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Abstract

Health professionals predict that the number of people who will suffer and die
from oncological diseases will continue to increase. It is vitally important to
provide comprehensive care to these patients and prescribe physical exercise
programs as adjuvant therapy. The objective of this systematic review was to
determine the impact of physical exercise on advanced-stage cancer patients. A
literature search was performed in eight different databases. This search focused
on randomized controlled trials (RCTs) published during the last 10years. To as-
sess the methodological quality of the sample of 15 RCTs finally obtained, the
PEDro scale was used. Aerobic and strength training methods were used. The
combination of both aerobic and strength training methods was the most fre-
quently reported. Likewise, different physical and psychological variables were
recorded, from which improvements were seen in fatigue, independence, quality
of life and sleep, among others. The participation in physical exercise programs
by advanced-stage cancer patients has a positive impact on health. Providing
these programs serves as adjuvant therapy, facilitating the comprehensive care
of patients. Similarly, aerobic, strength or mixed training programs increase the
muscle mass of patients and therefore reduce hypotonia, the main side effect dur-
ing the advanced-stages of cancer.
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1 | INTRODUCTION

Cancer is the main cause of noncommunicable disease
mortality."* Regarding etiology, the factors that trigger it
can be social determinants, genetic factors, environmental
exposures, chronic infections, and lifestyle.3’7

Because life expectancy has increased® and cancer may
be derived from the failure or deterioration of a person's
body, it would be reasonable to expect that the number of
people suffering from this disease is increasing. Therefore,
risk factors, prevention and early diagnosis of diseases
that cause cancer have become objectives of the scientific
community.’ Studies have identified factors that can re-
duce the risk of developing cancer and provided guidance
regarding improving modifiable risk factors, including
sedentary lifestyle, smoking, alcoholism or an inadequate
diet, among others. For these modifiable risk factors, it has
been proven that physical exercise acts as a protective fac-
tor and reduces the chances of developing cancer.’

According to the Spanish Society of Medical Oncology
(Sociedad Espafiola de Oncologia Médica, SEOM), world-
wide, in 2018, more than 18 million people suffered from
cancer, with an estimated 30 million people projected by
2040.'° Regarding mortality in Spain, cancer currently
causes more than 27% of total deaths, being the lead-
ing cause of death in men and the second in women."!
Similarly, according to organizations and professionals in
the sector, that percentage is estimated to increase to 71%
or higher by 2040.'° As a result, this increase would mean
an increase from approximately 9 million deaths world-
wide in 2018 to more than 16 million in 2040.*%!!

When estimating the economic impact that cancer has
on the Spanish National Health System (Sistema Nacional
de Salud Esparfiol, SNSE), it currently represents more
than 0.66% of the gross domestic product (GDP), that is,
more than 7000 million euros per year."' Therefore, one
of the most efficient ways to reduce health spending, fol-
lowing the recommendations of the literature, would be
to include physical exercise programs within health pol-
icies.'*!® Thus, efforts should be directed toward preven-
tion to delay the age of onset of cancer as well as to reduce
modifiable risk factors, guaranteeing a higher quality of
life for the population."*** In fact, in addition to directly
affecting the health of the population, it has been shown
that each euro invested in promoting and participating
in physical exercise represents a savings of fifty euros in
health; such an investment would achieve economic sav-
ings goals as well as unburden the SNSE."?

The classification of cancer diagnoses ranges from
stage 0 (asymptomatic) to stage IV (terminal, with con-
tinuous progressive deterioration).*'® The American
Cancer Society classifies patients who have stage III and
IVin an advanced-stage, understanding them as terminal/
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metastatic and with a worse prognosis.'” In the case of
stage III, the tumor has already spread to other lymph
nodes far from the original location of the tumor and has
even invaded other tissues near the tumor.'” On the other
hand, in stage IV, there has already been a metastasis of
the tumor to other organs of the body.'’This detriment
and wear on the health and physical qualities of cancer
patients manifest as increased fatigue, muscle atrophy,
loss of physical condition, paresthesias, weakness, and de-
terioration of quality of life, among others.'* All these neg-
ative effects deteriorate the quality of life of patients, even
more so in those who are in an advanced-stage; however,
the deterioration can be avoided with physical exercise.'*

The main therapeutic approaches for treating patients
in stage III or IV cancer involve, to a large extent, phar-
macology, surgery, chemotherapy, radiotherapy or radio-
iodine therapy, with no other auxiliary therapy.'®*° These
conventional therapies, in turn, have been shown to sig-
nificantly decrease quality of life, in addition to causing
other side effects, such as fatigue, weight loss, diarrhea,
hypertension (HT), and alopecia."®*! Of these secondary
factors, weight loss is one of the most widespread.zz’23
This side effect leads to a decrease in patient muscle
mass, which is associated with a loss in independence
and autonomy, thus affecting quality of life.*>** Similarly,
it is important to emphasize that physical exercise, in a
healthy population, increases muscle mass, decreases fat,
improves physical appearance, increases vitality, has re-
laxing effects and facilitates socialization, factors that re-
affirm the need for physical exercise as adjuvant therapy.**

It should be noted that physical exercise is defined as
the regular, planned, structured, and repeated practice of
physical activity, with the aim of improving the physical
condition of the subject, in which parameters of inten-
sity, volume, frequency, and types of sports disciplines
are taken into account.”>** Nowadays in patients who
have cancer, physical exercise has been implemented as
an auxiliary therapy in early or asymptomatic stages.27 In
contrast, there is no such demand or use of physical exer-
cise as adjuvant therapy for people with advanced-stage
cancer. However, recent studies have shown how the use
of physical exercise, as an adjuvant therapy, has benefits
for people with advanced-stage cancer or metastasis.?’
These benefits are evidenced as lower stress, anxiety, and
depression as well as improvements in pain, fatigue, respi-
ratory distress, constipation, and insomnia in addition to
ensuring patient safety during interventions, but still no
physical exercise guidelines have been indicated to obtain
benefits such as type of training, volume, frequency, and
intensity..13’28"32

Considering the deterioration produced by cancer
together with the side effects caused by pharmacolog-
ical treatments, the main objectives of this review are
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to determine the impact that physical exercise has on
advanced-stage cancer patients and to identify the phys-
iological benefits of physical exercise in advanced-stage
cancer patients and quantify the level of physical exercise
suitable for patients in advanced-stages of disease.

2 | METHODOLOGY

This is a systematic review that was conducted based on
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).* In addition, this systematic
review was registered and published in Prospero with the
ID: CRD42021268636.

2.1 | Search strategy

A comprehensive electronic search was conducted from
November 30th, 2020 to January 31th, 2021 in the follow-
ing databases: Cochrane; CSIC; EBSCOhost; ProQuest;
PubMed; SciELO; Scopus and Web of Science.

The search strings used different health sciences de-
scriptors (DeCS) and medical subject headings (MeSH),
together with the following Boolean operators: “AND”
and “OR”.

Table 1 shows the PICO criterion. Similarly, each PICO
criterion is related to the search string, following the refer-
ence words used for each of them.

2.2 | Study selection
After eliminating duplicate articles, two reviewers (SRC
and JALA) independently and blinded to one another as-
sessed the titles and abstracts. Afterward, the reviewers
evaluated the full text of selected articles. If any discrep-
ancy arose between the 2 independent reviewers, a third
reviewer (JMCT) was consulted.

The inclusion criteria were as follows: (I) articles and/
or studies published in the last 10years, from 2011 to 2021;
(IT) patients who had advanced cancer (stages IIIA or B
and IV) at the time of the intervention, without distinction

Criteria (PICO) Keywords

Patient (P)
of life OR Palliative care)
Intervention (I)

Comparison (C)
Aerobic Group OR Strength Group

Outcome (O) Improvement in physical condition

of gender, sex or age; (III) studies that specified the inter-
vention and/or physical exercise program as an adjuvant
therapy to the main therapy; (IV) randomized controlled
trials (RCTs) and nonrandomized clinical trials; and (V)
articles written in English or Spanish.

The exclusion criteria were the following: (I) studies
with samples composed of people with cancer in a non-
advanced-stage or who have overcome the disease; (II)
articles outside the established publication period; (IIT)
studies that did not specify the type of intervention or
did not quantify the physical exercise performed; (IV)
studies that used programs that were not prescribed and
controlled by a professional; (V) studies that were not per-
formed in humans; and (VI) studies with a score lower
than 8/10 on the PEDro scale, because with this score is
when studies are considered, methodologically, as a very
good or excellent quality.**

2.3 | Evaluation of the quality and
evidence of the studies

To maximize the quality of this study and following the
standards set for systematic reviews, we evaluated the
quality and internal validity of the different studies cho-
sen. To this end, a critical analysis of the studies (all were
RCTs and nonrandomized clinical trials) was performed
using the PEDro scale. This scale comprises 11 items,
among which the mode of determining sample eligibil-
ity, the blinding of the sample or researchers, the random
distribution of the sample, and the dropout rate are evalu-
ated.> For the evaluation of the quality of the RCTs, the
literature establishes a grade below 4 as poor, between
4 and 5 as fair, between 6 and 8 as good and above 9 as
excellent.*

To ensure the highest quality for this review, the
GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) and SIGN (Scottish
Intercollegiate Guidelines Network) systems were applied
to analyze the methodological quality and design of each
study. Based on the GRADE system, all the RCTs were
considered of the highest quality because they had a high
level of evidence. Based on the SIGN system, the studies

TABLE 1 PICO criteria

(Advanced cancer OR Metastasis OR Terminal illness) AND (End

Physical Activity OR Exercise OR Physical exercise

Control Group OR Intervention Group (Physical exercise)
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used in this review were RCTs or nonrandomized clinical
trials with a high level of evidence (+); studies with strong
evidence present a low risk of bias.

2.4 | Data synthesis and analysis

The effect size of each study was calculated as the stand-
ardized mean difference (SMD) in fatigue (Figure 1). The
effect size of the parameters from pre- to post-intervention
between groups (exercise intervention vs. control)® in
each study were calculated and pooled using the random-
effects model (DerSimonian-Laird approach), assuming a
correlation coefficient of 0.5.

Finally, the effect sizes of all studies included were
combined to estimate an overall summary effect size,
with a 95% confidence interval (CI) and a random-effects
model.

Study heterogeneity was assessed using the 12 statistic,
and the following values were used for interpretation: 0%
to 40% might not be important, 30% to 60% moderate het-
erogeneity, 50% to 90% substantial heterogeneity and 75%
to 100% considerable heterogeneity; the corresponding p-
values were also taken into account.*
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To analyze the influence of each study on the overall
ES, a sensitivity analysis was conducted. For this, each
study was deleted from the model, and the pooled analysis
recalculated.

To test publication bias the visual inspection of funnel
plot and the Egger test were used.”’ Significance was set
at 0.05.

Statistical analyses were performed using STATA®
SE software, version 16 (StataCorp, College Station, TX,
USA).

3 | RESULTS

From the 8 databases used for this systematic review, a
total of 571 results were obtained. Following the criteria
established for the search, a total of 556 studies were elim-
inated from the sample.

Following the PRISMA selection criteria (Figure 2), the
final sample for the development of this systematic review
consisted of 15 randomized and nonrandomized clinical
trials.

The 15 studies included in the final sample met the
proposed inclusion criteria. All the included studies were

Study

Schink et al. 2018

Schuler et al. 2017 *

Tsianakas et al. 2017

Henke et al. 2014 v

Cormie et al. 2013

Hwang et al. 2012

Oldervoll et al. 2011

Overall (I-squared = 19.9%, p = 0.278)

%
SMD (95% Cl) Weight
-0.51 (-0.90, -0.12) 21.60
-0.20 (-0.77, 0.38) 12.00
0.23 (-0.38, 0.83) 10.93
0.09 (-0.67, 0.84) 7.53
0.29 (-0.59, 1.17) 5.63
0.26 (-0.54, 1.07) 6.62
-0.25 (-0.51, 0.01) 35.69
-0.16 (-0.38, 0.06) 100.00

FIGURE 1 Meta-analysis for the fatigue variable
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-g Cochrane: 134
'{_‘} CSIC: 0
b5 Ebscohost: 1
5 Records identified through database Proquest: 65
ej searching Pubmed: 157
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) Scopus: 9
WebOfScience: 202
N
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4 Deleted records by title and Deleted records after duplicates
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S N
]
—/
/ Full-text papers excluded: \
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—

classified as patients with
stage | or Il cancer or
other pathologies (n = 3)
Score less than 8/10
PEDro scale (n = 11)
Other types of therapies
and not physical exercise
(n=14)

(n=15)

written in English or Spanish in the last 10years, present-
ing a randomized or nonrandomized clinical trial design
in which all physical exercise interventions were specified
and all included patients had advanced-stage of cancer at
the time of the intervention.

The descriptive characteristics of the sample reflect a
total of 1072 patients, of whom 60% were women and 40%
were men. The cancers most commonly addressed in the
different interventions were heterogeneous tumors (50%),
breast cancer (22%), lung cancer (18%), colorectal cancer
(6%) and prostate or gastrointestinal cancer (2%). Notably,
this sample was distributed across different countries,
such as Germany, the United States, Australia, Taiwan,
Great Britain, Norway, and Poland.

The final sample was obtained following the crite-
ria of physical exercise as an adjuvant therapy to the
main therapy in the different interventions. This ther-
apy of prescribed and scheduled physical exercise, such
as aerobic and strength training, stands out for its re-
quirements for proper supervision by physical exercise/

/

FIGURE 2

PRISMA flow diagram

rehabilitation specialists as well as by a multidisci-

plinary team.

Table 2 provides the most important data of the se-

lected studies.

31 |

training programs.

Interventions with aerobic

Regarding the execution of aerobic training programs, 13
of the 15 studies selected used this methodology. The dura-
tion of the training sessions varied from 30 to 150 min per
session, with 60 min being the standard duration most used
by the researchers.”*** These training sessions were struc-
tured in three parts: initial warm-up, with an average dura-
tion of 5-10min, main phase/training, with a duration of
45 min, and a cool down, with a duration of 5min of stretch-
ing exercises.*’ Similarly, mechanical instruments, such as
a cycle ergometer,***** and training disciplines, such as
Nordic walking,*®** were widely used by researchers for
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muscle mass, reducing fatigue and dyspnea, and improv-
ing the quality of life, sleep and autonomy of patients,
among others benefits.*****7*’ The prescription of phys-
ical exercise as an adjuvant is made even more necessary
by the increase in the number of people who suffer or will
suffer from oncological diseases.'®!!

Strength and aerobic training are the methods
mainly chosen by researchers, as shown by related re-
search.'*?*°%> Regarding the great heterogeneity of
cancers among the population under study as well as
their different symptoms, it cannot be concluded that
aerobic training is more beneficial than strength train-
ing, or vice versa, because both confer benefits to pa-
tients.*”*® What can be determined is that these training
modalities are increasingly used as adjuvant therapies
and that disciplines such as yoga and electrostimulation
training are being used as variants of physical exercise
for patients.*”**

Among the different interventions, the training ses-
sions were designed and customized by a multidisciplinary
team composed of doctors, psychologists, physiothera-
pists, and trainers.**>375° However, one of the roles that
is least involved or that is not reflected within this team is
the role of nurses. Within a health team, nurses provide
the most frequent patient care; however, few studies noted
their participation in the interventions.***® In addition,
just as a coach or trainer is present at the time of physical
exercise, a nurse should be in situ to care for patients who
experience discomfort or unwanted effects during training
sessions.”” Notably, the literature indicates that nursing
should play a major role in education and support, both
for the patient and for family members and caregivers.”’
In the cases in which nurses do intervene, they mainly
serve as case nurses or specialists, playing key roles in de-
termining patient eligibility in clinical trials.*>*"*®

Regarding the quantification of the training recom-
mended for this type of population, both modalities (aero-
bic and strength) established an average of between 60 and
90 minutes per training session, divided into a warm-up,
training/main part, and cool down.***>* The intensity of
the sessions chosen by the research teams was moderate-
vigorous** following criteria outlined by the literature,
always having to be supervised by health and physical ex-
ercise professionals.?*%4!

In relation to aerobic training, mechanical elements,
such as cycle ergometers, are introduced with the aim of
reducing the impact or possible harmful effects on health;
poles for Nordic walking were provided in the studies by
Jastrzebski et al.* and Cormie et al..°” For clinical trials
that establish aerobic training as an adjuvant therapy, the
main findings include a reduction in dyspnea and fatigue
and improvements in the autonomy, physical condition,
and quality of life of patients, among others benefits.

Therefore, the benefits of aerobic physical exercise in
advanced-stage cancer patients corroborate the results al-
ready presented by other studies.'***¢*%! Interestingly, 4
of the 13 studies related to this type of training did not
report significant differences for fatigue, a finding that, to
a large extent, is due to the heterogeneity of the cancers
presented by the sample and the nonpersonalization of
training by type of cancer; however, some studies do re-
port a positive trend for this variable,*!284>62

Regarding strength training, the principles of hyper-
trophy are introduced with loads approximately 70% of
the 1RM, with 2-3 sets and 8-15 repetitions in each set;
this training method is the most used in the literature for
muscle mass gain.>**% The implementation of this hyper-
trophy training method facilitates physical benefits for the
patient, for example, mitigating hypotonia or muscle weak-
ness.”>*® Furthermore, high-volume and high-intensity
hypertrophy training programs can improve the quantity
and quality of muscle tissue and increase strength.®® Thus,
significant increases in strength gain and/or muscle mass
were observed in the oncological/metastatic patients in the
different selected clinical trials.***>* In 3 of the 9 RCTs
related to strength training, no significant improvements
related to quality of life or a reduction in fatigue were
obtained,****47 confirming that 66% of the interventions
did report benefits to patients with advanced-stage can-
cer, as already evidenced in other studies related to this
topic.””*#1646% This statement reinforces what has already
been seen in aerobic physical exercise trials, i.e., the need
to personalize training by type of cancer to maximize the
benefits for patients with advanced-stage cancer.

The personalization and supervision of training by
health professionals and trainers was always neces-
sary. ' This supervision was associated with achiev-
ing the benefits of the training programs, the adherence
and satisfaction of the participants, and the avoidance of
unwanted effects.

4.1 | Limitations and strengths

Regarding the limitations that occurred in the prepara-
tion and analysis of the results, it is worth noting the small
sample of RCTs in the literature. The vast majority of stud-
ies on this topic in the literature are quasi-experimental in
nature; therefore, more RCTs on this topic should be con-
ducted. Another limitation reflected in the RCTs analyzed
is that there was great heterogeneity of cancers, making it
difficult to personalize training for each participant.

This systematic review is current because it presents
the knowledge and results of RCTs published in the last
10years. Notably, although the types of cancers are very
different, the training models have always followed the
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same pattern, as well as their study variables. Finally, the
strengths of this study are that it is representative of pa-
tients with advanced-stage disease and that the results
analyzed were obtained from several different countries.

5 | CONCLUSIONS

Aerobic, strength or combined training that is well-
designed, guided, and supervised has a positive impact on
advanced-stage cancer patients. Participation in these aero-
bic/strength training programs lead to an increase in muscle
mass and improve the fatigue/dyspnea, quality of life and
autonomy of patients, as well as their quality and quantity
of sleep. The training prescription with the reported great-
est benefits was aerobic/strength training sessions, lasting
60-90 min, with a medium-vigorous intensity (walk test, re-
sistance circuits and hypertrophy), structured as a warm-up,
training, and cool down. More RCTs are needed in which
training prescriptions are personalized by the type of cancer
and in which there are a greater number of participants.
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