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Early detection and improved treatments for cancer have resulted in
roughly 12 million survivors alive in the United States today. This growing
population faces unique challenges from their disease and treatments, in-
cluding risk for recurrent cancer, other chronic diseases, and persistent ad-
verse effects on physical functioning and quality of life. Historically,
clinicians advised cancer patients to rest and to avoid activity; however,
emerging research on exercise has challenged this recommendation. To this
end, a roundtable was convened by American College of Sports Medicine to
distill the literature on the safety and efficacy of exercise training during and
after adjuvant cancer therapy and to provide guidelines. The roundtable
concluded that exercise training is safe during and after cancer treatments
and results in improvements in physical functioning, quality of life, and
cancer-related fatigue in several cancer survivor groups. Implications for
disease outcomes and survival are still unknown. Nevertheless, the benefits
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to physical functioning and quality of life are sufficient for the recommen-
dation that cancer survivors follow the 2008 Physical Activity Guidelines
for Americans, with specific exercise programming adaptations based on
disease and treatment-related adverse effects. The advice to “avoid inac-
tivity,” even in cancer patients with existing disease or undergoing difficult
treatments, is likely helpful.

n 2009, the American Cancer Society (ACS) estimated

that there were nearly 1.5 million new cases of cancer

diagnosed in the United States and just more than
500,000 people who died from the disease (76). Currently,
there are close to 12 million cancer survivors in the United
States, and this number grows each year (66,70,122). Im-
proved prognosis on the basis of earlier detection and newer
treatments has created a welcomed new challenge of ad-
dressing the unique needs of cancer survivors, which include
the sequelae of the disease, its treatment, and conditions
predating diagnosis. Cancer is a disease largely associated
with aging: most survivors are older than 65 yr (112). Nearly
half are survivors of breast or prostate cancer (66). Colon,
hematological, and endometrial cancers each account for
approximately 10% of survivors (66).

In the last two decades, it has become clear that exercise
plays a vital role in cancer prevention and control (25,140).
Courneya and Friedenreich (26) proposed a Physical Ac-
tivity and Cancer Control Framework that highlights spe-
cific phases along the cancer continuum where exercise has
a logical role (Fig. 1) and identifies two distinct periods
before diagnosis and four periods after diagnosis with ob-
jectives for exercise programs in each phase. There is a
growing body of evidence suggesting that exercise decreases
the risk of many of cancers (107,140), and data to support
the premise that exercise may extend survival for breast and
colon cancer survivors are emerging (68,73,91,92). Our focus
here is on the influence of regular exercise on the health,
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FIGURE 1—Physical activity and cancer control framework. (Reprinted from Courneya KS, Friedenreich CM. Physical activity and cancer control.
Semin Oncol Nurs. 2007;23(4):242-52. Copyright © 2007 Elsevier. Used with permission.)

quality of life (QOL), and psychosocial well-being of cancer
survivors after diagnosis. Studies reviewed herein have hy-
pothesized that some of the psychological and physiological
challenges faced by cancer survivors can be prevented, at-
tenuated, treated, or rehabilitated through exercise.

Given the proliferation of exercise programs for cancer
survivors worldwide, an emergent evidence base for the ef-
ficacy of exercise among cancer survivors, and the relative
lack of guidelines for health and fitness professionals to
draw upon in working with this special population, a team of
clinical and research experts in the field of cancer and ex-
ercise gathered in June 2009. A roundtable was convened by
American College of Sports Medicine (ACSM) and spon-
sored by the Siteman Cancer Center at Barnes-Jewish Hos-
pital and Washington University School of Medicine in St.
Louis (St. Louis, MO) and the Oncology Nursing Founda-
tion to review the evidence leading to the guidance provided
herein. For these guidelines, we adopt the definition of
“cancer survivor” purported by the National Coalition for
Cancer Survivorship, i.e., from the time of diagnosis until
the end of life (http://www.canceradvocacy.org (Accessed
April 13, 2009)).

These guidelines are developed against the backdrop of
existing recommendations for exercise from the ACSM and
the American Heart Association (60), the ACS (50), and the
recent 2008 US Department of Health and Human Services
(US DHHS) Physical Activity Guidelines for Americans
(107). All of these guidelines are similar, with minor varia-
tions. The recent US DHHS guidelines indicate that, when
individuals with chronic conditions such as cancer are un-
able to meet the stated recommendation on the basis of their
health status, they “should be as physically active as their
abilities and conditions allow.” An explicit recommendation
was made to “avoid inactivity,” and it was clearly stated that
“Some physical activity is better than none.” The key US
DHHS guideline for aerobic activity focused on an overall
volume of weekly activity of 150 min of moderate-intensity
exercise or 75 min of vigorous-intensity exercise or an
equivalent combination. Guidance for strength training is to

perform two to three weekly sessions that include exercises
for major muscle groups (60,107). Flexibility guidelines are
to stretch major muscle groups and tendons on days that
other exercises are performed (60,100).

Given that the recent guidelines accommodate chronic con-
ditions and the health status of the individual (50,100,107),
there was consensus that the exercise objectives noted above
are generally appropriate for cancer survivors. However, it is
recognized that exercise programs may need to be adapted
for the individual survivor on the basis of their health status,
treatments received, and anticipated disease trajectory.

For the 2009 ACSM Roundtable, we focused on adult
cancers and sites where most evidence had been assembled
and reviewed the literature for multiple health outcomes.
The diversity of cancer types and related treatment and
sequelae and the lack of data for some presented challenges
for our review. Extrapolation was required for rare cancers
and some end points.

Evaluation of the evidence was based on the categories
outlined by the National Heart, Lung, and Blood Institute
(99) as follows: A (overwhelming data from randomized
controlled trials (RCTs)), B (few RCTs exist or they are
small and results are inconsistent), C (results stem from un-
controlled, nonrandomized, and/or observational studies),
and D (evidence insufficient for categories A to C). It is
acknowledged that these evaluation criteria do not incorpo-
rate information on the strength of effects but focus instead
on the quantity of studies that have shown any statistically
significant effect regardless of how large that effect may be.
Research on the safety and efficacy of exercise in cancer
survivors is an emerging field; consequently, it is expected
that regular updates of these guidelines will be needed.

The review provided herein is intended to highlight the
important role that exercise plays in cancer control and
survivorship and to provide a broad outline to health and
fitness professionals interested in implementing physical
activity programs for cancer survivors both during and after
cancer treatment. It should be noted that the important
issue of the efficacy of behavioral interventions to increase
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physical activity among cancer survivors was not directly
addressed at the Roundtable, and readers interested in this
topic are referred to existing publications for general infor-
mation on this topic (109).

EFFECTS OF CANCER TREATMENT AND
ADVERSE EFFECTS RELEVANT TO
PHYSICAL ACTIVITY

To provide optimal guidance to survivors, fitness profes-
sionals need to understand common therapeutic approaches
to cancer. Most cancer patients will receive surgery. This
surgery could be minor (e.g., removal of a mole) or major
(e.g., removal of a large section of the colon). About half of
cancer patients undergo ionizing radiation treatments. Ra-
diotherapy may be delivered before or after surgery, alone
or with concomitant chemotherapy. The mode of delivery,
schedule, and frequency are unique to a particular cancer but
often includes frequent appointments during a defined period
(e.g., five appointments per week for 6 wk). The majority of
cancer patients also receive chemotherapy, which is pre-
scribed orally or delivered intravenously on defined sched-
ules that are cyclical in nature. The type and duration of
treatment are individualized but can last for a few months or
for a much more protracted period, depending on the type
and severity of both the cancer and the specific chemo-
therapeutic agents used. Hormonal therapies are used when
indicated, most notably in certain types of breast and pros-
tate cancers. Therapeutically, this can be approached by
drug therapy or surgery (e.g., removal of the ovaries (oo-
phorectomy) or testicles (orchiectomy)). Finally, there are a
growing number of targeted therapies that are being devel-
oped for cancer that are tumor-specific (e.g., trastuzumab
(herceptin), a monoclonal antibody given to breast cancer
survivors who overexpress the HER-2 receptor [15]). More-
over, it is important for fitness professionals to be aware

TABLE 1. Persistent changes resulting from the most commonly used curative therapies.

that cancer therapies are constantly changing. To best eval-
uate a cancer survivor’s exercise tolerance and prescribe a
safe and effective exercise program, it is necessary to under-
stand the specifics of a cancer survivor’s diagnosis and
treatments received. Further, these effects will need to be
understood in the context of existing health (premorbid con-
ditions) and fitness level before cancer diagnosis. By under-
standing the treatments received, it may be possible to review
the body systems adversely affected and that may have
positive or negative implications for exercise tolerance and
training.

The adverse effects of cancer treatments may be imme-
diate, resolving during a period of days or weeks, or may be
persistent, lasting years after treatment is completed. For the
purpose of this review, we use the term “persistent effects,”
an umbrella term that includes both long-term and late ef-
fects (6). Long-term effects are side effects or complications
that begin during or very shortly after treatment and persist
afterward and for which the cancer survivor must compen-
sate. Late effects are distinct from long-term effects in that
they appear months or years after treatment completion (e.g.,
arrhythmias or cardiomyopathies after exposure to cardio-
toxic agents) (67). See Table 1 for a listing of persistent
effects of cancer treatments, including effects on multiple
body systems relevant to exercise training: cardiovascular,
musculoskeletal, nervous, endocrine, and immune. It should
be noted that, for persistent adverse effects of cancer treat-
ment, there may be predisposing host factors, including age,
gender, and other comorbid health conditions, which syn-
ergize to influence incidence and severity of adverse treat-
ment effects (66). The reader is referred to a recent Institute
of Medicine report on adult cancer survivorship (66) for an
in-depth review of persistent effects of treatment.

In the following paragraphs, we present the consensus
guidelines for exercise testing and prescription for cancer
survivors, followed by a review of the research evidence for
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the safety and efficacy of exercise interventions over a wide
spectrum of common cancer sites.

GUIDELINES FOR PHYSICAL ACTIVITY
TESTING AND PRESCRIPTION IN CANCER
SURVIVORS

Panel members were charged with reviewing the evidence
for the following adult cancer survivor populations: breast,
prostate, colon, hematologic, and gynecologic cancers. Breast
was further divided into during and after treatment because
there was adequate research evidence available for both
periods. The resulting reviews were presented and discussed
at the roundtable, and consensus for the guidelines presented
in Tables 2 to 4 was reached either during the meeting or in
subsequent discussions.

Overall, these guidelines fall into evidence level B. The
relative contribution of empirical published scientific evi-
dence and RCTs for these recommendations varies. Ideally,
we will eventually have levels of evidence specific to a
given exercise intervention (e.g., mode, frequency, intensity,
duration) for a given cancer site at a particular phase of the
cancer trajectory (e.g., during chemotherapy, survivorship,
end of life) and for specific end points (e.g., fatigue, physical
function, QOL, survival).

Exercise testing. The expert reviewing a specific can-
cer site was asked to comment on recommendations for
medical assessments and exercise testing before starting
an exercise program on the basis of published empirical
evidence and their own clinical and/or research experience.

TABLE 2. Preexercise medical assessments and exercise testing.

All exercise testing recommendations are made against the
backdrop of existing guidelines (5). Table 2 presents guidance
for preexercise medical assessments and exercise testing for
cancer survivors resulting from this consensus process. Fit-
ness professionals should understand the most common
toxicities associated with cancer treatments, including in-
creased risk for fractures and cardiovascular events with
hormonal therapies, neuropathies related to certain types of
chemotherapy, musculoskeletal morbidities secondary to treat-
ment, and treatment-related cardiotoxicity. Survivors with
metastatic disease to the bone will require modification of
their exercise program (e.g., reduced impact, intensity, vol-
ume) given the increased risk of bone fragility and fractures.

Exercise prescription. Panel members were also asked
to review research for evidence that exercise was safe
and feasible during and after treatment, whether exercise
affected treatment efficacy, symptoms, toxicities, ability to
withstand treatment, or persistent adverse effects of treatment,
and recurrence or survival. As with the testing guidelines,
development of exercise prescription guidelines occurred
against the background of other published exercise guide-
lines (50,60,100,107). Exercise prescriptions should be in-
dividualized according to a cancer survivor’s pretreatment
aerobic fitness, medical comorbidities, response to treatment,
and the immediate or persistent negative effects of treatment
that are experienced at any given time. Table 3 reviews the
objectives for exercise among cancer survivors, as well as
general and cancer site—specific contraindications for start-
ing an exercise program, reasons for stopping exercise, and
injury risk guidelines. One of the goals noted in Table 3 was

Cancer Site Breast Prostate

Colon (No HSCT) Adult HSCT

Adult Hematologic
Gynecologic

General medical
assessments
recommended
before exercise

Recommend evaluation for peripheral neuropathies and musculoskeletal morbidities secondary to treatment regardless of time since treatment. If there
has been hormonal therapy, recommend evaluation of fracture risk. Individuals with known metastatic disease to the bone will require evaluation to
discern what is safe before starting exercise. Individuals with known cardiac conditions (secondary to cancer or not) require medical assessment of
the safety of exercise before starting. There is always a risk that metastasis to the bone or cardiac toxicity secondary to cancer treatments will be

undetected. This risk will vary widely across the population of survivors. Fitness professionals may want to consult with the patient's medical team
to discern this likelihood. However, requiring medical assessment for metastatic disease and cardiotoxicity for all survivors before exercise is not
recommended because this would create an unnecessary barrier to obtaining the well-established health benefits of exercise for the majority of
survivors, for whom metastasis and cardiotoxicity are unlikely to occur.

Cancer site—specific Recommend Evaluation of

Patient should be None None

Morbidly obese patients

medical assessments
recommended before
starting an exercise
program

Exercise testing
recommended

Exercise testing mode
and intensity
considerations

Contraindications to
exercise testing and
reasons to stop
exercise testing

evaluation for
arm/shoulder
morbidity
before upper
body exercise.

muscle strength
and wasting.

evaluated as having
established consistent
and proactive infection
prevention behaviors
for an existing ostomy
before engaging in
exercise training more
vigorous than a
walking program.

may require additional
medical assessment for
the safety of activity
beyond cancer-specific
risk. Recommend
evaluation for lower
extremity lymphedema
before vigorous aerobic
exercise or resistance
training.

No exercise testing required before walking, flexibility, or resistance training. Follow ACSM guidelines for exercise testing before moderate to vigorous
aerobic exercise training. One-repetition maximum testing has been demonstrated to be safe in breast cancer survivors with and at risk for

lymphedema.

Follow ACSM guidelines for exercise testing.

As per outcome of medical assessments and following ACSM guidelines for exercise testing.
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