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Abstract

There has been an increase in the cancer survivor population in the United States over the past
several decades primarily due to improvements in early detection of first malignancies and
effective treatment modalities. A wealth of evidence has demonstrated that regular physical
activity is associated with a lower risk of death, all-cause mortality, cancer recurrence, and several
chronic diseases, including type 2 diabetes and cardiovascular disease, common comorbid
conditions in people who have survived cancer. Physical activity also is a central component of
weight management.

Methods—This review summarizes the current physical activity recommendations and the
evidence linking physical activity to improvements in weight management, physiological effects,
and psychological health outcomes for cancer survivors.

Results—The available literature suggests physical activity is safe and is positively associated
with weight management, cardiorespiratory fitness, muscular strength and endurance, quality of
life, fatigue, and other psychosocial factors in cancer survivors. Yet relationships related to
specific cancer diagnoses, treatments, and underlying cardiometabolic mechanisms associated
with survival have not been thoroughly examined in randomized controlled trials. Furthermore,
factors that influence adherence to physical activity behaviors must be identified to develop
effective exercise programs. The use of objective measures of physical activity and the
standardization of reporting outcome measures within intervention trials are needed to
complement this effort.

Conclusions—Healthcare providers should consider individual differences among cancer
survivors and tailor physical activity programs to meet the individual needs of the patient to assist
in the adoption and maintenance of a physically active lifestyle.
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According to the Centers for Disease Control and Prevention, a cancer survivor is defined as
anyone who has been diagnosed with cancer, from the time of diagnosis through the
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remainder of his or her life.! It is estimated that there are approximately 14.5 million cancer
survivors alive in the United States, and this number is expected to rise to 19 million by
2024.2-4 The increase in the cancer survivor population is largely attributed to
improvements in early detection of first malignancies and effective treatment modalities.>
Consequently, the 5-year relative survival rate after cancer diagnosis for all cancers is 68%,
which reflects a 19% improvement over the past 2 decades.? The aging population of the
United States also is contributing to the rise in the cancer survivor population since the
incidence of most cancers increases with age.b In fact, it is estimated that nearly 63% of
cancer survivors will be 65 years or older by 2020.78 The increase in the cancer survivor
population parallels the obesity epidemic in the United States, with 69% of adults classified
as overweight (body mass index [BMI] =25.0 kg/m?) and 35.1% as obese (BMI =30.0
kg/m?2).% As a result, most cancer survivors are more likely to be overweight or obese at the
time of diagnosis. Obesity at the time of cancer diagnosis has been associated with poorer
prognosis, and weight gain in combination with radiation and chemotherapy in survivors
appears to accelerate obesity-associated chronic disease.1? Therefore, weight management is
a priority for cancer survivors.1!

The paradigm shift in the cancer care treatment community from disease-focused to
wellness-comprehensive care affords a unique opportunity for healthcare providers to
promote healthy lifestyle behaviors for cancer survivors.1112 Physical activity is a
modifiable lifestyle behavior positively associated with weight management and numerous
physiologic effects and psychological health outcomes such as cardiorespiratory fitness,
fatigue, and quality of life.13-17 In addition, several reviews and meta-analyses have
demonstrated that physical activity is associated with a lower risk of death, all-cause
mortality, and cancer recurrence, particularly among breast and colorectal cancer
survivors.18-20 physical activity also reduces other comorbid chronic diseases such as type 2
diabetes and cardiovascular disease.11-21 Despite this evidence, it is estimated that <10% of
cancer survivors will be active during treatments and only 20%—-30% will be active after
treatments.?2:23 This suggests healthcare providers should develop a working knowledge of
the role of physical activity in cancer survivorship (Figure 1) to help patients adopt and
maintain a physically active lifestyle.24-26 This review aims to summarize the current
physical activity recommendations and the evidence linking physical activity to
improvements in weight management, physiological effects, and psychological health
outcomes for cancer survivors.

Physical Activity Guidelines for Cancer Survivors

In 2003, the American Cancer Society (ACS) published the first report to provide healthcare
providers and cancer survivors with guidance for physical activity (Table 1).27 The report
suggested that cancer survivors follow the guidelines for cancer prevention (eg, at least 30
minutes of moderate to vigorous physical activity at least 5 days per week above usual
activities; 45—-60 minutes of intentional physical activity is preferred) as soon as it is safe to
do so, even while undergoing adjuvant treatment such as chemotherapy or radiation. For
reference, a moderate-intensity activity is similar to a brisk walk, while a vigorous-intensity
activity is similar to a jog/run (Table 2).2829 |n 2006, the ACS report was updated to
highlight the importance of daily and regular physical activity and encouraged steps to move
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from a sedentary to an active life-style.3% In 2009, the American College of Sports Medicine
(ACSM) convened a roundtable of clinical and research experts in the field of cancer and
exercise to develop exercise testing and prescription specifically for cancer survivors.3! The
panel concluded that cancer survivors should adopt the aerobic, resistance training, and
flexibility activities consistent with the age-appropriate guidelines for adults from the U.S>
Department of Health and Human Services32 and the American Heart Association/ACSM
(Table 1).33 In 2012, the most recent update to the ACS report concluded that survivors
should follow the survivor-specific guidelines written by the ACSM expert panel.1! Despite
these recommendations and numerous benefits of physical activity, only one-third of cancer
survivors achieve these guidelines.34-36 One possible reason for low adherence rates in this
population is that interest in, preferences for, and tolerance of physical activity vary among
cancer survivors, and there is a need to personalize the guidelines to meet the individual’s
needs.?* Therefore, the current health status of cancer survivors, treatments, and anticipated
disease trajectories should be considered to determine appropriate physical activity
recommendations for cancer survivors.3!

Cancer-Specific Safety Precautions and Contraindications

The limited evidence to issue specific guidelines for contraindications and safety precautions
for physical activity in cancer survivors often leaves healthcare providers to make judgments
based on their previous clinical experience.24 Previous research suggests that physical
activity is well tolerated during and after treatment without adverse events.3” Furthermore,
particular health issues related to cancer treatment affecting a survivor’s ability to engage in
physical activity have been identified. For instance, the ACS reports identified that specific
precautions should be undertaken for survivors with severe anemia, comprised immune
function, severe fatigue, indwelling catheters, and peripheral neuropathies or ataxia (Table
3).11 Furthermore, the ACSM report identified appropriate safety cautions for survivors at
risk for lymphedema and skeletal muscle fractures or infections. Several contraindications
for physical activity, including arm and shoulder problems secondary to breast cancer
treatment, having an ostomy after colon cancer, or swelling/inflammation in the abdomen,
groin, or lower extremity following gynecologic cancer, were also acknowledged.3!
Importantly, when considering physical activity prescriptions for patients, the risks of
participating in physical activity must be balanced against the risks of inactivity. For
instance, several trials have demonstrated that physical activity reduces the incidence and
severity of lymphedema.38:39 At a minimum, healthcare providers should counsel survivors
to decrease sedentary behaviors as much as possible and consider physical activity
prescriptions that take into account individual capabilities.*0

Physical Activity Interventions

Given the unique health issues faced by cancer survivors, earlier work focused largely on
evaluating the feasibility, tolerance, and acceptance of physical activity interventions in the
cancer survivor population. Several studies of this nature are described below, the majority
of which support integration of physical activity into the routine clinical care of cancer
survivors.
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In the FRESH START trial, breast and prostate cancer survivors (n = 543) were randomly
assigned to either a home-based tailored mailed print intervention to improve diet and
physical behaviors or a standard-care control condition.*! With regard to physical activity,
greater improvements were observed in the tailored print intervention (+59.3 min/wk)
compared with the control condition (+39.2 min/wk) and led the authors to conclude that a
home-based intervention may be an acceptable method to assist cancer survivors to pursue a
healthy lifestyle. The Yale Exercise and Survivorship Study recruited 75 breast cancer
survivors to participate in a combination of a supervised gym-based and home-based aerobic
exercise intervention compared with a usual-care group.2 The results suggested physical
activity after diagnosis of breast cancer is feasible, with the exercise group increasing
physical activity (+129 min/wk) compared with the usual-care group (+44 min/wk). The
Prostate Cancer Survivors Motivated to Exercise (PROMOTE) trial was one of the first to
examine the utility of an implementation intervention for increasing activity in any cancer
survivor group.“3 Prostate cancer survivors (n = 423) were randomized to 1 of 3 groups: a
standard physical activity recommendation group, self-administered implementation
intention (weekly goal setting), or a telephone-assisted implementation intention.*3 The
authors found that physical activity at the 3-month follow-up increased by 180 min/wk in
the self-administered implementation intention group compared with 100 min/wk in the
standard physical activity recommendation group. These results suggest that a self-
administered implementation intervention may have positive short-term effects on self-
reported physical activity in prostate cancer survivors. Currently, the Colon Health and Life-
Long Exercise Challenge (CHALLENGE) trial is examining behavioral change techniques
delivered more frequently on the effects of physical activity behaviors long term among
survivors who completed adjuvant therapy.*4 Future studies should explore factors that
influence adherence to physical activity behaviors to develop effective exercise programs
designed to increase physical activity behaviors.

Physical Activity and Weight Management

To understand the obesity epidemic, it is helpful to examine how body weight is regulated.?®
Energy balance is determined by the amount of energy consumed (caloric intake) in relation
to the amount of energy expended in physical activity and metabolism.#6-48 To lose weight,
individuals must obtain a negative energy balance in which energy expenditure exceeds
energy intake, whereas weight gain is a result of a positive energy balance in which energy
intake exceeds energy expenditure. Finally, to maintain a stable body weight, energy
expenditure must equal energy intake over time. Physical activity is the most variable and
modifiable component of the energy balance equation, with 10%-30% of total daily energy
expenditure resulting from activities of daily living and structured exercise.*® Thus, it is a
central component of weight management in the prevention of weight gain, weight loss, and
the prevention of regain after weight loss.

A growing body of evidence has examined the effect of physical activity on weight
management in cancer survivor populations. The Can Change trial enrolled 410 colorectal
cancer survivors to a health coaching intervention or a usual-care group.3 The health
coaching intervention consisted of 11 theory-based telephone-delivered health coaching
sessions over 6 months focusing on physical activity, weight management, dietary habits,
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alcohol, and smoking. At the 12-month follow-up, improvements in moderate-intensity
physical activity (28.5 min/wk) and BMI (0.9 kg/m?) were demonstrated. The Reach Out
to Enhance Wellness (RENEW) trial®! enrolled 641 older adult colorectal, breast, and
prostate cancer survivors from the United States, Canada, and the United Kingdom. The
study tested a 12-month home-based exercise intervention delivered via print material and
telephone counseling with a 12-month follow-up. While the primary outcome was change in
physical function, significant improvements were observed for BMI from baseline to follow-
up in both groups. Similar findings were shown in survivors of uterine cancer. The
Survivors of Uterine CanCer Empowered by Exercise and Healthy Diet (SUCCEED) trial®2
was designed to evaluate a comprehensive 6-month lifestyle intervention in promoting
weight loss and a healthy lifestyle, including increasing physical activity compared with a
usual-care control group in 75 survivors. The intervention was conducted over 16 group
sessions (10 weekly followed by 6 biweekly) with physician face-to-face counseling visits at
3, 6, and 12 months. Significant differences in weight change were observed from baseline
to 6 months (4.4 kg [-5.3 to —3.5]) and 12 months (—4.6 kg [-5.8 to —3.5]). Independent of
weight outcomes, physical activity can minimize sarcopenia, a decrease in skeletal muscle
mass related to aging.>3 During treatment, sarcopenia is associated with chemotherapy
toxicity and metastatic tumor progression.>*25 Furthermore, sarcopenic obesity, a decrease
in muscle mass as body fat mass increases, is prevalent among patients who undergo
chemotherapy.58:57 After treatment, sarcopenia affects physical function, mobility, and
overall mortality.58:59 Thus, the development of physical activity interventions to maintain
and/or improve both weight outcomes and skeletal muscle mass for obesity-associated
cancers warrants further study.

Measurement Considerations

Physical activity is a complex and multidimensional construct, making it difficult to
measure.®0 Due to methodological considerations, self-report including questionnaires and
activity logs is the primary method used within physical activity interventions to assess
adherence to exercise prescriptions and to examine associations for health outcomes.5!
Adherence rates, often defined as the percentage of participants who met a minimum
criterion of moderate to vigorous exercise per week (eg, 150 min/wk), have ranged from
33% in breast cancer survivors to 41.9% in colorectal cancer survivors in home-based
exercise programs.52:63 Mixed findings also are observed among population-based studies
using self-reported methods. For example, an analysis from the Women’s Health Initiative
(WHI) study demonstrated that higher levels of self-reported physical activity may improve
survival in postmenopausal women with breast cancer, even among those reporting low
physical activity prior to diagnosis.?4 In contrast, self-reported data from the Life After
Cancer Epidemiology (LACE) study did not support a protective effect of physical activity
on breast cancer recurrence and mortality in survivors.5 It has been suggested that the
reliance on self-reported data of physical activity may contribute to the inconsistency of
these findings.56:87 Due to differences in dose-response relationships related to specific
cancer diagnoses and treatments, there is a need to standardize methods of physical activity
interventions, as well as measure and report outcome measures.58 This will allow

Nutr Clin Pract. Author manuscript; available in PMC 2015 June 17.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Garcia and Thomson

Page 6

researchers and clinicians to identify correlates, determinants, and potential mediators of
physical activity.50

Obijective methods such as pedometers and accelerometers have emerged as preferred
methods to measure physical activity levels. Pedometers encourage physical activity through
improvements in daily steps and have been integrated into interventions to assess lifestyle
physical activity and individually tailored programs.6%-"1 Despite their utility, pedometers
have limited ability to assess the intensity levels of physical activities. In comparison,
accelerometers can estimate the duration and intensity of activity bouts. This is important as
recent evidence suggests that light-intensity activities are beneficial for cancer survivors,
particularly to reduce the rate of physical function decline for those who are unable to
initiate or maintain moderate-intensity activities.”2 A meta-analysis of 56 trials comparing
participants randomized to an exercise (n = 2286) or comparison (n = 1985) group found
that improvements in quality of life (QoL) and physical functioning, social functioning, and
fatigue were more pronounced with moderate- or vigorous-intensity vs mild-intensity
exercise programs.’3 Therefore, the measurement of physical activity using an
accelerometer may be a more useful assessment of changes in physical activity intensity to
assess the efficacy of physical activity interventions.”# Furthermore, accelerometers may be
used within clinical assessments for cancer survivors to provide feedback on physical
activity behaviors.”>/6 However, the feasibility and practicality of this method have not
been well evaluated and warrant further investigation.

Physiological Effects of Physical Activity

Cardiorespiratory Fitness

Cardiorespiratory fitness is the ability of the circulatory and respiratory systems to deliver
oxygen to the metabolically active skeletal muscles during physical activity. It has been
measured by peak oxygen consumption, functional tests (eg, walk/step test), and
submaximal fitness tests (eg, graded treadmill test) in breast,”’ colorectal,’8 prostate,’®
hematologic,8 and mixed cancer survivors.37 Generally expressed in metabolic equivalent
tasks (METSs) or maximal oxygen uptake (VO max), it is considered a reliable measure of
habitual physical activity levels and improves insulin sensitivity, blood lipid profiles,
inflammation, and blood pressure.8? It also is considered a strong predictor of mortality in
cancer survivors.82

While treatment may impair cardiorespiratory fitness, there is sufficient evidence to suggest
aerobic training improves cardiorespiratory fitness among cancer survivors.38:83 For
example, the Exercise for Health randomized controlled trial enrolled 194 women with a
first diagnosis of invasive breast cancer to a usual-care (n = 60), face-to-face (n = 67), or
over-the-telephone (n = 67) exercise group 6 weeks after breast cancer surgery.8* Briefly,
the intervention included 16 scheduled sessions either in person or via telephone with an
exercise physiologist, starting weekly and tapering to monthly contacts after 4 months. The
overall goal was to accumulate 180 minutes of exercise per week (at least 4 days per week
for 45 minutes), in addition to incorporating strength-based exercises 2 days a week. Starting
parameters and rate of progression were individually tailored, taking into account initial
fitness levels, presence of treatment-related side effects, and exercise preferences.
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Cardiorespiratory fitness was assessed using a 3-minute step test, with lower heart rates
indicating higher fitness levels. At 1 year after intervention, the face-to-face and telephone
groups demonstrated significant improvements in cardiorespiratory fitness (9.0 and -6.3
beats per minute, respectively) compared with the usual-care group (+2.7 beats per minute).

Another randomized controlled trial examined the effect of a 12-week aerobic and resistance
training exercise program plus dietary advice (n = 25) compared with standard care (n = 25)
in men with advanced prostate cancer receiving androgen suppression therapy (AST).85 Men
attended 2 supervised exercise sessions for the initial 6 weeks and then one weekly for the
following 6 weeks. The exercise sessions comprised 30 minutes of aerobic exercise at an
intensity level of 55%-85% age-predicted maximal heart rate with an exercise physiologist.
In addition, they were prescribed self-directed exercise such as a brisk walk for at least one
30-minute session per week during the first 6 weeks and 2 during the final 6 weeks, using a
log book to record activity to promote behavior change. Aerobic exercise tolerance was
assessed using a Bruce ramp protocol, with time on the treadmill to number 15 (hard) on the
Borg Rating of Perceived Exertion (RPE) recorded as the termination point. The
investigators found that men in the intervention group achieved a significant improvement in
aerobic exercise tolerance compared with the standard-care condition, results that suggest
the potential to improve cardiovascular fitness long term.

Muscular Strength and Endurance

Cancer treatment often results in decreases in physical activity, and subsequent decreases are
observed in muscular performance. The evidence suggesting resistance training to improve
muscular strength and endurance in cancer survivors continues to grow.88 Previous
randomized controlled trials have assessed changes in upper and lower body strength using
1-repetition maximum tests, hand grip strength, and overhead or leg press. Most research on
this topic has been conducted in breast cancer survivors to examine the effect of weight
training on cancer-related lymphedema exacerbations, symptom severity, and bone
density.87-90 For instance, a randomized controlled trial studying changes in body image
following a 1-year strength training intervention for breast cancer survivors with or at risk
for lymphedema found significant improvements in bench and leg press among treatment
groups compared with control group participants, regardless of lymph-edema condition and
with no adverse effects.%!

Improvements in muscular strength have also been observed. A recent study of breast cancer
survivors suggested that an 8-week aquatic program improves abdominal endurance and
muscular leg strength.%2 Resistance training also has been used for prostate cancer survivors
receiving AST, which lowers testosterone levels, resulting in skeletal muscle and
strength.893 In a 12-week resistance training study for men receiving AST, the resistance
training significantly improved upper and lower body muscular strength and endurance
compared with a usual-care group.®4 Similar improvements were observed in prostate cancer
survivors undergoing a supervised resistance training program measured by maximum
voluntary torque by isokinetic dynamometry of the quadriceps.8° Overall, this evidence
suggest that a combination of aerobic and resistance training will have a positive impact on
health and should be recommended for cancer survivors. However, more research is needed
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to examine this relationship, particularly in relation to cancer recurrence and cancer
mortality.

Cancer survivors often encounter decreases in range of motion, limiting physical function as
a result of surgeries causing scarring and tissue damage. Currently, limited data have
examined the effect of aerobic exercise training on flexibility in cancer survivors.”895.96 |
fact, only 1 small study in breast and colon cancer survivors (n = 18) is available, and results
of this study demonstrated an improvement in flexibility between treatment and control
patients.9 Other studies have evaluated the effects of alternative modes of physical activity
on flexibility, including yoga, tai chi chuan, and stretching, on shoulder range of motion for
breast cancer survivors.97-100 These studies yielded mixed findings, with only 1 showing
significant between-group differences in shoulder range of motion.1%0 Future research is
needed to determine the effects of training methods to improve flexibility.

Cardiometabolic Biomarkers

While studies evaluating the impact of physical activity interventions on cancer outcomes
are limited, the evidence that a lifestyle including a healthy body weight, diet, and regular
physical activity can modify metabolic indices as predictors of health status is available. For
instance, among adult survivors of childhood cancer at risk for developing metabolic
syndrome, a recent study demonstrated that women (n = 832) and men (n = 807) who did
not follow the World Cancer Research Fund and the American Institute for Cancer Research
guidelines were 2.4 and 2.2 times more likely to develop metabolic syndrome than those that
did follow them, respectively.101.102 These findings suggest that children with cancer and
adults who had cancer should engage in healthy lifestyle behaviors to influence their long-
term health. Furthermore, physical activity and a healthy weight during adolescence also
may reduce cancer risk in individuals susceptible to the diseases, such as BRCA gene
mutation carriers.103

Importantly, several biological mechanisms may be affected by increased physical activity,
resulting in changes in circulating adipokines, cytokines, insulin resistance, blood insulin
levels, and sex hormone production.104105 The greatest changes in cardiometabolic
measures are seen in trials that integrate diet and activity with the goal of reducing body
weight; however, exercise alone can improve these measures (Figure 2). The Health, Eating,
Activity and Lifestyle (HEAL) study is the only observational cohort study that has
evaluated the association between physical activity and biomarkers, including leptin,
insulin-like growth factor (IGF), IGF-binding protein 3, and inflammatory markers (eg, C-
reactive protein), in breast cancer survivors.196.197 Blood samples and self-reported physical
activity were obtained every 6-8 months and 2-3 years after diagnosis, with significant
inverse associations between physical activity and circulating levels of leptin, insulin, and
inflammatory markers observed. A recent systematic review examining the relationship of
physical activity, biomarkers, and disease outcomes including randomized controlled trials
(n = 11) with biomarker end points suggests that exercise may result in beneficial changes in
the circulating level of insulin, insulin-related pathways, inflammation, and potentially
immunity.198 et most of the trials identified were not designed to examine biomarkers as
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the primary end point, with only 1 providing a sample size calculation to demonstrate it had
sufficient statistical power to detect differences between treatment groups.198.199 Fyture
research should address these limitations to determine the effect of physical activity on
cardiometabolic biomarkers and to identify mechanistic pathways that may influence cancer
survival.

Psychological Benefits of Physical Activity

Quiality of Life

It is common practice among researchers examining physical activity interventions for
cancer survivors after treatment to incorporate QoL measures such as the Function
Assessment of Cancer Therapy Scale (FACT-G) and the breast cancer—specific scale
(FACT-B). Evidence supports that physical activity interventions in cancer survivors have
significant effects on overall QoL by improving physical and psychological
functioning.51:110.111 A 2011 meta-analysis of 78 physical activity intervention trials
demonstrated that clinically meaningful improvements in QoL persisted after the completion
of the physical activity intervention.112 Subscales of QoL, including emotional, social,
functional, physical, and mental QoL, also have been examined within this context, with
results consistently showing that physical activity improves overall QoL in cancer survivors.
Recent findings from the 6-month Steps to Health home-based exercise intervention in
obese and non-obese endometrial cancer survivors revealed significant changes for physical
aspects of QoL (physical functioning, energy levels, pain, and general health perceptions)
and mental and emotional aspects such as stress, negative emotions, cognitive problems, and
distress after recurrence.113 Another trial, Active for Life, was a randomized controlled trial
that examined the efficacy of a 12-month group-based lifestyle physical activity program for
patients with prostate cancer to improve QoL, including physical and emotional functioning,
compared with a group-based emotional support program and standard-care program.114 For
6 months, participants in the lifestyle program attended in person group sessions that
focused on increasing physical activity. While improvements were made in theoretical
mediators proposed to affect physical activity levels, there were no improvements observed
in QoL or physical activity at 6 months and at the 6-month follow-up. Conversely, Exercise
for Health!15 was an 8-month randomized controlled trial that evaluated a face-to-face and
telephone-based translational exercise intervention compared with a usual-care group
beginning 6 weeks after breast cancer surgery. The intervention consisted of 16 scheduled
sessions (in person or via telephone) with a designated exercise physiologist, starting weekly
and tapering to monthly contacts after 4 months, with the overall goal of progressing
exercise to 180 min/wk in addition to 2 days of strength-based exercise. Significant
improvements were observed in QoL in both treatment groups compared with usual care.
The inconsistency of these findings may be attributed to the variability observed in QoL
observed during treatment.116 Thus, it appears the mechanisms underlying the relationship
between physical activity and QoL are not well understood in cancer survivor populations,
and future randomized controlled trials are needed to better understand this relationship.
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Fatigue and Psychosocial Factors

Cancer-related fatigue is a common side effect of treatment and can persist well after it is
complete. Mechanisms of cancer-related fatigue are categorized into peripheral and central
components. Peripheral fatigue occurs in muscle tissues due to a lack of adenosine
triphosphate (ATP) and the buildup of metabolic by-products, resulting in the inability of the
peripheral neuromuscular system to perform a task in response to a central stimulation.11’
Central fatigue occurs in the central nervous system and results from the progressive failure
to transmit motor neuron impulses, making it difficult to initiate and maintain voluntary
activities.118.119

The course of cancer-related fatigue is well characterized, and there is evidence of biological
mechanisms (proinflammatory cytokines and C-reactive protein), which may influence it
during and after treatment.120121 Yet, variability observed in cancer-related fatigue cannot
be explained by disease-related or treatment-related characteristics.122

While the etiology of cancer-related fatigue remains unclear, it has a substantial impact on
the survivor’s sense of physical, emotional, and cognitive tiredness.123 Historically,
clinicians advised patients to rest if they felt fatigued, but data have emerged demonstrating
that increases in physical activity can improve cancer-related fatigue.59:92.124 Specifically,
physical activity counteracts perceptions of fatigue by improving muscular strength,
functional capacity, fitness, QoL, and psychosocial factors such as anxiety, depression, self-
esteem, happiness, and body image.85:91:123.125,126 However, a recent meta-analysis of 56
studies examining this relationship found that beneficial effects were only identified
following aerobic training but not following resistance training or alternative forms of
physical activity (eg, tai chi).127 Furthermore, data are limited to breast and prostate cancer
populations, and there is no clear evidence what type of cancer treatment alters the effects of
exercise on cancer-related fatigue.127 Further research is required to determine the effects of
different exercise modes on fatigue and psychosocial factors in a variety of cancer-specific
survivor populations.

Remaining Challenges/Research Gaps

Physical activity promotes weight management and is positively associated with
cardiorespiratory fitness, muscular strength and endurance, QoL, fatigue, and other
psychosocial factors in cancer survivors. The available literature suggests physical activity is
safe for cancer survivors, yet relationships related to specific cancer diagnoses, treatments,
and underlying cardiometabolic mechanisms associated with survival have not been
thoroughly examined in randomized controlled trials. Furthermore, factors that influence
adherence to physical activity behaviors must be identified to develop effective exercise
programs for cancer survivors. The use of objective measures of physical activity and the
standardization of reporting outcome measures within intervention trials are needed to
complement this effort. Importantly, healthcare providers should consider individual
differences among cancer survivors and tailor physical activity programs to meet the
individual needs of the patient to assist in the adoption and maintenance of a physically
active lifestyle.
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Figure 1.
Physical activity and cancer control framework. From Courneya KS, Friedenreich CM.

Physical activity and cancer control. Semin Oncol Nurs. 2007;23(4):242-252. Copyright
2007. Reprinted with permission from Elsevier.
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Figure 2.
Cardiometabolic measures influenced by increasing physical activity.
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Table 1

Summary of Physical Activity Guidelines for Cancer Survivors.

Year Institute  Recommendations

2003/200623:26 ACS . Follow guidelines for cancer prevention (at least 30 minutes of moderate to vigorous physical activity
at least 5 days per week above usual activities; 45-60 minutes of intentional physical activity is
preferred).

. Daily and regular physical activity may be a preferred goal, and therefore any steps to move from a
sedentary to an active lifestyle should be encouraged.

201027 ACSM . Avoid inactivity and return to normal activity as soon as possible after diagnosis or treatment.
. Aerobic activity:

O Perform 150 min/wk of moderate-intensity activity or 75 min/wk of vigorous-intensity
activity or an equivalent combination.

O Activity should be done in bouts of at least 10 minutes in duration and spread throughout
the week.

O Exceeding guidelines may provide additional health benefits.
. Resistance training:

O Perform 2 weekly sessions for all major muscle groups.
. Flexibility:

O Stretch major muscle groups and tendons on days that other activities are performed.
. Cancer-specific aerobic activity:

@] Breast, prostate, colon, hematologic (no HSCT), and gynecologic cancer recommendations
do not need to be modified.

O HSCT patients: participation in activity every day is encouraged at lighter intensity, and
lower progression of intensity is recommended. Care should be taken avoiding overtraining
given immune effects of vigorous physical activity.

O Gynecologic cancer: morbidly obese women may require additional supervision and
altered programming; if peripheral neuropathy is present, a stationary bike may be
preferred over weight-bearing physical activity.

. Cancer-specific resistance training:
@] Recommendations do not need to be modified for prostate, colon, and hematologic cancers.

O Breast: start with a supervised program of at least 16 sessions at a very low resistance;
progress resistance at small increments.

@] Prostate: add pelvic floor exercises for those who undergo radical prostatectomy.

O Colon: for patients with a stoma, start with low resistance and progress slowly to avoid
herniation at the stoma.

@] For bone marrow transplant patients, resistance training may be more beneficial than
aerobic activity.

201210 ACS . Follow the survivor-specific guidelines written by the ACSM.

ACS, American Cancer Society; ACSM, American College of Sports Medicine; HSCT, hematopoietic stem cell transplantation.
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Table 2
Examples of Moderate and Vigorous Activities.
Moderate Activities Vigorous Activities
(You can talk while you do them but not sing.) (You can only say a few words without stopping to catch your
breath.)
. Ballroom and line dancing . Aerobic dance
. Biking on level ground with few hills . Fast dancing
. Canoeing . Biking faster than 10 miles per hour
. General gardening (raking, trimming shrubs) . Heavy gardening (digging, hoeing)
. Sports where you catch and throw (baseball, softball, . Hiking uphill

volleyball)
. Walking briskly

. Water aerobics

Jumping rope
Jogging/running
Swimming laps

Tennis (singles)

Data from Courneya and Friedenreich.25 Table reprinted from Rock CL, Doyle C, Demark-Wahnefried W, et al. Nutrition and physical activity
guidelines for cancer survivors. CA Cancer J Clin. 2012;62:242-274. Copyright 2012 American Cancer Society, Inc. Reprinted with permission

from John Wiley and Sons.
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Table 3

Safety Precautions and Contraindications to Physical Activity for Cancer Survivors.

Year

Institute

Safety Precautions and Contraindications

2003/2006/201210.23.26

201077

ACS

ACSM

Survivors with compromised immune function should avoid public gyms and public pools
until their white blood cell counts return to safe levels.

Survivors who have completed a bone marrow transplant are usually advised to avoid such
exposures for 1 year after transplantation.

Survivors experiencing severe fatigue from their therapy may not feel up to an exercise
program, and therefore they may be encouraged to do 10 minutes of light exercises daily.

Survivors undergoing radiation should avoid chlorine exposure to irradiated skin (eg, from
swimming pools).

Survivors with indwelling catheters or feeding tubes should be cautious or avoid pool, lake,
or ocean water or other microbial exposures that may result in infections, as well as resistance
training of muscles in the area of the catheter to avoid dislodgment.

Survivors with multiple or uncontrolled comorbidities need to consider modifications to their
exercise program in consultation with their physicians.

Survivors with significant peripheral neuropathies or ataxia may have a reduced ability to use
the affected limbs because of weakness or loss of balance. They may do better with a
stationary reclining bicycle, for example, than walking on a treadmill.

Beware of fracture risk in patients with breast and prostate cancer who are treated with
hormone or androgen deprivation therapy, respectively, or diagnosed with osteoporosis or
bone metastases.

Women with immediate arm or shoulder problems secondary to breast cancer treatment
should seek medical care to resolve those issues before exercise training with the upper body.

If an ostomy is present in patients with colon cancer, physician permission is recommended
before participation in contact sport and weight training, excessive intra-abdominal pressure
should be avoided, and modifications will be needed for swimming and contact sports.

In adults with HSCT, care should be taken to avoiding overtraining given immune effects of
vigorous exercise.

If peripheral neuropathy is present in patients with gynecologic cancer, a stationary bike
might be preferable over weight-bearing exercise.

Women with gynecologic cancer with swelling or inflammation of the abdomen, groin, or
lower extremities should seek medical care to resolve these issues before exercise training
with the lower body.

Patients with bone metastases may need to alter their exercise program given the increased
risk for skeletal fractures.

Care should be taken to reduce infection risk in fitness centers for patients who are currently
undergoing chemotherapy or radiation treatment or have compromised immune function.

Patients with cardiac conditions will require modifications and may require increased
supervision for safety.

ACS, American Cancer Society; ACSM, American College of Sports Medicine; HSCT, hematopoietic stem cell transplantation.

Nutr Clin Pract. Author manuscript; available in PMC 2015 June 17.



