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The Benefits of Exercise Effect on Cancer: A Review
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PURPOSE: Exercise has been greatly shown to be effective on cancer patients and thus improves functional capacity in cancer patients
and lowers a risk of cancer recurrence. The growing numbers of cancer population has been diagnosed and therefore, effect of exercise
on cancer should be focused as a great intervention. Therefore, this study reviews the benefits of exercise on cancer and exercise guide-
lines for cancer population.

METHODS: This study reviews 30 previous studies focusing on the benefits of exercise on various types of cancer such as breast, colon,
colorectal, liver, lung, ovary, brain, prostate, and melanoma.

RESULTS: Improvement in muscle strength, aerobic capacity, body balance throughout optimal exercise would be necessary for cancer
patients and survivors for their life-long health by improving overall body function. To reach a healthy life, they need to conduct at least
150 minutes of moderate aerobic exercise or 75 minutes of vigorous aerobic exercise per week, and also at least 2 days per week of
resistance exercise with moderate to high intensity for all major muscle groups. Exercise intervention needs to be safe during and after
cancer treatments and results in improvements in physical functioning, cancer-related symptoms, and quality of life. Especially, patients
and/or survivors with prostate cancer and melanoma are required to exercise with prescription because exercise may induce unex-
pected effects on health in those population.

CONCLUSIONS: Implications for exercise affects related to cancer are still unknown; however, the benefits of exercise to physical
functioning and quality of life are sufficient for cancer patients and survivors.
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INTRODUCTION

Previous studies proved that exercise has impact on health and well-
being of humans, which is associated with a reduced risk of mortality in
life [1]. Moreover, exercise has been greatly shown to be effective on can-
cer patients and thus improves functional capacity in cancer patients
and lowers a risk of cancer recurrence such as breast cancer and colorec-
tal cancer by 30-60% [2-5]. However, optimal timing and type of exercise
and exercise mechanism on cancer have not been clearly identified al-
though there is an impact of exercise on various types of cancer such as
breast, colon, colorectal, liver, lung, ovary, brain, prostate, and melanoma

[3,6].

Exercise has been considered to be a low-cost and safe intervention for
cancer patients and survivors having beneficial effects on body functions
and health-related fitness including cardiovascular fitness, muscle
fitness, body composition, mental and emotional health, and quality of
life [7-11]. Moreover, exercise is associated with overall physical changes
and the magnitude of such changes is influenced by the intensity and
duration of exercise performed [6]. For cancer survivors, exercise has
been known to be beneficial for reducing fatigue, weakness, pain, and
improving functional ability [4]. To date, hundreds of prospective studies
have examined associations between physical activity and cancer risk;
however, study results have been inconclusive for most cancer types

because of the small case numbers and physical activity types.
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The growing numbers of cancer population has been diagnosed and
therefore, the effect of exercise on cancer should be focused as a great
intervention. It has been well known that cancer treatment causes
reduced physical function and impaired quality of life and these nega-
tive aspects have been reported by surgery, radiation therapies, hormonal
treatment, and targeted therapies [12,13]. Especially, cancer survivors
should avoid inactivity in their life and need to be adapted to exercise
habit. Hence, a growing understanding of the benefits of exercise for
cancer over the recent years has been payed attention to exercise profes-
sionals and researchers as well as cancer patients and survivors. While
many good effects of exercise on cancer are well known in previous
studies, it is necessary to reconsider and pay attention to the relationship
between exercise and cancer. Therefore, this study focuses the benefits of
exercise on cancer and exercise guidelines for cancer patients and survivors
as well as healthcare professionals, although exercise mechanism eftect

on various types of cancers has not been clearly proved yet.

EFFECTS OF EXERCISE ON CANCER

Over several decades, strong evidence has been found to support the
positive efticacy of exercise for cancer patients and survivors. It has been
reported that exercise mediates changes in body composition, hormone
levels, systemic inflammation, immune cell function, and so on [6].
Among those changes, exercise-induced immune cell function related to
cancer needs to be discussed. Natural killer cells (NK cells) are known as
killing cancer cells [14] and they are known to be the most sensitive
immune cells responded to exercise [15]. Exercise leads an increased
cardiac output and induces a rapid increase in blood counts of immune
cells [16). It has been addressed that NK cells are increased after 30 minutes
of aerobic exercise and prolonged training does not lead to increased NK
cells; however, maximal level of NK cells can be maintained by 3 hours
[15], which can evoke positive effect on cancer.

Moreover, NK cells is related to interleukin-6 (IL-6) and IL-6 is one of
the myokines from the contracting muscles during exercise [17,18]. During
exercise, exercise-engaged muscles rapidly released IL-6 and the plasma
level of IL-6 is increased, which plays a role to increase mobilization of
NK cells. A previous study [3] reported that leisure time physical activity
is significantly associated with a lower risk of cancer occurred in kidney,
lung, colon, liver, and breast. Another study [19] investigated natural
cytotoxic activity of peripheral-blood lymphocytes and cancer incidence

with an 11-year follow-up study of a general population. Natural cyto-
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toxic activity of peripheral-blood mononuclear cells was assessed in
3,625 residents of a Japanese population mostly older than 40 years of
age and they used 154 cancer cases. They found that a high level of
cytotoxic activity among peripheral blood lymphocytes was associated
with a lower risk of cancer, which shows NK cells are active in early stage
of the cancer. They concluded that medium and high cytotoxic activity
of peripheral-blood lymphocytes is associated with reduced cancer risk.
Therefore, NK cells is suggested as a cancer protection role rather than
cancer treatment and they may be a link between regular physical activity
and overall health status in human body [14].

Another NK cell related study [20] investigated how running exercise
suppresses tumor growth through epinephrine- and IL-6-dependent
NK cell mobilization and redistribution. They randomized mice with
tumor to perform voluntary wheel running and they reported that there
was an over 60% reduction in tumor incidence of mice. They explained
the mechanism of exercise on cancer as follows; NK cells were mobilized
by epinephrine, and blockade of f-adrenergic signaling blunted training-
dependent tumor inhibition and epinephrine induced a selective mobili-
zation of IL-6-sensitive NK cells, which induced IL-6-blocking antibodies
blunted training-induced tumor suppression, intratumoral NK cell infil-
tration, and NK cell activation. They concluded that exercise, epinephrine,
and IL-6 to NK cell mobilization and redistribution has a link to control
of tumor growth. Therefore, it seems that exercise can mobilize NK cells
associated with IL-6, which is able to kill cancer cells and/or prevent cells
from cancer in human body.

Most previous studies proved that exercise is essential for preventing
and treating various types of cancers in humans; however, one previous
study [3] investigated that prostate cancer and melanoma showed a
higher risk in physically active population. They recruited a total of 1.44
million participants including 26 types of cancer and found that leisure-
time physical activity was associated with lower risks of many cancer
types except above 2 types of cancer. They assumed that greater sun
exposure seemed to be the likely reason for the increase in melanoma
risk, as physical activity is frequently done outdoors in light clothing and
has been associated with increased risk of sun burn. In addition, they
explained that physically active men are more likely than inactive men
to receive digital rectal exams and/or prostate-specific antigen screening,
which increases the likelihood of diagnosing indolent prostate cancers
and thus the positive association of exercise and increased cancer risk
they observed could therefore be due to screening bias. On the contrary,

there is a study resulting that physical activity was associated with lower
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overall mortality and prostate cancer mortality. Kenfield and colleagues
[21] evaluated physical activity in relation to overall and mortality
among 2,705 prostate cancer survivors. They concluded that vigorous
activity such as biking, tennis, jogging, and swimming for over 3 hours
per week may substantially improve prostate cancer-specific survival,
which shows regular exercise has the same effect on prostate cancer as it
has on other types of cancer. In addition, Ibrahim and Al-Homaidh [22]
investigated the role of exercise on breast cancer using previously
published researches by meta-analysis because the outcome has been
controversial with inconsistent data. The study analysis showed that
post-diagnosis exercise reduced breast cancer deaths and all causes mor-
tality among patients with estrogen receptor-positive tumor, while women
with estrogen receptor-negative disease showed no gain. Although there
was no exercise effect on estrogen receptor-negative breast cancer women,
they concluded that appropriate exercise should also be conducted for
breast cancer survivors. Based on the various previous study results,
exercise may be an efficient way to treat various types of cancer and
prevent reoccurrence cancer in cancer patients and survivors. Moreover,
exercise intervention would be preventive and/or therapeutic for cancer
patients and survivors and cancer related time periods would be very
important for them. Optimal timing exercise intervention needs to be
guided for them and thus, the physical activity and cancer control frame

work is shown in Figure 1.

EXERCISE GUIDELINES FOR CANCER

For reviewing exercise and cancer research and developing exercise
guidelines, the American College of Sports Medicine (ACSM) sum-
moned various groups of experts in 2009 because most clinicians

historically advised cancer patients to rest and to avoid activity at those

times and the ACSM challenged those recommendation [12]. The
ACSM tried to provide the safety and efficacy of exercise training during
and after adjuvant cancer therapy and they recommended that all cancer
survivors need to maintain at least 150 minutes of moderate aerobic
exercise or 75 minutes of vigorous aerobic exercise per week and also
recommended that at least 2 days per week of resistance exercise with
moderate to high intensity for all major muscle groups [12].

Exercise seems to be a valuable for cancer protection because previous
studies proved that 50 percent of cancer survivors conducted exercise
among 3 out of 4 most common cancers [21-25]. Meyerhardt and
colleagues [23] investigated the influence of exercise on colorectal cancer
survivors. They conducted an observational study of 573 women with
stage 1 to 3 colorectal cancer and concluded that increasing levels of
exercise after diagnosis of nonmetastatic colorectal cancer reduced
cancer-specific mortality (P for trend =.008) and overall mortality (P for
trend =.003). They also compared with women who engaged in less than
3 metabolic equivalent task (MET)-hours per week of physical activity,
those engaging in at least 18 MET-hours per week had an adjusted
hazard ratio for colorectal cancer-specific mortality of 0.39 (95% CI, 0.18
to 0.82) and an adjusted hazard ratio for overall mortality of 0.43 (95%
CI, 0.25 to 0.74). They proved that physical activity could reduce the
risk of colorectal cancer-specific and overall mortality. Another study
[24] observed 45 published researches and reported that there was con-
sistent evidence from 27 observational studies that physical activity is as-
sociated with reduced all-cause, breast cancer-specific, and colon cancer-
specific mortality. Also they mentioned that randomized controlled tri-
als of exercise suggested that exercise may result in beneficial changes in
the level of insulin, insulin-related pathways, inflammation, and immu-
nity. A prospective observational study [25] recruited 832 patients with

stage 3 colon cancer enrolled in a randomized adjuvant chemotherapy
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Fig. 1. Physical activity and cancer control frame work (reprinted from Schmitz et al,, 2010 [12]).
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trial and the patients participated in the study reported on various recre-
ational physical activities approximately 6 months after completion of
therapy. The researchers compared with patients engaged in less than 3
MET-hours per week of physical activity, the adjusted hazard ratio for
disease-free survival was 0.51 (95% CI, 0.26 to 0.97) for 18 to 26.9 MET-
hours per week and 0.55 (95% CI, 0.33 to 0.91) for 27 or more MET-
hours per week. Postdiagnosis activity was associated with similar im-
provements in recurrence-free survival (P for trend =.03) and overall
survival (P for trend =.01). They mentioned that they proved a positive
physical activity effect by reducing the risk of cancer recurrence and
mortality, approximately 6 months after adjuvant chemotherapy.

Once several previous studies have demonstrated that regular exercise
has a positive effect on different types of cancer, it is now necessary to
know how to exercise is effective for the treatment and/or prevention of
cancer. A recent study [26] investigated the benefits of exercise during
and following cancer treatments to determine exercise intervention
evidence into practice. Participants were 2,500 cancer survivors and
conducted 60 minutes of mild to moderate intensity full body exercise
twice per week for 12 weeks. They found the primary effectiveness out-
come is the proportion of participants meeting or exceeding 150 minutes
of moderate intensity exercise per week at 1-year follow up. They also ad-
dressed that community-based exercise program for cancer survivors
should include 5 stages as follows; the reach stage for individual goal, the
effectiveness stage for individual and institutional level, the adoption
stage for institutional level, the implementation stage for community,
and lastly, the maintenance stage for individual, institutional, and com-
munity. They suggested that there were advantages of community-based
programs, which includes high accessibility, safety and supervision of
exercise and social interaction [27].

Another recent study [4] proved that the amount of activity required
to achieve protective benefits of exercise for cancer patients and survi-
vors is moderate (e.g., walking 30 minutes per day at 4 kilometers per
hour). They emphasized that cancer treatment-specific side effects, such
as anxiety, depression, fatigue, hair loss, nausea, peripheral neuropathy,
pain, skin rashes, vomiting, and changes in self-esteem and body image,
have a negative impact on quality of life and contribute to the declines in
physical and emotional function as well. Therefore, the goal is to adapt
exercise and to give the cancer patients and survivors the optimal exercise
benefits, which is necessary for the quality of life. In addition, Luan and
colleagues [28] addressed that cancer is a major cause of death in the

United States and causes one-quarter of all death [29] and they analyzed
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Table 1. Types of exercise intervention for breast, colon, lung, and prostate
cancers

Types of exercise Cancers

Aerobic exercise Colon, Lung, Prostate

Resistance exercise Breast, lung, Prostate
Combined aerobic exercise with
resistance training

High-intensity interval training

Breast, Colon, Lung, Prostate

Lung

previous researches suggesting that combined aerobic exercise with
resistance training for breast, colon, lung, and prostate cancer. They also
suggested that exercise prescription for colon, lung, and prostate cancer
would include moderate- and high-intensity of acrobic and resistance
exercise. For breast cancer, they suggested from low to moderate exercise
intensity unlike other kinds of cancer similar as previous studies [3,22].
Travier and colleagues [30] also mentioned that moderate intensity of
aerobic exercise combined with resistance exercise benefited early adjuvant
breast cancer treatment. They conducted 18 weeks of an exercise
program and there was a positive effect on physical fatigue, cardiopul-
monary function, and muscle strength in breast cancer patients. Several
types of exercise intervention and their uses in the treatment for breast,
colon, lung, and prostate cancers are shown in Table L.

Based upon previous exercise guidelines, improvement in muscle
strength, aerobic capacity, body balance throughout optimal exercise
program would be necessary for cancer patients and survivors for their
life -long health by improving overall body function. To reach a healthy
life, they need to conduct at least 150 minutes of moderate aerobic exercise
or 75 minutes of vigorous aerobic exercise per week and also at least 2
days per week of resistance exercise with moderate to high intensity for

all major muscle groups.

CONCLUSION

Exercise intervention for cancer patients and survivors needs to be
safe during and after cancer treatments and to result in improvements in
physical functioning, cancer-related symptom, and quality of life. Impli-
cations for clear exercise affects related to cancer are still unknown;
however, the benefits of exercise to physical functioning and quality of
life are sufficient for the recommendation with specific exercise pro-
gramming adaptations. Improvement in muscle strength, aerobic capacity,
body balance throughout optimal exercise program would be necessary

for cancer patients and survivors for their life-long health by improving
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overall body function. To reach a healthy life, they need to conduct at
least 150 minutes of moderate aerobic exercise or 75 minutes of vigorous
aerobic exercise per week and also at least 2 days per week of resistance
exercise with moderate to high intensity for all major muscle groups. In
addition, longitudinal studies related to exercise and cancer would be
necessary to better understand specific exercise mechanism on cancer

prevalence.
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