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ABSTRACT

Colorectal cancer has become a major health risk worldwide. It has been shown that increasing physical activity
in patients with this pathology can improve their condition and help in their treatment. This research sought to
determine what types of exercises and what effects they have in the treatment of colorectal cancer. For this, a
systematic review was carried out in accordance with the PRISMA guidelines. 14 randomized controlled trials
from PubMed and Web of Science between 2018 and 2023 were included that met the inclusion and exclusion
criteria. In all RCTs analyzed, it was determined that aerobic physical exercise performed 3-5 times a week with
moderate to vigorous intensity for at least 30 minutes showed beneficial effects in CRC by improving quality of
life, survival, and reducing anxiety and depression. Evidence shows that regular exercise can reduce the risk of
CRC by improving predisposing factors such as overweight and inflammation, optimizing the function of the
immune system. In addition, it can be a complementary treatment including aerobic activity combined with
strength. More studies are needed to standardize dosing recommendations and the specific effects of exercise in
the treatment of CRC.
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1. INTRODUCTION

Colorectal cancer (CRC) is one of the pathologies that have been increasing in prevalence worldwide in recent
years, being the third most diagnosed type of cancer [1]. In 2020, around 2 million people presented CRC, and
its incidence among young people has also increased [1]. Regarding the 5-year survival rate of this pathology, it
is 65%; however, it varies in relation to the stage of the cancer and other health factors [1].

The main causes of this type of cancer are genetic mutations that can be hereditary or acquired. Examples of the
first case are familial adenomatous polyposis, Peutz-Jeghers or Lynch syndrome syndrome, while acquired
genetic mutations are those that the person could develop during the course of his life [2] and are related to
some risk factors such as being overweight or obese, physical inactivity, and the consumption of certain types of
food, alcohol, or tobacco [3].

These acquired mutations are responsible for most CRC cases in the world [2]. Therefore, the suppression of the
associated risk factors would be one of the best strategies to counteract the development of this pathology in the
population. In this context, a sedentary lifestyle has been linked with colorectal cancer increased risk [4]. Also,
it has been estimated that physical inactivity may contribute to 8% of the cases of this type of cancer worldwide
[4].

According to the World Health Organization (WHO) [5], physical activity (PA) is any body movement that
results from skeletal muscle contraction and significantly increases the body's energy use compared to the rest.
This term applies to all the movements that the person performs [6]. On the other hand, a sedentary lifestyle is
considered a continuous lack of exercise, which increases the risk of suffering up to 35 serious chronic diseases
such as obesity, diabetes, hypertension, and other cardiovascular diseases. A direct relationship has even been
shown between cardiovascular mortality and physical inactivity [7].

Around 1.4 billion adults in the world (1 in 3 women and 1 in 4 men) do not comply physical activity
recommendations necessary to maintain health, according to the WHO [5]. In addition, levels of physical
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activity have not improved since 2001, negatively impacting the health system, economy, environment, quality
of life, and community well-being in all countries. Inactivity rates are twice as high in high-income countries as
in low-income countries [5].

Physical inactivity can increase the risk of CRC for several reasons; for example, it can increase intestinal transit
time, which increases the exposure of the colonic lining to carcinogens and toxic substances [4]. On the other
hand, physical activity can help prevent overweight, obesity and reduce inflammation that contributes to the
development of this cancer. It can also improve immune function, preventing the growth and spread of cancer
cells [4, 8]. Therefore, people who have a sedentary lifestyle are recommended to increase their physical activity
and avoid a sedentary lifestyle to reduce their risk of developing this pathology [9]. Current physical activity
guidelines recommend at least 150 minutes of moderate physical activity or 75 minutes of vigorous physical
activity per week for adults [9].

Similarly, regular exercise combined with other medical treatments can be an important component of colorectal
cancer treatment, as it can improve quality of life and reduce associated symptoms such as depression, fatigue,
and anxiety [10]. It can also help maintain muscle strength, mobility, and flexibility, which may be particularly
important during and after treatment for this pathology [10].

At the metabolic level, some pathways have also been determined, such as how exercise can benefit cancer
patients; one way is the production of cysteine-rich acid protein (SPARC), which blocks the initiation and
progression of colorectal tumors in humans [11]. Another pathway is the activation of sirtuins, which are
cellular proteins involved in gene expression and cellular metabolism [11]. Specifically, the activation of certain
3 (SIRT3) by exercise, depending on the intensity of the exercise, has shown the potential therapeutic value in
different types of cancer [11].

It has been observed that this protein can suppress the metabolism of cancer cells by increasing mitochondrial
oxidative function, as well as the expression of PGC-1a and the enzymatic activity of isocitrate dehydrogenase 2
(IDH2) and succinate dehydrogenase (SDH), increasing the systems endogenous defense mechanisms that
control the levels of free radicals [11]. Furthermore, SIRT3 can promote apoptosis by increasing the activity of
the p53 protein [11].

Finally, there are several risk factors for developing CRC; however, it has been shown that one of the most
common is a sedentary lifestyle and physical inactivity. Therefore, in the present study the objective was to
determine, according to the existing updated evidence, the benefits of exercise in terms of the prevention and/or
treatment of CRC. This is important since an exercise plan in these patients can be a strategy to reduce the
incidence and mortality of this pathology, which has been increasing in recent years, especially in young people.
Likewise, since physical inactivity is a modifiable risk factor, it is imperative to know what the impact of its
improvement would be by promoting activity in patients. While it is true, some publications have been made on
this topic, however, this study seeks to update knowledge with recent research results, therefore, it will help fill
the knowledge gap in this area.

2. MATERIALS AND METHODS

2.1. Protocol

It was carried out a systematic review in accordance with PRISMA guidelines [12]. It was registered in the
International Prospective Register for Systematic Reviews (PROSPERO) under the ID: CRD42023424991.

2.2. Search strategy

Two search chains were developed for PubMed and Web of Science databases, they were adapted with MeSH
terms (Appendix A). The review was limited to those articles published in the last 5 years to specifically
consider the most up-to-date information on the topic. The last search was carried out in January 2024.

A total of 85 manuscripts in PubMed and 387 in Web of Sciencewere found to be possibly included in the
present review.

2.3. Inclusion and exclusion criteria

Characteristics of the PICO format (population, intervention, comparison and outcome) were determined to
prepare the inclusion and exclusion criteria. P: Research on colon, rectal or colorectal cancer patients, survivors
and those healthy individuals at risk of developing it, I: who performed some type of exercise during the study
were considered, C: with control group for comparison. O: In addition, studies that presented results related to
the beneficial effects of exercise in the prevention or treatment of CRC were included. The same way, articles
published between 2018 and 2023, manuscripts in Spanish, French or English and randomized controlled trials
(RCTs) were included.

Observational studies, systematic reviews, meta-analyses, short communications, letters to the editor and other
types of studies such as exploratory studies, reviews, plans, cell cultures, ancillary studies or non-randomized
clinical trials and animal studies were excluded.
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2.4. Methods to avoid risk of bias

Determination of risk of bias was made based on the Cochrane Handbook for Systematic Reviews of
Interventions tool Version 1.0 [13], it was used to assess the risk of bias of each study included.

The certainty or quality of the evidence was also determined using the Grading, Development and Evaluation of
Recommendations (GRADE) approach [14]. This tool helps establish the degree of confidence provided by the
results of the article to be able to use them as a recommendation. It presents four levels of evaluation that are
high, moderate, low and very low [14]. Likewise, the GRADE methodology reviews a series of domains to
determine the level of evidence, those that increase it are large magnitude of the effect, dose response gradient
and effect of potential confounding factors; those that reduce the level are risk of bias, inconsistency, indirect
evidence, imprecision and publication bias [14].

2.5. Data extraction method

Regarding the process of collecting and selecting studies, it was carried out in duplicate by the 2 researchers.
Each one applied the search strings in the databases and reviewed the articles to determine the most favorable
ones. Selected studies were then compared and duplicates were removed.

A total of 472 investigations were found. After excluding duplicates and those that did not meet the inclusion
criteria, 14 eligible articles were included (Figure 1). The specific detail information of each study (author,
number of participants, year of publication, intervention, evaluation instruments and conclusions) is shown in
Table 2. It is worth mentioning that data extraction was performed and reviewed by both authors, as well as the
risk of bias and GRADE level of evidence.

Articles identified in PubMed Articles identified in Web od
(n=83) science (n = 387)

l l

Articles after removing duplicates (n =240)

Detection

Articles excluded for being:
Animal studies (n=2)
Protocols (n=19)

Screening

Screened articles (1 = 88) — | Meta-analysis (n=3)
Systematic reviews (n=3)
Do not answer the research
l question (n=123)

= Full text articles evaluated for

% eligibility (n=14) | Full text articles excluded by:

o= Pilot study: (n=26)

u% Does not correspond to a
randomized clinical trial: (n =
48)

=

3 . . .

g Articles included in the

'E qualitative synthesis (n=14)

Figure 1. Article selection diagram
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Table 1. Main characteristics of the studies included in the systematic review.

Author / .
Number of | Intervention L .
year of . - Evaluation instruments Conclusions
. participants Prevention/treatment
publication
Colorectal and
rostate cancer Treatment
pro: OncoActive:  Personalized
patients and . L .
SUIVIVOTs physical activity advice at
' baseline, after 2 and 3 | Self-report: PA . -
. T OncoActive participants
. months, both online and by | monitoring by | = )
OncoActive . . X . significantly  increased
) . .| mail. Recommendations | questionnaire (SQUASH) . )
.. intervention  group: - their ~ PA.  Physical
Golsteijn based on behavior change | and accelerometers - .
Prostate and . - . functioning, depression
etal., 2018 theories promoting pre- | (ActiGraph GT3X-BT). !
colorectal cancer . I e and fatigue also
[15] - . motivational, motivational, | CIS: fatigue. - : .
patients/survivors (n - ) . improved. Patients with
C and post-motivational | HADS: anguish.
= 249). . . CRC and women
constructs. Use of | Quality of life .
X . . obtained the best results.
. | pedometer. Patients had | questionnaire C30.
Control group: - .
. access to interactive content
Patients on the usual : -
L _ | on the website (videos,
care waiting list (n = instructions)
229). '
Treatment
The routine care group
received general care for
CRF, face-to-face health
education  about CRF,
Patients with CRC explanations about
assessment methods, related
and CRF were treated . .
with chemotherapy symptoms, influencing Baduanjin exercise
' factors, and CRF | BFI at 24  weeks. | . :
. . improves CRF, physical
Lu etal, Baduanjin  exercise Intervention measures. activity level and slee
2019 [16] i y _ In the Baduanjin group, was | KPS and PSQI. Iy ICEP
group: (n = 45). . . quality in CRC patients
carried out a routine CRF receiving chemothera
. . | care too. Through WeChat, 9 py.
Routine care group: . .
(n = 45) patients were motivated to
' watch videos of how to
practice  the  exercises.
Patients performed Ba-
duanjin at least 5 sessions
per week and 20-40 min per
session.
Treatment
Training supervised by a
trained kinesiologist 1 time
per week for 4 weeks: 30 | The Comprehensive
minutes of moderate aerobic | Complication Index
. exercise on a recumbent | measured 30 days after
Patients who . .
climber, 25 min of | surgery. General and S
underwent colorectal . . . ; I The prehabilitation
: resistance exercises with | serious complications -
cancer resection. . . - program that included
elastic band and 5 min of | after 30 days. Primary and - .
. . . . exercise, nutritional and
Carli etal, A . | stretching. Personalized | total length of hospital -
Prehabilitation group: . s psychological
2020 [17] _ program of aerobic activities | stay, emergency | . ] .
(n =55). . . - interventions  did
at home (walking daily for | department visits, 30-day . -
. . o modify postoperative
e .1 30 min at moderate | hospital readmissions, .
Rehabilitation group: | : . q - f ki complications.
(n = 55) mtgzn_snty) and resistance | recovery 0 walking
' training (elastic band routine | ability, —and  patient-
3 times/week). reported outcome
Rehabilitation group, same | measures.
program, but 4 weeks after
discharge.
Additionally, nutritional and
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psychological intervention

Northgraves
etal., 2020
[18]

Elective colorectal
surgery patients.

Prehabilitation group:
(n=11).

Rehabilitation group:
(n=11).

Treatment

3 individualized 60-minute
exercise sessions per week
with a certified instructor.
Aerobic and  resistance
training.

Standard care participants
maintain  their  normal
exercise levels. Both groups
fulfill diaries of physical
activity.

Viability.  Impact on
length of postoperative
hospital stay and
complications.
Preoperative physical
functioning (TUG,
FTSTS, SCT, HGD and
6MWT) and quality of life
(Hospital Anxiety and
Depression  Scale and
EORTC Quality of Life
Questionnaire-C30).

Prehabilitation presented
benefits in  physical
functioning,  however,
short surgical waiting
times and patient
participation were
obstacles to its
implementation.

Brown etal.,
2020 [19]

Patients with breast
cancer or CRC stage
I-111.

Exercise group: (n =
35).

Metformin group: (n
= 35).

Exercise + metformin
group: (n = 35).

Control group: (n =
34).

Treatment

Exercise: combination of
supervised in-person and
home activity.  Aerobic
exercise was the main one,
with treadmill and walking
outdoors. Exercise intensity:
65-80% of age-predicted
heart rate. Home exercise
was monitored by self-
report using exercise logs
that were provided to
participants.

Fasting blood collection
(>10 hours) at baseline
and week 12. Measures of
inflammation: hs-CRP,
STNF-aR2 and IL-6.

Exercise reduced sTNF-
aR2 concentrations of
IL-6 and metformin over
12 weeks. The effect was
consistent in all
stratification  variables
(initial BMI, sex, type of
cancer). Exercise
reduced hs-CRP and IL-
6, and the combination
of metformin with
exercise reduced sTNF-
aR2 and IL-6.

Peng etal,
2021 [20]

Patients with CRC
scheduled for surgery.

Enhanced  recovery
group after S-ERAS
surgery (n= 104).

Improved  recovery
group after surgery
based on PR-ERAS
preoperative
rehabilitation (n=
109).

Treatment
Preoperative rehabilitation
exercises (strengthening of

extremities, abdominal
muscle exercise, chest, and
abdominal breathing

exercises) + standardized
protocol  for  improved
recovery in the S-ERAS
group.

Patients that were not
admitted to surgery
performed  exercises at
home, upon admission, they
exercised at their bedside.
Exercises 2 times in the
morning and in the evening,
and 10-15 repetitions were
suggested. The intensity of
the exercise was written in a
diary, including their time
and types of exercise.
Telephone tracking.

Early recovery of Gl
function, QOR-40 at three
times, the day of surgery,
72 hours after surgery and
30 days later. Dominant
handgrip  strength  was
measured with a hydraulic
dynamometer (Saehan
Corporation, Korea).

Perioperative
rehabilitation  exercise
helped improve both
early Gl recovery and
quality of life and
muscle strength after
surgery.

Berkel etal.,
2022 [21]

Elective  colorectal
surgery patients.

Prehabilitation group:
(n =28).

Usual care group: (n
=29).

Treatment

Exercises performed and/or
supervised by a group of
physiotherapists trained in
community practices. 60-
minute training  session:
intervals of moderate to
high intensity on a cycle
ergometer (TechnoGym,

Rate of postoperative
complications in the 30
days after, according to
the Cla-vien-Dindo
classification.

Postoperative
complications were
reduced. Prehabilitation
should be considered
routine care in high-risk
patients scheduled for
elective CRC surgery.
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Bike Med) for aerobic
capacity (40 min) and
resistance training for leg
strength peripheral muscles
(20 min).

Elective colorectal
surgery patients.

Treatment
Thirty minutes of daily
aerobic activity added to the

Self-assessed physical
recovery 4 weeks post-op:
To what extent do you

No effect of physical

individual's normal exercise | feel ~ fully  physically | activity intervention was
Onerup Interventi : tine. Inspirat | 427 found  bef d aft
ot al 2022 | Intervention group: (n routine. Inspiratory muscle | recovered? ound before and after
[22]" = 317). training (IMT). The physical | Postoperative CRC surgery on short-
therapist also instructed | complications according | term self-assessed
Control group: (n = | each participant on how to | to the rate of | physical recovery.
351). increase  resistance,  as | complications at 30 and
needed. 90 days.
Treatment
12 weeks of PFMS: 1
session/week for the first 6
weeks and then 3 sessions
. . the last 6 weeks with a
Patients with rectal s ) .
specialized physiotherapist.
cancer undergo total ith uati
mesorectal  excision It began with an eva gatlon .
(TME) of Gl symptoms with a Lower LARS ratios and
Asnong dlary, health  education, % of patients with LARS faster_ recovery  from
etal., 2022 . . pelvic floor muscle | . . intestinal symptoms up
Intervention group: (n : improved in 4 months.
[23] - 50) exercises (endurance, to 6 months after
e strength relaxation, surgery/stoma closure.
Control group: (n = proprioception, and
coordination),
54).
electromyography-
biofeedback/electrical
stimulation, and balloon
rectal. The control group
didn’t receive any EMSP.
Treatment
15 minutes of exercise
supervised by exercise and
Postoperative patients oncology spemallst_s, 2 times
- a day for the duration of the . .
with  stage I-111 4 Post-surgical exercise in
hospital ~ stay.  3-phase o .
colorectal cancer . i . . hospitalized patients
surger exercise program: 1. | Duration of stay in the accelerates recoverv and
. gery. Stretching and low-intensity | care center. - y
Min etal, . . discharge after colorectal
. . resistance  exercises, 2. | Pt-RHDS. .
2023 [24] Intervention group: (n . cancer  surgery  with
_ Phase 1 exercises + central | Anthropometry. . .
= 26). : : . ? curative intent.
resistance exercises and 3. | Physical function. .
. Improvement in muscle
. Phase 1 and 2 exercises +
Usual care group: (n bal : I mass was also observed.
- 26) alance  exercises. A
' movements were performed
in a series of 10 repetitions.
The usual care group didn’t
receive exercise program.
Patients with cancer | The 3 groups received Biofeedback training did
of the middle and | routine nursing. not completely prevent
lower rectum with | Pelvic floor muscle intestinal ~ dysfunction,
X : A total of 5 assessments X
. preoperative exercises performed . but it may reduce the
Liu et al. radiochemothera functional exercises every | o> conducted using the degree  of intestinal
2019 [25] py- Y| Chinese version of the g

Blank control group:

day before the operation and
16 months later except for 1

MSKCC.

dysfunction and promote
recovery of intestinal

(n = 38). week.  Videos of the function in patients with
exercises were provided for rectal cancer during
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Pelvic floor muscle
exercise group: (n =
36).

Biofeedback training
group: (n = 35).

them to do at home.

Insight PHNS-A
Biofeedback: Training with
High-Resolution
Gastrointestinal  Dynamics
Test  Equipment. The
appropriate  course  was
chosen according to the
EMG change, patients were
trained to identify their
abnormal and normal EMG
signals, and repeated anal
contraction, relaxation,
defecation and other actions.
It was repeated 3 times a
week, 20 minutes.

treatment. It is
considered a safe,
effective, economical
method, with few side
effects.

Piraux et al.,
2022 [26]

Rectal cancer patients
undergo neoadjuvant
chemoradiotherapy.
UC Group: (n=6)
HIIT group: (n=6)

RES Group: (n=6)

The exercise interventions
were performed 3 times a
week for 5 weeks with a
trained physiotherapist.
Participants ~ received a
training diary to record
exercise attendance,
intensity and session
duration, the reason for
missing, or any related
adverse events.

HIT: cycle ergometer
training with a recovery
work ratio of 1:1, between
26 to 40 min.

RES: resistance training in
abdominal muscles,
pectoral, deltoids,
gastrocnemius,  trapezius,
hamstrings, latissimus dorsi,
spinal  erector,  biceps,
triceps, quadriceps, soleus
and glutes 30 to 40 min.

Fatigue: FACIT-F).
Quality of life: FACT-G.
Depressive symptoms:

CES-D.
Drowsiness: ESS.

Perception of insomnia

symptoms: ISI.

Sleep quality: PSQI.

Functional
capacity: 6MWT.

exercise

Coghnitive function: TMT.

HIT and RES are
feasible in patients with
rectal cancer. A high
recruitment and
adherence rate  was
demonstrated. Neither of
the two exercise
programs was superior to
ucC in improving

physical and
psychological disorders
related to

chemoradiotherapy.

Bousquet-
Dion et al.,
2018 [27]

Patients for resection
of non-metastatic
colorectal cancer.

PREHAB+ group: (n
=41)

REHAB group: (n =
39).

PREHAB+: exercise
sessions supervised by a
kinesiologist in the pre-
surgical period 1 time per
week + multimodal home
exercise  program  after
surgery for 8 weeks (3 or 4
days/week 30 min of
moderate intensity aerobic
activity such as walking,
jogging).

REHAB: preoperative
information on  walking,
ankle rotation, breathing
exercises, etc. After surgery,
a home exercise program is
indicated.

In both groups nutritional
intervention and strategies
to reduce anxiety.

Functional
capacity: 6MWD.

walking

There was no further
increase in preoperative
functional capacity in
patients  with  CRC.
Despite this, patients
considered more inactive
significantly  increased
their level of physical
activity before surgery
and  accelerated  the
recovery of functional
capacity after surgery,
especially women.

Mayer et al.,

Colon cancer

Control group: “Looking

Survivor-CHESS

usage

Both groups increased
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Forward: Life After Cancer
Treatment” brochure, a
cancer survivorship toolbox,
and a pedometer were given.
SurvivorCHESS Group:
materials delivered to the
control group + smartphones
with the SurvivorCHESS
application (promotion of
competencies, relationships
and autonomy). Goal of 150
minutes of physical activity
per week.

2019 [28] survivors.

Survi-vorCHESS
Group: (n = 144)

Control group: (n =
140)

data: login, pages
reviewed and messages.
Demographic and medical
information about cancer.
Physical activity:
GLTPAQ.

Distress: NCCN Distress
Tool.

Quality of life: FACT-C,
version 4.

their level of physical
activity but did not
maintain it after the
study ended. The use of
the eHealth intervention,
SurvivorCHESS, was not
significantly  different
and was not associated
with physical activity.
No significant
differences were found
for

the quality of life or

distress elements.

CIS: Checklist Individual Strength. HADS: Hospital Anxiety and Depression Scale. CRF: Cancer-related
fatigue. BFI: Brief Fatigue Inventory. KPS: Karnofsky Performance Status. PSQI: Pittsburgh Sleep Quality
Index. TUG: timed up and go test. FTSTS: five times sit to stand. SCT: stair climb test. HGD: handgrip
dynamometry. 6MWT: 6-min walk test. hs-CRP: high sensitivity C-reactive protein. STNF-aR2: soluble tumor
necrosis factor alpha receptor two. IL-6: interleukin 6. BMI: body mass index. Gl: gastrointestinal. QOR-40:
quality of recovery score. PEMT: pelvic floor muscle training. LARS: low anterior resection syndrome. Pt-
RHDS: patient-perceived readiness for hospital discharge. Insight PHNS-A: biofeedback training and treatment
system, Sandhill’s solid anorectal high resolution pressure measuring device. EMG: electromyography.
MSKCC: questionnaire on intestinal function by the Memorial Sloan-Kettering Cancer Center. HIIT: high-
intensity aerobic interval training. RES: resistance training. UC: usual care. FACIT-F: Functional Assessment of
Chronic llIness Therapy—Fatigue. FACT-G: Functional Assessment of Cancer Therapy—General. CES-D: Center
for Epidemiologic Studies Depression Scale. ESS: Epworth Sleepiness Scale. ISI: Insomnia Severity Index.
TMT: trail-making test. PREHAB: supervised prehabilitation program. REHAB: standard rehabilitation.
GLTPAQ: Godin Leisure-Time Physical Activity Questionnaire. NCCN: National Comprehensive Cancer
Network. FACT-C: Functional Assessment of Cancer Therapy-Colon.

3. RESULTS

3.1 Main results

The fourteen studies included in this paper were double-blind randomized clinical trials [15-28]. The main
results on exercise dosage specified in each investigation are detailed in Table 2. It should be noted that a meta-
analysis could not be prepared due to the heterogeneity of the results of each study, so the effects could not be
statistically compared.

Table 2. Exercise dosage

Author Frequency Intensity Time Type of exercise Results
Golsteijn et | D: 24 weeks Moderate, > 30 | Light (metabolic | Fatigue:
al., 2018 [15] | D/W:4 -7 vigorous minutes equivalent [MET] | decrease in women (B=-12.70, p
S/D: - <3.0), moderate (MET | =.007, ES=-0.76), but not in men (
D/R: - 3.0-5.9) and vigorous | B=—-2.14,p=.21,ES=-0.15)
(MET >6) aerobic | Physical Functioning: significant
exercise improvements (B=4.27, p =.004,
ES=-0.37)
Lu et al, | D: 24 weeks Light 20 — 40 | Baduanjin  flexibility | Fatigue: moderate to severe was
2019 [16] D/W: 5 -7 minutes exercises, 54% | significantly lower (23.2 vs. 59.1%,
S/D: 1 maximum HR p<). ai=4><0.01)
D/R: 2 Functional status: exercise group
Aerobic exercise compared to routine care group (89.3
+ 83 vs. 75.2 + 115, <) at i=3>p <
0.01)
Sleep quality: in the exercise group
compared to the usual care group (4.1
+ 1.1 vs 6.9 20, <) at i=7>p <
0.01)
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Carli et al., | D: 4 weeks Moderate 30 minutes | Combined exercise Postoperative  complications  in
2020 [17] D/W:3-7 of aerobic surgical resection of CRC:
S/D: 1 exercise, (resistance  exercises | There were no differences between
D/R: - 25 minutes | and aerobic exercises) | groups (adjusted mean difference, —
of 3.2;95% CI, —11.8 t0 5.3; P=0.45).
resistance
exercise,
and 5
minutes of
stretching
Northgraves | D: 8 weeks Light, 60 minutes | Combined  exercises | Physical function: increased on
et al., 2020 | D/W: 3 moderate (resistance  exercises | average 17.0 £ 9.0% (min/max 3.9 to
[18] S/D: 1 and aerobic exercises) | 31.2%)
D/R: 4
Brown et al., | D: 12 weeks Moderate 220 Aerobic exercise Inflammation biomarkers
2020 [19] D/W: 2 minutes C-reactive protein: decreased [-
S/D: 1 30.2%; 95% confidence interval (CI),
D/R: 5 -50.3, —1.0]
IL6: decreased (—30.9%; 95% CI,
—47.3,-9.5)
STNFaR2: unchanged (1.0%; 95%
CL -10.4, 13.9).
Peng et al., | D: 2 weeks To the | 10 — 15 | Strength exercises Normal recovery after CRC surgery:
2021 [20] D/W: 7 patient's repetitions was higher (79.0% vs. 64.3%, P <
S/D: 4 tolerance 0.050).
D/R: -
Berkel et al., | D: 3 weeks Moderate to | 40 minutes | Combined  exercises | Postoperative ~ complications  in
2022 [21] D/W: 3 vigorous of aerobics | (resistance  exercises | surgical resection of CRC: were
S/D: 1 and 20 | and aerobic exercise) lower (n = 12, 429% vs n = 21,
D/R: 4 minutes of 72.4%, relative risk 0.59, 95%
resistance confidence interval 0.37-0.96, P =
0.024).
Onerup et al., | D: 6 weeks Moderate 30 minutes | Combined between | Postoperative recovery in surgical
2022 [22] D/W: 7 of aerobic | breathing resistance | resection of CRC:
S/D: 1 exercise, exercises and aerobic | There was no effect of the
D/R: - 30 x 2 of | exercise intervention on the primary outcome
resistance (adjusted odds ratio 0.84, 95%
exercise confidence interval 0.62-1.15).
Asnong et | D: 12 weeks Moderate 60 Strength exercises Postoperative intestinal symptoms in
al., 2022 [23] | D/W: 3 -6 contractio surgical resection of CRC: faster
S/D: 1 ns of the recovery of intestinal symptoms up to
D/R: 4-5 pelvic 6 months after surgery 47.8% vs
floor 21.3%; P=0.0091)
muscles
per day,
divided
into  2-3
sets of
exercises
and in
different
positions
Min et al, | D: 1 week Light 15 minutes | Combined  exercises | Postoperative recovery in surgical
2023 [24] D/W: 7 10 (resistance  exercises | resection of CRC: greater preparation
S/D: 2 repetitions | and mobility exercises) | for hospital discharge (adjusted group
D/R: - difference =14.4; 95% CI, 6.2 to

22.6; P<ai=6>=0.03).
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Liu et al |Groupl Light 10 Strength exercises Intestinal Function: Training with
2019 [25] D: 64 weeks repetitions biofeedback was the best (P<0.05).
D/W: 7 of 5 to 10
S/D: 5 seconds
D/R: just 1 with 10
week after second
surgery rests
Group 2 20 minutes
D: 64 weeks 1
D/W: 3 repetition
S/D: 1
D/R: 4
Piraux et al., | D: 5 weeks > 85 % |26 to 40 | Aerobic high-intensity | HIIT and RES are achievable in
2022 [26] D/W: 3 THRmax minutes at | interval training (HIIT) | rectal cancer patients. A high
S/D:1 90 to 100 recruitment and adherence rate was
D/R: 4 revolution demonstrated.  Neither  exercise
S program was superior to UC in
Resistance training | improving physical and
30 to 40 | (RES) psychological disorders related to
Perceived minutes of chemoradiotherapy.
exertionof 4 | 8 to 12
to 6 on the | repetitions
modified of 1 to 3
Borg scale sets
Bousquet- D: 8 weeks 60-70% 30 minutes | Combined  exercises | It did not further increase
Dion et al., | D/W: 3-4 THRmax 2 sets of 8 | (resistance  exercises | preoperative functional capacity in
2018 [27] S/D: 1 to 15 | and aerobic exercises) patients with CRC. Despite this,
D/R: 3-4 repetitions patients considered as inactive
increased their level of exercise
significantly before surgery. Also,
they accelerated the functional
capacity recovery after surgery,
especially women.
Both groups were comparable in
terms of initial walking capacity
(PREHAB+: 448 m [IQR 375-525]
vs. REHAB: 461 m [419-556], p =
0.775) and included a similar
proportion of patients who improved
walking capacity. of walking (>20 m)
during the preoperative period
(PREHAB+: 54% vs. REHAB: 38%,
p= 0.222). After surgery, changes in
6MWD were also similar in both
groups. In PREHAB+, however,
there was a significant association
between physical activity energy
expenditure and 6MWD ( p< 0.01).
Previously inactive patients were
more likely to improve their
functional  capacity thanks to
PREHAB+ (OR 7.07 [95% CI 1.10—
45.51)).
Mayer et al., | D: 6 months - 150 Aerobic exercises Both groups increased their level of
2019 [28] D/W: - minutes physical activity but did not maintain
S/D: - it after the study ended.Participants
D/R: - using  SurvivorCHESS  (n=144)

increased their moderate-to-vigorous
physical activities from 19.4 min at
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baseline to 50 min compared to the
control group (n=140), increasing
from 15.5 to 40 min. .3 min at 6
months (p = 0.083), but was not
maintained 3 months after
completing the study. No significant
differences were found between
groups over time in terms of quality
of life or distress elements. Reports
of physical symptoms were higher
than other categories for distress
items. Patients who had a higher
body mass index and a greater
number of comorbid diseases were
less likely to increase their physical
activity. Self-determination theory,

including autonomous
relatedness motivation, was
associated with outcomes.

D: duration. D/W: days per week. S/D: sessions per day. D/R: days of rest. THRmax: theoretical maximum
heart rate.

Guidelines regarding exercise dosage are based on WHO recommendations [29]. In this way, exercise should be
part of a person's life to reduce the incidence of chronic non-communicable diseases, including their mood.
Looking at Table 2, we can normalize the exercise recommendations at a frequency of 3 to 5 times per week
with a slow progression [15, 16, 18, 21, 23, 26, 27] of aerobic exercise with a moderate intensity of more than
30 minutes at least 150 minutes per week [15, 18, 19] or a vigorous intensity of more than 75 minutes per week
[21, 24-28]. For combined activity, it is recommended to integrate strength exercises at least 60% of 1RM [19-
24, 26]. The duration apparently varies between 2 weeks [20] and 16 months [25] independently, with positive
effects.

Regarding the results, exercise guidelines for the different manifestations seem to improve CRC patients'
functional capacity, depression, sleep quality and fatigue [15, 19, 25, 26]. Additionally, patients during
treatment can reduce the degree of intestinal dysfunction and promote recovery [23, 25, 26].

Post-surgical exercise in hospitalized patients accelerates recovery and discharge after curative-intent colorectal
cancer surgery. Improving postoperative complications, quality of life [17, 20, 21, 23, 24]

In some studies, no significant differences were found between exercise and quality of life, physical recovery,
and distress [22, 28], possibly because they were interventions based on self-perception report or also on
ehealth.

3.2 Publication bias and certainty of evidence

Selective outcome description bias
Artrition bias

Detection bias

Domains

Performance hias |

Selection bias

1 2 3 4 5 6 7 B 9% 10 11 12 13 14
Eisk of Bias

m Low m High Unclear

Figure 2. Risk of bias
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Figure 2 shows the risk of bias found in the articles analyzed. All presented low risk in selection bias, detection
bias, attrition bias, and selective description of the results. However, the articles by Golsteijn et al [15]., Carli et
al [17]., Brown et al. [19], Berkel et al. [21], Onerup et al. [22], Ashong et al. [23], Min et al. [24], Piraux et al.
[26], Bousquet-Dion et al. [27] and Mayer et al. [28] presented a high risk of performance bias by not blinding
the participants or the researchers, the authors mention that it was not possible or necessary due to the type of
intervention applied. Similarly, the unclear risk of bias was identified in the articles by Lu et al. [16],
Northgraves et al. [18], Peng et al. [20] and Liu et al. [25] as they do not specify how blinding was performed.
Regarding the determination of the certainty of the evidence according to GRADE, eight of the articles analyzed
were classified as high level of evidence [15, 16, 20, 21, 23-26] and the remaining six as moderate level [17-19 ,
22, 27, 28], to establish these criteria, an evaluation of the domains that increase or decrease the level of
evidence was carried out, they were detailed in the methodology [14, 29].

4. DISCUSSION

Physical activity can reduce the risk of CRC cancer. Furthermore, it has been associated as a protective and
preventive factor for colon cancer [30, 31]. In this sense, physical activity is considered essential in treatment
and recovery, making it necessary to provide an intervention based, among other treatments, on exercise in
patients diagnosed with colorectal cancer [31, 33].

As mentioned above, moderate intensity physical activity between 150 to 300 minutes per week or 75 to 150
minutes of intense vigorous activity and strengthening activity more than 2 times per week is recommended
preventively [20, 34]. Although there is no specific consensus recommendation as treatment, moderate and high
intensity aerobic exercise can be specified more than 3 times per week and moderate intensity strength exercise
at least 2 times per week [31, 34].

Regarding general recommendations for patients with colorectal cancer, the frequency should be 3 to 5 times per
week, moderate aerobic exercise intensity between 40 - 60% of VO2max or HR, vigorous intensity between 60-
85% of VO2max or HR. HR and strength exercise between 60 — 80% of the 1 repetition maximum (1RM), time
150 minutes of intense and vigorous activity, finally strength exercise at a moderate intensity of 60% to less than
70% of 1RM with a slow progression [31, 35, 36].

It has been shown in the majority of studies analyzed in this review that aerobic exercise at a frequency of 3to 5
times per week, at least 30 minutes daily, offers benefits for patients with CRC such as a higher level of physical
activity, functionality, a lower degree of fatigue and depression at 3 and 6 months of intervention, also
improving their quality of sleep, reducing postoperative complications in high-risk patients, and reducing the
appearance of gastrointestinal symptoms and help in recovery[15, 16, 18, 21, 23]. This coincides with what was
stated by the NCI Team [37], who affirm that cancer survivors confirmed that half an hour of aerobic exercise
three times a week was adequate to improve quality of life, dissipating symptoms such as anxiety, depression,
fatigue and improving the functioning of the body [15, 19, 25, 26, 37].

Similarly, strength exercises, which are recommended at least twice a week, have also shown beneficial effects
[20-25, 27]. In the research of Pereira-Rodriguez et al. [38], strength training in cancer patients or survivors
managed to improve quality of life, increase strength, improve mobility, and reduce pain and fatigue, and it was
also observed that it does not cause adverse effects or long-term complications.

In some of the articles reviewed, it was proven that, in patients during treatment, exercise can reduce intestinal
dysfunction and improve recovery [23, 25, 26]. This is also evidenced in the study by Pino et al. [39] In which
doing aerobic exercise at moderate intensity for 60 minutes or more can reduce the risk and better control
gastrointestinal symptoms. However, the authors mention that, performing postprandial activities of long
duration and vigorous intensity, linked to dehydration and high environmental temperature, could contribute to
the development of exercise-induced gastrointestinal syndrome and, in turn, to the expression and/or worsening
of symptomatology of pathologies of the gastrointestinal tract [39], a variable that should be taken into
consideration for patients with CRC.

On the other hand, in terms of recovery, survival and postoperative quality of life in patients with this pathology,
benefits were also found thanks to exercise programs [17, 20, 21, 23, 24] and these effects can be corroborated
in other studies [39, 40]. Barroso [40] based on reviews and meta-analysis on the subject determined that CRC
mortality is reduced by 21% associated with physical activity, it also reduces levels of anxiety, depression and
improves quality of life and the social environment since performing physical exercise entails greater social
interaction and communication with the environment.

One of the mechanisms by which exercise helps in the treatment of CRC could be the reduction of body
inflammation [41]. When skeletal muscle contracts, interleukin 6 (IL-6) is produced independently of tumor
necrosis factor, in addition to IL-1a and IL-10 receptor antagonists, generating an anti-inflammatory effect. It
should be noted that the cytokine response during or after exercise is different from that produced by a severe
infection; in addition, there are many other types of myosins that collaborate in the strengthening and proper
functioning of the immune system [41].
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Finally, in some studies no significant differences were found regarding the effects of exercise in the treatment
of patients with CRC [22, 28], it is suggested that this could be due to the results of self-perception reports, in
which patients can not having evidenced some aspects of their improvement, another reason may be that the
exercise interventions were carried out in the ehealth modality, which has been proven to present some
drawbacks such as a low participation rate and high abandonment by patients, for example. Which is important
to find motivation strategies to improve adherence to this type of programs [42].

It is important to mention the strengths and weaknesses of the present review. As strengths, we could find
several benefits of exercise in patients with CRC in various areas, such as improvement in their symptoms and
fewer postoperative complications. On the other hand, the weaknesses were the diversity of interventions and
measures used, which did not allow a meta-analysis to be prepared to determine the effect size of the results and
to be able to make higher quality recommendations based on them. Likewise, the populations of each study were
heterogeneous, which did not allow adequate measurement of the benefits to generalize them.

5. CONCLUSIONS

Evidence shows that regular exercise can reduce the risk of CRC by improving predisposing factors such as
overweight and inflammation, optimizing the function of the immune system. However, physical activity can
reduce the risk, but does not guarantee the prevention of CRC. In addition, it can be a complementary treatment
including aerobic activity combined with strength. More studies are needed to standardize dosing
recommendations and the specific effects of exercise in the treatment of CRC.
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Appendix A

PubMed:

("exercise" OR "physical activity" OR "exercise therapy") AND ("colorectal cancer" OR "colorectal tumour"
OR ™colorectal carcinoma™ OR "colorectal neoplasm” OR "colon cancer” OR "colon tumour" OR "colon
carcinoma” OR "colon neoplasm” OR "rectum cancer" OR "rectum tumour” OR "rectum carcinoma” OR
"rectum neoplasm” OR "rectal cancer" OR "rectal tumour" OR "rectal carcinoma™ OR "rectal neoplasm™)

Web of Science:

(CCQALL=(colorectal cancer)) OR ALL=(colorectal tumour)) OR ALL=(colorectal carcinoma)) OR
ALL=(colorectal neoplasm)) OR ALL=(colon cancer)) OR ALL=(colon tumour)) OR ALL=(rectum cancer))
OR ALL=(rectum carcinoma)) OR ALL=(rectum neoplasm)) OR ALL=(rectal cancer)) OR ALL=(rectal
carcinoma)) OR ALL=(rectal neoplasm)) AND ((ALL=(exercise)) OR ALL=(physical activity) OR
ALL=(exercise therapy)) AND ALL = (Cross-sectional studies OR Clinical trials OR randomized
controlled trials)
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