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Advances in cancer detection and treatment have 
meant that survival rates for many types of cancer 
have increased steadily over the past 40 years, 

with 10-year survival rates for all cancers increasing from 
24% to 45% between 1971 and 2007 (Cancer Research 
UK, 2009). The trends towards an ageing population 
(and therefore more cancer diagnoses), coupled with 
continuing advances in early detection and treatment, 
means the estimated 2 million ‘cancer survivors’* in the 
UK today is expected to increase by 3% year on year 
(Maddams et al, 2008). 

Improvements in survival are immensely encourag-
ing for those facing a cancer diagnosis, but survival can 
be accompanied by physical and psychosocial difficul-
ties. Treatment side effects include nausea, pain, 
weight gain and insomnia, and cancer-related fatigue is 
reported by up to 96% of cancer survivors (National 
Cancer Institute, 2010). In addition, some survivors 
experience impairments in physical function, anxiety, 
depression and reductions in quality of life. While 
these cancer-related sequelae are most apparent during 
the treatment period, they can persist for months and 
even years after treatment. Additionally, in the years 
following successful cancer treatments, survivors are at 
an increased risk of developing other comorbidities 
including cardiovascular disease, diabetes, osteoporosis 
and second primary cancers (Wingo et al, 1998; 
Demark-Wahnefried et al, 2005; Travis, 2006). 
Consequently the growing population of cancer survi-
vors and the associated long-term and late effects of 
cancer treatment and chronic disease burden has been 
recognized as a public health priority in the UK 
(Department of Health, 2007).

Epidemiological studies have consistently shown an 
inverse association between physical activity and the 
incidence of numerous cancers (e.g. World Cancer 
Research Fund/American Institute for Cancer Research, 
2007), but investigating the role of exercise in the oncol-
ogy setting is a relatively recent phenomenon. What is 
now becoming clear is that exercise may offer a safe and 
effective means of ameliorating many cancer-related 
sequelae, both during and after treatment, as well as 
relieving some of the additional disease burden faced by 
cancer survivors. 

This article will comment on current evidence for the 
role of exercise in the oncology setting during and after 
treatment, its effect on treatment-related symptoms, as 
well as the potential role in improving longer term can-
cer prognosis. Information on the current guidance for 
the prescription of exercise among this population will 
also be discussed. 

Exercise during and after cancer treatment
Historically, medical professionals have encouraged can-
cer patients to rest in an attempt to manage symptoms 
related to cancer treatment such as fatigue and reduced 
physical function. However, it has now become apparent 
that reducing daily activities may exacerbate the prob-
lem, resulting in an accelerated decline in physical func-
tion, deterioration in cardiorespiratory fitness and loss of 
bone density, and in some cases a vicious cycle of further 
reductions in activity. 

In the last decade there has been a surge in studies 
designed to determine whether exercise has a role to play 
in improving the health and wellbeing of cancer survi-
vors, and numerous reviews have been published exam-
ining the effect of exercise on treatment-related symp-
toms and other physiological and psychosocial factors. 
Some have focused on one specific outcome such as 
cancer-related fatigue (Cramp and Daniel, 2008) or 
quality of life (Courneya and Friedenreich, 1999), while 
others have taken a more extensive look at a range of 
symptoms and health outcomes (Galvao and Newton, 
2005; Knols et al, 2005; Schmitz et al, 2005; Conn et al, 
2006). 

These reviews have varied in their inclusion criteria 
and the time point of interest (i.e. during or after treat-
ment). Some of the early reviews were qualitative in 
nature, including all published trials regardless of meth-
odology, and often combining trials conducted during 
and after cancer treatment. Given that this field of 
research was in its infancy at the time these reviews 
were published, this was a very reasonable approach. 
However, more recently the number of trials has 
increased rapidly and, as a result, many of the latest 
reviews have limited their analysis to controlled trials, 
have included a meta-analysis, and have separated 
results by intervention timing. 
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The most recently published comprehensive review by 
Speck and colleagues (2010) was a systematic review and 
meta-analysis evaluating the effect of exercise interven-
tions in cancer survivors during and after treatment. It 
provided a useful summary of the intervention character-
istics. Sample sizes were generally modest, averaging 
approximately 40 per group, although there were some 
larger studies. The content of the interventions was 
similar to those seen in other clinical populations, with 
the vast majority offering aerobic exercise either alone or 
in combination with resistance exercise (80%). Most 
involved exercising 3–5 times a week at a moderate or 
vigorous intensity for 30–45 minutes, and the interven-
tion period tended to be longer than 5 weeks, with 40% 
running for over 3 months. The authors noted a bias 
towards breast cancer samples, with 80% of trials con-
ducted in this population. Conclusions were similar to 
those drawn from previous reviews, indicating that exer-
cise was well tolerated both during and after the treat-
ment period. In addition, although health practitioners 
often express concern over the safety of exercise among 
cancer patients few adverse events were reported.

Speck et al’s (2010) review presented results for over 
60 outcomes, including aerobic fitness, depression, 
immune responses and pain. The key findings during the 
treatment period were that patients in the exercise group 
experienced small-to-moderate improvements in physi-
cal fitness, upper body strength and anxiety, and moder-
ate-to-large reductions in pain. In addition there was a 
consistently positive effect of exercise on immune 
responses such as natural killer cell activity and levels of 
cytokines, as well as a reduction in treatment-related 
symptoms such as nausea. In the post-treatment period, 
exercise was associated with large improvements in upper 
and lower body strength and a moderate effect on 
fatigue. Speck et al (2010) also presented data on the 
various facets of quality of life, whereas previous reviews 
had reported only on generic measures. Exercise was 
found to have a moderate effect on breast cancer-specific 
concerns after treatment completion (as measured by 
breast cancer-specific quality of life instruments). During 
the cancer treatment period, exercise had a moderate 
effect on physical function quality of life. 

These results, in addition to those from earlier reviews, 
provide evidence of a consistent and positive effect of 
exercise during and after treatment. However, a number 
of important issues remain to be addressed. Because of 
the variety of exercise interventions delivered, it has not 
been possible to determine the most effective intensity, 
duration or mode of exercise to elicit these positive 
effects, nor is it known whether this varies by patient 
characteristics (e.g. treatment status, cancer site, stage of 
disease). More research is also required in patient groups 
other than breast cancer survivors. Inevitably there are 
also a number of limitations to current research. For 
example, there is likely a ‘healthy response bias’ as 
patients who are most unwell are less likely to agree to 

take part in exercise interventions. In addition not all 
trials provide intention-to-treat analysis, potentially 
inflating results. However, in the aforementioned review, 
loss to follow up was low (approximately 11%) which 
minimizes this potential bias. 

One example of an attempt to overcome a number of 
these limitations is the work of Lee Jones and colleagues 
at Duke University in North Carolina. This group has 
carried out some excellent work among lung cancer 
patients, one of the more understudied groups to date. 
They have published a number of ‘proof of principle’ 
studies which have shown exercise interventions to be 
safe and feasible both in patients awaiting lung resection 
and those who have completed treatments (Jones et al, 
2007, 2008). Peak oxygen uptake (an indicator of �
cardiorespiratory fitness) has been identified as a key 
predictor of both survival and post-surgical complica-
tions in non-small cell lung cancer patients (Pujol et al, 
2009; Jones et al, 2010a), indicating that lung cancer 
patients have much to gain from improving cardio-�
respiratory fitness. A randomized controlled trial is cur-
rently underway to determine the most effective means 
of increasing peak oxygen uptake in this population 
(Jones et al, 2010b). The results of this study will provide 
evidence for the most effective type of exercise in a spe-
cific patient group at a defined point in the cancer path-
way. Similar quality work is required in other patient 
groups in order to advance this area of research.

Exercise and cancer prognosis 
Much of the research in the area of exercise and oncology 
has involved relatively short-term interventions with acute 
outcomes (as described above). However, interest has also 
been increasing in the role that exercise may play in cancer-
related and all-cause mortality among cancer survivors.

A landmark paper published in 2005 was the first 
large-scale, cohort study to report a significant protective 
association between physical activity after breast cancer 
diagnosis and recurrence, cancer-related mortality and 
overall mortality (Holmes et al, 2005). Breast cancer 
survivors who participated in 9–14.9 MET/h/wk of 
physical activity had a 41% risk reduction in total mor-
tality, a 50% risk reduction for breast cancer death, and 
a 43% risk reduction of breast cancer recurrence com-
pared to those doing <3 MET/h/wk (9 MET/h/wk is 
equivalent to 3 hours of walking at an average pace per 
week). Since this publication, a number of other studies 
have examined associations between pre- or post-diagno-
sis physical activity and both breast cancer deaths and 
all-cause mortality. A meta-analysis that summarized the 
results (Ibrahim and Al-Homaidh, 2010) concluded that 
any level of physical activity post-diagnosis (>2.8 MET/h/
wk) was associated with reduced breast cancer (34%) 
and all-cause mortality (41%) compared to the reference 
group. An interesting finding was the lack of a dose 
response relationship, with similar reductions in mortal-
ity seen at all levels of activity above 2.8 MET/h/wk, 
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although it is possible that this was the result of measure-
ment error because all studies were reliant on self-report. 
Misperception of what constitutes vigorous intensity 
activity may have resulted in misreporting of higher 
activity levels. 

While research in this area is also dominated by studies 
of breast cancer patients, a handful of large prospective 
studies have also been conducted in colon cancer survi-
vors (Meyerhardt et al, 2006a,b, 2009). In an all-female 
sample Meyerhardt et al (2006a) reported a 50% reduc-
tion in all-cause mortality with >9 MET/h/wk of moder-
ate physical activity but the threshold for a protective 
effect in cancer-specific mortality was considerably 
higher: >18 MET/h/wk for a 60% reduction. These 
results were replicated in a mixed sex sample (Meyerhardt 
et al, 2006b). 

It could be argued that patients who are not physically 
active after cancer diagnosis develop more aggressive 
tumours and are more unwell than those who do. In 
order to control for this, most of the studies have report-
ed a separate analysis excluding patients who died within 
the first year of follow up, and the results change very 
little, indicating that the observed protective effect was 
not an artefact of a healthy selection bias. 

A number of plausible biological mechanisms have 
been suggested to explain the protective effect of physical 
activity after cancer diagnosis. Among breast cancer sur-
vivors, exercise may reduce the availability of oestrogen 
and increase concentrations of sex hormone binding 
globulin, both of which are associated with incidence of 
breast cancer (Missmer et al, 2004). This is supported by 
results from Holmes et al’s (2005) study which found 
that reductions in breast cancer deaths were only seen in 
oestrogen receptor-positive tumours. Insulin and insu-
lin-like growth factor have also been associated with 
mortality in cancer survivors (Goodwin et al, 2002). 
Insulin and insulin-like growth factor have known 
mitogenic properties and may therefore stimulate 
tumour cell proliferation. Exercise can potentially reduce 
mortality through direct or indirect effects (i.e. as a result 
of weight loss) on insulin-like growth factor and insulin 
levels. Reductions in gastrointestinal transit time have 
also been suggested as a possible mechanism among 
colon cancer survivors (Harriss et al, 2009), as have 
changes in prostaglandin levels or ratios. There has also 
been speculation that adipokines (Jarde et al, 2008) and 
inflammatory and immune responses may play a role 
(Campbell and McTiernan, 2007). Currently there is no 
definitive evidence for the mechanisms through which 
exercise exerts its protective effect, but it is likely to 
involve many of these pathways.

At present, the only available data on exercise and 
prognosis are from observational studies. In order to be 
confident that a causal association exists methodologi-
cally vigorous randomized controlled trials are required. 
One such study is underway: Courneya and colleagues 
are conducting a large, multi-site exercise intervention in 

survivors of stage II and III colon cancer (Courneya et al, 
2008). The intervention is delivered over 3 years, with a 
4-year follow up and, as such, results will not be available 
for some time. Similar trials are required among survi-
vors of other cancer sites. 

Current recommendations for exercise 
prescription in cancer survivors
With the growing body of evidence that exercise may 
have beneficial effects on numerous physiological and 
psychosocial outcomes in cancer survivors, an obvious 
question for practitioners is what type of exercise pro-
gramme they should suggest to their patients. The 
American College of Sports Medicine convened a round-
table of experts in the field of exercise and cancer survi-
vorship to synthesize current evidence and provide such 
guidelines (Schmitz et al, 2010). It provides recommen-
dations for medical examination and exercise testing 
before commencing an exercise programme, with spe-
cific reference to survivors of breast, prostate, colon, 
haematological and gynaecological cancers. Interested 
readers are referred to the paper which provides a com-
prehensive summary of cancer-specific considerations 
both before and during an exercise programme. 

In general the guidelines recommend that all exercise 
programmes should be individualized taking into con-
sideration treatments received and associated symptoms, 
comorbidities, contraindications to activity, and patient 
prognosis. Recommendations are in accordance with 
previously published guidelines from the American 
Cancer Society and the US Department of Health and 
Human Services; that is to ‘avoid inactivity and return 
to normal daily activities as soon as possible after sur-
gery and during adjuvant cancer treatments’. In addi-
tion, it was agreed that US Department of Health and 
Human Services guidelines were appropriate for cancer 
survivors, but should be adapted to the individual. 
These guidelines are to accumulate 150 minutes of 
moderate intensity activity per week or 75 minutes of 
vigorous intensity exercise or an equivalent combina-
tion. Two or three sessions of resistance exercise per 
week including major muscle groups are also advised, 
along with flexibility exercise on days that other exercise 
is performed. 

Even with clear recommendations, this is a challenging 
population for which to design exercise programmes 
given the huge variation in cancer and treatment-related 
symptoms, late effects and associated comorbidities. 
Specific training for health professionals interested in 
providing exercise-based cancer rehabilitation is required 
and some organizations are beginning to provide such a 
service. For example, CanRehab (www.canrehab.co.uk) 
is a UK-based organization providing seminars, work-
shops and training programmes for exercise-based reha-
bilitation aimed at health and fitness professionals. In the 
USA, the American College of Sports Medicine has 
launched the Cancer Exercise Training Certification and 
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in addition, the Rocky Mountain Cancer Rehabilitation 
Institute Program has been running at the University of 
Northern Colorado for several years. 

Conclusions
The evidence to date suggests that exercise is an effective 
therapy for reducing cancer-related sequelae and poten-
tially reducing disease burden in what is a rapidly grow-
ing population. With such a low-cost intervention having 
the potential to improve the health and wellbeing of this 
vulnerable group, investment to provide wider access to 
training and support is urgently needed. BJHM
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KEY POINTS
n	 Epidemiological studies have consistently shown exercise to have an inverse 

association with the incidence of numerous cancers, but the role of exercise in the 
oncology setting is a relatively new area of research.

n	 Evidence consistently shows exercise to be safe and well tolerated in cancer 
patients receiving treatment and those who have completed therapy.

n	 Exercise is associated with improvements in numerous treatment-related symptoms 
and psychosocial outcomes such as cancer-related fatigue and quality of life.

n	 Studies show exercise to be associated with reductions in cancer-related and 
all-cause mortality in breast and colon cancer survivors, with plausible biological 
mechanisms.

n	 Cancer survivors are advised to adhere to general population guidelines for 
exercise. 

n	 More investment is required to provide training and support for health practitioners 
and fitness professionals to promote exercise in this vulnerable population.


