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inadequate resources.

Background: The benefits of exercise for patients with cancer are well documented. However,
exercise is still not a standard of care for this population. Several factors contribute to the lack
of exercise prescriptions for patients with cancer, including challenges posed by treatment-
related side effects, lack of knowledge among healthcare providers and the laypeople, and
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arjorie, a 71-year-old married woman, had been

diagnosed with advanced stage breast cancer.

Marjorie also had severe chronic obstructive

pulmonary disease (COPD). Following a hos-

pitalization for COPD, she required oxygen 24

hours per day at 2.5 liters. Given her pulmonary status, radia-
tion and surgery were not planned as part of the breast cancer
treatment. Marjorie was receiving oral hormonal therapy. Ac-
companied by her husband, Marjorie arrived at FitSTEPS for
Life® (FSFL), a community-based exercise program for patients
with cancer, using a walker. The only exercise that she was
able to perform that day was walking into the center. Her long-
term goal was to “walk without huffing and puffing.” Marjorie
required a wheelchair to return to the car for the drive home.
Unfortunately, Marjorie’s presentation is not atypical.
Many cancer survivors are inactive older adults who have

comorbidities. Coupled with the fatigue, depression, and
side effects related to treatment, all of which are commonly
experienced by cancer survivors, this population presents
unique challenges to exercise engagement. This article will
(@) review the benefits of exercise in general and specifically
to patients with cancer, (b) discuss the specific challenges
and considerations required in recommending exercise to
this population, and (c) provide specific recommendations
for healthcare providers to incorporate exercise into treat-
ment plans.

Physiology of Exercise

Although exercise induces a host of beneficial metabolic
effects, the following discussion is confined to its influence
on the behavior of cancer cells. A burgeoning amount of
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scientific research has demonstrated the influence of aero-
bic exercise on malignant tumors. Exercise exerts hormonal
changes, such as reducing production of estrogen, androgen,
and insulin-like growth factor 1 production. Preclinical
studies demonstrate that exercise favorably influences mi-
crocellular functions that determine the activity of cancer,
including apoptosis, DNA damage, and genomic aberrations
(oncogene expression and mutation) (Davies, Batehup, &
Thomas, 2011; Jones et al., 2013). Preclinical studies have
demonstrated a number of metabolic pathways induced
by exercise that directly affect cancer cell activity. Tumor
microcirculation might be enhanced through increased
vascular endothelial growth factor and changes in tumor
endothelium, resulting in reduced tumor hypoxia by 50%
and improved tumor blood flow by 200%, increasing delivery
of chemotherapy to tumors (Betof et al., 2015; Vaccarezza &
Vitale, 2015). Runqvist et al. (2013) demonstrated that serum
taken from 10 individuals following 60 minutes of bicycle
exercise resulted in a 43% reduction in epidermal growth
factor and 35% increase in insulin-like growth factor-binding
protein, inhibiting murine prostate cancer cell proliferation
by 31%. Muscle is recognized as an endocrine organ that con-
tain peptides known as myokines. These myokines, released
by exercise, recruit natural killer cells that selectively inhibit
tumor cell growth. In addition, physical activity activates
AMP-activated protein kinase signaling that can inhibit the
growth of cancer cells (Pedersen, Christensen, & Hojman,
2015). Another study by Pedersen et al. (2016) demonstrated
a 60% reduction in tumor incidence and growth in five dif-
ferent murine tumor models by the release of epinephrine
from muscles after exercise, causing interleukin-6 to mobi-
lize natural killer cells to target and inhibit tumor growth.
Emerging research identifies mitochondria, located in the
cytoplasm of most cells, as a potential prominent influence
on cancer development and growth. Modulation (syntheses
and degradation) of mitochondria may arrest cell prolifera-
tion (Scatena, 2012). Aerobic exercise has demonstrated such
activation of mitochondrial biogenesis (Vifia et al., 2009).
Telomeres are DNA protein structures found at both ends of
each chromosome that protect the genome from degradation
of the cell nucleus, unnecessary recombination, and fusion
between chromosomes. Shortening of telomeres has been
implicated in genome instability and enhanced oncogen-
esis. Exercise has been demonstrated to preserve telomere
length reduction and reduce cancer risk (Shammas, 2011).
In a study by Ornish et al. (2013), age-matched patients with
prostate cancer were randomized to a three-month healthy
lifestyle intervention versus usual care. At the end of five
years; telomere length was significantly longer in the inter-
vention group.

Exercise should be viewed as a therapeutic agent in cancer
prevention and treatment. It is the only treatment with such
a broad spectrum of benefit with minimal side effects and
cost. From prevention to improvement of the adverse effects
of cancer and its treatment to increased survival, exercise
demonstrates exemplary benefit. Researchers are studying
the amount of exercise required to improve outcomes in spe-
cific cancers; however, patients cannot and should not have
to wait for clinicians to recommend or prescribe exercise.

If the maximal benefits of exercise are to be achieved, the
dose and type of exercise prescribed must be titrated, like
chemotherapy, to be compatible with the patient’s physical
condition and psychological motivation.

Benefits of Exercise

Research consistently demonstrates that exercise enhances
physical and psychosocial function with an improved quality
of life (Galvio & Newton, 2005; Haas, Kimmel, Hermanns, &
Deal, 2012; Mishra et al., 2012). Observational studies dem-
onstrate a 50% increased survival rate with consistent exer-
cise in patients with breast and colon cancers. Brisk walking
for 150 minutes per week achieved this benefit in women
with breast cancer, and more intense exercise of six hours
per week of brisk walking was required to achieve survival
benefit in patients with colon cancer (Holmes, Chen, Fes-
kanich, Kroenke, & Colditz, 2005; Meyerhardt et al., 2006).
In a study by Irwin et al. (2008), 900 patients with breast
cancer who moderately exercised 2.5 hours per week were
followed for six years. The researchers found that the risk
of all-cause mortality of the women in the exercise group
was reduced by 67% when compared to inactive women (Ir-
win et al., 2008). Men with prostate cancer who engaged in
three hours of vigorous activity weekly (e.g., jogging, biking,
swimming, weight training, tennis) experienced a 70% risk
reduction in high-grade, advanced, or fatal prostate cancers
(Giovannucci, Liu, Leitzmann, Stampfer, & Willett, 2005).

Cancer-related fatigue (CRF) is the most commonly reported
side effect of cancer and its treatment. The literature is replete
with studies demonstrating significant improvement in CRF
with consistent exercise (McNeely & Courneya, 2010; Stricker,
Drake, Hoyer, & Mock, 2004). Nausea, vomiting, anxiety, de-
pression, and the integrity of bone and muscle mass are all
favorably influenced by exercise during and following cancer
treatment (Newton & Galvdo, 2008). Patients with breast
cancer who exercised during chemotherapy were more likely
to complete the full dose of the prescribed chemotherapeu-
tic regimen without treatment delay, potentially resulting in
improved outcomes (Courneya et al., 2007). About 60% of
patients with breast cancer gained weight after their diagnosis
related to chemotherapy and inactivity. Proper nutrition and
exercise can ameliorate this risk factor (Irwin et al., 2005).

Preclinical studies have suggested that the cardiotoxic ef-
fects of anthracyclines and trastuzumab (Herceptin® may be
mitigated by aerobic exercise (Scott et al., 2011; Wonders &
Reigle, 2009). Lymphedema of the upper extremity following
mastectomy with axillary node dissection may be prevented
or reduced with appropriate prescribed exercise (Schmitz et
al., 2009). Exercise has been demonstrated to activate the
endocannabinoid system to reduce pain (Sparling, Giuffrida,
Piomelli, Rosskopf, & Dietrich, 2003). Evidence from an
increasing number of preclinical studies has demonstrated
the remarkable inhibitory effect of exercise on cancer cell
growth through a variety of physiologic pathways (Peder-
sen et al., 2016; Rundgqvist et al., 2013). Therefore, exercise
may be an effective therapeutic agent to treat cancer, in
conjunction with conventional chemotherapy and radia-
tion. The compelling evidence from scientific research has
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demonstrated numerous benefits from exercise throughout
the cancer care continuum and concludes that exercise
should be incorporated as a routine component of treatment.

Prevention of Cancer Using Exercise

Healthcare providers have been reluctant to acknowledge
that cancer is a preventable disease. Prevention shifts the
responsibility of wellness from the healthcare provider to the
individual. One rationale for the lack of emphasis on preven-
tion is the absence of revenue generated by the healthcare
provider for such initiatives. In 2010, more than $124 billion
were spent on cancer care, with the total annual cost of cancer
care estimated to reach nearly $158 billion by 2020 (Mariotto,
Yabroff, Shao, Feuer, & Brown, 2011). A healthy lifestyle, in-
cluding tobacco abstinence, healthy diet, moderate alcohol,
and consistent adequate physical activity, may reduce the risk
of cancer by as much as 65% (Ford, Zhao, Tasai, & Li, 2011).
Consistent exercise alone has demonstrated a 40% reduction
in the incidence of cancer (Zhang, Sui, Hand, Hébert, & Blair,
2014). Numerous studies have demonstrated the protective
role of exercise in multiple cancers, including breast, lung,
kidney, colon, endometrial, and prostate cancers (Behrens &
Leitzmann, 2013; Boyle, Keegel, Bull, Heyworth, & Fritschi,
2012; Giovannucci et al., 2005; Lynch, Neilson, & Frieden-
reich, 2011; Sun, Shi, Gao, & Xu, 2012; Voskuil, Monninkhof,
Elias, Vlems, & van Leeuwen, 2007). Researchers predict that
50% of cancers are preventable based on scientific evidence
(Colditz, Wolin, & Gehlert, 2012; Stewart & Wild, 2014). De-
spite compelling data, the proposed $1 billion White House
Cancer Moonshot Task Force initiative to cure cancer (Neugut
& Gross, 2016) does not address the remarkable opportunity
to reduce cancer mortality through prevention. A letter from
70 deans of Schools of Public Health across the United States
was sent to Vice President Joe Biden (Association of Schools
and Programs of Public Health, 2016) and included the fol-
lowing statement:

Since the beginning of the “War on Cancer,” the most no-
table successes have been due to the power and efficacy
of prevention. The massive reductions in lung, cervical,
colorectal, and gastric cancer mortality rates are almost
entirely due to a focus on public health and prevention
approaches (including screening). (p. 1)

Admittedly, achieving a healthy lifestyle through behavior
modification in the United States’ sedentary society is not
easily accomplished. However, much could be achieved over
time with a more global initiative, starting with healthcare
providers collaborating with the government to make pre-
vention a priority. Although targeted therapy and designer
drugs are at the forefront of cancer research, prevention will
always play a seminal role in cost, effectively reducing cancer
incidence and mortality.

Exercise Challenges, Considerations,
Recommendations, and Solutions

People receiving treatment for cancer or living after diag-
nosis and treatment often experience the lingering effects of

treatment and require special considerations when exercising.
CRF and safety are primary risks to those not accustomed to
exercising. In addition, external factors, such as healthcare
provider lack of knowledge, lack of reimbursement, and the
lack of standard-of-care models, contribute to difficulties in
motivating people receiving cancer treatment to exercise. This
section briefly describes these challenges and provides recom-
mendations to address them (see Table 1).

Fatigue

The most common side effect of cancer and its treatment,
estimated to occur in nearly 100% of patients, is CRF (Bowet,
2014). Exercise has been demonstrated to be effective in al-
leviating CRF (Cramp & Byron-Daniel, 2012; Pearson, Morris,
di Stefano, & McKinstry, 2016) unless anemia is present, in
which case iron supplements may be helpful. The adverse
effects (e.g., joint and muscle pain, diarrhea, dizziness, un-
usual weakness) associated with drugs, such as epoetin alfa
(Epogen®) and darbopoetin alfa (Aranesp®), often precludes
them from incorporation into regimens to treat anemia (Min-
ton, Richardson, Sharpe, Hotopf, & Stone, 2010). To combat
CRF, small, frequent episodes of exercise tailored to patient
needs are recommended (Office of Disease Prevention and
Health Promotion, 2016; Schmitz et al., 2010). For example,
exercising for five minutes three times per day may be all that
a patient can tolerate. The amount and intensity of exercise
can be gradually increased over time.

Safety Concerns

In general, patients with cancer should not be exercising in
a crowded gym with the general population. Unlike other pa-
tient populations, patients with cancer need special consider-
ation when embarking on an exercise program (Kimmel, Haas,
& Hermanns, 2014; Schmitz, Ahmed, Hannan, & Yee, 2005).
Cancer and its treatment may render patients susceptible to
infection, bleeding, and inadequate oxygenation. Peripheral
neuropathy as a result of treatment puts this population at
risk for losing balance and falling. Patients with primary or
metastatic bone cancer have an increased risk of fractures as a
result of improper lifting or high-impact exercise. Studies have
repeatedly demonstrated the safety of supervised aerobic and
resistance exercise (Adamsen et al., 2009; Rajotte et al., 2012;
Schmitz et al., 2005, 2010). Despite demonstrated efficacy
and safety, concerns about whether exercise during cancer
treatment is safe persist (Blaney, Lowe-Strong, Rankin-Watt,
Campbell, & Gracey, 2013; Sabatino et al., 2007).

Ideally, centers designed specifically for cancer or home-
based exercise programs are recommended (Kimmel et al.,
2014). Without specially trained staff who are aware of the
risks associated with cancer treatment, a patient receiving
treatment for cancer may experience complications related to
exercise rather than benefits (American Cancer Society, 2014).
Several appropriate measures should be used to ensure safety
of patients with cancer participating in an exercise program.

Healthcare Provider Misconceptions

Unfortunately, many practicing physicians and healthcare
providers are not familiar with the benefits that an exercise
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TABLE 1. Exercise Challenges, Considerations, and Recommendations for Patients Receiving Treatment for Cancer

Challenge

Cancer-related
fatigue

Healthcare provider
misconceptions

Lack of
reimbursement

Lack of
standard-of-care
model

Safety

Considerations

Anemia may contribute to or
worsen fatigue,

Healthcare providers may not
be aware of exercise benefits
or know how or where to refer
patients.

Cost of care is often prohibitive,
even for those with insurance.
Lack of reimbursement is a
disincentive for physicians to
include exercise in a treatment
plan.

Standard physical therapy
referral for 6-8 weeks is not
long enough to ensure a life-
style change.

Standard physical therapy
preparation may not include
exercise considerations for
patients with cancer.

Neutropenia puts patients at
risk for infection.
Thrombocytopenia precludes
high-impact exercise and in-
creases risk for bleeding.
Peripheral neuropathy may
contribute to balance issues.
Bone metastases may put pa-
tients at risk for fractures.

Recommendations

Evaluate for anemia, and treat if indicated.

Create an individualized exercise treatment plan.
Recommend small episodes of exercise several times per day.
Monitor oxygen saturation levels during exercise.

Educate professionals, providers, and laypeople on the benefits of exercise.

Use inservices for professional training.

Educate using articles in local newspapers, television interviews, or the local news.
Become a navigator in cancer treatment centers.

Conduct a community assessment to determine potential support; provide in-kind space.
Make use of existing resources (e.g., churches, community centers, university centers).
Develop a strong volunteer support system to supplement professional care.

Use grants and fundraising to pay for exercise staff.

Advocate for changes in healthcare provision and reimbursement.

Ensure that potential models are supported by physicians and nurses.

Train staff in the risks of exercise to patients with cancer and undergoing treatment.
Evaluate each patient and individualized treatment prescription.

Set goals with patients.

Encourage a lifestyle change or lifetime approach to exercise.

Train staff to be aware of risks of exercise to patients with cancer.

Check temperature prior to exercise, particularly if receiving chemotherapy; delay exer-
cise if fever is present.

Avoid high-impact exercise that could stimulate bleeding.

Observe and check oxygen saturation periodically.

Use a safety belt or stool that fits over a treadmill to sit down, if needed.

Use stabilizing rings for the stability balls to prevent movement of the balls.

Be aware of primary or metastatic bone disease, and avoid twisting, impact, overexer-
tion, or stressing.

Take note of peripheral neuropathy spatial awareness. Use flex bands for motor neu-

ropathy and flex balls for sensory neuropathy.
* Recommend balancing exercises, such as tai chi.
¢ Acquire physician approval to exercise.
* Recommend appropriate footwear.

Note. Based on information from American College of Sports Medicine, 2016; Kimmel et al., 2014; National Comprehensive Cancer Network, 2014; Of-
fice of Disease Prevention and Health Promotion, 2016; Oncalogy Nursing Society, 2016; Schmitz et al., 2010.

program may have for a patient with cancer and are reluctant
to recommend exercise (Brown & Schmitz, 2014; Sabatino
et al., 2007). Educating professionals and laypeople on the
benefits of exercise is critical to changing the current cancer
treatment paradigm. Nurses, in particular, play a pivotal role
in encouraging and recommending treatment modalities for
optimal patient care to physicians (Rieger & Yarbro, 2003).
Nurses’ keen assessments are critical in conveying the physi-
ologic (Rieger & Yarbro, 2003) and psychological health sta-
tus of the patient (Hendrick & Cobos, 2010) to the physician
and/or nurse practitioner. Nurse navigators are effective and
influential advocates for patients and can increase awareness
of the importance of exercise in this population (Dang, 2015;
McMullen, 2013). Interdisciplinary collaboration can help
facilitate this process (Gagnon et al., 2013). With increased
awareness and education, healthcare providers can make
referrals to appropriate exercise centers.

Cost

One particularly difficult challenge to incorporating exer-
cise into the cancer treatment paradigm is the lack of reim-
bursement (Blaney, Lowe-Strong, Rankin-Watt, Campbell, &
Gracey, 2010; Cheville & Tchou, 2007; Haas & Kimmel, 2011).
Although some patients may be prescribed a six- to eight-
week physical therapy regimen, the typical physical therapy
department is not geared to work with the cancer population.
In addition, exercise should be a permanent lifestyle change,
and that is rarely accomplished in two months (Kimmel et
al., 2014). Even for patients who have insurance and could
typically afford to pay for an exercise trainer, the out-of-
pocket costs associated with expensive drug therapies are
a burden to patients. Because exercise is often not billable,
there is a disincentive for healthcare providers to prescribe
it or incorporate it into a patient’s treatment plan. However,
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low-cost exercise centers specifically designed for patients
with cancer exist.

Lack of Standard-of-Care Models

Traditional treatments have not consisted of prescrib-
ing exercise as a treatment modality in cancer care. A vast
amount of research has confirmed the benefits of exercis-
ing, necessitating the need for exercise as a vital component
to the standard of care for patients with cancer (Schmitz et
al., 2005). At this time, no standard amount of exercise is
recommended (Blaney et al., 2013; Brown & Schmitz, 2014;
Kimmel et al.; 2014). General exercise recommendations for
patients with cancer are based on those recommended for
the general population and include 150 minutes of moderate
aerobic exercise or 75 minutes of vigorous aerobic exercise
weekly (American Cancer Society, 2016; Office of Disease
Prevention and Health Promotion, 2016; Oncology Nurs-
ing Society [ONS], 2016; Schmitz et al., 2010). Research is
required to establish specific and individualized guidelines
for the different cancer types and stages (Brown & Schmitz,
2014). In addition, consideration must be given to factors
such as age, access, and comorbidities. A paradigm shift is
needed, and a standard-of-care model for patients with can-
cer is necessary to ensure appropriate and maximum health
outcomes for patients in the cancer treatment continuum. A
standard-of-care model would not only benefit the health-
care community as a whole, but also empower patients to
advocate for and become experts in their own health and
increase their health benefits. To implement a program, such
as FSFL, structured and individualized exercise for each
patient should be appropriately prescribed based on the
patient’s condition, needs, and abilities. A standard-of-care
model should include resistance training (e.g., dumbbells,
stretch bands), flexibility exercise to prevent injury (e.g.,
stretching), core-strengthening exercises (e.g., stability ball,
squat machine, side walking, standing on one leg), and
aerobic exercises (e.g., treadmill, elliptical, cycling). Trained
staff with degrees in exercise science are critical to ensure
that the exercise is individualized, safe, and administered for
optimal benefit. An added benefit of a standardized model is
that it enables collection of data to advance exercise science
in the cancer population. A customized software program
created by FSFL tracks program activity and monitors each
participant’s exercise sessions by recording specifics, such as
intensity, duration, and monitored metrics, will help advance
exercise science. Customized software can use real-time
texting to provide patients with reminders to enhance con-
sistent exercise adherence. Software also provides a resource
for research data collection from multiple locations without
geographic boundaries.

If a targeted exercise program for patients with cancer
does not exist in a geographic area, several measures can
be taken to help establish such a center. First, a needs as-
sessment should be done to identify available resources and
determine what is needed in the community. If resources
are limited, plans to expand resources can be instituted. The
specific exercise plans should be made in consultation with
a clinical exercise physiologist, according to the guidelines

provided by organizations, such as the ONS (2014) Get Up,
Get Moving campaign and the Healthcare Providers’ Action
Guide developed by the Exercise is Medicine® (2016) initia-
tive. Once resources are in place, increasing awareness of
healthcare professionals and the community is paramount.
Staying abreast of practice changes is important to provide
optimal care for the patient. Nurses play a key role in recom-
mending exercise to patients and cancer care providers until
a standard-of-care model is adopted and exercise becomes a
part of treatment paradigm.

Case Study Revisited

At the initial visit for Marjorie, a thorough assessment at
FSFL was completed. Marjorie’s goal was to walk without
“huffing and puffing” on oxygen. The staff prescribed daily
visits to the center initially. After one week in the program,
Marjorie no longer required oxygen during exercise and
was able to walk for nine minutes at 0.8 mph on a treadmill

During the next seven months, Marjorie continued to
attend the FSFL center three days per week. Her treadmill
time and intensity were gradually increased, and additional
exercises were added to improve strength and balance. At
the end of 210 days, Marjorie was completing 30 minutes on
the treadmill at 1 mph off oxygen, in addition to her strength
and balance exercises. After seven months, Marjorie’s cancer
progressed. Because Marjorie came to the center with stage
IV breast cancer, cure was never an expectation. However,
an individual program of exercise provided Marjorie with a
significant improvement in quality of life. She met her goal
of walking without “huffing and puffing” and was able to
enjoy her remaining time with her children, grandchildren,
and great-grandchildren. Although it was not measured,
healthcare costs (e.g., oxygen, hospitalizations, care pro-
viders) were likely reduced significantly as a result of her
exercise program.

Conclusion

Marjorie’s story is one exemplar of the impact that exercise
can have on the lives of patients with cancer. The research
that supports the benefits of exercise for the general popula-
tion has also demonstrated that exercise is effective in the
population of patients receiving treatment for cancer. Exer-
cise provides numerous benefits to patients with cancer, and

Implications for Practice

» Serve as patient advocates by heightening awareness ahout
the benefits of exercise to patients throughout the cancer
continuum.

» Use available resources to incorporate exercise recommen-
dations into treatment plans.

» Perform individual patient assessment prior to recommend-
ing a specific program of exercise.
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it may also prevent occurrence and recurrence of cancer. It is
now up to healthcare providers from all disciplines, including
oncology nurses, to translate this science into practice and
make exercise a standard of care in cancer treatment.

References

Adamsen, L., Quist, M., Andersen, C., Mgller, T., Herrstedt, J.,
Kronborg, D., . . . Rgrth, M. (2009). Effect of a multimodal
high intensity exercise intervention in cancer patients under-
going chemotherapy: Randomised controlled trial. BMJ, 339,
b3410. doi:10.1136/bmj.b3410

American Cancer Society. (2014). Physical activity and the cancer
patient. Retrieved from http://www.cancer.org/treatment/
survivorshipduringandaftertreatment/stayingactive/physical
-activity-and-the-cancer-patient

American Cancer Society. (2016). ACS guidelines for nutrition
and physical activity. Retrieved from http://www.cancer.org/
healthy/eathealthygetactive/acsguidelinesonnutritionphysical
activityforcancerprevention/acs-guidelines-on-nutrition-and
-physical-activity-for-cancer-prevention-guidelines

Association of Schools and Programs of Public Health. (2016,
March 21). [Letter to Vice President Joe Biden]. Retrieved from
https://s3.amazonaws.com/ASPPH_Media_Files/Docs/ASPPH
.to.Vice.President.3.21.16.pdf

Behrens, G., & Leitzmann, M.F. (2013). The association be-
tween physical activity and renal cancer: Systemic review
and meta-analysis. British Journal of Cancer, 108, 798-811.
doi:10.1038/bjc.2013.37

Betof, A.S., Lascola, C.D., Weitzel, D., Landon, C., Scarbrough,
P.M., Devi, G.R,, . . . Dewhirst, M.W. (2015). Modulation of
murine breast tumor vascularity, hypoxia and chemothera-
peutic response by exercise. Journal of the National Cancer
Institute, 107, djv040. doi:10.1093/jnci/djv040

Blaney, J., Lowe-Strong, A., Rankin, J., Campbell, A., Allen, J., &
Gracey, J. (2010). The cancer rehabilitation journey: Barriers
to and facilitators of exercise among patients with cancer-
related fatigue. Physical Therapy, 90, 1135-1147. doi:10.2522/
Ptj.20090278

Blaney, J.M., Lowe-Strong, A., Rankin-Watt, J., Campbell, A.,
& Gracey, J.H. (2013). Cancer survivors’ exercise barriers,
facilitators and preferences in the context of fatigue, quality
of life and physical activity participation: A questionnaire-
survey. Psycho-Oncology, 22, 186-194. doi:10.1002/pon.2072

Bower, J.E. (2014). Cancer-related fatigue: Mechanisms, risk fac-
tors, and treatments. Nature Reviews. Clinical Oncology, 11,
597-609. doi:10.1038/nrclinonc.2014.127

Boyle, T., Keegel, T., Bull, F., Heyworth, J., & Fritschi, L. (2012).
Physical activity and risks of proximal and distal colon can-
cers: A systematic review and meta-analysis. Journal of the
National Cancer Institute, 104, 1548-1561. doi:10.1093/jnci/
djs354

Brown, J.C., & Schmitz, K.H. (2014). The prescription or pro-
scription of exercise in colorectal cancer care. Medicine and
Science in Sports and Exercise, 46, 2202-2209. doi:10.1249/
MSS.0000000000000355

Cheville, A.L., & Tchou, J. (2007). Barriers to rehabilitation fol-
lowing surgery for primary breast cancer. Journal of Surgical
Oncology, 95, 409-418.

Colditz, G.A., Wolin, K.Y., & Gehlert, S. (2012). Applying what

we know to accelerate cancer prevention. Science Transla-
tional Medicine, 4, 127rv4. doi:10.1126/scitranslmed.3003218

Courneya, K.S., Segal, R.J., Mackey, J.R., Gelmon, K., Reid,
R.D., Friedenreich, C.M., . . . McKenzie, D.C. (2007). Effects
of aerobic and resistance exercise in breast cancer patients
receiving adjuvant chemotherapy: A multicenter randomized
controlled trial. Journal of Clinical Oncology, 25, 4396-4404.

Cramp, F., & Byron-Daniel, J. (2012). Exercise for the manage-
ment of cancer-related fatigue in adults. Cochrane Database
of Systematic Reviews, 11, CD006145. doi:10.1002/14651858
.CD006145.pub3

Dang, L.H. (2015). How has the nurse navigator role changed
care for patients with cancer? ONS Connect. Retrieved from
http://connect.ons.org/issue/march-2015/another-perspective/
how-has-the-nurse-navigator-role-changed-care-for-patients
-with-cancer

Davies, N.J., Batehup, L., & Thomas, R. (2011). The role of diet
and physical activity in breast, colorectal, and prostate cancer
survivorship: A review of the literature. British Journal of
Cancer, 8(Suppl. 1), 852-5873. doi:10.1038/bjc.2011.423

Exercise is Medicine®. (2016). Healtbcare providers’ ac-
tion guide. Retrieved from http://exerciseismedicine.org/
assets/page_documents/Complete%20HCP%20Action%20
Guide_2016_01_01.pdf

Ford, E.S., Zhao, G., Tsai, J., & Li, C. (2011). Low-risk lifestyle
behaviors and all-cause mortality: Findings from the Na-
tional Health and Nutrition Examination Survey III Mortality
Study. American Journal of Public Health, 101, 1922-1929.
doi:10.2105/AJPH.2011.300167

Gagnon, B., Murphy, J., Eades, M., Lemoignan, J., Jelowicki, M.,
Carney, S., . . . Macdonald, N. (2013). A prospective evalua-
tion of an interdisciplinary nutrition—rehabilitation program
for patients with advanced cancer. Current Oncology, 20,
310-318. doi:10.3747/c0.20.1612

Galvio, D.A., & Newton, R.U. (2005). Review of exercise inter-
vention studies in cancer patients. Journal of Clinical Oncol-
ogy, 23, 899-909.

Giovannucci, E.L., Liu, Y., Leitzmann, M.F., Stampfer, M.J., &
Willett, W.C. (2005). A prospective study of physical activity
and incident and fatal prostate cancer. Archives of Internal
Medicine, 165, 1005-1010.

Haas, B.K,, & Kimmel, G. (2011). Model for a community-based
exercise program for cancer survivors: Taking patient care
to the next level. Journal of Oncology Practice, 7, 252-256.
d0i:10.1200/JOP.2010.000194

Haas, B.K., Kimmel, G., Hermanns, M., & Deal, B. (2012).
Community-based FitSTEPS for life exercise program for
persons with cancer: 5-year evaluation. Journal of Oncology
Practice, 8, 320-324. do0i:10.1200/JOP.2012.000555

Hendrick, S.S., & Cobos, E. (2010). Practice model for psychosocial
care. Journal of Oncology Practice, 6, 34-36. doi:10.1200/
JOP.091066

Holmes, M.D., Chen, W.Y., Feskanich, D., Kroenke, C.H., &
Colditz, G.A. (2005). Physical activity and survival after breast
cancer diagnosis. JAMA, 293, 2479-2486.

Irwin, M.L., McTiernan, A., Baumgartner, R.N., Baumgartner,
K.B., Bernstein, L., Gilliland, F.D., & Ballard-Barbash, R.
(2005). Changes in body fat and weight after a breast cancer
diagnosis: Influence of demographic, prognostic, and lifestyle
factors. Journal of Clinical Oncology, 23, 774-782.

Irwin, M.L., Smith, A.W., McTiernan, A., Ballard-Barbash, R.,

22 December 2016 ¢ Supplement to Volume 20, Number 6 ¢ Clinical Journal of Oncology Nursing



Cronin, K., Gilliland, F.D., . . . Bernstein, L. (2008). Influ-
ence of pre- and postdiagnosis physical activity on mortality
in breast cancer survivors: The health, eating, activity, and
lifestyle study. Journal of Clinical Oncology, 26, 3958—3964.
doi:10.1200/JCO.2007.15.9822

Jones, LW., Fels, D.R., West, M., Allen, J.D., Broadwater, G.,
Barry, W.T,, . . . Dewhirst, MW. (2013). Modulation of circulat-
ing angiogenic factors and tumor biology by aerobic training
in breast cancer patients receiving neoadjuvant chemotherapy.
Cancer Prevention Research, 6, 925-937. doi:10.1158/1940
-6207.CAPR-12-0416

Kimmel, G.T, Haas, B.K., & Hermanns, M. (2014). The role
of exercise in cancer treatment: Bridging the gap. Cur-
rent Sports Medicine Reports, 13, 246-252. doi:10.1249/JSR
.0000000000000068

Lynch, B.M., Neilson, H.K., & Friedenreich, C.M. (2011). Physical
activity and breast cancer prevention. Recent Results in Can-
cer Research, 186, 13-42. doi:10.1007/978-3-642-04231-7_2

Mariotto, A.B., Yabroff, K.R., Shao, Y., Feuer, EJ., & Browm, M.L.
(2011). Projections of the cost of cancer care in the United
States: 2010-2020. Journal of the National Cancer Institute,
103, 117-128. doi:10.1093/jnci/djq495

McMullen, L. (2013). Oncology nurse navigators and the con-
tinuum of cancer care. Seminars in Oncology Nursing, 29,
105-117. doi:10.1016/j.s0ncn.2013.02.005

McNeely, M.L., & Courneya, K.S. (2010). Exercise programs
for cancer-related fatigue: Evidence and clinical guidelines.
Journal of the National Comprebensive Cancer Network, 8,
945-953.

Meyerhardt, J.A., Heseltine, D., Niedzwiecki D., Hollis, D., Saltz,
L.B., Mayer, RJ.,, . . . Fuchs, C.S. (2006). Impact of physical
activity on cancer recurrence and survival in patients with
stage III colon cancer: Findings from CALGB 89803. Journal
of Clinical Oncology, 24, 3535-3541.

Minton, O., Richardson, A., Sharpe, M., Hotopf, M., & Stone,
P. (2010). Drug therapy for the management of cancer-
related fatigue. Cochrane Database of Systematic Reviews, 7,
CD006704. doi:10.1002/14651858.CD006704.pub3

Mishra, S.I., Scherer, RW., Snyder, C., Geigle, P.M., Berlanstein,
D.R., & Topaloglu, O. (2012). Exercise interventions on health-
related quality of life for people with cancer during active
treatment. Cochrane Database of Systematic Review, 15,
CD008465. doi:10.1002/14651858.CD008465.pub2

National Comprehensive Cancer Network. (2016). NCCN Clini-
cal Practice Guidelines in Oncology: Survivorship [v.2.2016].
Retrieved from https://www.nccn.org/professionals/physician
_gls/pdf/survivorship.pdf

Neugut, A.L, & Gross, C.P. (2016). Targeting the Cancer Moon-
shot. JAMA Oncology, 2, 421-422. d0i:10.1001/jamaoncol
.2016.0328

Newton, R.U., & Galvio, D.A. (2008). Exercise in prevention and
management of cancer. Current Treatment Options in Oncol-
0gy, 9, 135-146. doi:10.1007/511864-008-0065-1

Office of Disease Prevention and Health Promotion. (2016).
Physical activity guidelines for adults. Retrieved from https://
health.gov/paguidelines/guidelines/adults.aspx

Oncology Nursing Society. (2016). Help your patients get up,
get moving. Retrieved from https://www.ons.org/practice
-resources/get-up-get-moving

Ornish, D., Lin, J., Chan, J.M., Epel, E., Kemp, C., Weidner, G.,
. . . Blackburn, E.H. (2013). Effect of comprehensive lifestyle

changes on telomerase activity and telomere length in men
with biopsy-proven low-risk prostate cancer: 5-year follow-
up of a descriptive study. Lancet Oncology, 14, 1112-1120.
doi:10.1016/51470-2045(13)70366-8

Pearson, E.J., Morris, M.E., di Stefano, M., & McKinstry, C.E.
(2016). Interventions for cancer-related fatigue: A scoping
review. European Journal of Cancer Care. Advance online
publication. doi:110.1111/ecc.12516

Pedersen, L., Christensen, J.F. &, Hojman P. (2015). Effects of ex-
ercise on tumor physiology and metabolism. Cancer Journal,
21, 111-116. doi:10.1097/PPO.0000000000000096

Pedersen, L., Idorn, M., Olofsson, G.H., Lauenborg, B., Noo-
kaew, L., Hansen, R.H., . . . Hojman, P. (2016). Voluntary
running suppresses tumor growth through epinephrine- and
IL-6-dependent NK cell mobilization and redistribution. Cell
Metabolism, 23, 554-562. doi:10.1016/j.cmet.2016.01.011

Rajotte, EJ., Yi, J.C., Baker, K.S., Gregerson, L., Leiserowitz, A.,
& Syrjala, K.L. (2012). Community-based exercise program
effectiveness and safety for cancer survivors. Journal of Can-
cer Survivorship, 6, 219-228. doi:10.1007/511764-011-0213-7

Rieger, P.T., & Yarbro, C.H. (2003). Role of the oncology nurse.
In DW. Kufe, R.E. Pollock, R.R. Weichselbaum, R.C. Bast, Jr.,
T.S. Gansler, J.F. Holland, & E. Frei (Eds.). Holland-Frei can-
cer medicine (Gth ed.). Retrieved from https://www.ncbi.nlm
.nih.gov/books/NBK13570/

Rundqvist, H., Augsten, M., Strémberg, A., Rullman, E., Mijwel,
S., Kharaziha, P., . . . Ostman, A. (2013). Effect of acute ex-
ercise on prostate cancer cell growth. PLOS One, 8, ¢67579.
doi:10.1371/journal.pone.0067579

Sabatino, S.A., Coates, R.J., Uhler, R]J., Pollack, L.A., Alley, L.G.,
& Zauderer, L.J. (2007). Provider counseling about health be-
haviors among cancer survivors in the United States. Journal
of Clinical Oncology, 25, 2100-2106.

Scatena, R. (2012). Mitochondria and cancer: A growing role in
apoptosis, cancer cell metabolism and dedifferentiation. Ad-
vances in Experimental Medicine and Biology, 942, 287-308.
doi:10.1007/978-94-007-2869-1_13

Schmitz, K.H., Ahmed, R.L., Hannan, P.J., & Yee, D. (2005).
Safety and efficacy of weight training in recent breast cancer
survivors to alter body composition, insulin, and insulin-like
growth factor axis proteins. Cancer Epidemiology, Biomark-
ers and Prevention, 14, 1672-1680.

Schmitz, K.H., Ahmed, R.L., Troxel, A., Cheville, A., Smith,
R., Lewis-Grant, L., . . . Greene, Q.P. (2009). Weight lifting
in women with breast-cancer-related lymphedema. New
England Journal of Medicine, 361, 664-673. do0i:10.1056/
NEJMo020810118

Schmitz, K.H., Courneya, K.S., Matthews, C., Demark-Wahn-
efried, W., Galvio, D.A., Pinto, B.M., . . . Schwartz, A.L.
(2010). American College of Sports Medicine roundtable
on exercise guidelines for cancer survivors. Medicine and
Science in Sports and Exercise, 42, 1409-1426. d0i:10.1249/
MSS.0b013e3181e0c112

Scott, J.M., Khakoo, A., Mackey, J.R., Haykowsky, M.J., Doug-
las, P.S., & Jones, L'W. (2011). Modulation of anthracycline-
induced cardiotoxicity by aerobic exercise in breast cancer:
Current evidence and underlying mechanisms. Circulation,
124, 642-650. doi:10.1161/CIRCULATIONAHA.111.021774

Shammas, M.A. (2011). Telomeres, lifestyle, cancer, and aging.
Current Opinion in Clinical Nutrition and Metabolic Care, 14,
28-34. doi:10.1097/MCO.0b013e32834121b1

Clinical Journal of Oncology Nursing » Supplement to Volume 20, Number 6 * Incorporating Exercise Into Treatment 23



Sparling, P.B., Giuffrida, A., Piomelli, D., Rosskopf, L., & Di-
etrich, A. (2003). Exercise activates the endocannabinoid
system. Neuroreport, 14, 2209-2211.

Stewart, B.W., & Wild, C.P. (Eds.). (2014). World cancer report
2014. Lyon, France: International Agency for Research on
Cancer.

Stricker, C.T., Drake, D., Hoyer, K.A., & Mock, V. (2004).
Evidence-based practice for fatigue management in adults
with cancer: Exetcise as an intervention. Oncology Nursing
Forum, 31, 963-976.

Sun, J.Y., Shi, L., Gao, X.D., & Xu, S.F. (2012). Physical activ-
ity and risk of lung cancer: A meta-analysis of prospective
cohort studies. Asian Pacific Journal of Cancer Prevention,
13, 3143-3147.

Vaccarezza, M., & Vitale M. (2015). Tumor chemosensitation
by physical exercise? Insights from an animal model. Future
Oncology, 11, 885-887. doi:10.2217/fon.14.311

Viiia, J., Gomez-Cabrera, M.C., Borras, C., Froio, T., Sanchis-Gomar,
F., Martinez-Bello, V.E., Pallardo, F.V. (2009). Mitochondrial
biogenesis in exercise and ageing. Advanced Drug Delivery
Reviews, 61, 1369-1374. doi:10.1016/j.addr.2009.06.006

Voskuil, D.W., Monninkhof, E.M., Elias, S.G., Vlems, F.A., & van
Leeuwen, F.E. (2007). Physical activity and endometrial cancer
risk, a systemic review of current evidence. Cancer Epidemi-
ology, Biomarkers and Prevention, 16, 639-648.

Wonders, K.Y., & Reigle, B.S. (2009). Trastuzumab and
doxorubicin-related cardiotoxicity and the cardioprotective
role of exercise. Integrative Cancer Therapies, 8, 17-21.
doi:10.1177/1534735408330717

Zhang, P., Sui, X. Hand, G.A., Hébert, J.R., & Blair, S.N. (2014).
Association of changes in fitness and body composition with
cancer mortality in men. Medicine and Science in Sports and
Exercise, 46, 1366-1374. d0i:10.1249/MSS.000000000000
0225

24 December 2016 * Supplement to Volume 20, Number 6 s Clinical Journal of Oncology Nursing



