considerations before initiating an exercise intervention. For any
exercise intervention to be successful, one must select training forms which the
patients are motivated for. Yet, keeping this in mind, there are several aspects
which ought to be fitted into the preferred training. For instance, selecting
activities involving leg support of the body weight will promote bone
regeneration in order to prevent osteoporosis (Coleman, Body, Gralow, &
Lipton, 2008). Thus, if patients like cycling or swimming, it will be better that
they combine these activities with brisk walking, jogging, dancing or any
activity in which the weight is supported by the legs (Palombaro, Black,
Buchbinder, & Jette, 2013; Rietman et al., 2003). Another example stresses the
need to start with light movements to increase body muscle tone before
including Kkettlebells or extra weight. Such can be obtained with
articular/analytic movements, aerobics, or other dancing activities.

On the practical side, studies have shown that patients prefer exercise
counselling during their treatments. Exploring this preference, consultations
with trained exercise physiologists at a point during the cancer trajectory could
be a good option for promoting the beneficial effects of training (Jones &
Courneya, 2002). As some technical aspects have to be demonstrated, a
combined informative and practice exercise session would be an ideal option in
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order to obtain a behavioural change in patients after treatments (Short, James,
Stacey, & Plotnikoff, 2013).

Studies also show that group-based interventions are popular as these give
the patients an opportunity to meet training partners in the same situation,
helping them both to continue training and manage psychological implications
(Jones & Courneya, 2002) through interactions with other patients, possibly
experiencing similar problems. Such group-based exercise interventions have
indeed shown significant reductions in anxiety or depression symptoms,
improving the quality of life of patients (Mishra et al,, 2012).

Along the lines of group-based training, the physical setting of the training
also plays an important role. A supervised training intervention performed in a
hospital setting has proven most efficient in mediating physiological and
psychological improvements. Yet, these studies are costly and resource
consuming. Training sessions in gyms under the supervision of an exercise
specialist may be equally efficient. At the other end of the spectrum, home-
based training studies have showed that this training setting also improves
physical condition, but that it is harder to keep the motivation going in this
setting.

How much exercise is need. The time aspect might be a significant barrier
for some patients. The general recommendation of physical activity is 150 min
of exercise in 3 to 5 days of moderate-intensity or 70 min of high-intensity
exercise combining 2 days of resistance exercise and 3 days of aerobic exercise
(Schmitz et al,, 2010). But this can vary; for instance patients might work less
time in each session and then do more days because it helps to start gradually
and avoid a high tiredness after the first sessions (DiSipio, Rye, Newman, &
Hayes, 2013). The beginning has to be progressive in order to achieve an
adequate progression and adaptation to exercise.

Although it is the general recommendation for cancer survivors, it may be
interesting to note that they are the same recommendations issued to healthy
people, and it is important to take into account that cancer survivors do not
have the same physiological condition as people who have not been under
cancer treatments. In the first place, cancer survivors present a lower VO2peak
compared to sedentary people (Gil-Rey, Quevedo-Jerez, Maldonado-Martin, &
Herrero-Roman, 2014). In addition, some treatments as hormone therapy could
reduce metabolic activity which added to some specific side effects could
produce lower exercise tolerance and adaptation (Herrero, San Juan, Fleck,
Foster, & Lucia, 2007; Newton & Galvao, 2008).

However, in contrast to this, other studies focused on patients’ survival
include the reference time of 9 METS that correspond to 180 min of exercise
walking at 5 km/h (Chen et al, 2011; Holmes, Chen, Feskanich, Kroenke, &
Colditz, 2005; Irwin et al, 2011), which suggests that the same exercise
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indication to patients and healthy people may not be correct. However, little is

known about this respect and further research should be developed at this

point.

Exercise program adaptation to patients’ necessities. To design an exercise

intervention for cancer patients, our first objective is to know the patients’

necessities, their type of cancer, their cancer treatments, if the patient is under

treatment or if the treatment has been finished and, finally the patient’s fitness

level in order to personalize intensity intervention. Figure 1 shows this process.

1.

CLINICAL HISTORY: an exercise-oncology specialist should collect type of
cancer and patient cancer treatments, as well as other comorbidities that
may affect the exercise prescription. In this sense, the knowledge of the
treatment side effects is essential for an individual prescription.

PHYSICAL IMPAIRMENTS: objective limitations, as range of motion
limitation, or limitation referred by the patient will be collected to
individualize the exercise program and to know which program
adaptation should be considered.

BODY COMPOSITION: this test will be very important in order to know if
the patient is suffering cachexia, sarcopenia or other disbalance in body
composition. Obesity should be studied considering fat percentage better
than body mass index.

EXERCISE INTENSITY: exercise programs should be adapted to the
patients’ basal level. In this sense, patient information should be collected
to personalize exercise. In addition, intensity control by specific devices
will be useful not only for intensity control, but also to allow patients to
increase their knowledge about themselves.

Patients’ fitness level and other comorbidities are relevant in order to

personalize exercise programs. Specially if the patients show any cardiac

damage, in which case cardiologists are responsible of exercise evaluation
(Schmitz et al., 2010).
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History

FIGURE 1: Exercise-oncology process.

Exercise intensity adaptation. Exercise intensity monitoring should be
adapted depending on the type of exercise: cardiopulmonary exercise or
strength exercise. In addition, it also depends on the test used to evaluate
fitness level.

A cardiopulmonary exercise test is the gold standard to adapt resistance
exercise level to each patient. However, it is not always possible to perform, in
which case the Karvonen equation allows the prescription of exercise intensity
by heart rate reserve percentage and, at same time, the patient can control their
heart rate (Hansen, Stevens, Eijnde, & Dendale, 2012).

In case of resistance training with elastic bands, repetitions of the exercise
are the way to control the intensity. Once we start with strength machines, 1
Repetition Maximum (1RM) test could be performed to adapt the intensity
related to their maximum (Schmitz et al., 2010), always between 40 to 75% of
their 1RM (Travier et al.,, 2015).

In addition, subjective perception of effort might be useful for the intensity
control, completing the other objective methods: i.e., Borg scale is a very easy to
use tool to control the intensity based on the patient’s perception of effort
(Balady et al., 2000).

Exercise tests and devices used to control intensity are collected in table 5.
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TABLE 5
Tests and devices to the exercise intensity control.

Type of exercise Test Device to control

CPET (Cardiopulmonary % of VO2Zmax: Heart Rate
Exercise Test) Monitor

0, i .
SubMaximal Test 0% VO2max estimated: Heart Rate

Monitor
Cardiovascular
Exercise Heart Rate Reserve Method =~ %HRR: Heart Rate Monitor
Podometer
Speed
Mobile Phone Apps that use GPS
and assess speed
Subjective Perception Borg Scale
. % kg lifted in estimated 1RM
Estimated 1RM Weight moved in the machine
Strength Exercise 1RM* % kg lifted in 1RM. Weight moved

in the machine

Elastic bands
Endurance Strength

Autoweight exercise

*Repetition maximum.

Type of exercise

Exercise intervention may have different parts and types of exercise,
always combining endurance and strength exercises, starting with a warm-up
and always stretching at the end of the session. Different types of exercises are
described below:

Cardiopulmonary exercise. Aerobic training involves training of the cardio-
vascular system under aerobic conditions. The benefits of aerobic exercise are
related to improvements in the cardiac function (Kim, Kang, Smith, & Landers,
2006), with an increase of physical capacity (Courneya et al., 2003), a reduction
of weight gain (Demark-Wahnefried et al., 2008) and a good management of
fatigue and depression (Humpel & Iverson, 2007; McNeely et al, 2006) in
cancer patients. Training at a moderate-intensity facilitates such improvements
in cancer survivors (Irwin, 2009). Patients may start at between 41-64% of
VO2max in order to achieve health improvements, but taking into account that
cancer patients present lower fitness capacity than healthy population (Balady
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et al, 2000; Galanti, Stefani, & Gensini, 2013). Intensity should be increased
gradually to keep obtaining physical improvements. The best option is to
perform an interval training with periods of high intensity (e.g. 85% of heart
rate), followed by low intensity intervals.

It will improve strength, physical capacity and reduce insulin resistance of
muscles, being an effective way to avoid diabetes and to increase the metabolic
waste of patients. In addition, this kind of training has been demonstrated to be
a safe way to train in patients with cardiac damage or cancer patients, obtaining
better results than normal training (Arena, Myers, Forman, Lavie, & Guazzi,
2012; Gibala, Little, Macdonald, & Hawley, 2012; Jones et al.,, 2009; Kessler,
Sisson, & Short, 2012; Wisloff, Ellingsen, & Kemi, 2009).

Strength exercise. Strength training is essential to rebuild muscle mass and
reduce functional limitations, especially in those patients that present cachexia
(Hayes et al,, 2012; Sagen, Karesen, & Risberg, 2009), although all cancer
patients present reductions in muscle mass levels that should be reverted
through this type of training.

Primary exercise intervention should be prescribed by the rehabilitation
department attending to patients’ necessities. After the specialist
recommendations, the first objective should be to recovery muscle sensation
and muscle nerve activity, as well as to improve the range of movement and
activate the tissues that have been damaged by radiation and surgery. After two
to four weeks of this kind of training, training with elastic bands could be
initiated, always being careful with the body positions. Following international
recommendations, it could be ideal to exercise a global routine of strength
training carried out a couple of days per week. Between 10 to 15 repetition of
each exercise in 2 sets is enough in order to maintain muscle tone with this
method (Balady et al., 2000). The best way is to start with more repetitions and
less resistance and, gradually, increase the resistance while the repetitions are
reduced. With this exercise, global strength and neurological muscle aspects are
improved. Muscle mass will not increase as much when muscle adaptations
become apparent after some months of training with elastic bands. The next
step in strength training will be the use of strength machines. If these kinds of
machines are used, 40 to 75% of 1 RM is the ratio recommended to work, at
least at the beginning (Travier et al.,, 2015).

However, some patients, especially those with risk of lymphedema, may
not be sure to perform this type of exercise. Yet, several studies show that
strength training does not induce lymphedema if training starts progressively,
using, at least, the first month of the exercise program to develop upper-limb
and leg mobility (Hayes et al., 2012; Schmitz, Ahmed, & Yee, 2002; Schmitz et al.,
2010). In addition, it has been observed that strength training does not worsen
lymphedema symptoms, if they exist (Cormie et al., 2013).
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Not enough evidence about strength intervention routine has been found in
the survivors’ guidelines, so it is important to note that this type of intervention
should be adapted as much as possible to the patients’ necessities. It is
important that a specialist controls the main aspects of these interventions: the
posture, to start with low loads or, if it possible, to make a test to know the
initial level of strength to prescribe a personal strength training. It is important
to remind them that exercise never has to produce pain.

Stretching. At the end of a training, introduce a whole body stretching
routine, in order to relax muscle and mind, and improve muscle flexibility and
the joint range of motion (Balady et al., 2000). The most efficient relaxation of
muscle mass is by maintaining each stretch between 20 to 30 s in a passive way.

Stretching should be focused on the surgery area, in order to achieve
improvements in joint and body mobility and to reduce muscle adherences.
This stretching is really important in breast cancer patients due to the surgery
area. Arm-shoulder stretching has been proved to be an effective intervention
to recover physical functioning and mobility (Pfeiler et al., 2013).

In any case, stretching should be focused on the main muscles used during
the session, but, in cancer survivors, it is equally important to also stretch the
muscles that are affected by the surgery, the upper or lower limbs close to the
affected area in order to prevent joint dysfunctions (Kim do, Sim, Jeong, & Kim,
2010).

For all patients stretching will relax the body and improve movement,
reducing damaged tissue stiffness.

Lymphedema exercise. It is important to note that lymphedema has to be
treated by a specialist. However, there are tips that could be considered during
this process:

1. Insist that patients go as soon as possible to a specialist if they note warm,
sore muscles, redness or pain in their limbs.

2. The patients should receive exercises to do at home. The effect will be
greater if they repeat the exercise every day.

3. To start, gentle range of motion exercises to warm up the area are
indicated, including, at least, waist, shoulder, elbow, wrist and neck in
upper-limb lymphedema; and ankle, knee and waist if the lymphedema is
in the lower-limb. It is better to include whole joints in order to get a
global feeling of relaxation.

4. It is recommended to stretch the whole body every day, including specific
stretching of muscles and limbs affected by the surgery, especially at the
end of the exercise session.

The patients have to be invited to ask their care provider for the specific
strength exercise to improve their posture, reduce lymphedema and recover
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nerve function (Cormie et al, 2013), and not to forget to highlight to use a
compression garment, following the specialist suggestions.

CONCLUSIONS

Exercise-oncology is a growing area, not only because of the scientific
evidence of its effectiveness in preventing or reducing different side effects, but
also because of the patient’s interest in increasing their quality of life. In this
sense, to achieve a correct establishment of this area, and to ensure patients’
safety and the efficacy of exercise programs, some aspects should be taken into
consideration:

- The exercise physiologist that will plan the exercise programs and
exercises with the patients requires specific qualification.

- Provide exercise-oncology knowledge to the oncologist and other
specialist clinicians in two different senses: a) to understand the
physiological mechanisms underlying the exercise planning and b) to
provide effective exercise suggestions to the patients.

- Work together and in consonance between the different professionals
implicated in the patient progress, including: physiotherapists, exercise
physiologists, nutritionists, oncologists, cardiologists and other care
providers.

- Continue researching and publishing new data related to exercise-
oncology.

- Look for new areas of research to improve the knowledge in different
points not covered yet.

At this moment, a new window of opportunity to physical activity
specialists or exercise physiologists is opening, which will be a great challenge,
in order to adapt the usual care to new cancer patients’ necessities. This must
include a new kind of professionals to improve cancer patients’ treatments,
survival and quality of life.
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