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ARTICLE INFO ABSTRACT

Introduction: The World Health Organization has reported that approximately 35% of cancer-related deaths are
attributed to modifiable risk factors. Among the most important risk factors amenable to modification are
obesity and lack of physical activity. The purpose of this article is to review the current evidence of the benefits
of physical activity in various types of cancer.

Methods: A PubMed search for the key words “physical activity and cancer” as well as “exercise and cancer” was
used to identify all indexed publications on this topic for potential utilization in this review. One MET was
defined as the amount of oxygen consumed while a person is sitting quietly and is about 3.5 mL O2/kg body
weight/min. MET represents the ratio of the working metabolic rate to the resting metabolic rate.

Results: Routine physical activity was found to be associated with a reduced incidence of several of the most
common malignancies, including colon, breast, lung, and endometrial cancer as well as many others. Physical
activity also appears to reduce all-cause mortality and cancer-related mortality among patients with breast and
colon cancer, and may improve the functional status and quality of life for these patients during cancer therapy.
Conclusions: The benefits of physical activity in the prevention and progression of cancer patients are multiple.
However, the strength of the available evidence is limited by the observational nature of most studies. Given the
probable improvement in prevention, mortality, and quality of life with structured physical activity in different
malignancies, it is important that healthcare providers discuss physical activity programs with their cancer
patients. Larger randomized trials are recommended.
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1. Introduction

Cancer is an important cause of mortality worldwide." In addition to
the various therapies available, it is important to also focus on the role
of modifiable risk factors in cancer prevention and prognosis. According
to the World Health Organization, approximately 35% of cancer-related
deaths can be attributed to these modifiable risk factors, among which
obesity and lack of physical activity (PA) play a prominent role.” Sev-
eral mechanisms have been proposed for the beneficial effects of PA,
including decreased levels of reactive oxygen species, enhancement of
immune function, decreased levels of inflammation, and improved in-
sulin sensitivity.>"> Moderate physical activity (PA) also induces gene

expression of anti-oxidant enzymes such as superoxide dismutase, cat-
alase, and glutathione peroxidase, which protect against oxidative DNA
damage.®” Furthermore, PA changes the metabolic profile of estrogens
leading to reduced hormonal activity and increased anti-proliferative
properties in breast cancer patients.®

Although, PA has been associated with improved outcomes in
cancer patients, it is frequently under-emphasized by physicians. As a
complement to current practices in cancer prevention through
screening, PA is becoming an increasingly important strategy for
modifying cancer risk, as well as, reducing pre- and post-diagnosis
morbidity and mortality. The purpose of this article is to review the
current literature outlining the benefits of PA in the most common

Abbreviations: CI, confidence intervals; CRC, colorectal cancer; HR, hazard ratio; MET, metabolic equivalents; NSCLC, non-squamous cell lung cancer; PA, physical

activity; RR, relative risk; VO2 max, peak oxygen consumption
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forms of cancer with an emphasis on the evaluation of its effects in
different stages of the disease process.

2. Methods

A PubMed search for the key words “physical activity and cancer” as
well as “exercise and cancer” was used to identify all indexed pub-
lications on this topic for potential utilization in this review. One MET
was defined as the amount of oxygen consumed while a person is sitting
quietly and is about 3.5 mL O2/kg body weight/min. MET represents
the ratio of the working metabolic rate to the resting metabolic rate.

3. Results
3.1. Colorectal cancer

3.1.1. Physical activity and primary prevention

Lack of PA is a well-known risk factor for colorectal cancer (CRC)."
A meta-analysis of 52 studies from 1984 to 2008, which included 24
case-control studies and 28 cohort studies, demonstrated that PA re-
duced the risk of CRC in men (RR = 0.76; 95% CI: 0.71—-0.82 and
women (RR = 0.79; 95% CI: 0.71 —0.88) and concluded that as much
as 24% of the overall risk of CRC can be attenuated by engaging in
either occupational or leisure-time PA.° Similar results were observed
in a meta-analysis of 174 studies that included 19 studies involving
colon cancer, which showed that increasing levels of PA were asso-
ciated with a decreased risk of developing CRC.'° It demonstrated that
patients who engaged in PA of 600-3999 MET minutes/week,
4000-7999 MET minutes/week, or =8000 MET minutes/week had
10%, 17%, and 21% reductions respectively when compared with less
active individuals (< 600 MET minutes/week of total PA).

3.1.2. Physical activity and colorectal cancer prognosis

The benefits of PA have also been demonstrated in patients diag-
nosed with CRC. A meta-analysis of 11 studies, which included 17295
patients with a follow-up period ranging from 3.8 to 11..8-11.9 years,
demonstrated that patients who were more active prior to their initial
diagnosis of CRC had lower overall and cancer-specific mortality
(RR = 0.81; 95% CI: 0.72—0.91 and RR = 0.79; 95% CI: 0.71 —0.89,
respectively).!! Furthermore, patients who remained physically active
after the initial diagnosis also demonstrated lower CRC-specific and
overall mortality (RR = 0.77; 95% CI: 0.63 —0.94 and (RR = 0.71; 95%
CI: 0.63—0.81, respectively). Another meta-analysis of 7 studies from
2006 to 2013, with 8056 participants, confirmed that higher levels
(> 17 MET-hours/week) of PA before diagnosis was associated with a
higher cancer-specific survival (HR = 0.75; 95% CI: 0.62—0.91) and
overall survival (HR = 0.74; 95% CI: 0.62—0.89).'? The benefits were
also noted if PA was started after a diagnosis of CRC with an increase in
cancer-specific survival (HR = 0.61; 95% CI: 0.44—0.86) and overall
survival (HR = 0.62; 95% CI: 0.54 —0.71). Finally, a study by Meyer-
hardt et al, reported the benefits of PA in a cohort of 573 females who
were sedentary before the diagnosis of non-metastatic CRC."*> They
noted that women who engaged in at least 18 MET-hours per week of
PA after diagnosis compared with less than 3 MET-hours per week had
significant reductions in cancer-specific mortality (HR = 0.39; 95% CL:
0.18—0.82, p = 0.008), and overall mortality (HR = 0.39; 95% CI:
0.18—-0.82, p = 0.003). Also, in women that were active before the
diagnosis, increasing the levels of PA led to lower cancer-specific
mortality (HR = 0.48; 95% CI: 0.24—0.97) and overall mortality
(HR = 0.51; 95% CI: 0.30—0.85). Other benefits of PA among CRC
patients include a reduction of physical fatigue among those receiving
chemotherapy and an improved quality of life in stage II CRC.'*'®

10

Complementary Therapies in Medicine 44 (2019) 9-13

3.2. Breast cancer

3.2.1. Physical activity and primary prevention

A review of 34 case-control and 28 cohort studies prior to
September 2007 evaluated the association between activity and the risk
of breast cancer, as well as its effect in different population sub-
groups.'® An average of 25-30% risk reduction was observed with in-
creased PA in 47 (76%) of the 62 studies, which was noted to be a dose-
response effect in 28 of 33 studies. Stronger decreases in risk were
observed for recreational activity, vigorous activity, lifetime or later life
activity, among postmenopausal women, women with normal body
mass index, non-white racial groups, those with hormone receptor ne-
gative tumors, women without a family history of breast cancer and
parous women. Additionally, a study that included 1195 breast cancer
patients and 2012 control participants in the population-based Wo-
men's Contraceptive and Reproductive Experiences Study, measured
several biomarkers which showed that lifetime recreational PA was
inversely associated with risk for the HER2-negative subtype of breast
cancer (p < 0.04).'7 The risk of HER2-negative breast cancer decreased
with increased MET-hours/weeks of recreational PA (at least 15.2 an-
nual MET hour/week) in the pre or postmenopausal period examined,
p = 0.04.

3.2.2. Physical activity and breast cancer prognosis

Data from three female US breast cancer survivor cohorts from the
After Breast Cancer Pooling Project (n = 9513) showed that low levels
of PA (MET hours/week < 1.5 vs =1.5) was associated with a 22%
increased risk of breast cancer mortality in breast cancer survivors
(HR = 1.22, 95% CI: 1.05-1.42).'® Moreover, breast cancer survivors
who increased their PA, by any level from pre-diagnosis to post-diag-
nosis, showed a decreased total mortality risk (RR = 0.61; 95% CI:
0.46 —0.80) compared with those who did not change their PA level
after diagnosis, or remained sedentary. Furthermore, a systematic re-
view and meta-analysis of 16 studies that compared the highest versus
lowest levels of pre-diagnosis PA among breast cancer survivors showed
a 23% reduction in both total (RR = 0.77; 95% CI: 0.69—0.88) and
breast cancer-specific mortality (RR = 0.77; 95% CI: 0.66 —0.90)."° For
post-diagnosis PA, the risks of total and breast cancer-specific mortality
were reduced by 48% (RR = 0.52; 95% CI: 0.42—-0.64) and 28%
(RR = 0.72; 95% CI: 0.60—0.85), respectively. It was shown that for
each 5, 10, or 15 MET/hour/week increase in pre-diagnosis PA, there
was a 7% (95% CI: 2-12%), 13% (95% CI: 4-21%), and 19% (95% CI:
6-30%) relative risk reduction in total mortality among breast cancer
survivors, respectively. Additionally, a linear response curve was ob-
served between the levels of pre-diagnosis PA and the recurrence of
estrogen/progesterone negative (ER-/PR-) breast cancer cases
(HR = 0.53; 95% CI: 0.24-1.16, p = 0.033).?° Finally, aerobic and re-
sistance PA was shown to improve cardiorespiratory fitness measured
as peak oxygen consumption (VO2 max), muscle strength, and percent
body fat (p < 0.001, for all) in a randomized study of early breast
cancer patients.?

In addition to improved biologic effects, PA leads to psychological
benefits in breast cancer patients. Almost 50% of women experience
distress, depression, or anxiety after a diagnosis of breast cancer.’”
Saxton et al., randomized 85 women with recent treatment for breast
cancer to a 6-month PA and hypocaloric healthy eating program plus
usual care or usual care alone.”* At 6-month follow-up, patients in the
lifestyle intervention group exhibited a significant reduction in de-
pressive symptoms when assessed by the Beck Depression Inventory
Score (mean decrease: -3.12 points; 95% CI: -1.03 to -5.26 points,
p = 0.004).

3.3. Prostate cancer

3.3.1. Physical activity and primary prevention
The data regarding the relationship between PA and development of
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prostate cancer appear to be equivocal. A review of 83 analyses span-
ning the years of 1996-2016, reported 7 studies which showed an in-
creased incidence of prostate cancer with PA, 31 studies with no clear
relationship, 24 studies with a trend towards diminished risk, and 21
studies with a significant risk reduction of up to 30%.>* A benefit with
PA was noted in the Health Professionals Follow-up Study, a pro-
spective cohort study of 47,620 US male health professionals followed
for 14 years. This study showed that men over 65 years of age who
underwent the highest category of vigorous activity (=29 vs 0 MET
-hours per week) had a lower risk of developing advanced and fatal
prostate cancer (RR = 0.33; 95% CI: 0.17 —0.62) and (RR = 0.26; 95%
CI: 0.11-0.66), respectively.””> However, no associations were ob-
served in men younger than 65 years of age. These findings are in
contrast with a meta-analysis of 12 prospective studies, that included
1.44 million participants which found a slightly increased risk of
prostate cancer with leisure time PA (HR = 1.05; 95% CI: 1.03-1.08).%°

3.3.2. Physical activity and prostate cancer prognosis

In patients diagnosed with non-metastatic prostate cancer, a case-
control study that evaluated 2705 men from 1990 to 2008, demon-
strated that men engaging in = 3 h per week of vigorous activity (ac-
tivities with a MET value of = 6/hour such as biking, tennis, jogging, or
swimming) vs less than 1h had a 49% reduction in all-cause mortality
(HR = 0.51; 95% CI: 0.36—0.72) and a 61% lower risk of prostate
cancer-specific mortality (HR = 0.39; 95% CI: 0.18 —0.84).>” Another
prospective study which included 1455 men with localized prostate
cancer showed that men who walked briskly for =3 h per week had a
57% lower risk of cancer progression than men who walked at low-
intensity pace for<3h per week (HR =0.43; 95% CL
0.21-0.91,p = 0.03).?® A third prospective study of 830 patients with
stage II-IV prostate cancer showed that post-diagnosis higher total ac-
tivity (> 119 vs < 42 MET-hours/week per year) was associated with
lower all-cause mortality (HR = 0.58; 95% CI: 0.42-0.79, p < 0.01).%°
In this study, recreational PA (> 26 vs <4 MET-hours/week/year) was
associated with lower prostate cancer-specific mortality (HR = 0.56;
95% CI: 0.35-0.90, p = 0.01). Moreover, post-diagnosis PA has been
associated with better mental and physical quality of life among pros-
tate cancer survivors.>’

There is less evidence on the effects of PA in patients with stage IV
metastatic disease. One cohort study that evaluated 55 prostate cancer
patients with bone metastases showed that men who met the current
aerobic PA guidelines for cancer survivors (=150 min of moderate in-
tensity or =75min of vigorous PA per week or an equivalent combi-
nation) had better physical and mental health outcomes as well as
higher physical functioning and general health scores as measure by the
SF-36 questionnaire when compared with those who did not meet
aerobic PA guidelines.>’

3.4. Lung cancer

3.4.1. Benefits of physical activity on lung cancer prevention, quality of life,
and prognosis

Several studies have demonstrated up to a 25% reduced risk of lung
cancer with higher levels of PA.”*?* A cohort study that involved
13,905 men free of cancer showed that over a follow-up period of 15
years, increasing levels of PA (4200-8399, 8400-12599 and > or =
12,600 kJ/week of estimated energy expenditure) were associated with
a decreased risk of lung cancer (RR = 0.87; 95% CIL: 0.64-1.18),
(RR = 0.76; 95% CI: 0.52-1.11), and (RR = 0.61; 95% CI: 0.41 —0.89),
respectively (p = 0.0008).>? Improvements in symptom status, quality
of life, and exercise capacity with PA have been noted in patients with
non-small cell lung cancer.”®** It is believed that these benefits are
directly related to the physical improvements caused by PA, including
an increase in lung volume and an improvement in oxygen uptake.*
From a psychological standpoint, lung cancer patients have an in-
creased prevalence of anxiety and depression. PA, including home
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based regimens, is associated with improved emotional well-being and
a decrease in anxiety and depression levels.>*>>°

The data evaluating the effects of PA in patients with metastatic
lung cancer are limited. However, a study involving 40 patients with
advanced non-small cell lung cancer demonstrated that those who were
compliant and able to do PA 5 days per week while in a rehabilitation
facility, and 3 times per week during the outpatient setting for a total of
8 weeks, had an improvement in upper and lower extremity strength as
well as increase in 6 min walk distance (28 m, p < 0.01).*! In another
study of 118 inoperable stage IV NSCLC patients, those who performed
PA regularly and had a 6 min walk distance > 450 m had a lower all-
cause mortality at a median follow-up of 27 months (HR = 0.48; 95%
CI: 0.24—0.93) compared with those who walked less than 358.5 m.*”
Median survival was also higher for those who performed > 9 MET-
hours/week of PA.

3.4.2. Effects of pre-operative physical activity on outcomes of lung cancer
surgery

Pre-operative PA programs have shown mixed results in terms of
improving functional capacity or reducing post-operative complica-
tions.® Several reports have shown benefits associated with pre-op-
erative PA including better exercise capacity, increased quality of life,
and a lower hospital length of stay with fewer post-operative compli-
cations.®” " A 2013 Cochrane review demonstrated greater exercise
capacity, measured by the 6 min walk distance in physically active
patients that underwent lung resection of NSCLC versus sedentary pa-
tients (mean difference + 50.4 m; 95% CI: 15.4-85.2 m).*° However, a
randomized controlled trial involving 151 patients with operable
NSCLC showed that patients who underwent supervised high-intensity
interval training for median 25 days before surgery did not have a lower
rate of death or in-hospital postoperative complications (RR = 0.70;
95% CI: 0.48-1.02, p = 0.08) when compared with the usual care
group.™!

3.5. Endometrial cancer

3.5.1. Physical activity and primary prevention

A meta-analysis of 9 prospective studies with 3463 patients de-
monstrated that recreational activity was associated with 27% (pooled
RR = 0.73, 95% CI: 0.58 —0.93) reduction in endometrial cancer, while
occupational activity was associated with a 21% (RR = 0.79, 95% CL:
0.71 —0.88) reduction.** Data from a systematic review based on 20
observational studies (7 cohort and 13 case-control studies) published
between 1993 and 2006 suggested that PA is associated with a
20%-40% decreased risk of endometrial cancer.”® A meta-analysis
evaluating the dose response of PA in epidemiological studies demon-
strated that an increase in leisure-time PA by 3 MET-hours/week was
associated with a 2% lower risk of endometrial cancer (RR = 0.98; 95%
CI: 0.95-1.00, p = 0.02)."* The data, albeit limited, shows that PA may
decrease the endometrial cancer risk

3.6. Other malignancies

Although overall scarce, the evidence suggesting a potential role for
leisure time PA in the reduction of less common malignancies, has been
previously reported.”® For instance, reductions in the incidence of
gastroesophageal, liver, renal, and hematologic cancers have been ob-
served. A meta-analysis of 24 studies with over 15,000 patients showed
that at higher levels of PA there were reductions of 21% (RR = 0.79,
95% CI: 0.66 —0.94), 17% (RR = 0.83, 95% CI: 0.69—0.99), and 28%
(RR = 0.72, 95% CI: 0.62—0.84) in the incidence of esophageal, gastric
cardia, and gastric non-cardia adenocarcinomas, respectively.®> How-
ever, more data is needed before firm conclusion can be made con-
cerning the effect of PA on the primary prevention and prognosis of
these malignancies.
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Table 1
Effects of Physical Activity on Malignancy.
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Malignancy Effects of Physical Activity
Colorectal ® Reduces incidence of colorectal cancer among men and women.”'?
® Decreases mortality of colorectal cancer when performed before or after a diagnosis.''™'*
® Reduces fatigue aong patients receiving chemotherapy and improves quality of life.'**
Breast ® Decreases risk of breast cancer.'®'”
® Any level of physical activity before or after the diagnosis significantly decreases the relative risk of total and breast cancer-specific mortality.'®,”
® There appears to be a linear dose response curve between volume of physical activity and cancer recurrence.””
Prostate ® Mixed findings regarding the relationship between physical activity and incidence of prostate cancer.>*
® Few studies have observed a higher incidence of prostate cancer among patients with higher levels of physical activity.*
® Post-diagnosis physical activity was associated2 with lower prostate cancer-specific mortality as well as better mental and physical quality of life.?”,>,*°
Lung ® Higher levels of physical activity appear to reduce risk.>*
® Preoperative physical activity may confer benefits to patients undergoing lung cancer surgery.”” "
Endometrial ® May decrease endometrial cancer risk.***

® The benefits of physical activity on survival after endometrial cancer are unknown.

4. Discussion

The exact biologic connection between cancer risk and physical
activity has not been established. However, some of the postulated
mechanisms include changes in endogenous sexual and metabolic
hormone levels and growth factors.*® Adiposity and obesity also appear
to play a role in the mechanistic process. Weight loss through diet and
PA leads not only to a significant decrease in the availability of certain
sex hormones, but also to a decrease in pro-inflammatory markers and
insulin levels, all of which are known to promote and maintain a pro-
carcinogenic state.”” Given that various factors have been reported to
reduce the risk of malignancy through PA, it is likely that the me-
chanistic link between PA and cancer risk is multifactorial.

Due to the increasing number of individuals diagnosed with cancer,
it is important to understand the role of PA in cancer prevention and
therapy (Table 1). The benefits of PA in cancer patients are multi-
faceted, as they have been observed within the primary prevention of
certain malignancies, and in diverse clinical outcomes at the time of
diagnosis and throughout their treatment phase. However, the strength
of the available evidence is hampered by the observational nature of the
majority of the studies, and the overall lack of standardization in the
methods used for assessing PA level. The current literature is further
weakened by the fact that most studies did not evaluate the effect of PA
in different epidemiologic subgroups, as the majority of them were
carried out in Western countries and included a predominantly white
population. Hence, the results may not be applicable to other ethnic
groups. However, the majority of studies selected adjusted for other
important confounding factors, such as age, smoking, race, education
level, energy intake, BMI, occupational exposure, alcohol, and social
class. Given the overwhelming body of literature demonstrating the
benefits of PA on cancer prevention, mortality, and quality of life, the
American Cancer Society recommends that adults obtain at least
150 min of moderate intensity or 75 min of vigorous intensity activity
on a weekly basis to lower cancer risk, in combination with a diet based
on vegetables, fruits, and whole grains with minimal red meat, pro-
cessed foods, and refined grains.*® Because each cancer patient or
survivor have different levels of tolerance to PA, establishing a perso-
nalized approach to each patient is important in increasing the level of
adherence and desire in the patient to incorporate greater PA into their
daily life.*®*°

Several areas need further analysis in order to define more precisely
the PA recommendations in cancer patients, including what type of PA,
the level of intensity and the frequency needed to obtain optimal
benefit. Moreover, the literature in patients with metastatic disease is
tenuous, making it dangerous to draw any concrete conclusions in such
individuals. For all the aforementioned reasons and considering the
growing population suffering from cancer, it is imperative that larger,
randomized studies with pre-specified measures are accordingly de-
signed and developed promptly.
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