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Abstract
Opinion statement

The benefits of exercise in patients with chronic disease have been studied extensively over the
last half century. In contrast, investigation of the role of exercise following a diagnosis of cancer
has received comparably less attention. In this article, we review the efficacy of exercise training
in specific areas across the cancer survivorship continuum [i.e., pre-surgery, post-surgery during
adjuvant therapy, following the completion of primary adjuvant therapy (survivorship), and
palliation], with a view toward future research. The current evidence base provides strong but
preliminary evidence that exercise training is a well-tolerated and safe adjunct therapy that can
mitigate several common treatment-related side-effects among cancer patients with early disease
both during and following adjuvant therapy although many questions remain unanswered.
Preliminary evidence in this area supports that exercise therapy may be an important consideration
in multidisciplinary management of patients following a cancer diagnosis.

Introduction

The therapeutic properties of regular exercise have long been recognized with the ancient
Greeks and Chinese acknowledging the hygienic value of regular exercise. The first formal
investigation was not until the early 1950s when James Morris and colleagues reported that
occupational exercise was associated with substantial reductions in coronary heart disease in
the seminal London Busmen study [1-3]. This pioneering study led to extensive
epidemiological investigation of the association between both occupational and leisure-time
exercise and the risk of cardiovascular disease by numerous research groups [4]. As a result
of the burgeoning evidence, in 1995 the American College of Sports Medicine and Centers
for Disease Control published the first prescription guidelines to encourage increased
participation in exercise in Americans of all ages for health promotion and disease
prevention [5]. The putative relationship between exercise and cancer was not formally
recognized until 2002 wherein the American Cancer Society recommended regular exercise
to reduce the risk of breast, colon, and several other forms of cancer [6].

Investigation of the role of exercise following a diagnosis of cancer has received comparably
less attention. Following the diagnosis of other non-cancer chronic diseases, exercise
therapy is considered the cornerstone of rehabilitation and demonstrated to improve quality
of life and clinical outcomes in these settings. The precise reasons of why researchers and
health professionals were more reluctant to investigate the therapeutic role of exercise
following a diagnosis of cancer is not known but likely reflects the prevailing dogma that a
cancer diagnosis is associated with poor prognosis, immune deficiency, and other severe
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debilitating side-effects that precludes participation in and benefit from exercise therapy. In
the last decade, however, exercise—oncology research has become increasingly recognized
as a legitimate and important field of research in cancer management [7]. This review will
provide an overview of the putative evidence supporting the role of exercise across the
cancer survivorship continuum (i.e., diagnosis to palliation).

Exercise therapy following a cancer diaghosis

A brief history and overview

In the mid-to-late 1980s, researchers initiated the first studies to explore whether
exercise training may be an appropriate intervention to mitigate chemotherapy- and
radiation-induced fatigue and loss of cardiorespiratory fitness among women with
early-stage breast cancer [8-13]. Since this early seminal study, the number of
publications has steadily increased over the past 20 years with studies becoming
progressively more sophisticated in scope, design, and size to address the major
questions in the field [14]. A chronological time-line of significant landmarks in
“exercise—oncology” research is presented in Fig. 1.

Several excellent systematic reviews and meta-analyses have evaluated the
pertinent literature [22—27]. In the most recent systematic review, Speck ef a/. [14].
identified a total of 66 “high quality” studies that examined the effects of exercise
on 60 different physiological, functional, biological, or psycho-social outcomes in
adults with cancer. In order to summarize, the majority of studies were conducted
in women with early breast cancer with fewer studies in non-small lung cancer
(NSCLC), hematologic malignancies, or mixed cancer populations. Exercise
modality consisted of aerobic training alone, resistance training alone, or the
combination of aerobic and resistance training prescribed at a moderate-vigorous
intensity (50-75% of baseline maximum heart rate or cardiorespiratory fitness), 3
sessions or more per week, for 10-60 min per exercise session. The length of the
exercise training ranged from 2 to 24 weeks. Overall, exercise was associated with
significant improvements in muscular strength, cardiorespiratory fitness, functional
quality of life (QOL), fatigue, anxiety, and self-esteem. Few adverse events (AES)
were observed. It was concluded that exercise is a beneficial adjunct therapy both
during and following the completion of adjuvant therapy in adult cancer patients,
with low incidence of AEs [14]. Our group recently conducted a meta-analysis to
determine the effects of supervised exercise training on cardiorespiratory fitness
including only those studies employing a randomized controlled design and direct
measurement of peak oxygen consumption (VOpeak), the gold standard assessment
of cardiorespiratory fitness [28]. Cardiorespiratory fitness is determined by the
integrative capacity of the cardiopulmonary system (i.e., pulmonary-cardiac-
vascular-skeletal muscle axis) to deliver oxygen from the atmosphere to muscle
mitochondria [29+]. Cardiorespiratory fitness is one of the most powerful predictors
of cardiovascular and all-cause mortality in healthy adults as well as those with
cardiovascular disease (CVD) even after controlling for traditional CVD risk
factors [30-34].

In contrast to Speck et al. [14]. we only identified a total of 6 studies met eligibility
criteria involving a total of 571 adult cancer patients (7= 344, exercise; n= 227,
usual care control). Pooled data indicated that exercise training was associated with
a statistically significant increase in VOgpeak (WMD = 2.91 mL kg™t min™%, 95%
Cl: 1.18-4.64) with minimal adverse events, although significant heterogeneity was
evident in this estimate (£ = 87%) [28]. We concluded that the effect of exercise on
VOypeak Is promising but the current evidence base is emergent with many
fundamental questions (eg, optimal prescription, timing, and setting of exercise,
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effects of exercise on tumor biology and therapeutic efficacy) remaining to be
addressed. In the following sections, we review the efficacy of exercise training in
specific areas across the cancer survivorship continuum [i.e., presurgery, post-
surgery during adjuvant therapy, survivorship (following the completion of primary
adjuvant therapy), and palliation], with a view toward areas requiring future
research.

Exercise therapy prior to surgical resection

Surgery is the most common form of cancer therapy for patients with solid tumors.
Of all cancer surgeries, only pulmonary resection for patients with lung cancer
directly impacts an organ component that directly governs cardiorespiratory fitness
(i.e., diffusion capacity) [29+]. Pulmonary resection is the treatment of choice for a
variety of disorders including non-small cell lung cancer, selected cases of
oligometastatic disease (sarcoma, colorectal cancer, melanoma, etc.) and involves
removal of a substantial portion of lung parenchyma that negatively impacts
pulmonary ventilation and diffusion capacities. In addition, the majority of lung
cancer patients also present with several significant concomitant co-morbid
diseases. The extent of surgery together with comorbid disease significantly
complicates the treatment process and perioperative and postoperative
complications are common; mortality and morbidity has been reported to range
from 1% to 8% and 20% to 40%, respectively [35-37]. In order to evaluate
complication risk, cancer surgeons often assess VOopeak t0 determine preoperative
physiologic status of operable candidates. VOgpeq is strongly inversely associated
with surgical complication rate in NSCLC patients [38—41]. Further, we found that
VOgypeak is also a strong independent predictor of long-term overall survival in
NSCLC even after controlling for traditional prognostic factors [42e¢]. To date, the
clinical importance of VOpeax has only been investigated in patients with NSCLC,
however it appears reasonable to speculate that this parameter may also predict
complication rate in other operable solid tumors particularly those associated with
significant complications (eg, bladder, colorectal). Given this, therapies that can
augment VOopeak prior to surgical resection may lower perioperative complications
and improve postsurgical recovery in cancer patients.

To our knowledge, only two studies have investigated this question. Our group
examined the efficacy of presurgical aerobic training on VO3peax among 20 patients
with suspected NSCLC. Results indicated that mean VOgpeai increased by 2.4 mL
kg~ min~1 from baseline to presurgery. Exploratory analyses indicated that
presurgical VO,peak decreased postsurgery, but did not decrease beyond baseline
values [43]. Similarly, Bobbio et al. [44]. reported that short-term exercise-based
pulmonary rehabilitation increased VOgpeqk by 2.8 mL kg™ min~1 prior to
pulmonary resection in 12 NSCLC patients with chronic obstructive disease. These
studies provide preliminary evidence that supervised pre-surgical exercise training
can improve VOpeak although larger, randomized trials investigating the efficacy
of exercise training on surgical complications and post-surgical recovery in cancer
patients are now warranted.

In addition to surgical complications and postoperative recovery, the presurgical
setting also offers the unique opportunity to examine whether exercise training
causes changes in tumor biology in vivo. Specifically, exercise interventions can be
performed in cancer patients awaiting surgical resection (i.e., those not receiving
cytotoxic therapy) as well as those receiving induction/neoadjuvant therapy. To our
knowledge, no study has examined the effect of exercise on tumor outcomes in this
setting. Such studies are likely to present a unique challenge since the time from
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initial cancer diagnosis to surgery is typically<6 weeks in most scenarios for
patients not receiving preoperative therapy;<6 weeks may be an insufficient period
of time in which to induce significant alterations in tumor biology/physiology [45].
In contrast, it is not possible to investigate the independent properties of exercise
on tumor outcomes in those patients receiving preoperative therapy, although the
period of time available for exercise is typically longer. Such barriers, however, are
not insurmountable. Indeed, two dietary trials have demonstrated that flax seed
supplementation and a low-fat diet, respectively caused significant changes in
benign prostate proliferation and gene expression in men with prostate cancer
awaiting radical prostatectomy [46, 47]. The importance to conduct similar trials in
exercise—oncology research can not be overstated. Information from such trials will
provide molecular insight into how exercise may impact tumor biology which, in
turn, will guide the development of mechanistically- driven trials to optimize the
efficacy of exercise following a cancer diagnosis.

Exercise therapy during adjuvant therapy

The use of anticancer therapies is associated with unique and varying degrees of
direct and indirect physiological injury that dramatically reduce patients ability to
tolerate exercise (i.e., low VOypeqx) predisposing to morbidity, poor psycho-social
functioning, and increase susceptibility to concomitant age-related conditions [29].
The effect of cancer therapy on VOppeak has been reviewed in detail previously. In
the mid-to-late 1980s, researchers initiated the first studies to explore whether
structured exercise training may be an appropriate intervention to mitigate
chemotherapy- and radiation-induced toxicities and anticipated loss of
cardiorespiratory fitness among women with early-stage breast cancer [8-13].
Since these early studies, more than half of the exercise studies in cancer patients
have been conducted during cytotoxic therapy. Overall, the current evidence base
provides promising evidence that exercise training is a well-tolerated and safe
adjunct therapy that can mitigate several common treatmen-trelated side-effects
among patients receiving polychemotherapy, locoregional radiation, and androgen
deprivation therapy (ADT) [14, 28]. Results of these “first generation” studies
provide a solid platform to launch “second generation” studies that will extend the
scope and application of exercise—oncology research.

A question of great interest is whether cancer patients are equally responsive to
exercise training during cytotoxic therapy compared with following the completion
of therapy. Results of our recent meta-analysis indicated that exercise training was
associated with superior VOgpeak improvements following compared to during
adjuvant therapy, although no study has formally investigated this question [28]. In
order to illustrate, in the largest study to date, Courneya ef a/. [20]. found that ~17
weeks of aerobic training did not improve VOgpeax among women receiving
anthracycline-containing chemotherapy for early breast cancer. Similarly, we found
that 14 weeks of aerobic training led to negligible improvements in VO;peax among
patients undergoing cisplatin-based adjuvant chemotherapy for early NSCLC [48].
It is also important to stress that although exercise training caused minimal
improvements in VOgpeq, these effects occurred against the background of
declines in VOapeqk in patients assigned to the control condition; in the study by
Courneya et al. [20]. VOypeax declined ~5% among women randomized to usual
care control. Intriguingly, several other studies have reported significant
improvements in VOgpeak and other pertinent outcomes in patients receiving other
types of conventional cytotoxic therapies such as radiation and ADT [49-54].
These findings suggest that exercise-induced adaptations in the cardiopulmonary
system may be contingent on the type of cytotoxic therapy being administered. In
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addition, the effects of exercise in patients receiving novel cytotoxic and cytostatic
anticancer therapies are also needed. Such therapies have distinct mechanisms of
action [55, 56] thus the exercise response in patients receiving these agents is also
expected to be distinct. Further studies are now warranted to examine how different
conventional and novel therapeutics influence exercise-induced alterations in the
organ components that govern VOopeqk. Such mechanistic data will refine the
optimal exercise prescription guidelines as well as inform novel combination
approaches (&g, aerobic training plus pharmacologic intervention) to maximize
VOgpeak improvement in patients receiving anticancer therapy.

The recent systematic review by Speck et al. reported that the effect of exercise in
cancer patients has been evaluated across a total of 60 different outcomes [14].
However, the vast majority of studies have focused on the efficacy of exercise on
measures of cardiorespiratory fitness, QOL, fatigue and body weight/composition
with further studies investigating the effects on important biomarkers such as
immune function and metabolic control. In the next generation of studies, it will be
important to broaden the scope of exercise to other common toxicities observed
during cytotoxic therapy; these include but are not limited to anemia, hypertension,
neutropenia, peripheral neuropathy, and arthralgias. We also stress the importance
of conducting hypothesis-driven parallel correlative science studies in such trials to
provide insight into the mechanisms underlying the potential beneficial effects of
exercise on these common toxicities.

Another common toxicity for which exercise may be particularly effective is
cardiotoxicity. Many chemotherapeutic agents used in cancer management are
associated with unique acute and long-term cardiac complications [57]. While the
majority of complications are transient effects that do not persist after completing
chemotherapy, use of anthracycline-containing regimens (i.e., doxorubicin,
epirubicin) is well recognized to trigger dose-dependent, cumulative, progressive
cardiac dysfunction manifest as decreased left ventricular ejection fraction (LVEF),
and ultimately, symptomatic congestive heart failure [58]. Older radiotherapy
techniques independently cause a variety of cardiac complications and exacerbate
chemotherapy-induced injury although newer techniques have considerably lower
this risk [59, 60]. Finally, the new arsenal of “targeted” cancer therapeutics is
associated with a different safety profile than conventional approaches, however, it
is apparent that these agents can cause damage to the heart. HER-2 directed agents
as well as angiogenesis inhibitors are associated with a low incidence of sub-
clinical and clinical left ventricular dysfunction which appears higher in those
patients with prior or concurrent anthracycline administration [55, 56, 61]. The
mechanisms of cancer therapy-induced cardiac dysfunction are not fully elucidated
but exercise may be one therapeutic approach to prevent and/or mitigate this
toxicity. In a series of preclinical studies, Hayward and colleagues [62—66] reported
that both acute and chronic (repeated) moderate-intensity voluntary wheel exercise
preserved cardiac function in mice receiving doxorubicin. In the only clinical study
to date, Haykowsky et a/. [67¢]. found that exercise did not attenuate adjuvant
trastuzumab-induced left ventricular dilation and reduced ejection fraction in 17
women with HER-2 positive early breast cancer, although adherence to the exercise
intervention was less than optimal and no control group (i.e., trastuzumab- only)
was included.

Another major question to consider when investigating the effects of exercise
training during cancer therapy but one that has received minimal attention is the
potential interaction between exercise and cancer therapeutic efficacy [29¢]. The
potential interaction between exercise and cancer therapy efficacy is biologically
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plausible. Exercise is a potent pleiotropic intervention that influences a wide
spectrum of biological processes that could potentially modulate the cytotoxicity of
chemotherapeutic agents. For example, exercise modulates hormonal and metabolic
profile, nitric oxide-mediated peripheral blood flow, angiogenesis, oxidative status,
chemo-cytokine activity, immunity, and pharmacokinetic profile of agents [16¢].
All these pathways are implicated in cancer therapeutic action and could,
theoretically, augment or inhibit treatment efficacy. As an initial step, we
investigated the effects of 8 weeks of forced treadmill running on the antitumor
efficacy of doxorubicin in female mice bearing human breast cancer xenografts.
We found no significant differences on tumor growth between groups receiving
doxorubicin alone vs doxorubicin plus exercise training (P = 0.33), suggesting that
exercise does not significantly modulate doxorubicin-induced tumor growth delay
in MDA-MB-231 breast carcinoma xenografts [16¢]. Nevertheless, this study has
several limitations including the use of immune compromised mice and
subcutaneous as opposed to an orthotopic breast cancer model. In a subsequent
experiment, we found that tumor growth was comparable between voluntary wheel
running and sedentary control in female mice orthotopically implanted with MDA-
MB- 231. Intriguingly however, tumors from exercising animals had significantly
improved blood perfusion/vascularization relative to the sedentary control group
suggesting that aerobic exercise can significantly increase intratumoral
vascularization which may “normalize” the tumor microenvironment and, in turn,
inhibit tumor cell meta-static dissemination and improve therapeutic efficacy [68].
Investigation of these intriguing questions is the subject of ongoing investigation in
our laboratory.

Exercise therapy following the completion of adjuvant therapy (survivorship)

Improvements in early detection and surveillance together with more effective
locoregional and systemic therapies have led to significant survival gains for
individuals diagnosed with cancer [69]. Indeed, approximately 12 million
Americans who have been diagnosed with cancer are alive today. However, it is
becoming increasingly apparent that improved outcomes in patients with early-
stage disease may come at the price of therapy-induced late effects [70, 71]. As a
result, there has been a significant paradigm shift toward long-term therapy-
associated toxicity and its resultant effects on morbidity, premature non-cancer,
competing causes of mortality, and QOL. Of importance, emerging evidence
indicates VOppeak is centrally implicated in the etiology of certain cancer therapy
late effects. The studies by our group, and by others found that VOgpeq is a
predictor of left ventricular function, cardiovascular disease risk factors (eg, blood
pressure, lipid profile, c-reactive protein), as well as global QOL, fatigue, and other
psycho-social outcomes in patients with solid malignancies. [41, 72—77] Exercise
training is acknowledged as the most effective method to improve VOgpeqk in
healthy adults and such improvements may, in turn, reverse certain therapy-late
effects. Accordingly, there has been increasing clinical and research interest in the
role of exercise in cancer survivorship [7]. Similar to during therapy, the current
evidence base after the completion of primary adjuvant therapy indicates that
exercise is a safe and well-tolerated therapy associated with significant
improvements in certain physiological and psycho-social therapy late-effects.
Again, several fundamental questions, however, remain to be addressed [14, 28].

An important goal in exercise—oncology research is to identify the optimal exercise
prescription in cancer survivors. Cancer is a heterogeneous disease varying
considerably in location, pathogenesis, therapeutic management, and late effects.
Thus, it seems reasonable to expect that these factors will alter the exercise
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response and, consequently, the exercise prescription. The vast majority of studies
to date have investigated the effects of either aerobic training alone, resistance
training alone, or the combination of aerobic and resistance training in accordance
with traditional exercise prescription guidelines (3-5 d wk™1 at 50% to 75% of
baseline VO,peai for 12-15 weeks) in cancer survivors [14, 28]. As the field
progresses, it will be important to conduct adequately powered studies that identify
the optimal type, intensity, duration, and frequency of exercise training to improve
symptom control in cancer survivors. At least three ongoing trials are addressing
different aspects of this question in NSCLC [78], breast [79], and prostate cancer
survivors [80]. Of particular interest is highintensity exercise training. Several
recent randomized trials have demonstrated that the high-intensity aerobic training
(i.e., 275% of baseline exercise capacity) causes superior improvements in VOgpeak
relative to low- or moderate-intensity exercise training in patients with or at risk of
CVD [81-83]. However, there is a dearth of data regarding effects of exercise
intensity following a cancer diagnosis [79].

A major unanswered question, and one of considerable interest, is whether the
benefits of physical activity extend beyond symptom control to improved survival
following a cancer diagnosis [7]. The extant literature indicates that, in general,
regular physical activity is associated with 15% to 61% reduction in the risk of
death from breast or colorectal cancer (Table 1) [83-87]. Of interest, the
association between physical activity and cancer-specific mortality is not uniform,
which appears to vary according to volume of physical activity and even cancer
type. In breast cancer, the amount of physical activity that was significantly
inversely associated with cancer death ranged from =9 MET-h wk™1 (brisk walking
for 30 min, 5 d wk™1) [83¢¢] to 221 MET-h wk™1 (brisk walking for 75 min, 5 d
wk™1); [88] in colorectal cancer; the range was =18 MET-h wk™1 (brisk walking for
60 min, 5 d wk™1) [86, 87] to 227 MET-h wk1 (brisk walking for 90 min, 5 d
wk™1) [85]. Furthermore, the protective properties of physical activity appear more
robust in patients with colorectal cancer than breast cancer. Finally, exploratory
analyses indicate that the effects of physical activity may also differ by histological
sub-type and tumor expression of certain molecular markers. First, Holmes et al.
[17¢¢] reported that =9 MET-h wk~1 was associated with a relative risk reduction in
mortality of only 9% in women with estrogen receptor (ER)-negative tumors
relative to a mortality reduction of 50% in women with ER-positive tumors.
Similarly, Irwin et a/. [89] found that women reporting>0 MET-h wk™1 had a
mortality risk reduction of 80% in ER-positive patients relative to a 26% increase
in ER-negative patients. Second, Meyerhardt et al. [18, 21]. reported that the
association between exercise and mortality in patients with stage I-111 colon cancer
may depend on p27 status. Specifically, tumors with loss of p27, the HR for colon
cancer mortality was 1.40 (95% CI, 0.41-4.72) for patients reporting =18 MET-h
wk1 relative to those reporting<18 MET-h wk~1. Conversely, tumors with
expression of p27, the HR for colon cancer mortality was 0.33 (95% Cl, 0.12—
0.85). Molecular status of fatty acid synthase, K-ras, p53, p21, and PI3KCA did not
modify the association between exercise and clinical outcome.

Together, these findings suggest that the responsive of primary tumors, the tumor
microenvironment, or development of micrometastatic disease to physical activity
may depend on tumor type and molecular status, exercise volume, and histological
sub-type. The association between physical activity and death from any cause was
more consistent. Nevertheless, the volume of physical activity required to obtain
statistically significant reductions again differed between studies ranging from =9
to 227 MET-h wk™L. Clearly, more studies are required to further investigate the
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association between post-diagnosis physical activity and clinical outcomes in breast
and colorectal cancer as well as other cancer populations.

To date, efforts to launch phase Ill-randomized trials of exercise on survival after a
cancer diagnosis through the National Institutes of Health (NIH) have proven
unsuccessful [93], but at least one trial is currently ongoing in Canada [18¢].
Specifically, the Colon Health and Life-Long Exercise Change (CHALLENGE)
trial is a phase 111 trial, investigating the effects of regular exercise on recurrence
and cancer-specific mortality in colorectal cancer patients. The results of this trial
are eagerly anticipated. In conjunction with such trials, parallel correlative science
and translational studies are critical to understand the molecular underpinnings of
therapeutic response to ensure the optimal safety and efficacy of exercise, and
facilitate the shift toward “personalized medicine” in oncology [7].

Exercise therapy in advanced (palliative) disease

Despite significant advances in diagnosis and management of earlystage disease,
over 560,000 Americans are expected to die from cancer in 2010 [69]. Median
survival of patients with advanced (inoperable) disease is heterogeneous and varies
dramatically according to molecular subtype and response to therapy. Similar to
patients with early disease, current therapeutic approaches in advanced disease are
associated with a broad range of deleterious toxicities that negatively impact
physical functioning leading to higher disease-related symptoms and impaired
QOL. Given its incurable nature, treatment-related morbidity and QOL are
becoming increasingly recognized as outcomes of major clinical importance in the
management of advanced cancer. Exercise—oncology research is a new field; thus,
it is logical that investigators have predominately focused on the role of exercise in
patients with early-stage disease—patients, in general, with better physical
functioning and prognosis, and experiencing less treatment-related toxicities.
However, we contend that there is now sufficient evidence of the tolerability,
safety, and preliminary efficacy of exercise in patients with early-stage disease to
launch preliminary exercise investigations in select cancer sites with advanced
disease.

The conduct of exercise training interventions in patients with advanced disease
represents a unique challenge relative to the clinical populations and settings where
exercise trials have been traditionally conducted in oncology (i.e., early-stage
disease) and other non-cancer clinical settings (eg, cardiovascular and respiratory
disease). For example, patients with advanced disease, by definition, have systemic
(metastatic) disease, have often been heavily pre-treated for prior early-stage
disease, and are likely receiving aggressive combination cytotoxic and supportive
care therapies. As such, these patients are likely experiencing more disease-related
and treatment-related toxicities that may influence exercise tolerance and
adherence. In conjunction, a high proportion of advanced disease patients present
with a range of comorbid conditions related to prior cytotoxic therapy (for their
previous diagnosis of early-stage disease) as well as common age-related disorders
(eg, cardiovascular disease, osteoporosis, etc.) that may further negatively affect
ability to engage in an exercise intervention and may increase the risk of an
exercise-related AE [74, 94e].

A recent systematic review by Lowe et a/. [95]. identified a total of six studies that
investigated the effect of an exercise intervention on QOL, fatigue, or physical
function in patients with advanced cancer (palliative- intent). In general, all the
studies reported positive findings, but the overall methodological quality was poor.
There is currently insufficient evidence for definitive conclusions regarding the
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tolerability, safety, or efficacy of exercise in cancer patients with advanced disease.
Given the poorer prognosis and elevated treatment toxicity in this setting, we stress
the importance of rigorous AE and safety monitoring in planned exercise studies is
comparable to that required for pharmaceutical intervention trials, in conjunction
with appropriate correlative science components. Such an approach will ensure the
optimal safety and efficacy of exercise in this unique setting.

Research and clinical interest in exercise therapy as a result of a cancer diagnosis have
increased significantly over the last decade. The current evidence base provides strong but
preliminary evidence that exercise training is a well-tolerated and safe adjunct therapy that
can mitigate several common treatment-related side-effects among patients receiving
adjuvant therapy for early-stage disease. Results of these “first generation” studies provide a
solid platform to launch “second generation” studies that will extend the scope and
application of exercise—oncology research to address the major unanswered questions in this
emerging field.
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