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Cancer-Related Fatigue
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intRoduCtion
Cancer-related fatigue (CRF) is one of the most common 
symptoms experienced by cancer survivors irrespective of 
type of cancer or type of treatment. It is estimated that 25 to 
90% of survivors experience fatigue sometime during the 
cancer continuum (1). The average prevalence is 48% but is 
greater with such cancers as pancreatic and breast and 
greater during treatment (13). The National Comprehensive 
Cancer Network (NCCN) defines CRF as “a distressing per-
sistent, subjective sense of physical, emotional and/or cogni-
tive tiredness or exhaustion related to cancer or cancer treat-
ment that is not proportional to recent activity and interferes 
with usual functioning.” CRF is not related to excessive 
activity, and the tiredness/exhaustion is not alleviated by rest 
and, in fact, may worsen the symptoms (6). CRF signifi-
cantly affects cancer survivors’ quality of life and limits 
personal, social, and occupational activities. Therefore, CRF 
interventions should be a major component in a comprehen-
sive cancer rehabilitation program. 

PotentiAL MeCHAnistiC ModeLs oF CRF
The majority of cancer treatments (e.g., surgery, radiation, 
chemotherapy, stem cell transplantation) have moderate to 
severe biopsychosocial negative side effects often contribut-
ing to CRF. There are many proposed models to explain the 
mechanisms underlying CRF. These models can be catego-
rized into four groups: 1) energy balance, 2) fatigue as a 
stress response, 3) neuroendocrine-based regulatory fatigue, 
and 4) hybrid models (14). 

Energy balance abnormalities can result when there is 
an imbalance between energy intake, metabolism, and 
energy expenditure. This energy imbalance can result in 
abnormal mitochondrial function, leading to metabolite 
depletion and/or metabolite accumulation, which can upset 
the balance between aerobic and anaerobic pathways. In 

fact, current thought regarding tumor metabolism is that 
most tumor cells prefer the conversion of glucose to lactate, 
favoring the glycolytic pathway (15). The result would be 
inadequate adenosine triphosphate from aerobic pathways, 
hindering energy production for aerobic metabolism in other 
physiological systems. For example, lower cardiac aerobic 
metabolism could lead to left ventricular dysfunction, reduced 
cardiac output, and lower oxygen and nutrient delivery. 

More recently, Martinez-Outschoorn et al. (25) pro-
vided evidence contradicting the view that cancer cells have 
impaired mitochondrial function and rely metabolically on 
glycolysis. They have found many cancer subtypes with 
increased mitochondrial oxidative phosphorylation. This 
enhanced mitochondrial activity may be connected to cancer 
aggressiveness. Both viewpoints suggest that the cancer puts 
a severe burden on the mitochondria, which in turn compro-
mises energy production. Compromised energy production 
could diminish protein synthesis, leading to cachexia (mus-
cle wasting) and loss of muscular strength and endurance. 
CRF could also result from insulin sensitivity. Abnormalities 
that occur with glucose uptake can lead to the enhanced 
bioactivity of insulin growth factor 1, which increases tumor 
turnover rate (18).  

Fatigue as a stress response proposes that tiredness, 
fatigue, and exhaustion are behavioral markers on a contin-
uum of adaptation to stressors (14,33). Aistairs (1) stated 
that CRF is a function of the source of stress, perception of 
stress, coping mechanisms, and the duration of the stressor, 
which could lead to energy depletion and exhaustion. The 
stress response model provides a reason (i.e., coping ability) 
why some individuals experience severe fatigue and others 
do not. It also provides an explanation for adaptation between 
tiredness (formation of an alarm response), fatigue (preser-
vation of resistance), and exhaustion (reduction of ability to 
endure). There are features that make this model useful, but 
more recent studies have proposed that tiredness and exhaus-
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tion are not anchors on the fatigue continuum but are sepa-
rate states with significant clinical meaning (33). 

Neuroendocrine-based regulatory fatigue models pro-
pose that fatigue is a result of dysfunction in the nervous and 
endocrine systems, including the hypothalamic-pituitary 
axis (HPA) and neuroimmune system transmitter secretion 
and function. Interaction between the immune, nervous, and 
endocrine systems is related to stress and its effects on 
immunity. The HPA is the major part of the system that con-
trols internal and external stress responses. Cytokines are 
chemical messengers that stimulate the HPA when the body 
is stressed (17). Activation of the immune system may pro-
duce fatigue, which is mediated by proinflammatory cyto-
kines. Bower et al. (7) and Collado-Hidalgo et al. (12) 
investigated proinflammatory cytokines and markers of 
cytokine activity between fatigued breast cancer survivors 
and nonfatigued survivors. They found significantly higher 
levels of interleukin-1 receptor antagonists, soluble tumor 
necrosis factor receptor type II, and neopterin levels in the 
fatigued breast cancer survivors compared with nonfatigued 
survivors 5 yr after diagnosis, suggesting possible mecha-
nisms explaining CRF. Likewise, Shubert et al. (41) com-
pleted a review of 18 studies (1,037 participants) to deter-
mine if increased cytokine and neopterin levels may be 
responsible for CRF. They reported significant positive cor-
relations between CRF and cytokine IL-6 (r=0.12, p=0.004), 
CRF and cytokine IL-1RA (r=0.24, p=0.0005), and CRF and 
neopterin (r=0.22, p=0.0001). 

Cancer and its treatments are associated with many 
negative side effects. As a result, CRF models that are nar-
row in focus are limited in their explanations. Hybrid models 
are more attractive in explaining CRF due to the fact that 
CRF is a multifaceted syndrome mediated by a number of 
different factors. Hybrid models are more comprehensive in 
nature and thus include a variety of explanations for CRF. 
Olson et al. (34) began the Edmonton Fatigue Framework to 
study cancer tiredness, fatigue, and exhaustion. After 
reviewing the literature, the research group proposed that 
potential declines in cognitive function, sleep quality, nutri-
tion, and muscle endurance reduce individuals’ ability to 
adapt leading to an increase in CRF. Yoon et al. (49) sur-
veyed 1,219 early-stage breast cancer survivors within 6 mo 
following treatment and found numerous symptoms. These 
women felt that if they experienced ≥3 symptoms, their 
quality of life was severely compromised. Among these 
patients, 81% reported CRF, 87% systemic treatment-related 
side effects, 72% breast complications, 57% sleep difficul-
ties, 55% arm complications, and 50% pain. This study 
highlights the multifaceted nature of CRF and shows the 
value of models for CRF that are more comprehensive.  

PHYsioLoGiCAL And PsYCHoLoGiCAL 
PotentiAL CAuses oF CRF

The most common cancer treatments of surgery, radiation, 
and chemotherapy—along with other cancer treatments used 
to cure or control cancer—affect every system in the body. 
For example, radiation and chemotherapy destroy cells that 

are undergoing cell division. Cancer cells that are reproduc-
ing uncontrollably are susceptible to destruction, as are nor-
mal cells that are reproducing or have continuous turnover 
of cells (e.g., bone marrow). With the destruction of normal 
cells in the systems of the body, cancer survivors can struggle 
to maintain basic physiological functioning and thus experi-
ence CRF and reduced quality of life. The negative effects of 
many specific cancer treatments are quite similar; therefore, 
system toxicities will be discussed in general.

Cardiovascular system 
The cardiovascular system can be negatively affected cen-
trally and peripherally. Chest radiation can induce inflamma-
tion of the pericardium, abnormalities in cardiac conduction, 
and reduced ventricular function. Chemotherapy agents 
(e.g., Adriamycin) can gradually damage the heart, directly 
inducing cardiomyopathy and diminished ventricular func-
tion. Peripherally, cancer treatments can cause vascular dila-
tion, increased capillary permeability, interstitial edema, 
decreased blood perfusion, and loss of the number of mature 
platelets. The damage that occurs within the bone marrow 
can cause reduced red blood cell counts and lower hemoglo-
bin, leading to lower oxygen-carrying capacity. These nega-
tive treatment side effects can greatly reduce cancer patients’ 
quality of life by causing extreme fatigue and constant tired-
ness (37). Furthermore, several studies have shown that 
cancer per se may result in cardiac cachexia, which leads to 
cardiac remodeling and dysfunction. 

Pulmonary system
Within the pulmonary system, cancer treatments can cause 
the formation of scar tissue in the alveoli and abnormal 
development of pulmonary tissue. This can lead to excessive 
coughing, dyspnea, and a low-grade fever. In addition, can-
cer patients have a diminished diffusion capacity and 
decreased pulmonary compliance. Patients experience short-
ness of breath, frequent colds, low functional capacity, and 
extreme fatigue (37).

immune system
Cancer treatments have a profound negative effect on the 
immune system. B lymphocytes and T cells are especially 
susceptible to cell death, as are cells within the bone marrow. 
White blood cells and granulated white blood cells (neutro-
phils, basophils, eosinophils) can be destroyed by many 
cancer treatments. The resulting myelosuppression can 
enhance patients’ susceptibility to infections, colds, and flu-
like symptoms (37).

Gastrointestinal system
Intestinal changes that can occur with cancer treatments 
include a thickening or narrowing of the bowel, ulceration, 
intestinal fibrosis, vascular edema, distension of the arteries, 
and increased intestinal motility. Additionally, some of the 
enzymes of digestion are destroyed along with reductions in 
intestinal absorption. These negative side effects cause can-
cer patients to experience malnourishment, loss of appetite, 
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abdominal pain, constipation or diarrhea, and extreme 
fatigue (37). 

Musculoskeletal Alterations
Cancer treatments disturb muscle integrity, resulting in dam-
age to the sarcolemma, sarcoplasmic reticulum, mitochon-
drial membranes, myofibrils, and myofilaments. The result 
is cachexia (muscle wasting), muscle weakness, inflamma-
tion, muscle imbalances, and extreme fatigue (37).

neuroendocrine system
Cancer treatments can induce central nervous system dys-
function. Patients may experience memory loss, numbness 
(neuropathy) in the feet and hands, blurred vision, hearing 
loss, loss of balance, and lower motor function (37)—all of 
which could contribute to CRF. Psychological factors and 
fatigue appear to be closely linked in cancer patients. The 
relationship varies from patient to patient and the  
mechanisms involved are not well understood. Such psycho-
logical symptoms as anxiety and depression (21,31), reduced 
self-efficacy (23), distress (45), and difficulty coping (24) 
vary according to the stage of cancer and the phase the 
patients are in along the cancer continuum (diagnosis, treat-
ment, post-treatment) (46).

diAGnosis And AssessMent oF CRF
The diagnosis/assessment of CRF can be very complex, but 
the first step in the evaluation of CRF is identifying patients 
with CRF. There is no single agreed-upon evaluation instru-
ment for CRF. However, because there is widespread CRF 
among patients, it should become common practice to evalu-
ate CRF during clinical screening.

Many instruments have been developed—none of 
which are comprehensive. CRF diagnosis should be deter-
mined through clinical history, physical examination, rele-
vant biological assessment, information from the family, and 
the use of self-report standardized measures (9). For exam-
ple, on a self-report instrument with a 10-point rating scale 
(zero = no fatigue and 10 = worst fatigue), mild fatigue rep-
resents a score of 1 to 3, moderate fatigue as 4 to 6, and 
severe fatigue as 7 to 10. Using the 10-point scale, research 
has shown significant decreases in physical functioning at a 
score of 7 or greater (27,32,35). 

A number of effective standardized instruments can be 
used. There are the Visual Analog Scale (VAS) and the Brief 
Fatigue Inventory (BFI), which are the easiest and fastest 
(27,30). More extensive instruments (29) are the Functional 
Assessment of Cancer Therapy Instrument (FACT-F) (3), 
the Multidimensional Fatigue Symptom Inventory Short 
Form (MFSI-SF) (44), and the Piper Fatigue Scale (35). 
Reassessment of CRF should be done on a consistent basis 
so the behavior patterns of patients can be established. Can-
cer patients in treatment should be reassessed daily or fol-
lowing each chemotherapy cycle, while patients post-treat-
ment should be reassessed at regular intervals as established 
by the health care provider or cancer exercise specialist 
(32,42). Depending on the severity of CRF, pharmacological 

(e.g., erythropoietin [28]) or nonpharmacological interven-
tions can be used to reduce CRF.  

inteRventions to eRAdiCAte CRF
Currently, there has been no consensus on which pharmaco-
logical agents are the most effective at improving CRF. 
Guidelines from the National Comprehensive Cancer Net-
work (NCCN) recommend treatment for potentially revers-
ible contributors of CRF such as pain, emotional distress, 
sleep dysfunction, nutritional imbalances, and comorbidi-
ties. A meta-analysis of two studies (n=264 patients) investi-
gated the effects of methylphenidate (a psychostimulant) 
versus placebo on CRF and found that methylphenidate was 
superior to the placebo (p=0.02) for treating CRF (28). 
Within the same paper, Minton et al. (28) completed an addi-
tional meta-analysis of 10 studies (n=2226 patients), evalu-
ating erythropoietin in patients with anemia during chemo-
therapy, which showed that erythropoietin was superior to 
placebo in treating CRF (p=0.008). The authors concluded 
that there is some evidence that pharmacological agents are 
effective in treating CRF, but more research is warranted. 

CRF is often treated with nonpharmacological interven-
tions. Variables that potentially contribute to CRF and are 
positively affected by exercise are shown in Table 1. The 
relationships among these variables may be part of the cause 
of CRF, and exercise may be an effective means to modify 
these interactions and relationships. Al-Majid and Gray (2) 
stated that many studies have examined the effect of exercise 
on CRF, but few studies have investigated the mechanisms 
involved with the benefits of exercise and CRF. Therefore, 
they developed a physiological and psychobehavioral hybrid 
CRF model that shows the relationship of the beneficial 
effects of exercise and the reduction of CRF (Figure 1) to be 
used to guide research and thus the development of exercise 
protocols that target these mechanisms.  

As ascertained by Al-Majid and Gray, the research in 
exercise and CRF is often inconsistent. McMillan and New-
house (26) completed a meta-analysis on 16 studies com-
prising 1,426 participants (exercise = 759; control = 667) 
that met their criteria. They found a small but significant 
effect size (standardized mean difference [SMD] 0.26, 
p<0.001) between exercise and control groups, with exercise 
reducing CRF. They also found that exercise improved func-
tional capacity and musculoskeletal fitness compared with 
the controls (p<0.01). The researchers stated that further 
research is needed to determine the underlying mechanisms 
related to the benefits of exercise on CRF. 

Likewise, Brown et al. (8) completed a meta-analysis 
on 44 studies consisting of 3,354 participants of varying 
types of cancer, stages, treatments, and exercise interven-
tions. CRF was diminished in the exercise group (SMD 
0.31; 95% confidence interval [CI] = 0.22-0.40) compared 
with the control group. It also appeared as if the CRF 
decrease could be generalized across cancer types. The 
intensity of resistance exercise was proportional to the 
decrease in CRF. These researchers concluded that moderate 
intensity resistance exercise was beneficial in reducing CRF. 
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Velthuis et al. (48) conducted a meta-analysis on exercise 
and CRF in randomized controlled trials. Eighteen studies 
(12 breast cancer, four prostate cancer, two other cancers) 
met their inclusion criteria. They found that home-based 

exercise during breast cancer treatment did not significantly 
reduce CRF; however, supervised aerobic exercise showed a 
medium, significant reduction in CRF (SMD 0.30; 95% CI = 
0.09 to 0.51) compared with no exercise controls. They 
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FIGURE 1. A biobehavioral model for the study of exercise interventions for cancer-related fatigue.

Adapted from Al-Majid S, Gray DP. A biobehavioral model for the study of exercise interventions in cancer-related fatigue. Biol Res Nurs. 
2009;10(4):381-91.

TABLE 1. Treatment toxicities versus exercise benefits. 

 Cardiovascular Toxicity Exercise Benefits
	 •	Left	ventricular	dysfunction	 •	Strengthens	myocardium
	 •	Lower	left	and	right	ejection	fractions	 •	 Increases	cardiac	output	and	stroke	volume
	 •	Abnormal	left	ventricular	contractility	 •	Decreases	resting	heart	rate
	 •	Reduced	cardiac	output	and	stroke	volume	 •	Lowers	exercise	heart	rate	
	 •	Reduced	oxygen	and	nutrient	delivery	 •	 Improves	endothelial	function
	 •	Endothelial	dysfunction	
	 •	 Increased	myocardial	work

 Pulmonary Toxicity Exercise Benefits
	 •	Decreased	total	lung	capacity	 •	Strengthens	intercostal	muscles
	 •	Decreased	diffusion	capacity	 •	 Improves	ventilation	and	transport	of	air	from	the	environment	
	 •	Reduced	oxygen	and	carbon	dioxide	exchange	 	 to	the	cell
	 •	Decreased	submaximal	and	maximal	exercise	oxygen	
	 	 consumption

 Gastrointestinal Toxicity Exercise Benefits
	 •	Loss	of	body	nutrients	 •	 Increases	uptake	of	nutrients
	 •	Loss	of	body	fluids	and	electrolytes	 •	Reduces	weakness	and	fatigue
	 •	Alters	metabolism	 •	 Improves	appetite

 Musculoskeletal Toxicity Exercise Benefits
	 •	Muscle	wasting	 •	 Increases	integrity	of	muscle	tissue
	 •	Destruction	of	skeletal	muscle	tissue	 •	 Increases	muscle	protein	synthesis	
	 •	 Increased	muscle	weakness	 •	Balances	ratio	of	proinflammatory	and	anti-inflammatory	
	 	 	 	 cytokines
	 	 	 •	Stimulates	the	release	of	hormones	that	increase	muscle	cell	
	 	 	 	 growth	and	development
	 	 	 •	 Improves	metabolism,	which	increases	the	efficiency	of	energy	
	 	 	 	 utilization

 Immune and Hematological Toxicity Exercise Benefits
	 •	Myelosuppression	 •	 Increases	red	blood	cell	production
	 •	 Inhibits	bone	marrow	function	 •	 Increases	blood	volume
	 •	Reduced	red	blood	cell	count	(anemia)	 •	 Increases	hemoglobin	concentration
	 •	Reduced	oxygen	carrying	capacity	 •	 Improves	blood	coagulation,	fibrinolysis,	platelet	aggregation
	 •	Disordered	coagulation

 Neurotoxicity Exercise Benefits
	 •	Slows	motor	function	 •	Enhances	motor	unit	recruitment
	 •	Decreases	coordination	 •	 Improves	neurochemical	availability	at	the	cellular	and	
	 	 	 	 tissue	levels
	 	 	 •	 Improves	coordination
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found no significant difference in the reductions in CRF 
between home-based, supervised aerobic, and resistance 
exercise programs in patients with prostate cancer.  

In summary, studies investigating the effects of exercise 
on CRF have shown small to medium effect sizes. During 
cancer treatment, improvements in fatigue ranged from -32 
to -39% (43), while following cancer treatments, exercising 
cancer survivors show decreased fatigue ranging from -33 to 
-39% (38,39,40). 

While the mechanisms of the exercise effects on CRF 
remain elusive, perhaps some of the mechanisms identified 
in animal models may contribute to the reduction of CRF in 
humans. Thus far in the animal model, exercise appears to be 
beneficial in reducing the toxic effects of cancer treatments 
through such mechanisms as decreased expression of pro-
apoptotic markers (19), attenuated protein carbonyl forma-
tion, decreased serum levels of cardiac proteins, reduced 
lipid peroxidation, elevated antioxidant status (4,5), pre-
served nitric oxide synthase function, upregulation of heat 
shock proteins, and/or preservation of the myosin isoform 
distribution (10,11,20). As stated by Al-Majid and Gray (2), 
it remains a critical issue for further research to determine 
the mechanisms involved with the reduction of CRF by 
exercise. An adequate understanding of these mechanisms 
could allow for the design of appropriate exercise interven-
tions to specifically address CRF. 

Psychosocial therapies comprise educational, support-
ive, and behavioral interventions. Kangas et al. (22) reviewed 
41 randomized controlled trials (n=3620 patients) that tested 
the efficacy of psychosocial interventions on patients with a 
variety of cancer types during and after treatment. They 
found that the effect size (-0.31, p<0.001) was near moderate 
with clinical significance. The interventions were grouped 
into categories of cognitive behavioral therapy (CBT), sup-
portive-expressive therapy, education/counseling, behav-
ioral/relaxation therapy, massage, and mental restorative 
treatments. The researchers found that CBT, education/
counseling, and supportive/expressive therapy showed the 
most benefit for the alleviation of CRF. While massage and 
mental rest therapies also showed some benefit, behavioral 
interventions (e.g., relaxation) showed minimal benefits. 

Goedendorp et al. (16) conducted studies that included 
physical activity and psychosocial interventions (i.e., CBT) 
to reduce CRF. They found that during treatment, the CBT 
group had significantly less CRF than the usual care group. 
However, there was no difference in CRF between the physi-
cal activity group and the usual care group. They concluded 
that the CBT intervention was effective, while the physical 
activity intervention was not. It should be noted that the 
physical activity intervention was two 1 h education sessions 
3 mo apart focusing on physical activity. After 1 yr follow-
ing treatment, the cancer survivors reported less CRF from 
physical activity alone and physical activity plus CBT  
compared with the control group. van Weert et al. (47) com-
pleted a similar study and found that physical training com-
bined with CBT and physical training alone significantly 
reduced CRF compared with the control group. Physical 

training alone was equally effective as or more effective than 
physical training plus CBT. This group of researchers had 
cancer patients exercise by using aerobic and strength train-
ing exercises based on heart rate, while the Goedendorp 
study employed physical activity education sessions.  

CuRRent eXeRCise ReCoMMendAtions
There are many factors that contribute to reduced physical 
functioning; however, fatigue is a major contributor. Upon 
reviewing the research on exercise and CRF, the following 
exercise recommendations can be ascertained: 
• It is critical to complete assessments of CRF before devel-

opment of the exercise intervention. There are effective 
CRF standardized instruments, as stated earlier (3,27,29, 
30,35).

• The beneficial effects of exercise on CRF have been found 
across cancer types, cancer stages, and cancer treatments 
(8). 

• Exercise has been administered during treatment and fol-
lowing treatment with successful reductions in CRF 
(32,39,40).

• Exercise interventions should be individualized based on 
CRF status and physical functioning assessments 
(32,37,38,39,40).

• Aerobic and resistance activities should be included in the 
exercise interventions (36,38,39).

• Supervised exercise programs appear to be more benefi-
cial for reducing CRF (45). 

• Exercise recommendations are the same as age-appropri-
ate guidelines for Americans (36).

• General contraindications for exercise include severe 
fatigue, anemia, and ataxia. Cancer-specific contraindica-
tions include shoulder problems for breast cancer patients, 
patients with an ostomy as a result of colon cancer, and 
excessive swelling in the abdomen and lower extremities 
as a result of gynecologic cancer (32,36). 

• Caution should be used during exercise interventions if 
there are bone metastases, thrombocytopenia, fever or 
active infection, and any secondary limitations (e.g., car-
diopulmonary contraindications) (32).  

suMMARY
CRF is a debilitating sense of physical and emotional tired-
ness and exhaustion that reduces the quality of life in cancer 
survivors. There are numerous pharmacological and non-
pharmacological interventions that have proven to be benefi-
cial in reducing CRF. Exercise is one of the nonpharmaco-
logical interventions that has shown promise in attenuating 
CRF. Future research should explore exercise interventions 
that specifically reduce CRF by targeting specific mecha-
nisms. In order to develop appropriate exercise prescriptions 
against CRF, mechanistic investigations of exercise as a 
means to attenuate CRF should be conducted.

Keywords: exercise, cancer survivors, quality of life

R
eview

s
D

ow
nloaded from

 https://prim
e-pdf-w

aterm
ark.prim

e-prod.pubfactory.com
/ at 2025-06-02 via free access



 6 Journal of Clinical Exercise Physiology, Vol. 2, No. 1, 2013 www.cepa-acsm.org

R
ev

ie
w

s

1. Aistars J. Fatigue in the cancer patient: a conceptual approach 
to a clinical problem. Oncol Nurs Forum. 1987;14:25-30.

2. Al-Majid S, Gray DP. A biobehavioral model for the study of 
exercise interventions in cancer-related fatigue. Biol Res Nurs. 
2009;10:381-91.

3. Alexander S, Minton O, Stone PC. Evaluation of screening 
instruments for cancer-related fatigue syndrome in breast 
cancer survivors. J Clin Oncol. 2009;27:1197-201.

4. Ascensao A, Magalhaes J, Soares J, Ferreira R, Neuparth M, 
Marques F, Oliveira J, Duarte J. Endurance training attenuates 
doxorubicin-induced cardiac oxidative damage in mice. Int J 
Cardiol. 2005;100:451-60.

5. Ascensao A, Magalhaes J, Soares JM, Ferreira R, Neuparth 
MJ, Marques F, Oliveira PJ, Duarte JA. Moderate endurance 
training prevents doxorubicin-induced in vivo 
mitochondriopathy and reduces the development of cardiac 
apoptosis. Am J Physiol Heart Circ Physiol. 
2005;289:H722-31.

6. Berger AM, Gerber LH, Mayer DK. Cancer-related fatigue: 
implications for breast cancer survivors. Cancer. 
2012;118:2261-9.

7. Bower JE, Ganz PA, Aziz N, Fahey JL. Fatigue and 
proinflammatory cytokine activity in breast cancer survivors. 
Psychosom Med. 2002;64:604-11.

8. Brown JC, Huedo-Medina TB, Pescatello LS, Pescatello SM, 
Ferrer RA, Johnson BT. Efficacy of exercise interventions in 
modulating cancer-related fatigue among adult cancer 
survivors: a meta-analysis. Cancer Epidemiol Biomarkers 
Prev. 2011;20:123-33.

9. Campos MP, Hassan BJ, Riechelmann R, Del Giglio A. Cancer-
related fatigue: a review. Rev Assoc Med Bras. 2011; 
57:211-9.

10. Chicco AJ, Schneider CM, Hayward R. Voluntary exercise 
protects against acute doxorubicin cardiotoxicity in the isolated 
perfused rat heart. Am J Physiol Regul Integr Comp Physiol. 
2005;289:R424-31.

11. Chicco AJ, Schneider CM, Hayward R. Exercise training 
attenuates acute doxorubicin-induced cardiac dysfunction. J 
Cardiovasc Pharmacol. 2006;47:182-9.

12. Collado-Hidalgo A, Bower JE, Ganz PA, Cole SW, Irwin MR. 
Inflammatory biomarkers for persistent fatigue in breast cancer 
survivors. Clin Cancer Res. 2006;12:2759-66.

13. de Jong N, Candel MJ, Schouten HC, Abu-Saad HH, Courtens 
AM. Prevalence and course of fatigue in breast cancer patients 
receiving adjuvant chemotherapy. Ann Oncol. 
2004;15:896-905.

14. DeVita VT, Lawrence TS, Rosenberg SA. Cancer Principles & 
Practice of Oncology. 9th ed. Philadelphia: Wolters Kluwer/
Lippincott Williams & Wilkins; 2011.

15. Fantin VR, St-Pierre J, Leder P. Attenuation of LDH-A 
expression uncovers a link between glycolysis, mitochondrial 
physiology, and tumor maintenance. Cancer Cell. 
2006;9:425-34.

16. Goedendorp MM, Peters ME, Gielissen MF, Witjes JA, Leer 
JW, Verhagen CA, Bleijenberg G. Is increasing physical 
activity necessary to diminish fatigue during cancer treatment? 
Comparing cognitive behavior therapy and a brief nursing 
intervention with usual care in a multicenter randomized 
controlled trial. Oncologist. 2010;15:1122-32.

17. Haddad JJ, Saade NE, Safieh-Garabedian B. Cytokines and 
neuro-immune-endocrine interactions: a role for the 
hypothalamic-pituitary-adrenal revolving axis. J 
Neuroimmunol. 2002;133:1-19.

18. Harish K, Dharmalingam M, Himanshu M. Study protocol: 
insulin and its role in cancer. BMC Endocr Disord. 2007;7:10.

19. Heon S, Bernier M, Servant N, Dostanic S, Wang C, Kirby 
GM, Alpert L, Chalifour LE. Dexrazoxane does not protect 
against doxorubicin-induced damage in young rats. Am J 
Physiol Heart Circ Physiol. 2003;285:H499-506.

20. Hydock DS, Lien CY, Schneider CM, Hayward R. Exercise 
preconditioning protects against doxorubicin-induced cardiac 
dysfunction. Med Sci Sports Exerc. 2008;40:808-17.

21. Kallich JD, Tchekmedyian NS, Damiano AM, Shi J, Black JT, 
Erder MH. Psychological outcomes associated with anemia-
related fatigue in cancer patients. Oncology (Williston Park). 
2002;16:117-24.

22. Kangas M, Bovbjerg DH, Montgomery GH. Cancer-related 
fatigue: a systematic and meta-analytic review of non-
pharmacological therapies for cancer patients. Psychol Bull. 
2008;134:700-41.

23. Lev EL, Paul D, Owen SV. Age, self-efficacy, and change in 
patients’ adjustment to cancer. Cancer Pract. 1999;7:170-6.

24. Lucia A, Earnest C, Perez M. Cancer-related fatigue: can 
exercise physiology assist oncologists? Lancet Oncol. 
2003;4:616-25.

25. Martinez-Outschoorn UE, Pavlides S, Sotgia F, Lisanti MP. 
Mitochondrial biogenesis drives tumor cell proliferation. Am J 
Pathol. 2011;178:1949-52.

26. McMillan EM, Newhouse IJ. Exercise is an effective treatment 
modality for reducing cancer-related fatigue and improving 
physical capacity in cancer patients and survivors: a meta-
analysis. Appl Physiol Nutr Metab. 2011;36:892-903.

27. Mendoza TR, Wang XS, Cleeland CS, Morrissey M, Johnson 
BA, Wendt JK, Huber SL. The rapid assessment of fatigue 
severity in cancer patients: use of the Brief Fatigue Inventory. 
Cancer. 1999;85:1186-96.

28. Minton O, Richardson A, Sharpe M, Hotopf M, Stone P. A 
systematic review and meta-analysis of the pharmacological 
treatment of cancer-related fatigue. J Natl Cancer Inst. 
2008;100:1155-66.

29. Minton O, Stone P. A systematic review of the scales used for 
the measurement of cancer-related fatigue (CRF). Ann Oncol. 
2009;20:17-25.

30. Mock V, Atkinson A, Barsevick AM, Berger AM, Cimprich B, 
Eisenberger MA, Hinds P, Kaldor P, Otis-Green SA, Piper BF. 
Cancer-related fatigue. Clinical practice guidelines in oncology. 
J Natl Compr Canc Netw. 2007;5:1054-78.

31. Morrow GR, Andrews PL, Hickok JT, Roscoe JA, Matteson S. 
Fatigue associated with cancer and its treatment. Support Care 
Cancer. 2002;10:389-98.

32. NCCN Clinical Practice Guidelines in Oncology: Cancer-
Related Fatigue. http://www.nccn.org/professionals/
physician_gls/f_guidelines.asp.

33. Olson K. A new way of thinking about fatigue: a 
reconceptualization. Oncol Nurs Forum. 2007;34:93-9.

34. Olson K, Turner AR, Courneya KS, Field C, Man G, Cree M, 
Hanson J. Possible links between behavioral and physiological 
indices of tiredness, fatigue, and exhaustion in advanced 
cancer. Support Care Cancer. 2008;16:241-9.

ReFeRenCes

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-02 via free access



 CanCer rehabilitation and CanCer-related Fatigue  7

35. Piper BF, Dibble SL, Dodd MJ, Weiss MC, Slaughter RE, Paul 
SM. The revised Piper Fatigue Scale: psychometric evaluation 
in women with breast cancer. Oncol Nurs Forum. 1998; 
25:677-84.

36. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried 
W, Galvao DA, Pinto BM, Irwin ML, Wolin KY, Segal RJ, 
Lucia A, Schneider CM, von Gruenigen VE, Schwartz AL. 
American College of Sports Medicine roundtable on exercise 
guidelines for cancer survivors. Med Sci Sports Exerc. 
2010;42:1409-26.

37. Schneider CM, Dennehy CA, Carter SD. Exercise and cancer 
recovery. 1st ed. Champaign, IL: Human Kinetics; 2003.

38. Schneider CM, Hsieh CC, Sprod LK, Carter SD, Hayward R. 
Cancer treatment-induced alterations in muscular fitness and 
quality of life: the role of exercise training. Ann Oncol. 
2007;18:1957-62.

39. Schneider CM, Hsieh CC, Sprod LK, Carter SD, Hayward R. 
Effects of supervised exercise training on cardiopulmonary 
function and fatigue in breast cancer survivors during and after 
treatment. Cancer. 2007;110:918-25.

40. Schneider CM, Hsieh CC, Sprod LK, Carter SD, Hayward R. 
Exercise training manages cardiopulmonary function and 
fatigue during and following cancer treatment in male cancer 
survivors. Integr Cancer Ther. 2007;6:235-41.

41. Schubert C, Hong S, Natarajan L, Mills PJ, Dimsdale JE. The 
association between fatigue and inflammatory marker levels in 
cancer patients: a quantitative review. Brain Behav Immun. 
2007;21:413-27.

42. Breast Cancer Care Measures Specifications Manual. http://
www.ons.org/research/media/ons/docs/research/bcs_01-08_
mifs.pdf.

43. Sprod LK, Hsieh CC, Hayward R, Schneider CM. Three versus 
six months of exercise training in breast cancer survivors. 
Breast Cancer Res Treat. 2010;121:413-9.

44. Stein KD, Jacobsen PB, Blanchard CM, Thors C. Further 
validation of the multidimensional fatigue symptom inventory-
short form. J Pain Symptom Manage. 2004;27:14-23.

45. Stone P. The measurement, causes and effective management 
of cancer-related fatigue. Int J Palliat Nurs. 2002;8:120-8.

46. van Weert E, Hoekstra-Weebers J, Otter R, Postema K, 
Sanderman R, van der Schans C. Cancer-related fatigue: 
predictors and effects of rehabilitation. Oncologist. 
2006;11:184-96.

47. van Weert E, May AM, Korstjens I, Post WJ, van der Schans 
CP, van den Borne B, Mesters I, Ros WJ, Hoekstra-Weebers 
JE. Cancer-related fatigue and rehabilitation: a randomized 
controlled multicenter trial comparing physical training 
combined with cognitive-behavioral therapy with physical 
training only and with no intervention. Phys Ther. 
2010;90:1413-25.

48. Velthuis MJ, Agasi-Idenburg SC, Aufdemkampe G, Wittink 
HM. The effect of physical exercise on cancer-related fatigue 
during cancer treatment: a meta-analysis of randomised 
controlled trials. Clin Oncol (R Coll Radiol). 2010;22:208-21.

49. Yoon J, Malin JL, Tao ML, Tisnado DM, Adams JL, Timmer 
MJ, Ganz PA, Kahn KL. Symptoms after breast cancer 
treatment: are they influenced by patient characteristics? Breast 
Cancer Res Treat. 2008;108:153-65.

R
eview

s
D

ow
nloaded from

 https://prim
e-pdf-w

aterm
ark.prim

e-prod.pubfactory.com
/ at 2025-06-02 via free access




